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Preceding page: Weathering along prominent vertical joints has produced
the massive pinnacles in the Cove Spring-White Fang area. Photo by B.Stein.
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INTRODUCTION
Procedures
The geological survey consisted of both compilation work and fieldwork.

Charles Sabine, a Bureau of Land Management (BLM) geologist, had pre-

viously mapped extensively in the Granite Mountains.

He was consulted fre-

quently and a copy of his unpublished geologic map of the Granite Mountains
was obtained.

Three weeks were spent in reconnaissance fieldwork, becoming

familiar with Sabine's lithologic units and their distribution.

Over 130

rock samples were collected throughout the range and catalogued.
Several weeks of field work were devoted to structural studies in
the field area.

A schematic map of near-vertical joints was made using

aerial photographs.

Extensive measurements of joint surfaces were taken in

three areas of the pluton and in the metamorphic roof rocks.

Orientations

of aplite and pegmatite dikes were measured as well. Contour diagrams of
poles to joint planes were constructed to show patterns in orientations.
An attempt was made to locate seeps and springs in the study area.
A BLM list of developed and undeveloped springs was
ords are sketchy and inaccurate.

obtained, but these rec-

Unfortunately, conditions were too wet dur-

ing our field work to allow accurate differentiation between semi-permanent
springs and rain runoff.

BLM records were used to compile a spring map

identifying both reported and field-verified spring locations.
All current mining claims and patents were catalogued at the San
Bernardino County Recorder's Office, and most mines were field checked.

A

partial list of cancelled mining claims focusing on those mines that were
known to have been worked was also compiled.
Computer enhancement of satellite data (CCT, Bristol Scene
#5474-1700200) was conducted at the Stanford Remote Sensing Laboratory. Attempts were made to locate iron-rich oxidized zones and seeps and springs.
A standard color composite, an unsupervised classification, and a 1:20,000
scale base map of the field area were generated with the use of the computer.
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Geomorphologic descriptions were made of selected areas in the Granite Mountains.

In conjunction with this, factors controlling geomorphology

in different areas were compared.
Lithology
The geology of the Granite Mountains has been mapped at a scale of
1:20,800 by Charles Sabine.

The northwest half of the range is composed

predominantly of metamorphic rocks of pre-Cretaceous age.
intruded by a pluton assumed to be Cretaceous in age.

These rocks are

The southeast por-

tion of the range is composed predominantly of three plutonic units, also
thought to be Cretaceous in age.

Sabine (1971) interprets these units as

the upper zone, intermediate zone, and core of a zoned pluton.

Fracture

zones of hydrothermally altered rock with closely-spaced joints occur in
one of these units, the White Fang quartz monzonite.
Rhyolite dikes, assumed to be of Miocene age, intrude the southeast
pluton along high-angle dip-slip fault planes.

A rhyolite breccia at the

mouth of Bull Canyon may be a fault breccia of the same age.

Quaternary

unconsolidated sediments surround the range.
Structure
The principle structural features in the Granite Mountains are joints,
fracture zones, and faults.

Some of the subhorizontal joints are thought

to have formed in connection with later cooling stages of the southeastern
pluton.

These joints are frequently filled with aplite and pegmatite dikes.

Non-filled subhorizontal joints may have formed later in response to unloading, perhaps during early Cenozoic uplift and erosion.
Fracture zones and vertical joints occur in paired sets that may represent conjugate shear surfaces formed in response to local variations of
regional east-west compressive stresses.

High-angle dip-slip faults and

vertical joints subparallel to them may represent tension gashes formed in
response to the same stresses.

Structural models for the Mojave during

Mesozoic and Cenozoic time could account for such stresses.

18

Economic Geology
Ores of iron, lead, zinc, silver, gold, and copper have been reported
in the Granite Mountains.

Mineralization has occurred at the contacts be-

tween metamorphic roof rocks and igneous intrusions, as well as in fracture
zones in the southeast pluton.

Little or no important production has oc-

curred from mines located in the range.
Geomorphology
A variety of geomorphic features is represented in the Granite Mountains.

Massive alluvial fans, perhaps representing a remnant feature of a

colder and wetter climate, occur on the north side of the range.

The south-

ern and eastern alluvial plains, and the pediment at Sheep Corral are currently being dissected by precipitation runoff from the mountainous area.
The dissected nature of these features suggests at least one period of uplift, and a subsequent change in erosional regime.
The action of water alone plays a relatively minor role in the formation of bedrock landforms.

In these areas, geomorphology is controlled

primarily by lithology and structure.

Joints, faults, and fracture zones

account for many of the landforms in the plutonic areas of the range. These
plutonic terrains vary a great deal from place to place.

Some areas exhi-

bit massive buttresses and pinnacles, while other areas have a much more
broken-up appearance.

The metamorphic areas of the range are darker, and

tend to form deep, steep-sided canyons.

More talus is present in these

areas as well, because of differences in the internal fabric of metamorphic
and plutonic rocks.
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REGIONAL GEOLOGY
The Granite Mountains are located in the Mojave Desert province of
California.

The Mojave province is a wedge-shaped area, bounded geological-

ly by the Garlock fault on the northwest and the San Andreas fault on the
southwest lsee figure 2-1) and bounded physiographically by the rugged mountain ranges uplifted along these master faults (Dibblee and Hewett 1970).
The eastern boundary is arbitrarily drawn at the Nevada state line and the
Colorado River, although the province actually extends into southern Nevada.
The San Bernardino-Riverside County line forms an arbitrary southerD boundary (Norris and Webb 1976).
The Mojave Desert is an area of comparatively low relief composed
of alluviated plains broken by low mountain ranges (Dibblee 1967).

These

ranges trend northwest and north in the central and eastern Mojave; they
have no definite pattern in the western part.
of undrained basins or valleys.

The alluvial area consists

The alluvial plains range in elevation

from about 4000 feet (1220 m) adjacent to the bordering mountains to near
sea level at the Colorado River (Dibblee and Hewett 1970).

The bedrock

areas generally rise 1500 or 2000 feet (457 or 610 m) above the surrounding
alluviated flats with relief tending to increase eastward.
Precambrian Rocks
The oldest Precambrian rocks of the Mojave Desert are highly schistose and gneissic and often have been dynamically metamorphosed (Norris
and Webb 1976).

These rocks are presumed to have recrystallized at great

depth from rocks that were mostly sedimentary and that formed enormously
thick sections.
biotite.

