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THE METAMORPHIC AND PLUTONIC ROCKS
OF THE SOUTHERNMOST SIERRA NEVADA, CALIFORNIA,
AND THEIR TECTONIC FRAMEWORK

By DonarLp C. Ross

ABSTRACT

The south tip of the Sierra Nevada batholith terminates abruptly along
the San Andreas fault and has an anomalous east-west-trending struc-
tural grain. Apparently, a part of the batholith has been torn away and
displaced by San Andreas fault movement.

The metamorphic framework rocks of the southernmost Sierra Nevada
can be divided into (1) a dark gneissic, amphibolitic, and granulitic se-
quence, in part hornblende rich, that appears to be of oceanic origin;
and (2) a quartzofeldspathic sequence of schist, hornfels, impure to pure
quartzite, and locally abundant calcareous rocks of continental origin.
In addition, large exotic fault slivers of the Rand Schist are present,
whose relation to the other metamorphic framework rocks is not yet
fully understood.

The southernmost Sierra Nevada batholith is made up of numerous
granitic plutons that range in composition from tonalite to granite and,
on the basis of sparse radiometric data, appear to be largely, if not wholly,
of Cretaceous age. These plutons consist of tonalite on the west and
granodiorite and granite on the east. The contact between these two
terranes marks the quartz diorite line of Moore (1959). The tonalite of
Bear Valley Springs, the largest tonalite body on the west side of the
batholith, is characterized by abundant hornblende and biotite in irreg-
ular shreds and aggregates, conspicuous foliation defined by abundant
dark inclusions, and streaky schlieren and relict gneiss patches that sug-
gest at least wallrock contamination and, possibly, some degree of recon-
stitution of the gneiss or gabbroic rocks. Most of the other bodies of
tonalite and the bodies of granodiorite and granite show minor, if any,
contamination effects and appear to have originated from the crystalliza-
tion of largely uncontaminated silicate melts.

The Garlock fault marks a major structural break between the Sierra
Nevada block and the Mojave block. Evidence of offset of (1) garnet-
iferous amphibolitic gneiss, (2) fault horses composed of the Rand Schist,
and (3) the granodiorites of Lebec and Gato-Montes and associated
granite plutons suggests 50 km of left-lateral offset at the west end of
the fault zone.

Since 1932, when relatively comprehensive instrumentation began to
record seismic activity in southern California, 21 earthquakes M>5 have
occurred within the study area. Most of these shocks were associated
with the White Wolf fault, which broke in July 1952, resulting in an
M=17.7 earthquake attended by considerable property damage and some
loss of life. By contrast, the most recent fault movements along the San
Andreas fault in this region were in 1857. Although the Garlock and
Sierra Nevada faults do not appear to have broken during historical time,
they exhibit features that indicate probable Holocene activity.

The most geologically significant feature of the area is a hornblende-
rich, gneissic to granoblastic metamorphic terrane of amphibolite to
granulite grade that, along with associated diorite to tonalite magmatic
rocks, dominates the southernmost Sierra Nevada. The rocks probably
reflect a significantly deeper crustal level than the typical Sierran
granodiorite and granite plutons to the north, on the basis of (1) index
minerals (hypersthene, coarse red garnets, and brown hornblende), (2)

textures (considerable ambivalence as to whether individual samples are
metamorphic or magmatic), (3) metamorphic grade (at least local granu-
lite facies), and (4) the presence of migmatite and evidence of local
melting and mobilization. These rocks may be exposures of the upper
part of the root zone and metamorphic substrate of the Sierra Nevada
batholith. Xenoliths of gneiss, amphibolite, and granulite from subbatho-
lithic levels, which have been transported upward and preserved in
voleanic rocks in the central Sierra Nevada, are similar to some exposed
rocks of the southernmost Sierra Nevada.

Hypersthene-bearing granulite and tonalite, as well as distinctive
granofels of mid-Cretaceous age, are also exposed in the western part
of the Santa Lucia Range (some 300 km to the northwest across the
San Andreas fault). The similarity of these rocks to some of the metamor-
phic and magmatic rocks in the southernmost Sierra Nevada suggests
that the two areas record similar metamorphic conditions and crustal
depth. The rarity of mid-Cretaceous hypersthene granulite makes cor-
relation of the Santa Lucia Range and the southernmost Sierra Nevada
seem attractive. Nevertheless, possibly significant petrographic and rock-
distribution differences between the two areas (particularly the relative
abundance and distribution of carbonate rocks and amphibolite) dictate
caution in suggesting that the two terranes were once contiguous.

INTRODUCTION

The southernmost Sierra Nevada has an anomalous
trend in comparison with the rest of the Sierra Nevada
block. The generally north-southward structural trends
in the northern and central parts of the study area (pl.
1) contrast with the northwestward grain of the Sierran
block farther to the north. The radically different east-
westward trend of the Sierran tail offers even more con-
trast. This sharply hooked tail (fig. 1) of the arcuate Sierra
Nevada block (Jennings, 1977) suggested to some workers
that the south end of the Sierra Nevada has been dragged
into its present curve as a result of shifts along northwest-
trending fault zones (Locke and others, 1940). Mayo (1947)
later expressed doubts that units as huge as the south end
of the Sierra Nevada were ever dragged around. Instead,
available data suggested to him that the curved structure

_had grown on essentially its present plan. Studies of

regional variations of initial Sr-isotopic composition in the
Sierran block and surrounding areas led Kistler and Peter-
man (1978, fig. 3) to suggest that the Sierran tail is an
original feature of an ancient continental margin and ad-
jacent oceanic terrane. Nevertheless, the truncation of the
Sierran tail by the San Andreas fault, with its associated

1
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right-lateral offset measured in hundreds of kilometers,
has suggested to many previous workers, as well as to
me, a possible drag effect as a result of movement on the
San Andreas fault.

Probably the most noteworthy tectonic feature of the
southernmost Sierra Nevada is its abrupt termination
against the Garlock and San Andreas faults. However,
correlation of basement units and structures across the
fault zone (Smith, 1962; Smith and Ketner, 1970; Davis
and Burchfiel, 1973) suggests that the block may be con-
tinuous southward across the Garlock fault, with dis-
placements of only a few tens of kilometers. Regional
continuity is also suggested by a north-southerly trending
belt of Cordilleran miogeoclinal Paleozoic rocks, extend-
ing along the east side of the Sierra Nevada batholith from
Nevada, that also are patchily preserved in the central
Mojave Desert and in the San Bernardino Mountains
(Stewart and Poole, 1975).

Nevertheless, the composition of the granitic rocks of
the western Mojave wedge—between the Garlock and San
Andreas faults—suggests problems with the correlations
noted above. The quartz diorite line of Moore (1959),
which passes through the length of the Sierra Nevada
batholith, separating dominantly granite and granodiorite
plutons on the east from dominantly tonalite plutons on
the west, is not found in the Mojave block. If the Mojave
block is a southward continuation of the Sierra Nevada
and if the quartz diorite line has been offset by movement
on the Garlock fault, one would expect to find tonalitic
rocks in the western Mojave Desert. Yet the entire west-
ern Mojave wedge has only the granitic rocks that are
typical of the terrane east of the quartz diorite line. Clear-
ly, this discrepancy must be accounted for in any regional
reconstruction. Kistler and Peterman (1978) suggested,
again on the basis of Sr-isotopic data, that the western
Mojave wedge is an exotic mass from northwestern
Nevada which has accreted to the eastern Mojave. At
present, insufficient petrographic and chemical data are
available to confirm or deny this intriguing thesis. The
truncation of the Sierran block by the San Andreas fault
is much more severe, and displacements of at least several
hundred kilometers across this fault are virtually uni-
versally accepted. To the best of my knowledge, the
whereabouts of the lost pieces of the Sierran tail is still
speculative.

A major purpose of this report is to provide a detailed
description of the basement rocks of the southernmost
Sierra Nevada so as to place constraints on the origins
of terranes across the Garlock and San Andreas faults
suggested to have originally been parts of the Sierra
Nevada block. Although plate 1 shows generalized Ceno-
zoic units that overlie and conceal the basement, my study
was restricted to the pre-Cenozoic metamorphic and
plutonic rocks. This study relied heavily on sampling of

the metamorphic and plutonic rocks for thin-section
studies, modal analyses, and chemical analyses (pl. 2). The
study involved about 150 man-days of fieldwork in the
3,900-km? area; about 800 thin sections were examined,
and nearly 700 modal analyses were determined. ,
This study makes use of previous mapping where com-
pleted and integrates that earlier work with new geologic
mapping in unmapped areas at a scale of 1:125,000. The
geology from previous maps had to be somewhat modified
to make a generally consistent map of the basement rocks,
and compromises were made. Given the limited time spent
in the field, selective traverses were required, and so some
areas were not visited. Many unresolved problems remain
concerning the east-west-trending Sierran tail west of
Tejon Creek (fig. 2), and followup detailed work is par-
ticularly needed there. I have tried to provide not a
definitive report but a base on which to build.
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METAMORPHIC ROCKS
METASEDIMENTARY ROCKS OF THE KEENE AREA

SETTING

The name ‘‘Kernville Series” (Miller, 1931) is widely
used for metasedimentary rocks in the southernmost
Sierra Nevada (Dibblee and Chesterman, 1953; Dibblee
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METAMORPHIC ROCKS 5

and Warne, 1970; Dibblee and Louke, 1970). The Kern-
ville Series is divisible into several metamorphic units in
its type area north of the study area; furthermore, the
term “‘series” is no longer used in this manner in modern
stratigraphic nomenclature. Therefore, I favor using a
local name (Keene) for these, at present, sparsely studied
metasedimentary rocks south of lat 35°30" N. and north
of the Garlock fault. The town of Keene (approx 10 km
northwest of Tehachapi) is located in the midst of several
bodies of these metasedimentary rocks.

The metasedimentary rocks of the Keene area form a
broad belt of discrete, rather large pendants or screens
that generally trend north-south. The approximate total
area of outcrop is 185 km?2. These pendants are strongly
elongate north-southerly, generally dip steeply, and form
an open S-shaped outcrop belt from the north end of the
study area to the Garlock fault. One major exception to
this pattern is a dome of metamorphic rocks with gentle
dips in the southeastern part of the Emerald Mountain
quadrangle. The metasedimentary rocks of the Keene
area do not appear to extend westward of Tejon Creek,
and they are present north and west of the White Wolf
and Breckenridge faults only in two small exposures west
and southwest of the Walker Basin. To the east, the belt
extends to the southwestern part of the Cross Mountain
quadrangle.

Saleeby and others (1978) considered these rocks to be
part of their Triassic and Jurassic Kings sequence, which
encompasses roof pendants in the western and central
Sierra Nevada for a strike length of more than 200 km.
They expanded the area of the Kings sequence, which was
originally limited by Bateman and Clark (1974) to the area
between Dinkey Creek and Mineral King.

No fossil evidence for the age of these rocks was found
within the study area, although Saleeby and others (1978)
noted that the bivalves found southeast of Lake Isabella
are Late Triassic to Early Jurassic in age. These fossils
were collected about 15 km north of the study area, from
a calc-hornfels associated with quartzite, marble, quartz-
mica schist, and andalusite-biotite schist—rock types
typical of the Keene area.

ROCK TYPES AND PETROGRAPHY

Marble, pure to impure quartzite, and mica schist that
is commonly coarse grained and contains sillimanite and
garnet are the most common rock types in the study area.
Quartzofeldspathic hornfels to schist and calc-hornfels are
widespread, though less common. In my sampling and
petrographic study, I observed no major differences
between the various pendants. Probably, there is more
marble in the broad, eastern belt of pendants that extends
through the Tehachapi quadrangle into the Emerald

Mountain quadrangle, and more relatively pure quartzite
in the thinner western belt of pendants that trends north-
south through the Cummings Mountain quadrangle up
into the Breckenridge Mountain quadrangle. Although
these differences might reflect original stratigraphic
distinctions, the present dismemberment and contortion
of the section preclude any firm statement.

The marble is fine to very coarse grained and general-
ly white to gray, and contains trains and stringers of
graphite flakes and other metamorphic minerals that
probably reflect original bedding. Dolomite is present, but
calcite marble predominates. Associated calc-hornfels
layers range from trains of calc-silicate grains in relatively
pure marble, through thin cale-silicate layers in marble,
to calcareous metashale and quartzite. Pale-green clino-
pyroxene is by far the most common calc-silicate mineral.
Some thin layers rich in plagioclase and dark hornblende
could be metavolcanic rocks, but the close association of
clinopyroxene, epidote, and thin marble layers points to
a sedimentary origin. Garnet-clinopyroxene-epidote tac-
tite also occurs along and near some marble contacts with
granitic rocks.

Quartzite, ranging from a virtually pure mat of quartz
crystals to layers that contain 5 to 25 percent of impuri-
ties, is conspicuous and mappable in some of the pendants.
In addition, much more is present in layers and lenses too
small to show at the scale of the map (pl. 1). The purest
quartzite contains very scattered crystals of clinopyrox-
ene, feldspar, or mica that probably reflect original argil-
laceous and calcareous cement. Many layers seem to
contain about 5 to 15 percent of these impurities as scat-
tered crystals and trains and small lenses that mimic
original bedding. From these quartz-rich rocks there are
gradations to quartz hornfels containing 40 to 50 percent
impurities. The quartz-rich rocks commonly also contain
garnet, tourmaline, and graphite. Some rounded zircon
crystals are probably original detrital grains. Locally,
there are layers rich in apatite crystals, which may reflect
original phosphatic beds.

One of the more distinctive rock types is a coarsely
crystalline mica schist. This schist is characterized by
abundant red to brown biotite, muscovite, and sillimanite;
the sillimanite occurs both in fibrous bundles and coarse
prismatic crystals. Red garnets are also common in these
rocks. Large, irregular andalusite crystals are present in
some sillimanite-bearing rocks. Although most of the
rocks are dominated by mica, others contain abundant
K-feldspar, lesser plagioclase, and quartz. In some speci-
mens, original clastic quartz grains are preserved where
they have been cushioned by metamorphic mica. Tourma-
line and graphite are present locally. These dark, red- to
brown-weathering rocks produce distinctive shiny, coarse-
grained, mica-rich outcrops.
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METASEDIMENTARY ROCKS OF SALT CREEK

SETTING

Numerous pendants and inclusions of metasedimentary
rocks occur along the entire outcrop length of the grano-
diorite of Lebee, from about 40 km westward from the
Garlock fault into the outcrop area of the granite of Brush
Mountain and to the San Andreas fault. The largest body,
an elongate mass near the center of this belt, is cut by
Salt Creek and covers an area of about 10 km2, Most of
the bodies are small, however, and in aggregate these
metamorphic rocks cover no more than 25 km2. The
strike of these bodies is grossly east-westerly; generally
they dip moderately to steeply, but with many contortions
both in strike and dip. Some of the masses appear to be
slivers along the faulted north margin of the granodiorite
of Lebec, but most are completely surrounded by granitic
rocks.

ROCK TYPES AND PETROGRAPHY

Although considerable variation exists in these meta-
morphic rocks, they can generally be lumped into three
rock types: (1) marble, largely calcitic, but in part dolo-
mitic; (2) pure to impure quartzite, containing 70 to 95
percent quartz; and (3) micaceous schist that commonly
contains sillimanite. Calc-hornfels and quartzofeldspathic
hornfels are less common, but widespread.

Marble makes up most or all of several small masses
in the central and eastern parts of the metamorphic belt,
but it is more commonly interbedded with other rock types
to the west.

Quartzite can be delineated locally, but generally quartz-
ite and schist are so interlayered that they are not map-
pable separately at the scale of plate 1. The protoliths of
this section probably were dominantly limestone, quartz
sandstone, argillaceous and calcareous sandstone, and
shale that was richly argillaceous. These lithologies sug-
gest a continental sedimentary section that was deposited
near a stable platform, probably in a miogeoclinal environ-
ment. The rock types of Salt Creek resemble those of the
Keene area.

Marble is the most conspicuous rock type. It forms
highly visible white outcrops that have been quarried to
some extent. Some color layering, possibly reflecting bed-
ding, is present, and some layers are speckled with shiny
black graphite flakes. Locally, the marble is ribbon rock,
consisting of alternating thin layers of calcite and cale-
hornfels made up of quartz, clinopyroxene, epidote, and
feldspar. Some of the masses mapped as marble on plate
1 include calc-hornfels and siliceous layers. Marble inter-
beds also occur locally within other rock types.