The gneisses are composed mostly of quartz, feldspar, and

The schists are foliated micaceous rocks (Dibblee and Hewett

1970).
The later Precambrian rocks consist of sedimentary and metasedimentary sequences developed by static and low-grade metamorphism. The sequences
of these rocks compare with some of the thick, well-bedded late Precambrian
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Basin and Range rocks in which primitive fossils have been identified (Norris and Webb 1976).
Plutonic rocks of Precambrian age in the Hojave Desert include quartz
monzonite, anorthosite and syenite, all intruding gneiss (Dibblee and Hewett
1970).
Palezoic Rocks
North of the Garlock fault and east of Death Valley, thick sections
of sedimentary rocks with abundant fossils indicate the presence of all
systems of the Paleozoic.

In contrast, the Mojave province has only rem-

nants of Paleozoic deposits (Hewett 1954).

The Paleozoic rocks found in

the Mojave are most extensive in the northeastern part of the province.
They consist of old marine sedimentary strata that lie unconformably on
Precambrian basement (Dibblee and Hewett 1970).
Mesozoic Rocks
For the most part, bedded Mesozoic rocks are scarce in the Mojave
province.

Granitic intrusive rocks of Mesozoic age are abundant.

Granitic

rocks underlie most of the Mojave mountain blocks as well as hundreds of
square miles of pediment.
have been described.

Many plutons similar to Sierra Nevada plutons

In general, the eastern Mojave plutons are younger

and more silicic than the western Mojave plutons (Norris and Webb 1976).
Cenozoic Rocks
The Cenozoic rocks of the Mojave province unconformably overlie the
pre-Cenozoic rocks.

Marine sediments of early Miocene age are found in

western Antelope Valley (Norris and Webb 1976).

Otherwise, the Cenozoic

rocks are all nonmarine, are of middle and late Tertiary and Quaternary age,
and are widespread (Dibblee and Hewett 1970).
Cenozoic deposits of tuff, ash, and other volcaniclastics interbedded with lake-bed sediments and evaporites are widespread.
are volcanic flows and flow breccias.
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Also common

Older extrusives tendtoberhyolitic

and andesitic; younger episodes are characterized by basalt flows and cinder cones.

Extensive thicknesses of Quaternary alluvium fill the desert

valleys; wind-blown sands are common (Norris and Webb 1976).
Structure
The Pre-Cenozoic metamorphic rocks of the Mojave province display a
complex structure.

Prior to intrusion of plutonic rocks, they were severely

folded, upturned, and, in some places, thrust faulted.

The trends of these

structures are erratic within the province (Dibblee 1967).
The Tertiary stratified rocks rest on the deeply eroded surface of
the pre-Cenozoic rocks.

Tertiary formations throughout the province are

strongly deformed by faulting, tilting, and compression into folds with
axes that trend mostly west to northwest.

They are most severely deformed

adjacent to the major faults that have lateral displacement. In many places
Quaternary alluvial sediments and basalt flows are deformed in the same manner but to a lesser degree (Diblee and Hewett 1970).
Faulting is far more prominent than folding in the Mojave.

The ma-

jor faults of the Mojave province are illustrated in Figure 2-1.
In the western Mojave Desert, most of the major faults parallel the
San Andreas fault and display the same right-lateral strike-slip movement
as the San Andreas.

A few vertical faults trend east, roughly parallel to

the Garlock fault.

These faults display the same left-lateral strike-slip

motion as seen on the Garlock fault.

All or most of these faults involve

Quaternary formations and therefore are considered active (Dibblee and Hewett 1970).
The extensive work of T.W. Dibblee has allowed determination of
strike-slip movement on the numerous internal faults of the Mojave province.
In almost every case, strike-slip seems to follow vertical displacement.
Vertical displacements are known to be continuing on faults in the Mojave
(Norris and Webb 1976).
The structural pattern of the eastern Mojave differs from that of
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Figure 2-1. Cenozoic faults of the Mojave Desert. After "Some known and inferred Cenozoic
faults of the Mojave Desert," in Geology of California by R.M. Norris and R.W. Webb, 1976.

the western Mojave, and may be compared to the structural pattern of the
Basin and Range province to the north.

Pre-Cenozoic sedimentary rocks are

compressed into folds with axes that trend mostly north (Dibblee and Hewett 1970).

Low-dipping thrust faults of Mesozoic age are present, with

thrust plates having moved generally eastward.
of Cenozoic age are also present (Dunne 1972).
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High-angle normal faults

LITHOLOGY
The geology of the Granite Mountains was mapped in detail at a scale
of 1:20,800

by Charles Sabine (BLM, Desert Plan Staff, Riverside) between

1967 and 1970.

A Generalized Geologic Map based on Sabine's unpublished

draft map is presented on page 27.

A description of the zoning in the

pluton can be found in the GSA abstract (Sabine 1971).
Since absolute ages of rock units in the Granite Mountains have not
been determined, the following discussion is based on assumed chronological
order starting with metamorphic, then plutonic, and finally sedimentary and
volcanic rocks.

Over 130 rock samples were collected throughout the range.

This collection is currently stored at the University of California, Santa
Cruz Environmental Studies Board.
Metamorphic Rocks
Sabine assigns the metamorphic roof rocks of the Granite Mountains
a Precambrian age (pers. comm. Sabine 1978).

In the absence of radiometric

dates, other methods must be used to determine relative age.

Since no fos-

sils have been found in the Granite Mountains, one cannot use relative position with respect to fossiliferous beds to date these units.

Norris and

Webb (1976) noted that the degree of metamorphism and apparent stratigraphic
position are unreliable age indicators for metamorphic rocks in the Mojave
Desert region.

Until evidence suggesting a Precambrian age for the meta-

morphic rocks is found, we prefer to assign them a pre-Cretaceous age.
Little is known about the metamorphic rocks in the Granite Mountains
as Sabine's work concentrated on the underlying southeastern pluton.

The

metamorphic rocks are distributed mainly in the northwestern portion of
the range and are one of the predominant rock types.

They form a roof pen-

dant over the pluton and are riddled with granitic dikes and sills formed
as a result of intrusion of the pluton.

Large blocks of the country rock

may have fallen into the intruding magma below; partial melting of these
metamorphic rocks may have contaminated the upper zone of the pluton.

25

As

a result of this igneous and metamorphic mixing, the contact between the
plutonic units and the metamorphic rocks is not well defined and can only
be approximated.
The metamorphic rocks (m) are bounded on the north by the alluvial
fans, on the south and east by the larger pluton, and are intruded by the
smaller pluton in the western portion of the range.

Amphibolite occurs in

outcrops north of the Twin Springs area, in Bighorn Basin, and west of
Budweiser Spring; many of the samples collected show evidence of epidotization in hand specimens.

Augen gneiss is found in Bull Canyon between the

two plutons where the highest grades of metamorphism would be expected.
Contact metasomatism of limestone by the plutonic intrusion formed
skarn deposits in the roof pendant.

Garnet skarn with abundant garnets,

epidote, and wollastonite occurs on Silver Peak.

Associated with the skarn

are marble lenses, mafic hornfels and schist, magnetite, and some copper
minerals.
Basin.

Marble lenses also occur near the intrusive contact in Bighorn

Small outcrops of mafic hornfels and schist can be found between

Chuck and Snake springs, north of Coyote Spring, in the vicinity of Silver
Peak, and around Budweiser Wash.
A conglomerate is found in Bull Canyon and appears to be totally
surrounded by foliated metamorphic rocks.
conglomerate.

No foliation is evident in the

Cobbles in the conglomerate appear sub-angular, and some are

of plutonic origin.

Felsic dikes and quartz veins cut through both the

conglomerate and the surrounding metamorphic rocks.

The conglomerate has

not been recorded in any other part of the range.
Plutonic Rocks
Two plutons, separated spatially on the surface, have been identified in the Granite Mountains.
mapped extensively by Sabine.

The rocks of the southeastern pluton were
Little work has been done on the more-inac-

cessible northwestern pluton.
Most of the plutons of intermediate composition in the Mojave Desert

and Sierra Nevada batholith are Mesozoic in age.

Potassium-Argon (K/Ar)

dating of biotite from quartz monzonites in the Devil's Playground area
northwest of the Granite Mountains shows that the rocks were formed80 (±4.1)
and 87 (±4.5) million years before present (Dunne 1972).

Based on these

dates and the similarity in composition of the quartz monzonite found in
the study area to other eastern Mojave and Sierra Nevada plutons, Sabine
mapped the Granite Mountain plutons as Cretaceous.

Without age dates from

the plutons in the study area, we prefer the more general Mesozoic age assignment.
The Granite Mountains pluton covers most of the southeastern portion
of the range and extends northeast into the Providence Mountains.

Sabine

(1971) proposed that the pluton displays concentric zoning with respect to
the metamorphic roof pendant.

The three zones he described refer to his

rock units Kb, Kwf, and Kws in order of proximity to the roof.

On the basis

of petrographic analysis, Sabine suggests that the amount of potassiumfeldspar (K-feldspar) increases and the amount of plagioclase decreases to
the northeast (pers.comm. 1978).

The distribution of the three zoned rock

units implies that the pluton is elongated along a northeast-trending axis
and represents a northeast-trending antiform.

Most of the southeastern

limb has been eroded away.
The upper unit in the pluton, Kb, is described by Sabine (1971) as
"a medium grained, equigranular biotite-hornblende granodiorite, rich in
mafic inclusions and aplite and pegmatite dikes."

The best exposure of

Kb is in the Budweiser Spring vicinity, and it therefore bears the name
Budweiser granodiorite.

It is also exposed on Silver Peak.

Kb intrudes

the metamorphic roof rocks, but the contact is not clearly defined due to
contamination by roof rocks.
The dominant plutonic rock type in the Granite Mountains is the
White Fang quartz monzonite (Kwf).

It represents Sabine's intermediate

zone and may have an intrusive contact with the Budweiser granodiorite (Kb).
The type locality for Kwf is the White Fang, an impressive monolith in
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Section 17 T8N Rl3E.

This unit extends into the Van Winkle, Providence,

and northern Marble mountains.

Similar quartz monzonite of Mesozoic age

occurs in the rest of the eastern Mojave Desert and in the Sierra Nevada.
Sabine (1971) describes Kwf as

porphyritic leucocratic,

quartz monzonite to granodiorite, characterized by large, euhedral K-feldspar megacrysts with oriented plagioclase inclusions.''

Mafic inclusions in

the K-feldspar megacrysts are oriented parallel to crystal faces.
suggests that the K-feldspar megacrysts are of replacement origin.
feldspar often displays Carlsbad twinning in hand specimens.
of K-feljspar

Sabine
The K-

Proportions

in the rock can vary from 9% to SO% (pers.comm. Sabine 1978).

Aplite and pegmatite dikes intrude the White Fang quartz monzonite.
Mafic inclusions are common in this unit and are occasionally cut by aplite
and pegmatite dikes.

To explain the concentration of K-feldspar megacrysts

and aplite and pegmatite dikes in the upper zones of the pluton, Sabine
(1971) suggests that alkalies and volatiles were accumulated in this area.
Several altered fracture zones occur in the White Fang quartz monzonite.

The rock may be more silicified than unaltered Kwf.

itic, and limonite alteration are common in these zones.
limonite-after-pyrite have been found.

Pseudomorphs of

Few or no mafic minerals are found

in these zones; the biotite may have altered to clays.
feldspars is common.

Sericitic, chlor-

Argillization of

Mineralization from hydrothermal fluids is known to

be associated with these zones at the Silver Queen/Pine Ridge mine.
rock is intensely fractured, and joint planes are closely spaced.
zones weather differently than the unaltered quartz monzonite.

The
These

They appear

to be more angular and collect more desert varnish and limonite staining.
Quartz veins and slickensides are also found in these zones.

The Cove

Spring-Granite Cove and Cove Spring-Cottonwood fracture zones are examples
of this type of alteration.
The core of the pluton is formed by the Willow Spring quartz monzonite (Kws), named after its type locality in the southern part of the Granite Mountains.

Sabine (1971) described this unit as ''a
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equigranular, leucocratic granodiorite" to quartz monzonite.

It differs

from Kwf in that K-feldspar occurs in smaller proportions and the grains are
anhedral and smaller.

Aplite and pegmatite dikes, as well as fracture zones

and mafic inclusions, have not been reported in Kws.
is gradational.

The contact with Kwf

A similar rock type occurs in other parts of the eastern

Mojave Desert.
Sabine (1971) suggests that the assimilation of overlying mafic metamorphic roof rocks explains why the most mafic plutonic unit, the Budweiser
granodiorite, forms the upper zones of the pluton.
"intrusion of sialic magma from below

This along with the

. may have set up a vertical com-

position gradient which would account for the distribution of zones."
Little work has been done on the pluton in the western portion of
the range.

Sabine mapped it as Kqm, or quartz monzonite.

It contains

roughly 10% biotite and little or no hornblende in hand specimens.

Joint-

ing is more closely spaced than in Kwf, and a prominent diagonal to nearhorizontal joint set can be seen.
Sedimentary and Volcanic Rocks
Cenozoic rocks in the Granite Mountains include rhyolite, rhyolite
breccia, and unconsolidated sediments.

An unconformity exists between Meso-

zoic and middle Tertiary rocks, indicating that uplift and erosion of the
pluton took place during this time interval.