The rock type most characteristic of the metamorphic

belt is red- to brown-weathering, relatively pure quartz-
ite. Rarely the dominant rock type in any one pendant
or inclusion, it is widespread throughout this belt. The
nearly pure quartzite is a granoblastic mat of 90 to 95 per-
cent quartz, with scattered flakes of mica and feldspar;
the feldspar probably reflects reconstituted argillaceous
cement. These rocks range in composition from nearly
pure quartzite to argillaceous and feldspathic quartzite
containing more than 25 percent cement. Clinopyroxene,
tremolite, and epidote in some of these rocks probably
represent original calcareous cement. Tourmaline, garnet,
and sillimanite also are found locally. In some specimens,
original quartz grains, from 0.4 to 1 mm long, are pre-
served where they are protected by nests of reconstituted
cement. Thus, the pure quartzite is an end member in a
sequence that grades with the addition of mica, feldspar,
and other minerals into quartz hornfels and highly mica-
ceous schist.

Micaceous schist is the second most abundant rock type
in the metamorphic belt. This shiny, well-foliated rock is
gray on fresh surfaces and weathers to dark shades of
brown or red. Some schist is composed dominantly of
reddish-brown biotite and untwinned K-feldspar, with
minor muscovite, quartz, and plagioclase. Other schist is
dominated by intermediate plagioclase and biotite. In
some layers, muscovite is abundant, but rarely is it more
abundant than biotite. Sillimanite is notably abundant in
these rocks, in part in coarse skeletal crystals, but more
commonly in bundles of acicular crystals. Red garnets are
also present in some layers. Shimmer aggregates of
muscovite are rather widespread. Cordierite, which has
been identified in two of these rocks, probably was orig-
inally more widespread and has been largely converted
to muscovite.

As previously noted, the metamorphic belt contains rock
types intermediate between quartzite and micaceous
schist. Most of these rocks are strongly foliated and prob-
ably are best classified as quartzofeldspathic schist to
hornfels. Some of the schist is dominantly a granoblastic
mat of varying proportions of quartz, intermediate plagio-
clase, and K-feldspar, with a directed fabric shown in thin
section only by aligned reddish-brown biotite and lesser
muscovite. Small amounts of pink garnet and green horn-
blende are also present.

Two unusual rock types with very limited outcrop bear
special note. Near the center of the largest pendant, dark
layers in 2 dominantly quartzite sequence are composed
of a decussate mat of olive-brown hornblende, minor
epidote, and some sphene. These dark layers are partly
replaced by light-colored thin layers and narrow tongues
consisting of plagioclase (approx Ans), pale-green clino-
pyroxene, and abundant tiny round grains of highly
pleochroic sphene. Some calcite is present locally in the
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lighter layers. The general appearance, composition, and
setting of this rock suggest that it was derived from a
calcareous sedimentary rock.

A dark chloritic schist was noted in a poorly exposed
sequence of quartzite and quartzofeldspathic schist about
700 m S. 60° E. from San Emigdio Mountain along the
road that skirts a tremendous cliff (landslide scarp?). The
rock is composed almost entirely of pale-green chlorite
and colorless to pale-green amphibole, with abundant,
scattered opaque metallic grains and calcite. Although it
is tempting to suggest that this rock is a volcanic green-
schist, the absence of feldspar, the presence of abundant
calcite, and the geologic setting suggest otherwise. I could
speculate that this layer is a retrograde hornblendite dike
or sill, but it seems more reasonable to suggest that it was
a sedimentary layer. By any account, this is an unusual
rock type for this area, although some chlorite is present
in other schistose layers in the metamorphic belt. The oc-
currence of these two rock types points out the perils of
assuming that hornblende-rich metamorphic rocks have
an igneous origin.

GNEISS, AMPHIBOLITE, AND GRANULITE OF
SAN EMIGDIO-TEHACHAPI MOUNTAINS

SETTING

High-grade, generally dark-colored metamorphic rocks
form a distinctive belt along the north slope of the San
Emigdio and Tehachapi Mountains from San Emigdio
Creek eastward to Tejon Creek; they underlie an area
of about 300 km2. The characteristic rock types are
gneiss, amphibolite, granofels, granulite, and unques-
tionably metasedimentary rocks (impure quartzite and
calc-hornfels). Throughout the largely mafic metamorphic
terrane, coarse red garnets are a widespread and strik-
ing feature. These garnets, as large as 10 cm in diameter
and commonly accentuated in outcrop by bleached haloes,
are discussed below in more detail in the subsection en-
titled ‘“Coarse-Haloed Red Garnet.” Gradation between
rock types and intermixing are characteristic, and the
rock types cannot be separated in most places by recon-
naissance mapping. Felsic quartzofeldspathic gneiss that
has both metasedimentary and metaigneous components
is separable locally at the map scale. Slivers of similar and
presumably correlative, red-garnet-bearing gneiss and
amphibolite are strung out along the Garlock fault from
the area of Tehachapi Pass eastward to Cinco. Within the
largely dark gneissic terrane are areas of relatively homo-
geneous diorite to tonalite that are partly intrusive and
magmatic. Indistinct, subtle contacts and migmatitic mix-
ing with gneiss and amphibolite suggest, however, that
at least some of the diorite to tonalite is a locally sweated
out, ultrametamorphosed derivative of the gneiss and am-

phibolitic terrane. These relatively homogeneous and, at
least in part, intrusive rocks are discussed separately
below in the subsection entitled ““Granitic Rocks Related(?)
to the San Emigdio-Tehachapi Terrane.”

DESCRIPTION OF ROCK TYPES

Only a summary description of the major rock types in
the study area is presented here. Additional information
on the textures and mineral contents of selected thin sec-
tions and localities where the major rock types can be
observed and sampled was presented by Ross (1983c).

GNEIss

Strongly foliated gneiss is probably the dominant rock
type, and dark, hornblende-rich gneiss is most common.
These rocks are probably best exposed along the road by
the Tehachapi Crossing of the California Aqueduct. Many
of the gneissic rocks have a mineralogy of quartz diorite
or tonalite and contain sharply twinned andesine, abun-
dant quartz, olive-brown hornblende, and brown biotite.
Also abundant is amphibolitic gneiss, composed almost en-
tirely of intermediate plagioclase and pale- to dark-green
and brown hornblende. Much of the gneiss is to some ex-
tent cataclastic.

A belt of light-colored gneiss lies along the north slope
of the San Emigdio Mountains and in the area of Grape-
vine Canyon is bounded rather sharply against dark gneiss
on the south. The felsic gneiss is rich in quartz and sharply
twinned andesine, and contains widely scattered biotite
and hornblende crystals. Pink garnet is common and oc-
curs in trains that accent the foliation. Coarse-grained
graphite is abundant in some layers. Much of the folia-
tion is imparted by well-aligned trains and layers of
biotite. Surprisingly, much of the felsic gneiss contains
little or no K-feldspar. Augen and flaser structures are
well developed in some of the felsic gneiss layers. Much
felsic granitic rock intrudes the felsic gneiss in and west
of Grapevine Canyon. In places, the granitic material
dominates, but there is generally ample evidence of
gneissic host rock. Subordinate layers of dark gneiss and
amphibolite are present in the felsic gneiss areas.

Although much of the hornblende-rich mafic gneiss is
probably metaigneous (orthogneiss), the protolith is less
evident for much of the felsic quartzofeldspathic gneiss.
Some quartz- and mica-rich layers containing abundant
garnets and graphite almost surely had siliceous and
pelitic sedimentary protoliths. As an aid for distinguishing
orthogneiss from paragneiss, some preliminary deter-
minations of the 4120 of selected samples have been made
(fig. 3; table 1). A biotite quartzofeldspathic gneiss (sam-
ple 3933) from near the mouth of Tejon Creek has a ¢180
value that indicates very little enrichment (8.72 permil
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Standard Mean Ocean Water [SMOW]; Ivan Barnes, writ-
ten commun., 1983); this rock is a foliated igneous rock.
A quartzofeldspathic gneiss (sample 3058B) from the
north side of the San Emigdio Range west of Grapevine
Canyon and two more samples (3369, 3420) from east of
Grapevine Canyon have 6180 values that indicate con-
siderable enrichment (13.82, 14.01, and 14.97 permil
SMOW, respectively; Ivan Barnes, written commun.,
1983); these gneiss samples most probably have a sedi-
mentary protolith.

AMPHIBOLITE

The dark, hornblende-rich gneiss commonly grades into
more massive rocks composed almost exclusively of inter-
mediate plagioclase and hornblende. Coarse red garnets
with bleached haloes in poikilitic anhedral masses to
euhedral crystals, as large as 10 em in diameter, are par-
ticularly abundant in the amphibolitic rocks. Clinopyrox-
ene, biotite, and quartz are subordinate in some samples.

It is commonly difficult to decide whether a given speci-
men has a xenoblastic (metamorphic) or a xenomorphic
granular (magmatic) texture. Wiese (1950) called many
of these amphibolitic rocks diorite and gabbro. After much
confusion and indecision, I began to notice that the
homogeneous, magmatic-looking rocks invariably were
closely associated with unquestionably metamorphic rocks
and were not in discrete large masses. I concluded that
the dominant fabric of these dark rocks was metamorphic,
although I fully realized that there probably are local
melted and mobilized spots in the amphibolitic rocks. The
hornblende-rich diorite to tonalite of the Tehachapi Moun-
tains (see section below entitled ‘‘Plutonic Rocks”) con-
stitutes the sum total of these local homogeneous areas
that appear to grade from dark amphibolite and gneiss.

Two samples of amphibolite (3886B, 3091B, table 1)
have 6180 values of 6.45 and 9.12 permil SMOW, respec-
tively (Ivan Barnes, written commun., 1983). The first
sample is definitely metaigneous, but the second sam-

350 119°00° 118°30’ 118°00°
30’ T i
EXPLANATION

Samples from—

e} Gneiss, amphibolite, and granulite of San
Emigdio-Tehachapi Mountains

o Mafic gneiss and amphibolite of Jawbone
Canyon

A Rand Schist

Contact—Dashed where approximately located

18 Fault—Dotted where concealed

360,
00’

R
il

34°
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-
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45’

FIGURE 3.—Skeletonized geologic map of the southernmost Sierra Nevada showing locations of samples for which oxygen-isotopic data (6180
permil SMOW) have been determined. Data and sample descriptions are listed in tables 1 and 2. See plate 1 for detailed geology.
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TABLE 1.—Ozygen-isotopic data for selected samples from the mafic terranes of the San-Emigdio-
Tehachapi Mountains and Jawbone Canyon

[See figure 3 for locations of samples.

commun., 1983)]

Minerals listed in order of decreasing abundance.
A1l values in permil standard mean ocean water (SMOW).

Data from Ivan Barnes (written

Sample Rock type Mineral content 5189

30588 Quartzofeldspathic gneiss--- Quartz, andesine, reddish-brown biotite, 14.01
muscovite, graphite, garnet, apatite.

3091B Amphibolite--cemmecmaaaaaaae Andesine, olive-brown hornblende, quartz, 9.12
garnet, reddish-brown biotite, opaque
minerals, sphene, zircon.

3369 Quartzofeldspathic gneiss Quartz, plagioclase (approx Anso), 13.82

to granofels. clinopyroxene, reddish-brown biotite,
garnet, graphite, hornblende.

3380 Q0=mm e em Quartz, calcic andesine, reddish-brown 14.97
biotite, garnet, graphite.

33818 Quartzite----e-cecmaccacnaao Quartz (90-95 percent), reddish-brown 19.18
biotite, pink garnet, chlorite,
graphite, muscovite.

34178 Graphitic quartzite-~------- Quartz (75 percent), graphite, reddish- 16.82
brown biotite, pale-brown hornblende,
plagioclase, apatite.

3420 Hypersthene quartzofeld- Plagioclase (approx Angg), quartz, 14.97

spathic granofels reddish-brown biotite, hypersthene,
(granulite). clinopyroxene(?), zircon, apatite,
graphite.

3548 Calc-hornfels-—-cmmccccaaaao Clinopyroxene, plagioclase, quartz, 12.59
epidote-clinozoisite, sphene, zircon.

3553 Impure quartzite---=------n- Quartz (75-80 percent), plagioclase, 13.12
reddish-brown biotite, red opaque-
mineral grains ("hematite").

38868 Amphibolite, fine-grained, Andesine, gray-green hornblende, quartz, 6.45

schistose. opaque minerals, epidote.

3933 Quartzofeldspathic gneiss--- Quartz, andesine, brown to reddish-brown 8.72
biotite, pale-olive hornblende, apatite,
allanite, epidote.

3943 Hypersthene amphibolite Labradorite, gray-green to olive horn- 7.68

(granulite). blende, hypersthene, quartz, opaque
minerals.
44978 Amphibolite (Jawbone Plagioclase (approx Angg), green horn- 8.94

Canyon body).

blende, brown biotite, opaque minerals,

epidote, prehnite.

ple is enriched enough to suggest some sedimentary
contamination.

GRANOFELS

Widespread and abundant granofels is essentially a
more massive equivalent of the mafic and quartzofelds-
pathic gneiss. The distinction between granofels and
tonalite is problematic in places. All gradations occur from
highly foliated gneiss to massive granofels, with an in-
creasing content of quartz to impure quartzite. Mostly,
these rocks are medium grained (locally fine grained),
have a dominantly granoblastic texture, and are composed
of varying amounts of plagioclase, hornblende, quartz,
biotite, and clinopyroxene. Pink to red garnets and coarse
gray, shiny graphite flakes are characteristic of many
layers that bear a striking similarity to rocks in the
western Santa Lucia Range south of Monterey (Ross,
1976¢).

GRANULITE

The granulite includes only hypersthene-bearing rocks
of amphibolite and granofels composition. It is particularly

significant because it signals the presence of granulite-
grade metamorphism. I have observed and collected
hypersthene granulite samples from only a few localities
that mark the minimum extent of confirmed granulite-
grade rocks.

IMPURE QUARTZITE AND CALC-HORNFELS

Quartzite is scattered throughout the mafic terrane. It
is composed dominantly of quartz and varying admixtures
of plagioclase, hornblende, biotite, K-feldspar, and musco-
vite. These quartz-rich rocks are unquestionably meta-
sedimentary. Three selected samples (3553, 3417B,
3381B, table 1) have highly enriched 4120 values of 13.12,
16.82, and 19.18 permil SMOW, respectively (Ivan
Barnes, written commun., 1983); the second and third
samples may be metachert.

Calc-hornfels is rare in the San Emigdio-Tehachapi ter-
rane. Fine-grained, gray-green laminated rocks are rich
in plagioclase, clinopyroxene, and epidote. Hornblende
and quartz are also present. One sample has an enriched
6180 value of 12.59 permil SMOW, indicating a sedimen-
tary protolith.
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MAFIC METAMORPHIC AND PLUTONIC BODIES RELATED(?)
TO THE SAN EMIGDIO-TEHACHAPI TERRANE

Various dark rock masses in the study area have in com-
mon a possible relation to the gneiss, amphibolite, and
granulite of San Emigdio-Tehachapi Mountains; the main
bodies are described below and are located in figure 4.
Several smaller bodies that are not discussed and that
were not all visited are shown in plate 1; they are par-
ticularly abundant in the Lone Tree Canyon drainage and
to the southwest within a few kilometers of the Garlock
fault. These small mafic masses, which are partly similar
to the ovoid mafic inclusions that are abundant in the
tonalite of Bear Valley Springs, are with much less con-
fidence related to the gneiss, amphibolite, and granulite
of San Emigdio-Tehachapi Mountains. Nevertheless, the
relative concentration of these small mafic bodies near
the Cameron slivers suggests, at least, a similar origin.

350 119°00°

LIVE OAK

The Live Oak mafic body, covering an area of about 6
km?2, was mapped as ‘“gabbro and gabbro-diorite, in-
cluding olivine norite” by Dibblee and Chesterman (1953).
They noted gradational contacts with the surrounding
tonalite but found the contact difficult to map. Near the
east side of the Live Oak body, I mapped hypersthene-
bearing tonalite that contains gneissic streaks and
patches.

This mafic body is evidently igneous, at least in part,
because it contains patches of strongly retrograde olivine
norite. Nevertheless, the presence of fine- to medium-
grained plagioclase amphibolite, hornblende-rich tonalite,
and gneissic remnants in the surrounding tonalite sug-
gests metamorphic lithologies similar to the major rock
types of the San Emigdio-Tehachapi terrane. Particular-
ly noteworthy is the tonalitic outcrop, about 3 km east
of the Live Oak body, in roadcuts where the outcrop is
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FIGURE 4.—Locations and names of hornblende-rich metarnorphic and magmatic terranes in the southernmost Sierra Nevada.



METAMORPHIC ROCKS 11

at least 50 percent dark, elongate gneissic streaks and
lenses. Just north of the Live Oak mafic body, a large,
dark inclusion mass in the tonalite was found to be com-
posed chiefly of pale-brown hornblende and labradorite.
Most likely, this mass is a fragment of amphibolite from
the Live Oak body.

BRECKENRIDGE

Small remnants of strongly retrograde olivine gab-
bronorite are exposed along Breckenridge Mountain
Road, about 6 km east-southeast of the Live Oak body
(Mount Adelaide 7Y2-minute quadrangle). The mafic rocks
are remnants in an intrusion breccia of tonalite and fine-
grained felsic granitic rock. The remnant mafic patches
contain no dark gneiss, amphibolite, or any other rock
type that would tie them directly to the dark metamor-
phic rocks of the San Emigdio-Tehachapi Mountains. They
do have a mineralogy and texture to suggest that they
are correlative with part of the Live Oak body.

The mafic rocks have gabbroic to granoblastic (poly-
gonal) textures and are dominated by well-twinned, fresh
labradorite and colorless to pale-green amphibole.
Studded throughout the samples are pleochroic (pink to
green), lamellar, twinned orthopyroxene, as well as olivine
that is altered along curving fractures. Some of the or-
thopyroxene appears to have schiller inclusions. Most
olivine and orthopyroxene grains are surrounded by reac-
tion rims of amphibole, with vermicular intergrowths of
green spinel. In addition, scattered grains of green spinel
and opaque minerals are present. The mineralogy and tex-
ture in general, and the conspicuous vermicular green
spinel in particular, suggest a correlation with the Live
Oak body.

Sams and others (1983) reported ‘“layers of deformed
mafic-ultramafic cumulates” in the San Emigdio-
Tehachapi terrane. This observation strengthens the sug-
gestion that both the Breckenridge and Live Oak bodies
may be related to the dark metamorphic rocks of the San
Emigdio-Tehachapi Mountains.

PAMPA

A few kilometers south of the Live Oak body is a thin
mafic body, about 6 km long, that was described as gab-
bro by Dibblee and Chesterman (1953). I examined this
body only cursorily and only at its two ends. Particularly
noteworthy near the northeast end of the body is a
hypersthene-bearing tonalite composed of fresh, well-
twinned plagioclase (approx Angg), abundant coarse-
grained anhedral quartz, reddish-brown biotite, pleochroic
hypersthene, and less common olive-brown hornblende.

Most hypersthene has a sharp contact with plagioclase,
with only rare, thin amphibole reaction rims. Associated
with the tonalite is retrograde gabbro containing blocky,
fresh subhedral plagioclase (approx Ansg) and abundant
pale-green to pale-olive-brown, generally acicular am-
phibole aggregates. Some amphibole cores contain
skeletal clinopyroxene, and some acicular amphibole
masses are pseudomorphs, probably of pyroxene. Large
crystals of reddish-brown biotite, interstitial quartz, and
aggregates of pale-green chlorite make up the rest of the
rock. Also present is a fine-grained granoblastic rock com-
posed of clinopyroxene, olive-brown hornblende, and
plagioclase. Some hornblende aggregates, as much as 3
mm long, suggest pseudomorphs of phenocrysts and a
possible volcanic protolith.

One of the samples from the southwestern part of the
Pampa body is composed almost entirely of fibrous am-
phibole and chlorite, and could be a strongly retrograde
ultramafic rock. More common are probable gabbroic
rocks, in part retrograde, composed chiefly of labradorite
and pale-green to pale-brown hornblende with included
skeletal clinopyroxene. The physical resemblance of these
rocks to some of those of the San Emigdio-Tehachapi
mafic terrane is enough to raise suspicions that, at least
in part, the Pampa rocks are metamorphic amphibolite
rather than magmatic gabbro.

Most distinctive and, probably, most abundant in
the southwestern part of the Pampa mafic body is
hypersthene-hornblende tonalite. The rock has a decidedly
granitic texture and contains 50 to 60 percent subhedral,
well-twinned plagioclase (approx Angg), 5 to 10 percent
quartz, 15 to 30 percent pale-brown hornblende, 10 to 20
percent hypersthene, less than 5 percent reddish-brown
biotite, and about 1 percent opaque minerals. Some of the
hypersthene sharply contacts plagioclase, but most has
an amphibole reaction rim. One specimen contained both
clinopyroxene and hypersthene, but bright-olive-green
hornblende and dark-brown biotite—interference colors
typical of normal granitic rocks (particularly tonalite) in
the region.

WALKER

Dibblee and Chesterman (1953) mapped a small body
of hornblendite and other ultrabasic rocks just west of the
Walker Basin and noted the presence of hornblende-rich
gneiss. I made a cursory investigation of the south end
of this inclusion and collected and studied some highly
retrograde ultramafic(?) rock that is composed of a
decussate mat of pale-green to colorless, acicular to blocky
amphibole and lesser pale-green chlorite with dull-gray
interference colors. Local coarse-grained hornblende rem-



12 METAMORPHIC AND PLUTONIC ROCKS, SOUTHERNMOST SIERRA NEVADA, CALIFORNIA

nants that have hints of a pale-brown color contain well-
aligned, bladed purple inclusions (schillerlike?). I also
noted quartzite and biotite quartzofeldspathic gneiss.
Float boulders at the foot of the slope just east of the
Walker body and, presumably, derived from it are de-
scribed in my field notes as ‘““hornblende gabbro-diorite—
hornblende-rich inclusion of dark gneissic complex.” The
Walker body thus is somewhat similar to the dark meta-
morphic rocks of the San Emigdio-Tehachapi Mountains.

CALIENTE

South and west of Caliente, several square kilometers
of mafic plutonic rocks are notably rich in hornblende.
These Caliente rocks appear to be a large mafic enclave,
much mixed with and intruded by younger granitic rocks.

The most common rock type is hornblende-rich gabbro
to tonalite that consists chiefly of well-twinned andesine
to labradorite and light- to moderate-olive-green horn-
blende. Much of the hornblende is in aggregates that are
partly composed of pale-green acicular crystals. Skeletal
clinopyroxene crystals form the cores of some hornblende.
Strongly pleochroic, deep-brown to reddish-brown biotite
is common in the tonalite but absent in the more mafic
rocks. Some associated fine-grained amphibolite may be
metavolcanic.

Several small bodies of ultramafic rock, enclosed in the
Caliente rocks, are dominantly hornblende but locally con-
tain altered remnants of olivine and orthopyroxene. In
places, hornblende-rich gabbro intrudes the ultramafic
rock and forms an intrusion breccia. This feature is well
developed in a large roadcut on the north side of Califor-
nia Highway 58, about 4.5 km west of the junction with
California Highway 223 to Arvin.

The most distinctive and widespread ultramafic rock is
coarse, knobby weathering, and contains subhedral horn-
blende crystals, as long as 2 ¢m, set in a fine-grained
groundmass of hornblende, clinopyroxene, and lesser
labradorite. The hornblende is pale brown in thin section.
Less common are patches of coarse-grained rock
dominated by pale-green hornblende that contains abun-
dant bladed opaque-mineral inclusions (schillerlike). These
hornblende crystals enclose many small crystals of highly
altered and fractured olivine. Less common are lamellar,
twinned orthopyroxene and green spinel. These rocks may
be retrograde remnants of peridotite(?) bodies now im-
mersed in a gabbroic and tonalitic matrix.

Gneissic streaks, patches, and lenses are common in the
Caliente terrane. Felsic gneiss, reminiscent of some of the
gneiss in the San Emigdio-Tehachapi Mountains, is ex-
posed in a roadcut on the Caliente-Bodfish road about 2
km west of Caliente. Dark, hornblende-rich gneiss that
is even more reminiscent of the San Emigdio-Tehachapi
terrane is exposed along California Highway 58 near the

previously described intrusion breccia and on the grassy
slopes to the southeast. The first report of these rocks
was by Dibblee and Chesterman (1953, p. 32), who noted
“* * * layers of banded hornblende-biotite gneiss made
up of layers rich in hornblende alternating with layers con-
taining less.”

COMANCHE

A small mafic body, a few hundred meters across, is in-
cluded in tonalite on the north side of Horsethief Flat on
Comanche Point Road (fig. 2). I mapped the body as
“hornblende gabbro” and noted considerable grain-size
variation in the outcrop. Thin-section study revealed
fresh, well-twinned labradorite and pale-green horn-
blende, in large crystals and in aggregates. One fine-
grained sample has a granoblastic texture and is
composed of a mat of cleanly twinned zoned labradorite,
olive-brown hornblende, hypersthene, and abundant
opaque-mineral grains. The hypersthene has clean, sharp
boundaries with adjacent hornblende and plagioclase
grains. Here is yet another example of a mafic rock that
suggests a magmatic rock (cleanly twinned and zoned
plagioclase), although the overall texture and mineralogy
points to a high grade (granulite) metamorphic rock.

Along Comanche Point Road just west of Horsethief
Flat (near the transmission line), the tonalite is darker
and contains numerous dark inclusions and amphibole-rich
clots. The one inclusion sample studied has a granoblastic
to polygonal texture and is composed of labradorite,
brown to pale-green hornblende, common opaque-mineral
grains, and minor reddish-brown biotite. Strongly
pleochroic hypersthene is common as cores of hornblende
crystals. Generally colorless to pale-green amphibole
forms a bleached zone between brown hornblende and
hypersthene. The two different colored amphiboles are
in optical continuity, however, and so this is not a stand-
ard reaction rim. Also, several hypersthene grains are in
sharp, clean contact with brown hornblende. I suggest
that these inclusions west of Horsethief Flat are
analogous to the much larger inclusion swarm of the Loop
area.

CUMMINGS

A thin, disrupted, arcuate belt of mafic rocks extends
some 10 km eastward and southeastward of Cummings
Valley. Petrographic notes for selected samples were
presented by Ross (1983c) for this belt, which is not easily
visited because of access restrictions. In the field, these
rocks were variously referred to as diorite, hybrid rock,
gabbro, and dirty, dark tonalite. It soon became apparent
that hypersthene was a common characterizing accessory.
A recent (1982) careful reexamination of petrographic
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notes and thin sections made it clear that there are two
rather distinct, hypersthene-bearing rock types in this
belt.

The smaller, northern body and the southern part of
the larger, southern body are characterized by mafic,
medium-grained granoblastic to gneissic rocks that are
composed dominantly of sharply twinned and somewhat
zoned labradorite and pale-brown to olive-brown horn-
blende. Reddish-brown biotite and quartz are present in
small amounts in some samples. Strongly pleochroic
hypersthene in fresh, clean anhedral crystals is common,
and some samples also contain clinopyroxene. In part, the
hypersthene has sharp, unaltered boundaries with horn-
blende and labradorite; but in other samples, clear to pale-
green, somewhat acicular amphibole forms a cushioning
reaction rim around the hypersthene. Almost certainly,
these rocks are hypersthene granulites similar to other
granulites of the San Emigdio-Tehachapi terrane, par-
ticularly in the Tunis Creek area.

In rather strong contrast, samples from the northern
part of the larger, southern body consist of a hypautomor-
phic granular combination of andesine, abundant quartz
(10-20 percent), and olive-green (granitic) hornblende in
excess of brown to reddish-brown biotite. Accessory
hypersthene (max 7 percent) generally has sharp, un-
altered grain boundaries with adjacent minerals. The
mineralogy and texture of these rocks indicate that they
are magmatic tonalite.

LOOP INCLUSION SWARM

Ovoid mafic inclusions, as large as a few tens of cen-
timeters in maximum dimension, are packed together in
a tonalite matrix over an elliptical area (approx 1 by 4 km)
in and southeast of the Tehachapi Loop on the Southern
Pacific Railroad line (northwest of Tehachapi). As much
as 75 to 90 percent of individual outcrops are composed
of inclusion material. Although these inclusions have the
appearance of typical hornblendic Sierran inclusions and
are rarely foliated, the two inclusions that I selected as
typical both contain hypersthene.

One sample consists of a granoblastic or polygonal
mat of fresh twinned labradorite (55 percent), light- to
moderate-olive-brown hornblende (85 percent), pink to
green pleochroic hypersthene (9 percent), and metallic
opaque-mineral grains (1 percent). The hypersthene seems
to be in equilibrium because it forms clean, sharp contacts
against hornblende and plagioclase, with no reaction
zones. The other sample is somewhat coarser grained and
xenomorphic granular or granoblastic. It likewise is
dominated by fresh, well-twinned plagioclase of about
Angg (50 percent) and olive-green hornblende (30 per-
cent). Brown biotite (10 percent), quartz (5 percent),
pleochroic hypersthene (5 percent), and scattered opaque-

mineral grains are also present. Both of these inclusion
samples are similar to the hypersthene granulite of the
Tunis Creek area.

Two specimens in 4 km?2 are hardly an exhaustive sam-
ple, but they do suggest an affinity with the other mafic,
metamorphic terranes of the region, particularly the San
Emigdio-Tehachapi terrane. The Loop body may be a
somewhat dismembered equivalent of the Cummings belt.

A hypersthene granulite sample from streaky inclusion
and schlieren material in the uppermost part of Tejon
Creek is nearly identical to the granulite samples from
the Loop swarm. The matrix rock in Tejon Creek is a
foliated hornblende-rich tonalite that is similar to the
hornblende-rich rock which dominates the Caliente
terrane.

TWEEDY

The Tweedy mafic body is engulfed by granodiorite
about 5 km north of Tehachapi. It covers an area of only
about % km2, and in my short examination I could not
determine its relation to the surrounding granitic rocks.
In my field notes, I described the rock as “coarse knobby
hornblende gabbro.” Samples range in texture from fine
to coarse grained and consist of 40 percent twinned, in
part subhedral plagioclase (approx Ansg), 40 percent pale-
olive hornblende, 20 percent clinopyroxene, abundant
coarse-grained sphene, and traces of quartz and K-
feldspar. From the texture and mineralogy of the samples
alone, this body could be either a plagioclase amphibolite
or a gabbro. Just southwest of the mafic body are streaky
gneissic layers in the granodiorite and coarse-grained red
garnets, in crystals as large as 8 cm across. These gneissic
rocks and the coarse-grained garnets are reminiscent of
some amphibolitic gneiss of the San Emigdio-Tehachapi
Mountains.

CAMERON

Various slices and slivers of mafic rocks are strung out
along the Garlock fault from Cameron Canyon (approx
12 km southeast of Tehachapi) eastward for more than
20 km. These mafic slivers abruptly terminate on the
south against the southern strand of the Garlock fault.
Retreat of the north contact of the largest (westernmost)
mafic sliver up canyons in the mountain front suggests
a low-angle (thrust?) contact with granitic rocks to the
north. The more easterly mafic slivers are intertwined
with granitic rocks along anastomosing faults. Weather-
ing, alteration, and shearing along the mountain front
here greatly hinder determination of rock relations.

The westernmost fault sliver is relatively coherent and
well exposed in several canyons, and mafic rocks are
readily visible in parts of the eastern slivers. Dark am-
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phibolite, in which pale-green amphibole aggregates with
brown cores generally exceed plagioclase, is the most con-
spicuous rock type. These rocks contain abundant opaque
grains. Interstitial quartz commonly is cataclastically
deformed. Cataclasis and retrograde metamorphism to
varying degrees is widespread in these rocks. Much of the
amphibolite has a strong gneissic fabric.

Coarse-haloed red garnet is abundant and widespread.
A spectacular exposure of garnets, as large as 10 cm, is
in Waterfall Canyon, on the north side of California High-
way 58, about 3 km east of Cameron Road. These garnets
appear to be identical to those of the San Emigdio-
Tehachapi terrane, but they are lower in almandine and
higher in pyrope and grossularite (see subsection below
entitled “Coarse-Haloed Red Garnet”’). The presence of
carbonate rocks in the Cameron slivers and their virtual
absence in the San Emigdio-Tehachapi terrane may ac-
count for the compositional differences of the garnet.

Felsic gneiss, containing abundant quartz, plagioclase,
and lesser K-feldspar, olive to reddish-brown biotite, and
minor olive hornblende, is relatively abundant and com-
monly is strongly cataclastically deformed. Marble also
is relatively common locally. In the easternmost slivers,
the marble appears to be interlayered with garnetiferous
amphibolite. Ted Antonioli (written commun., 1980) made
a detailed study of the Cameron slivers and noted a dark,
garnetiferous gneiss facies as well as a marble-bearing,
felsic gneiss facies. The felsic gneiss that Antonioli noted
is similar to the felsic (quartzofeldspathic) gneiss of the
San Emigdio-Tehachapi mafic terrane. The dark, garnet-
iferous plagioclase amphibolite and gneiss of the Cameron
slivers are virtually identical to much rock of the San
Emigdio-Tehachapi mafic terrane.