Tertiary non-marine sediments

and volcanic rocks are common in surrounding areas, but for the most part
do not occur in the Granite Mountains.

An exception to this is the intru-

sive rhyolite (Tri), assumed to be Miocene in age since volcanism occurred
throughout the Mojave region at this time.

It is found in northwest- and

northeast-trending faults of pre-Miocene age throughout the Budweiser and
Willow Spring basins in the southern portion of the range.

Excellent

examples of columnar jointing in the rhyolite can be found in lower Willow
Spring Canyon

Section 23 T8N Rl2E).

Since columns form perpendi-

cular to cooling surfaces, one can assume from the horizontal columns that
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the rhyolite formed as intrusive dikes.

Pitchstone and opaline silica are

found in the Budweiser rhyolite and may have provided the local Indians with
a material for points and other tools.
A rhyolite breccia was found near Bull Canyon and was informally
named the "Eubetcha breccia" (Trb).

It is siliceous and shows flow struc-

tures as well as brecciated fragments.
is fairly resistant to weathering.

It exhihits a deep red varnish and

The "Eubetcha breccia" occurs along a

narrow northeast-trending zone and may extend southwest beyond Cirk Canyon,
roughly following the boundary between units m and Qg.

The ''Eubetcha brec-

cia'' is believed to be Miocene or younger in age because bimodal basaltic
and rhyolitic volcanism was common throughout the Mojave region at this
time.

The unit may have been fragmented during extrusion as a result of

different rates of cooling--the hardened crust of rock being broken up by
continued flow of still-molten portions.

Or, brecciation may have occurred

later in response to renewed faulting along a northeast trending pre-Miocene (?) fault.
Unconsolidated Quaternary sediments surround the Granite Mountains.
Gravel (Qg) is found mostly flanking the north sides as alluvial fan deposits.

Qg also occurs on the west side and in Cottonwood Wash.

The rocks in

stable portions of the alluvial fans are heavily varnished, poorly sorted,
and contain some rather large sub-angular boulders.

Wind-blown sand (Qs)

is carried by the prevailing westerly winds and deposited on the toes of
the alluvial fans and on the Kelso Dunes north of the study area.

Uncon-

solidated Quaternary alluvium (Qal) surrounds most of the Granite Mountains
with the exception of the southeastern pediment.
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SPRINGS AND SEEPS
The eastern Mojave Desert can be divided into two major drainage provinces.

The most-eastern and most-southern portions drain into the Colorado

River and are considered part of the Colorado River Basin Drainage Province.
The western and northern portions drain into basins such as Soda Lake, which
have no outlet to the sea.
Province.

These basins lie within the Lahontan Drainage

The divide between the two drainage provinces is the crest formed

by the Granite, Providence, and New York mountain system (Hall 1976).
An inventory of seeps and springs in the East Mojave Planning Unit
conducted by the BLM

indicates a clustering of seeps and springs in major

mountain areas, such as the crest mentioned above.

The clustering of springs

in mountain areas and the relative absence of springs in lowland areas is
probably due to 1) the deep absorptive quality of alluvial fans and valley
floors, 2) the topographic ability of mountain masses to attract precipitation, and 3) the comparatively quick-release groundwater discharge mechanism
operating in mountain areas.
A high proportion of inventoried spring/seep sites are located between 4000 and 6000 feet (1220 and 1828 m) above sea level (Hall 1976).
We had hoped to conduct a survey of springs and seeps in the Granite Mountains.

The conditions of an unusually wet year, however, made it

very difficult, if not impossible, to distinguish between precipitation
runoff

and semi-permanent seeps and springs.

In place of a field survey,

we compiled spring data already collected by the BLM.

The spring data pre-

sented in this report consist of a spring map assembled by Jim Bickett of
the BLM Cima Area Office.
The Springs and Range Improvements Map (page 35 ) shows the location
of all springs reported from the Granite Mountains.

Although some of these

spring reports may have been inaccurate, we checked and verified the following springs during our field work:

Budweiser Spring, Cottonwood Spring, Cove

Spring, Lower Dad Spring, Snake Spring, Twin Springs, Upper Dad Spring, Coyote Spring, Dripping Spring, and Granite Cove Spring.
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Water is frequently found flowing on the ground surface in fracture
zones.

This is probably a result of silicification, which is common in

these zones.

Fractures in the altered rock have frequently been filled

with silica, presumably deposited from hydrothermal solutions.

Silicifica-

tion results in less pore space available for downward percolation of water;
surface flow is more common.

For example, vigorous flow (up to 12 gal/min)

was observed along the Cove Spring

fracture zone.

In areas of unaltered plutonic rock, washes were frequently dry,
even in the comparatively wet spring of 1978.
jointing and granulation.

This is probably a result of

The joints in the unaltered rock have not been

silicified as they have in the fracture zones.
of downward escape for water.

The joints provide avenues

Granulation of the plutonic rock tends to

fill washes with thick accumulations of coarse sand and gravel.

Early in

the field season, the wash sands were often found to be moist within a few
inches of the surface.

Water can soak rapidly into this sandy fill where

it is held in pore spaces or may slowly migrate downslope below surface
level.
Smooth water-worn bedrock outcrops are occasionally found in the
bottom of canyons.
face of

These bedrock outcrops often force water to the sur-

otherwise dry washes.
We also observed that surface flow seems more common in metamorphic

terrain.

For example, fairly vigorous flow was noted in Bull Canyon, Big-

horn Basin (14.5 gal/min) and in Cirk Canyon.

Perhaps, as in the fracture

zones, alteration has decreased pore space and rock permeability, or perhaps some of the rock units in these areas were impermeable before metamorphism.

A closer look at metamorphic rock units might provide better

information on rock permeability and surface flow in the metamorphic portions of the range.
Where surface flow occurs, the water usually follows joints in the
rock.

This is to be expected, as joints represent planes of weakness in

the rock that are naturally exploited by channel-seeking water.
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ECONOMIC GEOLOGY
The Granite Mountains lie in several metallogenic provinces that extend beyond California into other parts of the southwestern United States.
Several features of these zones are evident in the Granite Mountains, such
as the formation of high-angle faults (characteristic of the Wasatch-Jerome
orogen) and the N60°W to east-west trend of faults (in the Texas lineament)_.
These zones are I (ell) for the southwestern U.S. porphyry copper deposits
(BLM 1976).

Most of the metallic mineralization in San Bernardino County

is genetically related to the late (?) Cretaceous (Sevier/Laramide) intrusion of quartz monzonite (Wright et al. 1953).