In the course of his work, Antonioli mapped a small body
of peridotite in the mafic terrane. Sams and others (1983)
reported the presence of ultramafic rocks within the main
San Emigdio-Tehachapi mafic terrane, and scraps of ultra-
mafic rock are known from the possibly related Live Oak,
Pampa, Caliente, and Eagle Rest Peak bodies. The
Cameron peridotite thus helps tie this area to several of
the other mafic-rock areas.

CINCO

A small body of mafic rocks is exposed at the base of
the mountain front directly west of Cinco on California
Highway 14. The mafic rocks are most likely a sliver in
the Garlock fault zone, but the relations were unclear to
me during a short visit to the outcrops. Samsell (1962)
first noted these rocks and described several rock types,
including hornblende-andesine gneiss.

In my short field visit, I noted diorite, dark- and light-
colored gneiss, augen gneiss, fine-grained diorite (am-
phibolite) containing coarse-haloed red garnets, as large

as b cm across, and some marble. The garnet-bearing am-
phibolite and the gneissic rocks at Cinco are strikingly
reminiscent of some of the major rock types of the San
Emigdio-Tehachapi terrane.

Petrographic examination revealed that what was called
dark diorite in the field is amphibolite which is dominated
by well-twinned plagioclase (approx Ansg) and dark-green
hornblende with distinctly brown cores that occurs in ag-
gregates or in discrete crystals. Opaque grains are abun-
dant, as are coarse red garnets. Minor quartz is present,
and cataclasis is common. The gneissic rocks, composed
of varying amounts of plagioclase, quartz, epidote, and
abundant pale-green hornblende, are commonly cata-
clastic augen to flaser gneiss. Some of the green horn-
blende in the gneiss has brown cores. Strongly retrograde
amphibolite and gneiss are present in this body, along with
strongly seriticized plagioclase, and hornblende complete-
ly replaced by epidote and chlorite.

The Cinco and the previously described Cameron mafic
rocks are both structurally isolated in the complex Garlock
fault zone. I previously speculated (Ross, 1980) that these
rocks were originally parts of the San Emigdio-Tehachapi
mafic terrane and were separated from it by lateral move-
ment on the Garlock fault. Although lithologic correlation
with the San Emigdio-Tehachapi terrane is apparent,
these mafic fragments may reflect uplift along the Garlock
fault of parts of widely distributed mafic basement, rather
than lateral fault transport of pieces of the more limited
gneiss, amphibolite, and granulite of San Emigdio-
Tehachapi Mountains.

JAWBONE

Along Jawbone Canyon and to the north in Hoffman
Canyon (approx 8 km northwest of Cinco), mafic gneiss
and amphibolite, covering an area of about 50 km?2, are
much intruded by younger granitic rocks. Samsell (1962)
first noted the presence of abundant schistose and
gneissose xenoliths in this area. Early in my reconnais-
sance studies of the southernmost Sierra Nevada in 1978,
I was surprised by the presence of these anomalously dark
rocks well east of the quartz diorite line of Moore (1959),
in an area where the metamorphic rocks are generally
marble-rich metasedimentary pendants and inclusions. At
that time, I noted amphibolite, hornblende-rich diorite,
and gneiss, and suggested that these dark rocks were cor-
relative with the dark metamorphic rocks of the San
Emigdio-Tehachapi Mountains.

Recent (1982) reexamination of thin sections from the
Jawbone body reinforced my earlier suspicions of similar-
ity to the San Emigdio-Tehachapi terrane, but my overall
impression is that the Hoffman rocks may be of somewhat
lower metamorphic grade. Most common in the Hoffman
mafic rocks is amphibolite (in part quartz bearing) com-
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posed of well-twinned andesine-labradorite, moderate-
green to olive hornblende, and abundant opaque-mineral
grains. These rocks grade to gneissic rocks of similar
mineralogy. Also present is quartzofeldspathic gneiss
composed of andesine, brown biotite, and quartz.

Biotite is present, but much less common than horn-
blende, in the amphibolite and dark gneiss and is brown
to reddish brown. Clinopyroxene is present, but scattered,
in the dark rocks. Only one occurrence of coarse-haloed
red garnets was observed near the west end of the Jaw-
bone mafic mass.

The overall appearance and general mineral content of
these dark rocks are strongly compatible with those of
the San Emigdio-Tehachapi terrane. In the Jawbone
mass, however, coarse-haloed garnet is rare, orthopyrox-
ene is apparently absent, and clinopyroxene is scattered.
Hornblende is green (rarely brown), and biotite is mostly
brown to reddish brown. Plagioclase may be less calcic
than in the San Emigdio-Tehachapi rocks.

The Jawbone mafic mass (fig. 4) is isolated from the
other mafic bodies and is immersed in a granite-
granodiorite terrane whose initial 87Sr/86Sr ratios of
0.707 to 0.708 (Kistler and Peterman, 1978) indicate in-
trusion through Precambrian continental basement. Thus,
the Jawbone mafic rocks, with oceanic(?) affinities, are
out of place and seem to call for lateral and (or) vertical
displacement from kindred mafic rocks of the region.
Large masses of mafic rock in a similar(?) setting were
mapped as ‘‘Mesozoic basic intrusive rocks’’ by Smith
(1965). The same rocks, some 40 to 60 km north of the
Hoffman body, are the Summit gabbro of Miller and Webb
(1940). These rocks need to be investigated further to
determine whether they have mafic metamorphic af-
finities and bear any similarity to the Jawbone mafic
rocks.

EAGLE REST PEAK

About 26 km2 of gabbro, pyroxenite, tonalite, and
metavolcanic rocks crop out north of the west tip of the
main basement exposures in the San Emigdio Mountains.
The rocks were first described by Hammond (1958); more
recently, they were reexamined and sampled by Ross
(1970), who referred to this locality as the Eagle Rest
Peak area.

About half the outcrop area is made up of gabbro and
pyroxenite. The gabbro, by far the most abundant rock
-type, is in part anorthositic gabbro, consisting of calcic
plagioclase (labradorite-bytownite), pale-green amphibole,
clinopyroxene, minor orthopyroxene, and metallic opaque
minerals. Layering of some of the gabbro suggests a
cumulate texture. The pyroxenite, which is composed
primarily of clinopyroxene and orthopyroxene, is partially
serpentinized.

Presumably intrusive into the gabbro and pyroxenite
is a small body of hornblende-quartz gabbro to tonalite.
These rocks are about one-half plagioclase (andesine to
labradorite), about one-third green hornblende, and about
one-fourth quartz; they also contain minor biotite and
metallic opaque minerals.

The wallrock of these gabbroic rocks is a fine- to medium-
grained, locally coarse-grained, mafic metavolcanic-rock
type with local diabasic texture. This wallrock is domi-
nantly plagioclase, as calcic as labradorite and pale-green
hornblende; it is now essentially an amphibolite.

It is problematic whether the Eagle Rest Peak mafic
rocks are related to the rest of the exposed mafic rocks
in the southernmost Sierra Nevada. Some dark am-
phibolites in the San Emigdio-Tehachapi terrane resem-
ble some of the rocks at Eagle Rest Peak, but common
dark amphibolite is not a distinctive rock for correlation.
I have seen no counterparts of either the coarse-grained
anorthositic gabbro or the hornblende-quartz gabbro in
other basement-rock outerops of the southernmost Sierra
Nevada. The Eagle Rest Peak body may be a fragment
of either the Kings River ophiolite (Saleeby, 1978) or the
Coast Range ophiolite (Bailey and Blake, 1974), and struc-
turally separate from the basement rocks of the Sierra
Nevada tail.

Reitz (1983) suggested that the absence of sheeted dikes
and peridotite tectonite in the Eagle Rest Peak area
makes it more likely that these rocks are part of an arc-
type plutonic complex rather than part of an ophiolite,
as I originally suggested. Reitz furthermore noted that
the plutonic association and metamorphic overprint of
these rocks more closely ally them to the western Sierra
Nevada foothills belt than to the Coast Range ophiolite.

FELSIC GNEISS BODIES RELATED(?) TO THE
SAN EMIGDIO-TEHACHAPI TERRANE

The north-south-trending belt of metasedimentary rocks
at the longitude of Tehachapi contains three elongate
bodies that closely resemble some of the quartzofelds-
pathic gneiss of the San Emigdio-Tehachapi terrane. All
three bodies are strongly cataclastically deformed. The
northern two bodies (Brown Meadow and Tweedy Creek)
appear to be derived, at least in part, from relatively
coarse grained, felsic granitic rock. The southern body
(Mountain Park) contains some metasedimentary rocks
and is more or less transitional between the metasedimen-
tary rocks of the Keene area and the quartzofeldspathic
gneiss of the San Emigdio-Tehachapi terrane. These three
cataclastically deformed bodies appear to mark a strong-
ly compressional zone of deformation at or near the
boundary between largely tonalite to the west and granite
to the east the (quartz diorite line of Moore, 1959). The
possible significance of this zone is considered below in
the subsection entitled “Structural Elements * * *.”
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MOUNTAIN PARK

The lower mountain slopes 6 km south of Tehachapi
expose about 6 km? of cataclastic felsic gneiss in a
northwest-trending belt. This gneiss is composed mostly
of plagioclase, quartz, reddish-brown biotite, and lesser
garnet. Layers of impure to nearly pure quartzite are
present; one layer contains abundant sillimanite. Other
layers are of mica schist containing abundant red-brown
biotite, and muscovite. Marble lenses are also present.

The larger (gneissic), Mountain Park mass generally
resembles the felsic gneiss of the San Emigdio-Tehachapi
terrane but has some affinities (sillimanite, mica schist,
marble) with the metasedimentary rocks to the north and
east. The smaller eastern body is even more enigmatic.
It contains significant amounts of marble and calc-hornfels,
as well as quartzite, but also amphibolite composed of
plagioclase (approx Angg) and olive-brown hornblende,
liberally sprinkled with opaque-mineral grains. In this rock
are also coarse, poikilitic red garnets with bleached
haloes—in short, a rock typical of the San Emigdio-
Tehachapi terrane to the west.

It is unclear to me why there is an apparent associa-
tion of gneiss and garnetiferous amphibolite with marble-
bearing metasedimentary layers here in the Mountain
Park bodies. The gneiss and amphibolite may be inclusions
in the tonalite that surrounds the Mountain Park bodies,
and the whole tonalite package may intrude the marble-
bearing metasedimentary rocks. This interpretation is
possible, but considering the abundance of marble-bearing
metasedimentary layers on all sides of the two Mountain
Park pendants, it seems like special pleading.

The Mountain Park rocks lie along a transition zone
between largely marble-free metamorphic rocks to the
west and a relatively marble-rich metamorphic terrane
to the northeast. Marble associated with felsic gneiss and
garnetiferous amphibolite to the east in slivers in the
Garlock fault (Tehachapi Pass area) might be analogous
to the Mountain Park rocks. In addition to the lithologic
change, this may be a transitional zone between the higher
grade (granulite) rocks to the west and the somewhat
lower grade sillimanite-bearing, metamorphic rocks to the
northeast.

TWEEDY CREEK

Along Tweedy Creek, about 12 km north-northwest of
Tehachapi (lat 35°13" N., long 118°29° W.), a body of
augen gneiss was traversed that on preliminary field ex-
amination was considered to be part of the Keene meta-
sedimentary terrane. Subsequent thin-section study
suggested that this gneiss is a strongly deformed felsic
granitic rock (see fig. 49F") which is correlative with the
felsic rocks associated with the tonalite of Bear Valley
Springs. However, a preliminary Pb-U age on zircon from

this gneiss is 113 m.y. (Sams and others, 1983), coeval
with quartzofeldspathic gneiss in the Sierran tail and
somewhat older than the nearby tonalite of Bear Valley
Springs, from which zircons have been dated at about 100
m.y. (Sams and others, 1983). The strongly mylonitized
rocks of Tweedy Creek (see fig. 49F") may be derived from
felsic granitic rock that is a common associate of the
quartzofeldspathic gneiss of the San Emigdio-Tehachapi
terrane. The zircon age suggests that these Tweedy Creek
rocks are a scrap of the gneissic and amphibolitic terrane
of the San Emigdio-Tehachapi Mountains. Note that the
Tweedy Creek rocks are essentially on strike with the
cataclastically deformed, felsic gneissic rocks of Mountain
Park.

BROWN MEADOW

A belt of strongly cataclastically deformed rocks, about
12 km east of the center of the Walker Basin, extends
southward some 15 km from Brown Meadow (approx 1.5
km southeast of Brown Peak) along the east margin of
the Mount Adelaide mass. In the field, these rocks were
first interpreted as a protoclastic margin of the Mount
Adelaide body. Subsequent petrographic study showed
the augen gneiss and mylonite of the deformed belt to be
rich in K-feldspar, whereas the Mount Adelaide body near
the deformed belt contains only minor amounts of K-
feldspar. Therefore, it seems unlikely that the deformed
rocks are related to the Mount Adelaide body.

The augen gneiss with conspicuous K-feldspar augen
and the mylonitic rocks of the Brown Meadow belt do,
however, strikingly resemble the rocks of Tweedy Creek
to the south. There thus appears to be a discontinuous
belt of strongly deformed rocks, extending from Brown
Meadow south to the Mountain Park area. Scattered am-
phibolite (metagabbro?) in the Brown Meadow belt that
contains pale-green to brown hornblende is similar to
some of the hornblende-rich rocks of the San Emigdio-
Tehachapi terrane. This feature helps link the Brown
Meadow belt to the Tweedy Creek and Mountain Park
bodies and suggests that they all may be related to the
gneiss, amphibolite, and granulite of San Emigdio-
Tehachapi Mountains.

METAVOLCANIC ROCKS OF FRENCH GULCH

SETTING

At the north edge of the study area, a small belt of dark-
gray metavolcanic rocks is exposed over an area of about
10 kmZ2. These rocks appear to contact the metasedimen-
tary rocks of the Keene area on the west, but the rela-
tions are unknown. These metavolcanic rocks were shown
by Saleeby and others (1978) to extend some 16 km far-
ther northward to the vicinity of Isabella Lake, and recon-
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naissance studies to the north suggest to me that this
metavolcanic belt may extend even farther.

ROCK TYPES AND PETROGRAPHY

- The metavolcanic rocks of French Gulch make up a
somewhat monotonous section that is generally dark gray,
fine grained, and weakly to strongly foliated. Some mar-
ble interbeds occur in the section, along with some dark,
dense layers that probably were originally chert. Relict
megacrysts of plagioclase, as much as 2 mm long, are scat-
tered through some samples. Some megacrysts are
euhedral and could be phenocrysts, whereas others are
angular and could be broken phenocrysts or clasts from
a tuff. The occurrence of some composite megacrysts sug-
gests that at least part of the metavoleanic section is made
up of crystal tuff. The interlayers of chert and marble
would accord well with a water-laid tuff origin for at least
part of the volcanic section. Some of the samples are
strongly sheared, and their megacrysts are deformed into
augen. A volcanic parentage has been assumed for these
rocks, although structural contortions have obliterated
almost all traces of original fabric.

Although many of the metavolcanic layers are quite
dark, the original compositions were intermediate to
felsic, judging from the present mineral assemblage.
Quartz, andesine, and K-feldspar in varying proportions
dominate, along with abundant red to brown biotite. In
addition, some layers contain abundant hornblende and
epidote. Small amounts of tourmaline are present in most
samples. The metavolcanic section was probably mostly
dacitic with variations to andesitic, and it may have con-
tained some rhyolitic layers.

METAMORPHIC ROCKS IN THE SUBSURFACE OF THE
SOUTHEASTERN SAN JOAQUIN VALLEY

Core material from nearly 100 oil wells that were drilled
to basement in the southern San Joaquin Valley south of
lat 35°30" N. was collected, thin-sectioned, and studied
by May and Hewitt (1948). Although the whereabouts of
the core material is presently unknown, the thin sections,
now in the custody of the California Academy of Sciences,
were kindly loaned to me for restudy. The following
discussion is based on the data gleaned from these tiny
thin sections, only 1 to 2 cm? in area. The locations of the
wells from which the thin-section material was obtained
and other data about the wells and the rocks were sum-
marized by Ross (1979).

METAIGNEOUS ROCKS

In three areas (pl. 1) that encompass an area of about
230 km?, the basement-rock subcrop is largely green-
schist and amphibolite. The greenschist samples are dark,

dense, schistose rocks dominated by chlorite, epidote-
clinozoisite, and actinolitic amphibole. Plagioclase,
generally sodic (in part albite), is much less abundant in
most sections. Minor amounts of quartz, biotite, and
muscovite are found in some sections. Metallic opaque
minerals are common locally. Particularly abundant in
some samples are sugary grains and aggregates of
sphene; the metallic opaque-mineral and sphene grains
probably were derived from ferromagnesian minerals that
have been subjected to retrograde metamorphism. Some
of the greenschist samples preserve a felty to trachytic
texture. From the composition and appearance of these
rocks, they are almost certainly metavolcanic.

Somewhat higher grade rocks are also preserved in this
suite. Some hornblende-andesine rocks in part preserve
a porphyritic texture, but even these rocks generally con-
tain some chlorite and epidote-clinozoisite, as well as ac-
tinolitic aggregates that mimic the original hornblende
or pyroxene crystals.

Most of these subsurface rocks were originally quite
mafic, but one section shows conspicuous square f-quartz
phenocrysts, as much as 1.5 mm long, smaller plagioclase
phenocrysts (now albite), and clots of fine-grained
muscovite set in a hornfelsed groundmass of plagioclase,
quartz, and muscovite—probably a quartz porphyry. This
sample, however, is north of and isolated from the three
large greenschist areas. Some thin sections have a sandy
texture suggesting tuff or tuffaceous sedimentary rocks.

In summary, most of the metaigneous rocks that sub-
crop in the San Joaquin Valley are classic greenschist that
partly preserves a volcanic texture (felty or trachytic).
Most probably their protolith was basalt or, possibly,
andesite. Some of the amphibolites were probably in-
trusive rocks, but they are similar in composition to the
greenschist and are certainly related in origin.

METASEDIMENTARY ROCKS

East of the southernmost mass of greenschist and am-
phibolite is an elongate belt of metasedimentary rocks that
is interrupted by intrusive granitic rocks (pl. 1). These
rocks are dominantly schistose, and texturally they resem-
ble the Pampa Schist of Dibblee and Chesterman (1953).

The dominant rock type is a dark, strongly schistose
rock containing varying amounts of quartz, biotite,
muscovite, and chlorite; plagioclase is minor. Opaque car-
bonaceous dust is common, and garnet and tourmaline oc-
cur locally. This carbonaceous schist is similar to some
rocks of the Pampa Schist. No andalusite was seen in the
subsurface samples, but I note that large areas of the
Pampa Schist also lack andalusite.

Impure micaceous quartzite, marble containing grains
of quartz and plagioclase, muscovite-quartz schist (clay
shale), and calcareous metasiltstone containing epidote
are represented by one thin section each. The relation of
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these rocks to the carbonaceous schist and the outcrops
of the Pampa Schist is uncertain; calcareous rocks, for
example, are unknown in outcrops of the Pampa Schist.

RELATION TO THE PAMPA SCHIST

Both the metaigneous and metasedimentary rocks of
the San Joaquin Valley are dominantly dark and strong-
ly schistose, and although these rocks are generally of a
lower metamorphic grade than the exposures of the Pam-
pa Schist, there is certainly overlap in grade between the
two areas. The Pampa Schist appears to be dominantly
metasedimentary, whereas the San Joaquin Valley sub-
crop is dominantly metaigneous, but some rock types are
common to the two areas. The overall appearance and
composition suggest that all these rocks are closely
related.

Across the White Wolf fault to the southeast, the
metamorphic-rock outcrops are gneissic and amphibolitic,
and the metamorphic grade is generally higher. The small
area about 15 km south-southeast of Arvin (pl. 1) that is
lumped with the greenschist and amphibolite unit for con-
venience is based on one thin section that features sub-
angular clasts of quartz set in a groundmass of chlorite
and lesser olive to green biotite. This low-grade meta-
sedimentary or metatuffaceous rock is near outcrops of
gneissic rock.

BEAN CANYON FORMATION

SETTING

The metamorphic rocks on the south fringe of the
Tehachapi Mountains, south of the Garlock fault, were
originally assigned to the Bean Canyon Series by Simp-
son (1934). Dibblee (1963, 1967) renamed these rocks the
“Bean Canyon Formation,” but for some unexplained
reason he excluded the large body of dominantly marble,
at the west end of the belt of metamorphic rocks south
of the Garlock fault (pl. 1), from the unit. My work sug-
gests that the whole metamorphic belt south of the
Garlock fault is part of the Bean Canyon Formation.
Therefore, in this report, all these rocks are included
within the Bean Canyon Formation, but I note that
various rock types are present and that the Bean Canyon
Formation can be subdivided, at least locally, even though
the dismemberment of this section by granitic intrusive
rocks makes the task difficult.

The Bean Canyon extends discontinuously for about 50
km from a point near Castaic Lake to Oak Creek Road.
It is reasonable to assume that the belt is cut off to the
west by the San Andreas fault, even though the western-
most exposures are truncated by granitic rocks about 5
km from the fault zone. The Bean Canyon Formation is

terminated on the east by overlapping Quaternary alluvial
deposits. The trend of layering (at least in part, bedding)
generally parallels the northeastward trend of the entire
metamorphic belt; dips are generally steep, but in the
westernmost body is much folding and some gentle dips.
The two largest bodies on the west may be relatively flat
bottomed, judging by the relation of their contacts to the
granitic rocks and the topography. Wiese (1950) sug-
gested that these granitic rocks may have intruded along
a pregranite thrust surface. The contacts are definitely
intrusive, however, and contact-metamorphic-mineral
deposits are developed locally along them. The eastern-
most exposures of the Bean Canyon Formation appear
to be normal roof pendants, keeled down into the granitic
rocks. Although structural details of the metamorphic
rocks remain to be worked out, G.A. Davis (written com-
mun., 1977) suggested that the metamorphic rocks in
Bean Canyon are isoclinally folded into a synformal(?)
structure.

ROCK TYPES AND PETROGRAPHY

White to gray marble that commonly is coarsely crystal-
line is probably the most abundant rock type in the Bean
Canyon Formation. Possibly the most distinctive rock
type is gray to green, dense, in part thinly layered cale-
hornfels. The porcelaneous appearance of fresh surfaces
typifies these rocks. Metavolcanic rocks and dark anda-
lusite hornfels occur locally. Individual bodies of the
metamorphic rocks from west to east are described below.

Dark, dense hornfels occurs on the north side of the
westernmost, largest, relatively flat bottomed metamor-
phic mass. The hornfels is quartz rich and contains vary-
ing amounts of clinopyroxene, epidote-clinozoisite, and
K-feldspar; locally, hornblende and scapolite are present.
One specimen has a notable volcanic texture; equant
plagioclase crystals, as much as 2 mm long, are set in an
acicular mat of olive hornblende and minor plagioclase
that is liberally sprinkled with sphene and some pyrite.
The relation of this voleanic rock to the rest of the horn-
fels is uncertain. The resistant hornfels probably is pref-
erentially exposed at the expense of such rocks as mica
schist, which I found to be very rare here, but which were
noted in the area by Crowell (1952). The westernmost
metamorphic body probably was originally composed of
limestone, sandstone, and highly siliceous siltstone. Into
these rocks, andesitic(?) flows or intrusive rocks were in-
troduced. The marble here and elsewhere in the Bean
Canyon Formation is largely white to gray calcite mar-
ble. Graphite is locally abundant, and the marble is in part
dolomitized. Bedding is partly preserved, but in much of
the coarsely crystalline marble all traces of original struc-
tures have been obliterated. Some areas are shown on the
map (pl. 1) as marble where, in fact, they contain signifi-
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cant amounts of other rock types. For example, within
the area mapped as marble in the large western metamor-
phic body, layers of green to dark-gray calc-hornfels are
present that are composed of plagioclase, hornblende,
clinopyroxene, epidote in varying proportions, and lesser
amounts of K-feldspar, scapolite, and garnet.

The next mass of the Bean Canyon Formation, to the
east near the Quinn Ranch, also is relatively flat bottom-
ed; it is dominantly composed of marble but contains two
belts of other lithologies. These two belts consist of gray
to green, dense calc-hornfels and fine-grained quartzite,
and minor amounts of pale-green amphibole, biotite,
plagioclase, and clinopyroxene. These rocks probably were
originally quartz sandstone with minor amounts of
calcareous and argillaceous cement. They grade into
schistose rocks that are rich in muscovite and biotite and
locally contain andalusite; garnet is a sparse accessory.
The schistose rocks may have originally been siltstone and
argillite. No recognizable metavolcanic rocks were found
in this pendant, but one layer of plagioclase-hornblende
schist contains pale-green hornblende crystals, as much
as 3 mm long, that may be remnant crystals or fragments
from a tuff or tuffaceous sedimentary rocks.

Between the Quinn Ranch and Cottonwood Creek are
numerous small pendants composed chiefly of marble. A
thin section from a dark layer of thinly laminated rocks
in marble in an abandoned quarry just east of Canyon del
Gato-Montes may contain relict silty grains. The lamin-
ated rocks are composed of alternating quartz-rich and
quartz-poor layers. The quartz-poor layers contain vary-
ing proportions of brown biotite, K-feldspar, and
plagioclase. Minor andalusite is present in some of the
biotite-rich layers. Rounded detrital grains of apatite, zir-
con, garnet(?), and opaque material testify to the clastic
origin of these rocks.

From Cottonwood Creek to the east limit of exposures
of the Bean Canyon Formation, marble, though still abun-
dant, no longer dominates the section. Well exposed west
of Cottonwood Creek is a belt, nearly a kilometer wide,
of dark schist, impure quartzite, calc-hornfels, and minor
pure quartzite. Commonly the dark schist contains abun-
dant andalusite (some with well-formed chiastolite
crosses), abundant brown to red-brown biotite, muscovite,
and some K-feldspar. Quartz is abundant in some layers,
and hints of original silty texture are present. These rocks
grade by degrees into impure quartzite with micaceous
layers and into rather pure quartzite with scattered mica
and amphibole that reflect original argillaceous and
calcareous cement. Calc-hornfels rich in clinopyroxene,
quartz, and plagioclase is also present. Immediately north
of the schist belt are scattered exposures of dark am-
phibolite that suggest a metavolcanic parentage. These
rocks are massive to weakly layered and are rich in fibrous
green amphibole and epidote. Largely untwinned plagio-

clase crystals, as much as 2 mm long, are set in this dark
groundmass; locally they are in polygonal aggregates,
with fibrous amphibole molded around them. The rocks
do not resemble the gneissic and amphibolitic mafic rocks
north of the Garlock fault but do resemble metabasalt or
metaandesite related to the Bean Canyon Formation.

Between Cottonwood Creek and Gamble Spring Can-
yon, Dibblee (1967) delineated several small bodies that
he called hornblende diorite. Most of the samples that I
have studied from those bodies are dark granodiorite to
tonalite and probably represent the granodiorite of Gato-
Montes contaminated by interaction with metamorphic
rocks of the Bean Canyon Formation. Locally unusual
gabbroic rocks were found that are probably related to
the metavolcanic rocks of the Bean Canyon Formation.
One sample from just east of Cottonwood Creek features
stubby euhedral crystals of weakly zoned pale-brown to
colorless hornblende(?) set in a matrix of clinopyroxene,
labradorite, K-feldspar, and minor quartz.

The east-west-trending elongate pendant of the
Tylerhorse-Gamble Spring Canyon area has a conspicuous
belt of marble along its south side that contains some dark
hornfels layers. One dense, dark layer is dominantly
quartz but also is rich in K-feldspar. It is liberally sprinkled
with opaque carbonaceous(?) matter, as well as tremolite
and pale-reddish-brown tourmaline. North of the marble
is a section of dark rocks much like those exposed west
of Cottonwood Creek: dark micaceous schist, in part con-
taining andulusite; dense, dark siliceous calc-hornfels; and
lesser marble and light quartzite. Particularly noteworthy
in this layer are porphyritic volcanic rocks or crystal tuff.
These rocks in various shades of gray have phenocrysts
(or crystal fragments) of twinned and zoned plagioclase,
embayed quartz, and biotite aggregates, as much as 4 mm
long, in a dense granoblastic matrix of quartz, plagioclase,
biotite, and pale-green hornblende. Also present are layers
with a well-preserved felty texture of small tabular plagio-
clase crystals. These rocks contain small phenocrysts of
plagioclase and altered hornblende, as much as 2 mm long,
set in a groundmass rich in acicular, pale-green horn-
blende crystals. The mineral content suggests that these
voleanic rocks were originally dacite to basalt.

Bean Canyon was designated the type section of the
Bean Canyon Formation (Dibblee, 1963, 1967). Here is
well exposed, in a rather limited area, the lithologic range
of the formation. Dense, dark siliceous calc-hornfels,
micaceous schist (in part containing andalusite), impure
quartzite, a thick belt of pure quartzite, and marble make
up most of the section. A dark belt of altered peridotite(?)
that extends across the canyon is highly distinctive. It is
made up of fractured, altered olivine laced by colorless
to pale-yellowish-green serpentine minerals; abundant
acicular, colorless amphibole accompanies the olivine.
North of the ultramafic belt is a gray porphyritic meta-
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volcanic layer containing ovoid to equant phenocrysts of
plagioclase and quartz set in a granoblastic mat of un-
twinned plagioclase, quartz, brown biotite, and minor
muscovite. Accessory tourmaline is found in this layer and
in several other metavolcanic-rock types in the Bean
Canyon Formation. This layer somewhat resembles the
metavolcanic rocks in Gamble Spring Canyon, but the
phenocrysts here are less distinct.

Dunne and others (1975), in a study of the strata in and
near Bean Canyon, suggested that the protoliths of the
Bean Canyon Formation were about equal amounts of
feldspathic and quartz wacke, quartz arenite and siltstone,
argillite and shale, and marble; volcanic rocks were subor-
dinate in the original section.

Various scraps, slivers, and pendants of the Bean
Canyon Formation are also exposed in the area between
the Tehachapi-Willow Springs and Oak Creek Roads.
Although marble probably dominates in this area, the
bodies mapped as marble (pl. 1) generally include other
rock types. For example, the marble belt that is cut by
Willow Springs-Tehachapi Road has a dark hornfels layer
that upon thin-section study proves to be a hornfelsed
metavolcanic rock in which somewhat embayed plagio-
clase crystals, as long as 3 mm, are set in a dense matrix
of quartz, feldspar, biotite, and minor hornblende. In addi-
tion to the plagioclase megacrysts, clusters of fine-grained
brown biotite, gray-green hornblende, opaque material,
and sphene are present that probably mimic original ferro-
magnesian megacrysts.

On Oak Creek Road, about 1,500 m east of its junction
with Willow Springs-Tehachapi Road, gray metavolcanic
rocks are exposed with well-preserved volcanic textures.
Hand specimens resemble porphyry, but thin-section
study suggests that these rocks are pyroclastic. Plagio-
clase megacrysts, as much as 6 mm but generally from
2 to 3 mm long, are conspicuous and generally are par-
tially hornfelsed. Smaller, rounded to equant quartz
masses are suggestive of clasts, as are some broken-
looking plagioclase crystals. These rocks have a dense
hornfelsed matrix consisting of quartz, feldspar, brown
biotite, and minor green hornblende. The other common
rock types composing the Bean Canyon Formation are
also seen on Oak Creek Road: micaceous hornfels, impure
quartzite, quartzite, and quartz-plagioclase-pyroxene
calc-hornfels.

About 800 m east of the Willow Springs-Tehachapi
Junction with Oak Creek Road, a layer of gray dense horn-
fels was found that is studded with euhedral, tabular,
grass-green crystals of clinopyroxene, as much as 1 cm
long. This highly distinctive rock, with its groundmass of
quartz, K-feldspar, minor plagioclase, accessory round
sphene grains, and abundant graphite, has not been seen
elsewhere in the outcrop area of the Bean Canyon
Formation.

AGE

Dunne and others (1975) noted “* * * the presence of
poorly preserved macrofossils” in the Bean Canyon For-
mation, but the fossils were not diagnostic for age deter-
mination. They suggested, however, “* * * that two lines
of evidence support an early Mesozoic age for the Bean
Canyon Formation. First, the lithostratigraphy of the for-
mation is similar to that of Triassic rocks in the Mineral
King pendant of the southern Sierra Nevada but not
similar to that of Paleozoic formations in the region. Sec-
ond, the inferred environment of deposition of the Bean
Canyon Formation is compatible with regional early
Mesozoic paleogeographic data.”” Dunne and others
postulated that during the early Mesozoic, a nascent
volcanic arc lay to the east and a subduction zone to the
west, and that the Bean Canyon Formation represents
an arc-trench gap deposit between those two features.