Tungsten (W), copper (Cu),

lead (Pb), silver (Ag), and zinc (Zn) ore minerals have been found in carbonate rocks near contacts with granitic intrusives.

Gold is found in

veins near granitic contacts and iron is found in metamorphosed carbonate
rocks where nearby intrusion has caused replacement of minerals to occur.
Ores of iron (Fe), Pb, Zn, Ag, gold (Au) and Cu have been reported
in the Granite Mountains.

Most known mineral deposits occur in the north-

east part of the range from the Comanche-Playground Wash vicinity to Cottonwood Basin.

In this area the contact between the metamorphic roof pendant

and the intrusion is exposed.

Mineralization is associated with this con-

tact and is also related to the northwest and northeast system of faults
and fracture zones.

These zones of weakness provided channels for the

movement of mineral-bearing hydrothermal fluids.
Specific mines and prospects in the Granite Mountains will be described briefly below.

Claim ownership and history is discussed in the

Cultural Resources and Land Use section.

Mines and sections of land con-

taining current mining claims are shown on the Mining Claims and Land Ownership map, page 205.
Lode Claims
Iron Victory Patented Claim
Contact metasomatism (replacement) of limestone or dolomite by a
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silica-oversaturated granitic intrusion can form skarn deposits such as the
massive skarn found at the Iron Victory mine in the Granite Mountains
Section 2 T8N Rl2E).

Large amounts of silica

(Si), aluminum (Al), Fe,

and magnesium (Mg) are introduced by the magma into limestone, and calcsilicate minerals form as a reuslt.

Calc-silicate minerals

identified at

the Iron Victory include abundant garnets, wollastonite, and epidote.

Wol-

lastonite probably forms the white "stripes" in the mafic hornfels and
schist on top of Silver Peak.

Some marble (metamorphosed "pure" limestone)

can be found near the end of the old Silver Peak mining road.

Associated

with the garnet skarn are the iron ore minerals magnetite and minor hematite in a contact metamorphic body.

This ore body is reported to be 30m

by 105m and to contain 37-59% Fe with a low sulfur and phosphorous content
(Wright et al. 1953).
only in small pockets.

The mine was field checked and magnetite was found
A small amount of chrysocolla was found associated

with magnetite and limonite.

No evidence was found in the field of the

Iron Victory having been developed.

The claim was patented in 1956.

The

road to the mine is in disrepair and is impassable by four-wheel vehicle.
Comanche Claim
The Comanche claim was also located near a contact between marble
and quartz monzonite. Again, the limestone was metamorphosed to marble and
replacement occurred.

Replacement minerals include disseminated copper

ores (chalcopyrite 2-5%, chrysocolla, and bornite) and iron ores (magnetite,
pyrite, and limonite).

Malachite, azurite, and silver have been reported

(BLM 1976) but were not found during field checking.
The Comanche claim was worked in the late 1950s and canceled in the
1960s.

Current claims in the area are under the name Christopher, but the

exact location of these are unknown.

Three adits and a vertical shaft were

found in Sections 2 3 and 26 T9N Rl2E along the Comanche mine road.
tical mine shaft may be considered a safety hazard.
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The ver-

Pine Ridge/Silver Queen
Silicified fracture zones in the quartz monzonite (Kwf) also provide
an environment favorable for mineralization.

These zones are visible by

their characteristic weathering pattern and desert varnish.

Hydrothermal

solutions move through these zones and deposit ore and gangue minerals. An
example of this is the Silver Queen/Pine Ridge mine in Cottonwood Basin
Section 6 T8N Rl2E).

Sulfides of copper (chalcopyrite), lead (gal-

ena up to 20%), Zn and Ag were reported (BLM 1976), but little evidence
was found in the field to support this.
The Silver Queen was worked for about 12 years in the 1930s and1940s
but the claim is no longer current.
the end of the old mining road.

Two shafts and an adit were found at

The only current claim in Section 6 is

the Silver Old, but its exact location is not known.
Golden Legend Claim
The only current claim in the study area possibly being worked during the spring of 1978 was the Golden Legend in northwest Cottonwood.
mine was not visited.

The

It is located in an area of limonitically altered

and sheared (?) quartz monzonite (Kwf) near a contact with mafic hornfels
and schist.

According to records at the San Bernardino County Recorder's

Office, the vein has a "n'easterly strike", and work includes an "open
cut pit along dip of vein".
Bueno Suerte Claim
The Bueno Suerte lode claims are located in T9N R12E S21 near the
contact between the metamorphic roof pendant and the Eubetcha breccia.
Evidence of a small open pit was found and according to the legal records,
"discovery work [was] completed by core drilling".

The Bueno Suerte claims

numbers 5 and 6 are believed to be current and are in the proposed Wilderness Study Area.

No other information was gathered about the claims.
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Placer Claims
Jernberg Claims-Kelso Dunes
Although outside of the study area, the Jernberg claim on the Kelso
Dunes is worthy of mention.

The BLM (1976) reports that the claim is a pla-

cer deposit of wind-blown sand containing small amounts of magnetite, ilmenite and minor gold, platinum (Pt), and palladium (Pd).

According to the

owner, Art Parker, up to 65% Fe can be obtained after the ore is concentrated.

The mine operates heavy-duty equipment on the Kelso Dunes, which

have been proposed as an Outstanding Natural Area by BLM.

The dunes are

closed to off-road vehicle use.
Crucero Claims
There are 129 current claims in the Crucero Placer deposit.

The

claims extend north-northeast from Cottonwood Wash beyond the study area to
the base of the southern Providence Mountains. No geological information
was gathered on these claims.
Summary
The BLM is currently using remote sensing techniques to survey the
mineral potential of the East Mojave Planning Unit.

According to the Unit

Resource Analysis Step II (BLM 1976) the "Granite Mountain Mineral Area" in
the northeast part of the range is 34 Km 2 • "Based on known mineralization,
favorable geologic environment, but lacking measurements, this mineral area
can be conservatively classified as C3, that is an area relatively poorly
explored, known to have several identified deposits of the type which, with
additional exploratory work may prove to be of economic size."

Although

we cannot assess the actual value or extent of mineral deposits in the
Granite Mountains, it should be noted that little or no production has
occurred from the mines already worked and/or located in the study area.
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GEOMORPHOLOGY
The landforms and geomorphologic processes in the Granite Mountains
can be divided into two parts:

those that characterize the alluvial bajada

and pediments, and those that characterize the bedrock areas.

Geomorphol-

ogy of the alluvium is controlled in part by water and in part by past
geologic and climatic history.

Water plays a minor role in bedrock areas,

however, where structure and lithology are the predominant controls of
geomorphology.
Alluvium and Pediments
Climatic History
The Mojave Desert is a relatively recent feature in geologic time.
Evidence from fossil floras indicates that there were forests in the desert
region during the Cretaceous (Axelrod 1977).