R.A. Fleck (written commun., 1976) analyzed dacitic
metavolcanic rocks from Bean Canyon by the Rb/Sr
method and determined ages averaging 150 m.y. The data
are equivocal, however, and can be interpreted as pro-
viding either the age of the volcanism or the time of
metamorphic homogenization of the Sr-isotopic systems
of older volcanic rocks. Thus, the metavolcanic rocks are
at least 150 m.y. old, possibly much older. The presence
of numerous Upper Cretaceous to mid-Cretaceous plutons
and the absence of Jurassic plutons (except in the Eagle
Rest Peak area) in the southernmost Sierra Nevada makes
it seem unlikely that the Rb-Sr age reflects a time of
metamorphic homogenization. The Rb-Sr age of about 150
m.y. most probably reflects the age of the dacitic
volcanism. Therefore, in the present report, the age of
the Bean Canyon Formation is considered to be Jurassic.

PAMPA SCHIST OF DIBBLEE AND CHESTERMAN (1953)
SETTING

The predominantly dark schist west of the Walker Basin
was named the ‘“‘Pampa Schist” by Dibblee and Chester-
man (1953). The schist forms an east-westerly-trending,
sinuous belt that is intimately penetrated by granitic
rocks. The schist layering ranges from vertical to steep-
ly south dipping, and there are no obvious clues to original
bedding or top directions in the section. The Pampa Schist
differs from the other metamorphic rocks of the region.
Rocks possibly related to the Pampa Schist are penetrated
in oil wells drilled to basement over a rather extensive
area in the adjacent San Joaquin Valley (Ross, 1979). Ap-
parent limitation of the Pampa Schist and its possible San
Joaquin Valley subcrop extension to the area northwest
of the White Wolf-Breckenridge fault suggests that this
structural zone marks a significant break in the metamor-
phic framework rocks.



METAMORPHIC ROCKS 21

ROCK TYPES AND PETROGRAPHY

The Pampa Schist is characterized by dark, notably
micaceous rocks containing local conspicuous andalusite
(chiastolite) crystals, some rocks with metavolcanic af-
finities, and an absence of marble and quartzite. Some
quartzofeldspathic layers are indistinguishable from
layers in the Keene and Salt Creek metamorphic units,
but overall the Pampa Schist is distinctive and easily
separable from other metamorphic units of the southern-
most Sierra Nevada.

Probably the most distinctive feature of the Pampa
Schist is the dominance of muscovite and biotite in many
layers. Quartz and plagioclase are present in most layers,
but they are subordinate. The rocks are dominantly a
pelitic schist. Andalusite, partly in coarse crystals, is local-
ly abundant in the dark schist. Sillimanite, in part after
andalusite(?) is widespread in needlelike bundles and as
clusters of acicular to prismatic crystals that are generally
small but locally are as coarse as 1 cm across by 5 cm long.
Powdery carbonaceous matter is common and contributes
to the dark color of these rocks. In some layers, muscovite
occurs in dense clots that are reminiscent of shimmer ag-
gregates. Some thin sections contain small amounts of
orange, nearly isotropic material that has a serpentinelike
structure which may represent pinite alteration of cor-
dierite, but no original cordierite was noted. Pale-green
chlorite is present in some layers, but it is by no means
common. Tourmaline and garnet are local accessories in
the schist. I conclude that the protolith of much of the
Pampa Schist was highly argillaceous.

Amphibolite is a less common but recurring rock type.
Some specimens have original phenocrysts mimicked by
clots of hornblende and opaque-mineral grains. Although
pale-green acicular amphibole is present in some speci-
mens, the association with andesine and (locally) with
clinopyroxene suggests that these rocks, though now ex-
tensively retrograde, originally reached amphibolite
grade. The easternmost exposures of the Pampa Schist
include some unusual rocks that I would characterize as
retrograde gabbro. Some layers are rich in antigorite(?),
tremolite, and muscovite; others are rich in clinopyrox-
ene and chlorite. Associated samples, composed chiefly
of olive hornblende and labradorite with accessory
metallic opaque-mineral grains and green spinel, show
compositional layering and a granoblastic to polygonal
texture. In this area, Dibblee and Chesterman (1953)
noted a massive chlorite schist that they suggested was
“* * * apparently of volcanic origin, probably a basalt.”
One of the samples from the southwesternmost exposures
of the Pampa Schist has a fairly well preserved diabasic
texture; some subhedral andesine crystals, as long as 1.5
mm, are set in a somewhat felted groundmass of plagio-
clase, biotite, and muscovite.

I have probably oversampled the micaceous and
andalusite-bearing rocks relative to the sugary quartzo-
feldspathic rocks, which are abundant particularly in the
northern exposures and in some of the smaller slivers on
Breckenridge Mountain Road. Nevertheless, my overall
impression of these rocks is that the original section was
dominated by dark shale and silty rocks, with an admix-
ture of volcanic rocks. Some of the dark argillaceous rocks
might have been tuffaceous, although there is little direct
evidence from the collected samples.

RAND SCHIST
SETTING AND AGE

Two horses of dark schist along the Garlock fault dif-
fer from other metamorphic rocks in the southernmost
Sierra Nevada. The larger horse extends 34 km north-
eastward from Bear Trap Canyon and is as much as 2.5
km thick. The much smaller horse, exposed about 10 km
northwest of Mojave, is only about 5 km long and no
thicker than 0.5 km. It had largely escaped notice until
this study, although Dibblee (1959) noted ‘‘gneiss and
biotite schist’”’ here on his map explanation. The larger
horse has long been recognized (Wiese, 1950) and has been
considered correlative with the Rand Schist (Hulin, 1925).
The Rand Schist is now considered to be part of the
widespread, informally named Pelona-Orocopia Schist
(Ehlig, 1968, p. 294). Haxel and Dillon (1978, p. 453)
indicated that the “* * * metamorphism of the Pelona-
Orocopia Schist occurred in Paleocene (or Late Creta-
ceous) time.” The age of the Pelona-Orocopia protolith
is unknown, most probably Mesozoic. In the present
report, the age of the Rand Schist is thus tentatively con-
sidered to be Mesozoic(?).

The rock types in the smaller horse are comparable to
those in the larger horse, as well as to those in the Rand
Schist in the Rand Mountains. These three masses are
almost certainly correlative. The steep-sided horses may
have been transported from the Rand Mountains area by
movement on the Garlock fault (see subsection below en-
titled “Garlock Fault Displacement’’).

ROCK TYPES AND PETROGRAPHY

In my investigations of the southernmost Sierra
Nevada, I have made only cursory examination of the cor-
relatives of the Rand Schist in the Garlock fault zone. My
data come from the west third of the larger horse and
from the smaller horse near Mojave. In addition, I sum-
marize the data of Wiese (1950), who examined and
described rocks from part of the larger horse.

Probably the best and most continuous exposures of
Rand Schist are at the blunted west end of the larger
horse in roadcuts along the access road for the Tehachapi
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TABLE 2.—Ouxygen-isotopic data for selected quartzite samples from the Rand Schist

[See figure 3 for locations of samples.

A1l values in permil standard mean

ocean water (SMOW)]

Sample Description 5189
Largest body of Rand Schist
3281 Dense quartz mosaic, with aligned trains of pale-pink garnet, 19.53
minor muscovite, and pale-brown biotite.
3344 Thin-Tayered quartzite (no thin section)--=me=mcmcaccacccacaamo- 16.97
Body of Rand Schist northwest of Mojave
4050A Thin-layered quartzite (no thin section)-=--emecmceacccccacacaan 14,84
4054A Mosaic of quartz, pale-pink garnet, well-aligned olive-brown 11.87
biotite, and lesser muscovite.
Body of Rand Schist in the San Emigdio Mountains
3023C Quartz, with thin layers relatively rich in red-brown biotite, 16.36
muscovite, dusty sodic plagioclase, and pale-pink garnet.
rounded zircon, apatite.
3063 Quartz, with thin layers relatively rich in lacy, untwinned 18.06

sodic plagioclase, yellowish-brown biotite, and garnet.

crossing of the California Aqueduct. North of Bear Trap
Canyon, thin-layered, light to dark schist containing vary-
ing proportions of quartz, muscovite, biotite, and minor
sodic plagioclase is exposed. A common associate here is
thin-layered quartzite (90-95 percent quartz), with trains
of garnet, mica, and minor feldspar that probably reflect
reconstituted argillaceous impurities from the original
rocks. These rocks are partly dark colored from dissem-
inated carbonaceous matter (graphite) and stained red by
iron oxides. The overall appearance, composition, and set-
ting of these quartzite layers suggest that they were
originally chert. Oxygen-isotope determinations on quartz
from two quartzite samples from the western part of the
large horse give 4180 values of 16.97 and 19.58 permil
SMOW (table 2), well beyond the range of igneous quartz,
and confirm that these rocks are, indeed, metachert (Ivan
Barnes, written commun., 1979). The presence of some
coarse-grained, green actinolite pods and local epidote-
rich layers suggests metavolcanic rocks. Quartz sills are
also found that range from thin wisps to lenses to thick
bull-quartz veins. Field relations suggest that these veins
have been sweated out of the schist during metamor-
phism. These white quartz segregations are an index to
the Rand and related schists.

Two traverses across the larger horse about 8 km far-

ther east revealed the same rock types as along the aque-
duct road. Quartzite (metachert) is abundant, but because
it is generally resistant and preferentially exposed, it may
appear to be more abundant than it actually is. In addi-
tion to the common silvery schist, dark spotted schist
occurs in which the spots are small albite crystals around
which are molded pale-green actinolitic amphibole
sprinkled with sphene and epidote. This rock is almost cer-
tainly metavolcanic. Associated with the dark spotted
schist is a small knobby outerop of serpentinite, a few tens
of meters across at most, that is crisscrossed with car-
bonate veinlets. The contact with the surrounding rocks
is not exposed. An X-ray-diffraction pattern for the
serpentinite indicates that it is dominantly antigorite and
tale. The nearby float of coarse massive amphibolite,
though rare in this horse, is distinctive. A cursory look
suggests that the amphibolite is dominated by a mat of
blocky hornblende crystals, but closer observation reveals
that the blocky crystals are acicular bundles of amphibole,
probably actinolite. This amphibolite in no way resembles
the dark, hornblende-rich rocks north of the horse com-
posed of Rand Schist.

Wiese (1950), who examined the central 25 km of the
largest horse, observed that the most common rock types
are green amphibolite or chlorite schist, with subordinate
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quartzite and brown mica schist. He noted that albite por-
phyroblasts are present “in all but the purest quartzite.”
On the basis of my brief observations and Wiese’s (1950)
descriptions, I suggest that voleanic rocks and associated
chert were the dominant protoliths for the rocks of the
larger horse. Sandy and argillaceous rocks also were
almost certainly present, but I suspect they were tuffa-
ceous, at least in part. Structural contortions and disrup-
tions preclude any statement about the original thickness
of the section.

The smaller horse northwest of Mojave is composed
dominantly of dark-gray to green, highly foliated schist
that is maculose with poikilitic albite (in part black with
included carbonaceous material). The schistose ground-
mass is dominated by acicular green actinolite and con-
tains lesser biotite and epidote. Associated with this schist
is thin-layered quartzite containing micaceous partings,
minor albite, and small garnets. These rocks are almost
certainly a metachert. 6180 values of 11.87 and 14.84 per-
mil SMOW (table 2) were determined on quartz from two
samples (Ivan Barnes, written commun., 1979). The ever-
present white quartz segregations are also found here.
One specimen of dark albitic schist contains abundant
clinopyroxene, which is anomalous in this suite. Another
unusual specimen, which may be an albitized intrusive(?)
rock, is spotted with scattered black poikilitic albite
crystals, as much as 2 mm long, and, in addition, contains
fresh-looking, discretely twinned albite crystals, large
areas of quartz, and large discrete K-feldspar masses with
planar faces against albite. Iron-stained relict prismatic
crystals are present that may have been amphibole. Thus,
the Mojave horse appears to be composed entirely of
metavolcanic rocks and metachert.

RAND(?) SCHIST IN THE SAN EMIGDIO MOUNTAINS

Extending westward from Grapevine Canyon to the
area of Antimony Peak (Ross, 1981) is a belt of distinc-
tive dark quartzite and schist (pl. 1) that, early in my
fieldwork in the San Emigdio Mountains, I considered to
be part of the mafic metamorphic rocks of the San
Emigdio-Tehachapi Mountains. Petrographic study, how-
ever, revealed the disturbing fact that the quartzite and
schist are generally of lower metamorphic grade than the
associated gneissic and amphibolitic rocks. This difference
in metamorphic grade suggests that the two terranes are
separated by a structural break.

The belt of quartzite and schist is characterized by rocks
in which coarse-grained, dark, biotite-rich layers alternate
with impure quartzite layers, also dark colored. In thin
section, the most striking feature of these rocks is the
abundance of large poikilitic grains of virtually untwinned
sodic plagioclase that are clouded with graphite or other
carbonaceous matter. These plagioclase crystals impart

a dark color to the quartzite layers. Another unusual
feature of these rocks is the presence of discrete chlorite
crystals whose habit and interference color suggest that
they are not a penninitic alteration product but are
primary and, as such, indicate relatively low metamorphic
grade. The belt of quartzite and schist contains con-
spicuous thick white bull quartz veins.

The physical appearance and metamorphic grade of
these rocks is strikingly reminiscent of rocks that I have
examined in Rand Schist in the western part of the Rand
Mountains. This similarity and the discordance in meta-
morphic grade between the rocks of the dark quartzite
and schist belt and the enclosing, higher grade gneissic
rocks suggest strongly that a sliver of the Rand Schist
has been emplaced tectonically in the San Emigdio Moun-
tains. Cursory examination of the sliver of probable Rand
Schist in the San Emigdio Mountains suggests that it is
dominantly metasedimentary, whereas the two bodies of
Rand Schist along the Garlock fault have strong meta-
voleanic affinities. The structural significance of this new-
ly discovered sliver of Rand Schist(?) is discussed below
in the subsection entitled ‘Pastoria Thrust Controversy.”

PLUTONIC ROCKS

UNITS NORTH OF THE GARLOCK FAULT

GRANITIC ROCKS RELATED(?) TO THE
SAN EMIGDIOTEHACHAPI TERRANE

Quartz DIORITE TO TONALITE OF ANTIMONY PEAK

A relatively homogeneous granitic body underlies an
area of a few square kilometers near Antimony Peak. The
main body of quartz diorite to tonalite of Antimony Peak
intrudes gneiss, amphibolite, and granulite of San
Emigdio-Tehachapi Mountains and is faulted against
granodiorite of Lebec to the west. In part, the main
Antimony Peak body is slightly porphyritic and contains
subhedral, well-twinned, weakly zoned andesine crystals.
K-feldspar is present only locally. Quartz is abundant and
commonly is strongly strained; in part, mortar texture
has developed. Olive to green hornblende generally ex-
ceeds brown biotite in abundance. The dark minerals in-
variably occur in irregular anhedral crystals, and in part
they are extensively altered. Prehnite is locally abundant
as ovoid lozenges and rosettes in bleached(?) biotite. Some
prehnite also occurs in veinlets and as primary(?) ac-
cessory crystals. West of the main Antimony Peak mass
are several small bodies of grossly similar lithology.

The Antimony Peak unit is most probably magmatic but
has been contaminated by the mafic metamorphic base-
ment. The Antimony Peak rocks may also be local melts
derived from gneissic and amphibolitic rocks. Certainly
there is a marked contrast between the contaminated
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Antimony Peak rocks and the younger, uncontaminated
Lebec and Brush Mountain bodies that are clearly
magmatic. An 87Sr/86Sr ratio of 0.70337 from one sam-
ple (DR-3023, table 28) of the Antimony Peak unit in-
dicates a mafic oceanic source.

Note that the modal plot (figs. 5, 6; table 3)! includes
only the more homogeneous-looking rocks of the An-
timony Peak unit, but even these selected samples show

'The igneous-rock classification adopted by the International Union of Geological Sciences
(Streckeisen, 1976) is used in this report.

Average mode (volume percent)
Plagioclase .

Specific gravity..........ccooeeivniiiiinniinnnnee 2.72
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a considerable range of mineral percentages, particular-
ly of dark minerals.

DioritE To TONALITE OF TEHACHAPI MOUNTAINS

The Tehachapi Mountains unit is a rather ill-defined
assemblage of the more homogeneous parts of the mafic
terrane of the San Emigdio-Tehachapi Mountains. Though
locally homogeneous and apparently intrusive, these rocks
are more likely to be streaky, foliated, and somewhat
gneissic. These are the rocks that Wiese (1950) presum-
ably called diorite. The samples in the modal plot (fig. 7;

Biotite
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FIGURE 5.—Modal plots of the quartz diorite to tonalite of Antimony Peak.
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table 4) were selected for their homogeneity—they repre-
sent the most intrusive-looking rocks of the diorite to
tonalite. Although they are grossly similar to some of the
rocks of the Antimony Peak unit, the Tehachapi Moun-
tains rocks contain less quartz and more dark minerals,
particularly hornblende. These hornblende-rich rocks
appear to contain more metamorphic material than the
Antimony Peak mass. I have speculated that at least some

of the hornblende-rich rocks of the Tehachapi Mountains
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are locally derived from the metamorphic pile. These dark
rocks are texturally and mineralogically transitional
between dark amphibolitic rocks and the tonalite of Bear
Valley Springs.

Some specimens of the Tehachapi Mountains unit con-
tain clean, well-twinned, weakly zoned intermediate to
calcic andesine (locally, labradorite). Quartz is also com-
mon and ranges from almost unstrained grains to highly
undulatory and sutured grains. Locally, the quartz shows

EXPLANATION
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Granite of Tehachapi Airport

Granite of Lone Tree Canyon
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granodiorite of Lebec
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Granodiorite of Sorrell Peak
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Whiterock facies of the granodiorite
of Claraville

Tonalite of Mount Adelaide
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Tonalite of Hoffman Canyon
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FIGURE 6.—Modal averages of plutonic-rock units. Line shows generalized trend, with noticeable deviations by some felsic masses, the tonalite
of Mount Adelaide, the dark diorite to tonalite of Tehachapi Mountains, and the gabbroic hypersthene-bearing rocks.
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TABLE 3.—Modes of the quartz diorite to tonalite of Antimony Peak

METAMORPHIC AND PLUTONIC ROCKS, SOUTHERNMOST SIERRA NEVADA, CALIFORNIA

[A11 modes in volume percent. Others: E, epidote; S, sphenel
Sample Plagioclase K-feldspar Quartz Biotite Hornblende Others SZ$EL§;;
7848 65 -——- 18 2 15 -—-- 2.73
3000A 53 4 23 14 5 1(S) 2.70
30008 58 1 23 10 -—- 2.68
3007 62 - 20.5 8 7 2.5(E) 2.71
3008A 56 - 7.5 9.5 27 - 2.80
3111 57 --- 19 11.5 12.5 --- 2.69
3022A 70 - 8 2 20 --- 2.76
3023 66 —— 12 3.5 18.5 --- 2.73
30298 64 - 19 17 -—- --- 2.72
3133 55.5 2.5 19 17 6 --- 2.74
31500 47 9 21 10 13 --- 2.73
31528 61 -—- 117 4 18 ~-- 2.75
3153 64 -—- 19 3 14 --- 2.73
3158 56 4 21 12 7 --- 2.69
3160 64 -—- 20 3 13 -—- 2.69
Average---=---= 60 1 18 8 13 -— 2.72
Standard 6.0 2.6 4.9 4.9 6.3 --- .03
deviation,

1Biotite+hornblende.

an impressive mortar texture. Hornblende, the chief dark
mineral, occurs in various colors—pale-green and brown,
light-olive, and deeper olive shades. The variety of horn-
blende color is another factor that points to the hetero-
geneity of this unit. Brown biotite is locally abundant, but
generally it is uncommon. 87Sr/86Sr ratios of 0.70364 and
0.70446 for two samples (DR-3097, DR-3098A, table 28)
attest to a mafic oceanic affinity for at least part of the
Tehachapi Mountains unit.

TONALITE OF BEAR VALLEY SPRINGS

SETTING

The tonalite of Bear Valley Springs, rich in hornblende
and biotite, is the most extensive granitic body in the
study area, extending from the north edge of the area to
the Garlock fault, a distance of about 60 km. It forms a
generally north-south trending belt 20 to 25 km wide and
crops out over an area of nearly 800 km?2 in the study
area. The mass is cut off on the south by the Garlock fault;
correlative rocks have not been found on the south side
of the fault. These rocks extend northward from the study
area for an unknown distance.

Larsen (1948, p. 69) noted that tonalites similar to the
Bonsall Tonalite of the southern California batholith and
carrying the abundant dark tabular inclusions character-
istic of the Bonsall appear to be similar to tonalites
widespread in the southern Sierra Nevada. He also noted
that rocks similar to the Bonsall are found along the road

from Bakersfield to Tehachapi (California Highway 58)
and in Kern Canyon east of Bakersfield (along California
Highway 178). At both these localities, the unit to which
Larsen referred is the tonalite of Bear Valley Springs.
From Larsen’s statement, it is difficult to know whether
or not he was suggesting a correlation between the two
areas, but some geologists have interpreted his statement
to mean that he was.

I suggest that the physical similarity between the Bon-
sall Tonalite (a rock type that may encompass more than
one inclusion-bearing tonalite pluton) and the tonalite of
Bear Valley Springs indicates a similar environment of
emplacement for the two units, though probably not a cor-
relation in the strict sense. Both of these tonalites are
typical of batholithic terranes west of the quartz diorite
line of Moore (1959), and other similar-appearing, dark,
inclusion-rich tonalites occur farther north in the western
Sierra Nevada.

PETROGRAPHY

The Bear Valley Springs mass is characterized by abun-
dant anhedral dark minerals that occur in irregular ag-
gregates and clots. Foliated, in part cataclastic (smeared)
rocks are common. The abundance of hornblende is the
next most characteristic feature of this mass; only rarely
is the hornblende subhedral to euhedral, and commonly
it is intergrown with biotite in aggregates and clots.

Although the Bear Valley Springs mass contains irregular
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dark minerals, it has a definite granitic texture. Plagio-
clase is weakly zoned, well twinned, in part subhedral, and
generally in the intermediate andesine range. Quartz is
common in large irregular grains that generally show
some strain or mosaicking; some is granulated. General-
ly, K-feldspar is absent (table 5) or is present only as small
interstitial grains; locally, particularly near Bear Valley,
in Caliente Canyon, and north of the Walker Basin, it

Average mode (volume percent)

Plagioclase
K-feldspar..

100
Specific gravity.......ccooeeveeeiiniiiiiniieens 2.82

Total

Hornblende

217

makes up 5 to 14 percent of the rock. The K-feldspar is
largely untwinned, but some shows faint grid twinning
and weak perthitic structure. In Caliente Canyon, con-
spicuous salmon-colored K-feldspar phenocrysts are
present.

Biotite is generally brown to opaque and locally is red-
dish brown in thin section. It occurs in anhedral grains
that are partly chloritized, and contains round grains and

Biotite
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FIGURE 7.—Modal plots of the diorite to

tonalite of the Tehachapi Mountains.



METAMORPHIC AND PLUTONIC ROCKS, SOUTHERNMOST SIERRA NEVADA, CALIFORNIA
TABLE 4.—Modes of the diorite to tonalite of Tehachapi Mountains

[A11 modes in volume percent; n.d., not determined. Others: G, garnet; 0, opaque minerals]

Sample Plagioclase K-feldspar Quartz Biotite Hornblende Others Sgigl:%;
3097 53 -— 8 3 36 -— 2.85
3098A 47 - 8 6 39 -— 2.86
30988 44 - 5 3 48 -— 2.87
3100 50 -— 7 - 43 -— 2.89
3246 53 - 11 6 30 _— 2.84
3252 48 ] 21 10(?) 20(?) -— 2.76
3254A 50 - 8 2 40 -— 2.85
32668 49 - 9 2 40 -— 2.90
3266-1 53 - <1 -—- 47 -— 2.84
3268 53 - 1 1 43 2(0) 2.89
3270 56 ——- <1 24 40 --- 2.89
3276 69 - 4 --- 327 —-- 2.79
3283 62 11 13 6 18 -— 2.81
3285A 65 - 3 3 29 - 2.86
32858 66 -—-- 3 1 30 -—- 2.85
3304A 55 - 10 3 32 -— 2.85
3333 55 11 12 2 30 -—- 2.79
3345 41 - 2 1 56 —— 3.02
3359A 56 - 19 2 423 --- 2.79
3360A 69 - - --- 31 --- 2.84
34008 60 <1 15 21 24 -—-- 2.81
3407A 69 -——— 6 1 24 .- 2.81
3419A 68 - 14 3 14 --- 2.75
3430 50 <1 16 12 22 - 2.83
3431 52 -— 15 7 26 -—- 2.79
3432A 52 - 17 7 24 -—- 2.81
3435A 56 1a 11 3 30 -—- 2.82
3439A 47 —— 2 2 540 -— 2.85
3442 53 - 15 3 629 -—- 2.81
3448A 57 ——— 14 11 18 -—- 2.76
3552A 51 — 7 11 31 - 2.83
3572A 54 <1 14 12 20 -—- 2.78
3605 55 13 15 6 21 -— 2.76
3630A 51 -— 4 10 35 -— 2.82
36338 68 - ——— -— 32 -— 2.84
3634 54 -—— 14 8 24 -— 2.77
3635 54 11.5 16.5 3 25 -—- 2.75
3651 60 --- 10 10 20 - n.d.
3709 44 -—— 16 15 25 -— 2.80
3710 44 - 21 12 23 - 2.80
3729 54 - 10 6 30 - 2.83
3730A 50 1 15 13 21 -— 2.82
3777 56 -— 10 12 22 -— 2.83
3793 48 - 23 10 19 -— 2.76
3867 56 11 14 7 21 - 2.77
3867-1 50 -— 11 18 21 - 2.81
38958 48 - 5 -— 47 -— 2.80
3899A 57.5 - 11 8 18.5 5(G) 2.81
3950 54 -— 12 8 26 - 2.79
4009 51 -—-- 9 5(?) 35 -— 2.84
4045A 48 6 16 6 24 - 2.73
4192A 65 ——— 12 1 22 - 2.77

Average---~---- 55 <1l 10 6 29 -—- 2.82

Standard 7.0 - 6.0 4.6 10.4 -— .05

deviation.

lLate veinlets. “Some colorless to pale.

2Chlorite. 5Brown and pale actinolite.

3Includes epidote. 6Minor clinopyroxene and actinnlite.
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trains of sphene. Hornblende, also generally in anhedral
grains but locally subhedral, is olive green in various
shades (mostly dark), and is strongly pleochroic. The horn-
blende is partially altered to epidote and calcite. Lacy to
irregular cores of pale-green clinopyroxene are found in
some hornblende crystals.

Honey-colored sphene is the most common accessory
mineral. Metallic opaque-mineral grains have a sporadic
occurrence; in some specimens they are virtually absent,
and in others they make up at least 1 percent of the rock.
Allanite, primary(?) epidote, zircon, and apatite are also

Average mode (volume percent)

Plagioclese ..........ccooevveieiiiicinnenneenns
K-feldspar...
Quartz........

Hornblende

present in trace amounts. Local pink garnet may reflect
contamination by wallrocks.

Even though the Bear Valley Springs mass varies con-
siderably in mineral content (fig. 8; table 5) and has a
highly irregular, messy texture, all of which suggests con-
tamination and probably some deformation, nevertheless
there is a gross homogeneity to much of this mass that
is probably best characterized by its outcrops near Bear
Valley. It is evidently a largely intrusive mass that may
have incorporated material from the mafic metamorphic
rocks of the San Emigdio-Tehachapi Mountains.

&= Black solid circle, average

Biotite
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FIGURE 8.—Modal plots of the tonalite of Bear Valley Springs.
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TABLE 5.—Modes of the tonalite of Bear Valley Springs

[A11 modes in volume percent; n.d., not determined. Others: A, allanite; C, clinopyroxene; G,
garnet; 0, opaque minerals; S, sphenel

Sample Plagioclase K-feldspar Quartz Biotite Hornblende Others Spec1f1c
gravity
3412 54 1 21 12 9 3(C) 2.77
3413 52 --- 31 11 6 --- 2.74
34278 55 <1 26 11 8 -—- 2.76
3429A 62 <1 20 9 9 --- 2.72
3444 61 1 20 10 8 -— 2.75
3557 51 2 23 16 8 --- 2.66
3559 52 --- 25 13 10 -—- 2.70
3565 45 8 28 13 6 - 2.67
3571 51 1 23 13 12 ——— 2.735
3573 53 <1 20 12 15 -—- 2.76
3575 49 1 21 18 11 <1(C) 2.77
3576 51 <1 20 12 17 -—- 2.78
3578A 48 1 24 12 15 -——- 2.72
3582A 60 --- 14 17 9 -—- 2.725
3586A 48 -~ 27 i1 14 --- 2.68
36008 48 7 22 16 1 6(C) 2.75
3621 46 <1 35 15 4 --- 2.69
3628 54 --- 17 12 17 --- 2.72
3650A 59.5 <1 24 7 9.5 -—-- 2.72
3656 49.5 2.5 24 10 14 -—- 2.76
3664 44 3 23 14 16 .- 2.76
3667 46 3 23 14 14 ——- 2.76
3668 47 3 20 13 17 <1(S) 2.77
3669 47 3 25 16 9 <1(S) 2.73
3670 57 <1 16 12 15 <1(S) 2.78
3672 47 <1 24 18 11 <1(S) 2.78
3674 44 <1 23 18 15 <1(S) 2.79
3678 49.5 -—- 19 13.5 18 <1(A) 2.78
3683 53 1 23 12 11 --- 2.77
3690A 61 1 10 13 15 <1(S) 2.73
3691 48 3 24 15 10 --- 2.71
3693 51 5 18 14 12 -—- 2,71
3694 47.5 6 25.5 14 7 <1(S) 2.72
3698 44 3 27 13 13 --- 2.77
3699 45 4 21 15 15 <1(0), <1(s) 2.77
3715 45 1 32 16 6 <1(0) 2.70
3718 43.5 2 17.5 23 14 - 2.75
3728A 44 8 35 9 4 <1(0) 2.66
3791 52 - 24 12 12 --- 2.78
3792 55 --- 20 15 10 -—- 2.81
3795 55 -—- 22 10 13 --- 2.78
3816 54 --- 20 12 14 -—- 2.74
3831 55 ——- 20 13 12 -—- 2.76
3833A 49 -—- 31 12 8 - 2.73
3835 49 5 21 12 13 <1(S) 2.76
3837 47 7 20 11 15 -—- 2.81
3838 50 1 23 15 11 -—- 2.77
3839 53 <1 21 14 12 -=- 2.76
3840 51 --- 18 16 15 --- 2.80
3852 46 2 22 15 15 -—- 2.76
3853 51 4 19 12 14 --- 2.77
3854 51 5 18 11 15 - 2.76
3855A 49 9 28 8 6 -—- 2.70
3856A 45 12 25 15 3 <1(S) 2.71
3858 51 3 20 14 12 <1(S) 2.78
3860 50 1 20 16 13 ——- 2.78
3863 58 -—- 9 15 18 -——- 2.82
3865 55 1 20 13 11 <1(A) 2.74
3869 51 2 18 15 14 -—- 2.78
3871A 49 5 23 11 12 — 2.75
3872 53 4 18 12.5 12.5 -—- 2.74
3873A 49 8 22 10 11 -— 2.76
3874 34 14 18 15 19 -—-- 2.79
3925 56 - 26 12 6 -—- 2.63
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TABLE 5.—Modes of the tonalite of Bear Valley Springs—Continued

Sample Plagioclase K-feldspar Quartz Biotite Hornblende Others Sgi;b:;;
3927 52 1 28 10 9 --- 2.69
3937 51.5 - 20 16 12.5 -—- 2.68
3945 48 —-—- 24 16 12 --- 2.62
3962A 45 - 27 20 2 -- 2 .68
3963 48 2 22 22 3 3(C) 2.73
3973 59 --- 21.5 13.5 6 - 2.67
3975C 47 11 25 12 5 -——- 2.68
3980A 639 - 7 22 - 2(6) 2.72
3991 60 - 19.5 13 7.5 -——— 2.71
4110A 54 <1 31 13 2 -—- 2.74
4111 48 4 27 13 8 -—-- 2.73
4113A 54 - 17 8 21 - 2.79
4114 59.5 -—- 15 11.5 14 - 2.77
4115 51 -—-- 18 10 21 - 2.78
4135 58 -—- 19 12 11 --- 2.74
4138A 66 -—- 13.5 9.5 11 -— 2.76
4141 54 -—- 28 8 10 - 2.74
4142 55.5 -—-- 23.5 13 8 -—- 2.72
4154 56 1 23 10 10 -— 2.71
4158A 54.5 -—- 19.5 17 9 - 2.77
4164 57 - 16 10 17 --- 2.76
4175 53 -—-- 21 14 12 - 2.72
4178 52 1 29 10 8 - 2.74
4179 62.5 --- 17 10 10.5 .- 2.77
4180 58 -—- 18.5 9 14.5 --- 2.77
4181 52 - 25 11 12 - 2.75
4184 52.5 -—- 19.5 13 15 - 2.79
4185 53 3 23.5 7 13.5 - 2.71
4186 55.5 <1 18.5 15 11 - 2.76
41918 51 - 19 13 17 .- 2.78
4194A 59 --- 21 6 14 - 2.74
4195 55 -—- 17 14 14 -— 2.76
4196 59 -—-- 19 9 12 1(0) 2.75
4202 58 - 16.5 8 17.5 - 2.78
4203 52.5 -—- 19 10.5 18 -—- 2.81
4204 60 1 18 9.5 11.5 -—- 2.76
4205 55 -—- 16 7 22 - 2.77
4210A 58.5 --- 25.5 8 8 --- 2.72
4213 59 -—- 22 9 10 -— 2.75
4226 60.5 -—- 16 9.5 14 --- 2.79
4228A 51 13 23 8 4 1(0) 2.68
42288 56.5 1 21 12.5 9 - 2.73
4229 57 - 19 10 14 - 2.78
4230 54 .- 12 13 21 -—— 2.82
4235 62 --- 17.5 10 10.5 -—- 2.73
4239 66 -—- 17 5 11 1(0) 2.72
4240 60 --- 22 14.5 3.5 - 2.73
4243 57.5 1 22.5 9 10 ——— 2.72
4250 55 ——- 22 14 9 - 2.77
4255 47 12 21 13 7 - 2.67
4258 49 6 21 15 9 -—- 2.75
4260 52 4 21 13 10 ——— 2.73
4261 49 6 22 15 8 -—- 2.75
4263 50 12 27 8 3 - 2.68
4277 52 3 24 14 7 -—- 2.72
4281 46 7 21 13 13 -—- 2.75
4305 54 1 23 19 3 _——— 2.75
4422 61 <1 17 12 9 1(S) n.d.
4425 53 - 16 18 13 - 2.77
4443A 56 4 24 9 7 -—— 2.74
4458 50 <1 20 19 11 --- 2.75
4565A 62 -—- 17 14 7 - 2.75
Average-------- 53 2 21.5 12.5 11 -—- 2.74
Standard 5.5 3.2 4.5 3.4 4.3 -——- .04

deviation.