During the Tertiary a more

semi-arid climate developed, but rainfall was still greater than at present.

Through mid-Miocene, the climate was more equable than it is today,

with less fluctuation in yearly temperatures, and with both summer and winter rainfall.

By the beginning of the Quaternary period, summer precipita-

tion had diminished, and cooler winter temperatures accompanied the uplift
of the Mojave block.

The trend toward a drier and more continental climate

continued with brief wet cycles during the fluctuating glacial-pluvial episodes in the Pleistocene.

The extreme desert climate that exists at pres-

ent may be as recent as post-Wisconsin (Axelrod 1977).

Therefore, many of

the geomorphic features seen in the Granite Mountains may be remnant features of a colder and wetter climate.
Alluvial Fans
The northern alluvial fan deposits (Qg) may represent remnant features.

These massive fans flank the north slope of the range

and are

among the most striking geomorphic features of the Granite Mountains. They
extend from the mountains in long finger-like ridges.
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The fan materials are coarser, in general, than materials composing
the other Quaternary deposits in the study area.

They are very poorly

sorted, ranging from clay-size particles to sub-angular boulders.

Many of

the boulders measure about one foot (3 dm) across, and some are as much as
four feet (1.2 m) across.

Many different lithologies are represented, but

most seem to have been derived from the metamorphic units of the range.
Many of the rocks and boulders in the fans are partially to almost
completely covered with desert varnish.

The thick accumulation of varnish

on the fans makes them darker than the other Quaternary alluvial deposits.
This suggests that the alluvial fans are presently inactive and are the
oldest of the Quaternary units in the study area.

The large size and great

volume of materials in the fans suggest that they may be remnant features
of a wetter climate than that which is currently found in the

The

fans are very likely Pleistocene in age.
There are several possible explanations for the occurrence of these
fans mainly on the north side of the range.

Possibly, uplift and conse-

quent erosion of the young Granite Mountains resulted in the deposition
of coarse alluvial fans on all sides of the range.

Some time later, the

Granite Mountains area may have been warped and tilted to the northwest.
Renewed erosion in the uplifted southern and eastern areas removed the gravel fans there, leaving only the coalesced fans (Qal) and pediments.

Pos-

sibly, tilting of the desert floor took place at the same time as the deposition of the alluvial fans, causing

the fans to be deposited asymetri-

cally.
Alluvial Plains
Bajadas composed of alluvium (Qal) surround much of the Granite Mountains and provide evidence of at least one episode of uplift and erosion.
Remnant alluvial terraces suggest that a second change in the erosional
regime has occurred.

Older terraces of

and more-varnished allu-

vium stand 20 or more feet (6 m) above the level of Cottonwood Wash.
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Some

change in the equilibrium of the stream has caused a drop to below the level
of the floodplain, leaving the terraces.

This may have been due to renewed

relative uplift, a change in the base level of the stream, or a climatic
change.
A feature found on the older inactive parts of the alluvial terraces
and on the previously discussed alluvial fans is partially developed desert
pavement.

Fine particles have been winnowed out of the deposits by winds,

leaving only the coarser materials visible on the surface.
Pediments
One of the most interesting geomorphic features in the Granite Mountains is the granitic pediment along most of the southeast side of the
range.

Pediments are flat or gently sloping erosional surfaces underlain

by bedrock but often partially covered by a thin veneer of alluvium.

Sur-

face runoff plays an important role in the formation of these erosional
features; pediments are generally found at the bases of abrupt and receding
mountain fronts in arid or semi-arid regions.

In contrast to bajadas,

which are surfaces of deposition, pediments are surfaces of erosion; however they often resemble each other in surface form, as at the bajada-like
pediment in the Cove Spring-White Fang area.

The pediment at the southeast

base of the Granite Mountains is one of the best examples of this type of
landform to be found anywhere.
Sheep Corral, a dissected pediment at the southeast edge of the
range, has the appearance of a sunken labyrinth of granitic pinnacles and
passages.

The same change in erosional regime that formed the remnant allu-

vial terraces was probably responsible for the dissection of Sheep Corral.
Bedrock Areas
In contrast to the alluvial areas, geomorphology in the bedrock
areas of the Granite Mountains is controlled primarily by lithology and
structure.

Action of water alone plays a relatively minor role in the for-

mation of bedrock landforms.
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Precipitation runoff has dissected the pediment at Sheep Corral, forming
a sunken labyrinth. Photo by B. Stein.

A wash in the bottom of Sheep Corral after heavy rains.

Photo by B. Stein.

Metamorphic Terrain
The metamorphic areas of the Granite Mountains generally have a darker
appearance than the plutonic areas.

This is due to the occurrence of more

mafic minerals in the metamorphic units.
can be seen on many of the peaks and

Distinctive sub-horizontal stripes

ridges in these metamorphic areas.

The stripes are caused by bands of light-colored felsic intrusive (?) rock
in dark-colored metamorphosed mafic rock near the contact with the pluton.
Good examples of these stripes can be seen on Silver Peak and Wind Woman
Peak.
Canyons in the metamorphic terrain tend to be deep and steep sided.
There are numerous waterfalls, the faces of which probably represent fracture planes.

There appears to be more talus on the sides of the metamor-

phic canyons than on slopes in plutonic terrain.

This is probably due to

the strong internal fabric of the metamorphic units, which allows easier
breakdown of the rock into angular fragments of varying size.

The metamor-

phic rocks are not attacked as readily as the plutonic rocks are by the
erosive processes of exfoliation and granular disintegration.
Plutonic Terrain
The plutonic areas of the Granite Mountains have a generally lighter
appearance than the metamorphic areas.

This is due, inpart, to the felsic

nature of the plutonic units, which range in composition from granodiorite
to quartz monzonite.
Occasional schlieren and elongate mafic inclusions suggest flow
lineations, but as far as can be seen in hand specimens, the plutonic rocks
are mostly lacking in internal fabric.

In contrast to the metamorphic

rocks, the coarseness of the plutonic rocks and their lack of internal
ric causes granular disintegration and exfoliation to occur.

Any plutonic

talus that may accumulate is rapidly disintegrated to rounded boulders or
sand and gravel-sized particles.
The appearance of outcrops and landforms can vary a great deal from
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Banded rocks in l ower Bull Canyon.

Photo by B. Bannerman.

location to location, even within a single rock unit.

Jointing is probably

the dominant control on landforms within a single lithologic unit.

Because

most of our field time was spent in the southeastern pluton, several areas
from this portion of the range have been selected for more specific geomorphologic descriptions.
Cove Spring-White Fang Area
Massive, consistent jointing and huge, blocky butresses characterize
the Cove Spring-White Fang area.

Weathering along prominent vertical joints

has produced rock pinnacles separated by deep narrow canyons with nearverticle walls.

The pinnacles are mostly flat on top, probably due to

sub-horizontal jointing.

Prominent diagonal joints are also common in this

area.
Joints are more widely spaced in this area than in any other part
of the pluton.

This may be due to the coarseness of the rock.

In general,

the more coarse-grained the rock, the more widely the joints are spaced
(Hyndman 1972).

The presence of large phenocrysts also causes the rock sur-

faces to weather faster and provides little time for the
desert varnish.

accumulation of

White Fang quartz monzonite (Kwf) has an overall appear-

ance of being lighter colored here than in other areas.
Cottonwood Basin
Cottonwood Basin is a wide valley with a large drainage area.

The

slopes are much gentler than in the Cove Spring-White Fang area, although
the relief is greater.

The slopes are perhaps SO% decomposed granitic rock.

In general, the rocks of the Cottonwood area are much more broken
up than in the Cove Spring-White Fang area, probably due to the greater
frequency of jointing in Cottonwood.
staining,

Many of the slopes show limonite

and perhaps more weathering-in-place is occurring.

There are

many small fracture zones throughout Cottonwood Basin as well as several
faults.

Weaknesses within these zones and along the faults may be respon-

sible for the gentler slopes, greater substrate development, limonite
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staining,

and broken-up appearance of the area.
Willow Spring Basin

The Willow Spring

drainage is steeper and narrower than Cottonwood

Basin and is generally much more rocky and rugged.

Limonite staining is

visible on some slopes, and patches of pink coloration mark the veins of
soft rhyolite.
Jointing is very closely spaced in the Willow Spring Basin area.
This may be due to the fine-grained texture of the Willow Spring granodiorite (Kws).

Some vertical joints can be traced for long distances up the

slopes of the basin.

The pinnacles appear to be weathering in situ into

boulders and are pointed rather than flattened on top, perhaps due to the
closer spacing of the joints.
Slopes are broken by hillocks and pyramids of rock and rubble with
poorly developed soil.

The uneven topography that characterizes Willow

Spring Basin may be due to the numerous faults--presumably high-angle dipslip faults--that cut through this area.
Fracture Zones
The fracture zones (see Generalized Geologic Map, page 27) present
a strong contrast to the appearance of the unaltered plutonic rocks in
which they are found.

The fracture zones often mark topographic lows in

the range and are characterized by greater soil development and frequent
limonite staining.
Joints in fracture zones are more angular and more closely spaced
than in unaltered plutonic rock.

The angularity of the fractured rock may

be related to silicification within the fracture zones.

The filling of

tiny fractures and pore spaces with silica probably strengthens fracture
surfaces.

Hence, joint edges are more resistant to weathering, and frac-

tured outcrops tend to remain fairly angular.
Accumulations of desert varnish on fracture zone outcrops tend to
be thicker than accumulations on unaltered plutonic rock.
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This is due to

welding of joint surfaces by silicification along fracture zones.

The re-

sistance of the surfaces to weathering allows more time for varnish accumulation.
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GEOLOGIC HISTORY
In this section, we establish a chronology of geologic events in the
Granite Mountains.

Origins and ages of the various geologic features are

discussed briefly.

Our interpretations are based upon the following assump-

tions:
l)

The southeastern pluton intruded the metamorphic host rock in

Cretaceous time.
2)

All the aplite and pegmatite dikes were emplaced at approximately

the same time, during the late cooling stages of the pluton.
3)

All the paired vertical joint sets formed at approximately the

same time, in response to a single regional stress field.
4)

All the faults formed at approximately the same time, in response

to a single regional stress field.
S)

All the fracture zones formed at approximately the same time, in

response to a single regional stress field.
6)

All the quartz veins are of hydrothermal origin.

They were em-

placed at approximately the same time, and their emplacement was contemporaneous with hydrothermal alteration and mineralization in the facture zones.
Metamorphic Units
The Granite Mountains lie within the Paleozoic miogeosynclinal facies
belt of the Cordilleran geosyncline.

According to Dunne (1972):

This facies was deposited on a slowly subsiding, shallow continental shelf marginal to a relatively stable continental
platform lying to the east . . . . Marine sedimentation in the
Cordilleran miogeosyncline began in the late pre-Cambrian and
continued with only minor interruptions into the Early Triassic.
During the initial depositional phase extending from late preCambrian (Eocambrian) to Middle Cambrian time, predominantly
detrital rocks were deposited in an essentially conformable
sequence. During the remainder of the Paleozoic Era, deposition of predominantly carbonate strata alternated with short
periods of nondeposition and/or erosion.
The carbonate units in the field area suggest that the metamorphic
rocks of the Granite Mountains may have been deposited in this Paleozoic
shallow shelf environment.

However, lack of fossils and intense contact

so

metamorphism due to intrusion of the pluton make dating of the metamorphic
units very difficult.

No absolute ages have yet been established for the

metamorphic rocks in the Granite Mountains.

They may be as old as Pre-

cambrian and are certainly no younger than the plutonic units intruding
them, which are assumed to be Cretaceous in age.
Plutonic Units
Radiometric ages are not yet available for the plutonic units in the
Granite Mountains.

Based on compositional similarity to quartz monzonite

in the Devil's Playground area

that is of known Cretacious age (Dunne 1972),

the plutons of the Granite Mountains have been assigned a

Cretacious age.

This age assignment is probably valid for the southeastern pluton.

Much

less is known about the pluton in the northwest portion of the range.

It

is very likely of the same age as the southeastern pluton, but plutons of
earlier Mesozoic and even

Precambrian age are also known in the Mojave

province (Dibblee and Hewett 1970).
Intrusion of the plutonic units caused contact metamorphism and assimilation of older rocks.

Mafic rocks in and around the granitic units

may represent earlier Mesozoic plutons metamorphosed by the latest intrusion (pers.comm. Sabine 1978).
The southeastern pluton appears to be a zoned pluton (Sabine 1971).
The Budweiser granodiorite (Kb) represents the upper zone, the White Fang
quartz monzonite (Kwf) represents the intermediate zone, and the Willow
Spring quartz monzonite (Kws) represents the core of the pluton, which forms
an elongate antiform trending northeast.

Assimilation of overlying mafic

roof rocks along with the "intrusion of sialic magma from below

. may

have set up a vertical composition gradient which would account for the
distribution of zones" (Sabine 1971).
Subhorizontal joints formed during the later stages of cooling of
the southeastern pluton.

They may have been caused by volume decrease as

the pluton cooled (Spencer 1969), or they may have formed in response to
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other factors, such as differences in the load of the superincumbent rocks
and inequalities in the rate of consolidation of the top portions of the
pluton (Balk 1937).

Accumulation of volatiles and alkalies near the roof

of the pluton produced the aplite and pegmatite dikes that intrude some of
these joints.
The presence of a highly fractured pegmatite dike in the Cove Spring
fracture zone

Section 8 TSN Rl3E) implies that the fracture zones

formed after the subhorizontal joints had been formed and intruded by dikes
of aplite and pegmatite.

The injection of quartz veins, and hydrothermal

alteration and mineralization in the facture zones may have occurred during
the latest stages of cooling of the pluton--the silica-rich hydrothermal
solutions having been derived from residual liquids in the cooling magma.
Possibly, the hydrothermal solutions responsible for quartz vein injection,
and alteration and mineralization in fracture zones were unrelated to the
cooling of the pluton and occurred later.

The formation of fracture zones,

the injection of quartz veins, and hydrothermal alteration and mineralization in the fracture zones may have occurred in late-Cretaceous or postCretaceous time.
The absence of aplite and pegmatite fillings in some of the sub-horizontal joints, in the vertical joints, and in fault planes suggests that
these features formed after the pluton had cooled.

They may be considered

late or post-Cretaceous in age.
East-West Compression
The fracture zones and paired vertical joint sets are thought to
have formed as conjugate shear surfaces in response to local variations of
regional east-west (E-W) compressive stresses.

The faults, quartz veins,

and vertical joints whose trends parallel quartz-vein trends are thought
to have formed as tension gashes, also in response to local variations of
regional E-W compression.

Structural models for the Mojave province dur-

ing both the Mesozoic and the Cenozoic eras could account for such compressive stresses.
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Two deformations of Mesozoic age have been recognized in the Mojave.
Both produced thrust faults involving movement of thrust plates from west
to east.

The earlier of the two has been named the Mesocordilleran orogeny

and occurred during the Triassic and early Jurassic time.

The second per-

iod of deformation, the Sevier orogeny, was at its height during the interval late Jurassic-late Cretaceous (Dunne 1972).

Both deformations are

thought to have been produced by compressive stresses transmitted eastward
through the crust from the subduction zone along the nearby plate margin in
southwestern California (Burchfiel and Davis 1972).
The vertical joints, faults, and fracture zones of the Granite Mountains could have been produced by these E-W, subduction-related compressional stresses.

If the

Cretaceous age assignment for the pluton is ac-

cepted, Mesozoic structural features affecting the pluton would have to be
products of the younger

deformation, the Sevier orogeny.

In Cummings's (1976) model of Cenozoic deformation in the Mojave province, movement of the Mojave block eastward sets up a westward-directed
stress, or (See Figure A-4, page 273).

For an area located in the eastern

Mojave Desert, as are the Granite Mountains, such stress and movement would
very likely result in overall E-W compression.

Thus, the vertical joints,

faults, and fracture zones of the Granite Mountains, considered here as
products of regional E-W compression, could have formed in Cenozoic time
in response to stresses proposed by Cummings's model (1976).
Cenozoic Features
The early Cenozoic was a period of uplift and erosion throughout the
Mojave Desert region (Hewett 1954).

During this time, vast quantities of

eroded materials were shed to the west and south (Norris and Webb 1976),
and wide areas of

Precambrian metamorphic rocks were exposed (Dunne 1972).

Some of the subhorizontal joints of the Granite Mountains may have formed
during this time

in response to unloading of superincumbent rocks.

It has been hypothesized that subduction of the spreading ridge
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between the Farallon and Pacific plates and subsequent inception of strikeslip motion along the San Andreas fault began during the mid-Miocene (Atwater 1970).
region.

This initiated a change in the tectonics of the nearby Mojave

Normal faulting of the Basin-and-Range type produced areas of up-

lift and erosion separated by undrained basins in which thousands of feet
of subaerial-and-lacustrine sedimentary and volcanic rocks accumulated.
Dozens of these basins once existed, and some are evident today as playas
(Norris and Webb 1976).
Mountains.

No tertiary sediments are found in the Granite

However, an extensive weathered mantle had accumulated by

Pliocene time, much of which has since been stripped off (pers.comm. Norris
1978).

The range was very likely an area of uplift and erosion throughout

the Cenozoic era.
Bimodal basaltic-rhyolitic volcanism began in the Mojave by 20
million years ago (Snyder et al. 1976) and is also thought to be related to
the beginning of strike-slip motion along the San Andreas fault.

The shal-

low intrusion of rhyolite dikes along fault planes in the southeastern pluton was probably a product

of this Miocene volcanism.

It is possible that

faulting and rhyolite intrusion occurred at the same time; or, the rhyolite
dikes may have intruded along fault planes after faulting had occurred.
The "Eubetcha breccia" flow in the northern part of the range is
probably also a middle Miocene or younger feature.

Extrusion of the "Eubet-

cha breccia" may have occurred with intrusion of the rhyolite dikes, or it
may have been a separate event.

Fragmentation may have occurred during ex-

trusion as a result of different rates of cooling (the hardened crust of
the rock being broken up by flow of still-molten portions), or fragmentation of the unit may have occurred later, in response to faulting.
There is evidence for at least one period of Quaternary uplift in
the Granite Mountains.

This period of uplift may have involved tilting

to the north or northwest of the mountain mass.

It appears that most of

the coarse materials produced in response to this uplift were shed to the
north, northwest, and northeast of the range where they were deposited in
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STRIKE-SLIP ON SAN ANDREAS FAULT
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CUMMINGS'S COMPRESSION

- - - - - - - - - - - - - UPLIFT AND EROSION THROUGHOUT MOJAVE REGION
NEVADAN OROGENY

Figure 2-2. Summary of geologic history. Solid lines represent probable age ranges.
Dashed lines represent possible age ranges. Approximate time spans of regional events
affecting the Mojave are shmvn at bottom of diagram.

massive alluvial fans.

The size and volume of materials in the alluvial

fans suggest that they may be remnant features of a wetter climate than the
climate that predominates in the Mojave region today.

The fans may have

been deposited during a pluvial period in Pleistocene time.
A quiet period followed the episode of uplift.
alluvial plains and pediments were formed.

During this time,

A change in the erosional re-

gime produced the raised alluvial plains and alluvial terraces, and dissected the Sheep Corral pediment.
A schematic diagram summarizing the possible age ranges of geologic
events in the Granite Mountains is shown in Figure 2-2.
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