32 METAMORPHIC AND PLUTONIC ROCKS, SOUTHERNMOST SIERRA NEVADA, CALIFORNIA

REeLATION TO THE GNEISS, AMPHIBIOLITE, AND GRANULITE
oF SAN EMicpio-TEHACHAPI MOUNTAINS

Relations observed in the field and petrographic study
indicate that the tonalite of Bear Valley Springs and the
gneiss, amphibolite, and granulite of San Emigdio-
Tehachapi Mountains may be genetically related. Folia-
tion, mafic schlieren, ghost gneiss patches, irregularly
intergrown biotite and hornblende, and abundant dark
ovoid inclusions contribute to the overall heterogeneous
texture of the tonalite of Bear Valley Springs. In the study
area, the Bear Valley Springs mass either has been

119°15’
350 ;

118°45’

strongly contaminated from the metamorphic basement
it intruded or is the ultrametamorphosed end product of
such a terrane.

It was extremely difficult—in fact, virtually impossible
in some localities—to clearly distinguish between the
tonalite of Bear Valley Springs and the diorite to tonalite
of the Tehachapi Mountains. Table 4 lists samples as-
signed to the Tehachapi Mountains unit on account of a
great preponderance of hornblende over biotite. The loca-
tions of these samples and their biotite/hornblende ratios
are shown in figure 9.
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FIGURE 9.—Locations of samples of the diorite to tonalite of the Tehachapi Mountains, showing biotite/hornblende ratios. Generalized outline
of the tonalite of Bear Valley Springs is shown for comparison with figure 11.
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Table 5 lists samples assigned to the tonalite of Bear
Valley Springs; in these samples, biotite and hornblende
are present in grossly similar amounts. Figure 10 sum-
marizes the dark mineral content of the Bear Valley
Springs unit; it shows a clustering around 20 percent of
total dark minerals, but with a considerable range in both
total dark minerals and in biotite/hornblende ratio. Speci-
mens of the more homogeneous rocks of the diorite to
tonalite of the Tehachapi Mountains diverge from this
cluster to more hornblende rich specimens. Interestingly
enough, the dark-mineral content of the Antimony Peak
mass is more like that of the Bear Valley Springs mass
than like the diorite to tonalite of the Tehachapi Moun-
tains. Exceptions—such as sample 4115 in the Bear Valley
Springs mass, which contains 10 percent biotite and 21
percent hornblende, and sample 3867-1 in the Tehachapi
Mountains unit, which contains 18 percent biotite and 21
percent hornblende—point out the dilemma of making a
sharp distinction between these two units.

In an attempt to see whether some relation exists
between the distance from the mafic metamorphic rocks
of the San Emigdio-Tehachapi Mountains and the

Hornblende  3:1 1:1 1:3 Biotite
HORNBLENDE : BIOTITE RATIO
EXPLANATION

* Tonalite of Bear Valley Springs

& Quartz diorite-tonalite of Antimony
Peak

o Diorite-tonalite of Tehachapi
Mountains

FI1GURE 10.—Mafic-mineral compositions of the tonalite of Bear Valley
Springs, the quartz diorite to tonalite of Antimony Peak, and the
diorite to tonalite of Tehachapi Mountains.

amounts of biotite and hornblende, particularly the
biotite/hornblende ratio in the Bear Valley Springs mass,
a plot of these features was made (fig. 11). These plots
show no obvious zoning or trends based on the amount
of dark minerals. A 10-percent contour vaguely suggests
that both hornblende and biotite are decreasing near the
north end of the study area, but this possible trend needs
to be checked by means of further work to the north. The
trend (if it is a trend) certainly is vague at best because
the concentration of samples containing hornblende in ex-
cess of biotite is as great or even greater in the north part
of the map area, and as previously noted, inclusion
swarms and ghost gneiss patches occur close to the north
margin of the study area. Hornblende in excess of biotite
in the Bear Valley Springs mass is apparently a
widespread characteristic and not solely a reflection of
proximity to the dark metamorphic rocks of the San
Emigdio-Tehachapi Mountains. If contamination from
metamorphic rocks is a factor in the composition of the
Bear Valley Springs body, that contamination must be a
regional effect from some depth below the present level
of exposure.

FeLsic Masses WITHIN THE TONALITE OF BEAR VALLEY SprINGS

Several bodies of tonalite have been mapped within the
outcrop area of the tonalite of Bear Valley Springs. These
bodies are coarser grained, lighter colored, and more
quartz rich than the tonalite of Bear Valley Springs.
Although their mapped form suggests that these bodies
are plugs within the tonalite body, field study has not con-
firmed this interpretation. I found no dikes of these felsic
rocks cutting the tonalite, and in several places the con-
tact appears to be gradational, suggesting that the felsic
masses may have been derived from later-crystallizing
parts of the tonalite which were more or less in place—
not later surges of magma. These felsic rocks are best ex-
posed and most easily visited along California Highway
58 near Keene. These outcrops are part of a mass underly-
ing an area of at least 20 km2. The lighter colored,
bouldery slopes of the felsic mass contrast strongly with
the darker tonalite to the east and west. Other felsic
masses are considerably smaller but are generally similar
texturally and mineralogically. In addition to the mapped
felsic bodies, other, smaller areas of similar rocks also ap-
pear to be local variations within the tonalite.

Included in this unit is a small mass on Caliente Creek
Road east of Caliente that may correlate with the grano-
diorite of Sorrell Peak. The texture and modal composi-
tion of these Caliente Creek rocks are similar to the
Sorrell Peak mass, and the Caliente Creek rocks contain
more K-feldspar and less quartz than average felsic rocks
within the tonalite of Bear Valley Springs. The Caliente
Creek specimens, however, are within the modal range
of felsic rocks of the Bear Valley Springs mass and for
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of Bear Valley Springs. 10-percent contour is shown for biotite and hornblende. Compare with figure 9.
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convenience are lumped with them on plate 1. These felsic
rocks texturally are similar to the tonalite of Bear Valley
Springs. Modal data for the felsic masses are presented
in figure 12 and table 6.

Plagioclase is well twinned; however, the twin planes
are thinner than in the tonalite of Bear Valley Springs,
and determinations suggest sodic andesine or even, in
part, oligoclase for these rocks. K-feldspar ranges in abun-
dance from 0 to 20 percent; where present, it commonly
forms large grains that range from untwinned to strong-
ly grid twinned. Locally, the K-feldspar crystals are
phenocrysts. Quartz is abundant in grains as large as 5
mm. Undulatory extinction, mosaicking, and granulation

Average mode (volume percent)
Plagioclase .............ccoeveerrinnnieniiinnnnns
K-feldspar............cooiiniiiniiiiiinnnnn.
Quartz .
Biotite

35

of the quartz reflect considerable strain in these rocks,
particularly in foliated samples. Dark-brown biotite and
dark-olive-green hornblende are nearly identical in ap-
pearance to those minerals in the darker tonalite of Bear
Valley Springs. Discrete primary(?) muscovite flakes are
found in some specimens. Sphene, zircon, and apatite are
also found, but metallic opaque-mineral grains are rare.

Dibblee and Warne (1970) mapped several areas of
altered rock along Tweedy Creek and suggested that the
rock ‘“* * * has been highly altered by hydrothermal solu-
tions or steam, probably related to emplacement of dacite
dikes of Tertiary age which crop out to the southeast.”
I mapped an additional altered body on the north side of

Biotite
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Quartz
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FIGURE 12.—Modal plots of felsic masses within the tonalite of Bear Valley Springs.



36

METAMORPHIC AND PLUTONIC ROCKS, SOUTHERNMOST SIERRA NEVADA, CALIFORNIA

TABLE 6.—Modes of felsic masses within the tonalite of Bear Valley Springs

[A11 modes in volume percent. Others: G, garnet; 0, opaque minerals; S, sphene]
Sample Plagioclase K-feldspar Quartz Biotite Hornblende Others Specific
gravity
3538 34,5 19 38.5 8 --- --- 2.64
3539 48 7.5 31 8 5.5 -—-- 2,70
35448 48 12 25 15 - ——- 2.67
3590C 38 15 38 7 2 -—- 2.62
3612 51.5 .5 39 6 3 --- 2.68
3638 51.5 4.5 27 12 5 ——— 2.70
3648A 40 15 34 9 2 -—- 2.65
3653 50 1 36 13 - -——- 2.63
3687 46 14 20 12 8 -—- 2.69
3689 58 3 28 8 3 <1(S) 2.67
3695 49 11 27.5 9.5 3 ——— 2.68
3697 47 7 33 6 7 <1(0), <1(S) 2.69
3704 47 -—- 46 3 4 ——— 2.66
3724A 50 1 39 7 3 --- 2.64
3782 44 19 25 12 ——- --- 2.62
3783 49 6 35 10 -—- -—- 2.61
3787 50 -—- 4 9 --- --- 2.65
3788A 38 17 33 9 3 -—-- 2.61
3794A 42 20 31 5 2 -—- 2.66
3815 62 -—- 28 10 -—- -——- 2.68
3859A 34 20 37 3 6 --- 2.65
3968A 55 1 33 10 --- 1(G) 2.61
3970 32 16 42 9 -— - 2.68
4121 42 18 32 7 1 - 2.65
4122 42 18 32 5 3 -—- 2.61
4468 40 23 28 9 --- -—- 2.63
4469 45 24 24 7 --- --- 2.62
Average-------- 45.5 11 33 8.5 2 -—- 2.65
Standard 7.2 8.2 6.2 2.9 2.4 -—- .03

deviation.

Tweedy Creek (easternmost body with crosslined pattern
on pl. 1) that contains angular, gray to pink, felsic volcanic
fragments. This easternmost body, and the other altered
areas as well, may represent vent breccias. Dibblee and
Chesterman (1953) described a possibly comparable vent
breccia containing gray to pink rhyolite to dacite frag-
ments from a locality about 8 km south of the Walker
Basin and about 14 km north of the Tweedy Creek
locality.

TONALITE OF MOUNT ADELAIDE

SETTING

Three large masses of biotite tonalite intrude the Bear
Valley Springs body in the northern part of the study
area. The largest mass, north of the Walker Basin, covers
an area of about 105 km? within the study area. The ovoid
outcrop pattern suggests that this mass may have forced
its way into the metasedimentary rocks that now bound
it on the northeast and southwest. On the southwest side
of the tonalite body, metasedimentary rocks form a
septum, discontinuous to the southeast, between the

Mount Adelaide body and the tonalite of Bear Valley
Springs.

A second pluton of the Mount Adelaide rock type under-
lies an area of nearly 100 km? southwest of the Walker
Basin. These rocks are bounded by the Breckenridge fault
on the southeast and by a northeast-trending belt of mafic
rocks and the Pampa Schist on the northwest. The
parallelism of these two contacts suggests at least some
sort of structural control on emplacement of the Mount
Adelaide intrusive mass. Similar exposures of the Mount
Adelaide body on California Highway 58 to the south are
probably connected to the mass southwest of the Walker
Basin beneath the alluvium. Also, similar granitic rocks
were penetrated in wells drilled to basement in the Edison
oil-field area to the southwest.

The third mass of the Mount Adelaide rock type to the
north is much smaller (30-km2 area) within the study
area, rather duck shaped, and separated from the Bear
Valley Springs unit by a septum of Pampa Schist along
the duck’s head and bill. Its grossly lozengelike shape sug-
gests that this mass was forcibly emplaced into the area
now underlain by the Bear Valley Springs body in a man-
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ner analogous to the emplacement of the larger mass
northeast of the Walker Basin.

PETROGRAPHY

The tonalite of Mount Adelaide (fig. 13; table 7) is prob-
ably the most distinctive and easily recognized granitic
rock type in the map area. It contains euhedral biotite in
six-sided crystal plates, as much as 1 cm across but gen-
erally smaller. Although euhedral biotite is not present

in all outcrops of the Mount Adelaide bodies, its recur-
rence is a reassuring index in mapping this unit.
Well-formed biotite and hornblende crystals and sub-
hedral plagioclase crystals give this rock type a hypauto-
morphic granular texture. The plagioclase is andesine in
well-twinned crystals that in part show oscillatory zon-
ing. K-feldspar is generally sparse in this unit, but the
mass northeast of the Walker Basin contains more than
10 percent K-feldspar in some specimens. Quartz is abun-
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FIGURE 13.—Modal plots of the tonalite of Mount Adelaide.
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TABLE 7.—Modes of the tonalite of Mount Adelaide

[A11 modes in volume percent; tr, trace. Others: 0, opaque minerals; S, sphene]
Sample Plagioclase K-feldspar Quartz Biotite Hornblende Others SZi;lg;;
3631 72 -—-- 15 8 5 -— 2.64
3631-1 67 -—- 19 9 5 -—- 2.73
3631-2 58 -— 34 8 - --- 2.65
4137E 42 14 14 30 - -—- 2.75
4144A 58 -— 25 9 8 -—- 2.72
4145 59 <1 25.5 12 3.5 - 2.68
4145-2 52 1 30 14 3 -— 2.66
4145-4 59 -—- 22 13 6 -—- 2.72
4148A 64 -—- 20 14 2 -—- 2.66
4189 62 1 24 12 1 -—- 2.70
4197 62 —~—— 23 10 5 -—- 2.70
4220 63 -—- 24 13 --- --- 2,70
4236 66 1 20 12 <1 1(0) 2.64
4238 59 1 27 12 1 - 2.70
4246 59 - 26 13 2 - 2.70
4253A 66 3 25 6 -— - 2.64
42538 62 2 26.5 9.5 --- -—- 2.67
4265 51 10 23 11 5 -—-- 2.69
4266 62 12.5 14,5 10 i - 2.68
4273 54 13 20 10 2 1(S) 2.69
4275A 50 10 25 11 4 -—- 2.72
42758 53 8 24 12 3 -— 2.73
4282 60 2 20 12 6 - 2.71
4233 52 10 18 14 6 - 2.70
4285 58 2 22 14 2 2(S) 2.73
4287 65 2 18 13 1 1(S) 2.70
4294 59 2 16 14 8 1(s) 2.75
4304A 60 2 20 14 4 -— 2.72
4308 55.5 4,5 17 14 8 1(s) 2.74
4315 60 tr 17 18 5 ——- 2.73
4319 56 1 22 17 4 --- 2.73
4419 59 1 29 11 - -— 2.65
4420 56 1 30 13 --- -— 2.69
4564 60 ——- 23 13 4 ——- 2.71
4567A 57 -—- 27 12 4 --- 2.73

. 4569A 62 - 23 12 3 -—- 2.73
Rock Pile"-==ccama- 61 <1 27 12 -——- ——— 2.63
Average-------- 59 3 22.5 12.5 3 <1 2.70
Standard 5.6 4.3 4.7 3.9 2.5 -— .04
deviation.

dant in small to large grains that range from virtually
unstrained to strongly undulatory and mosaicked. Biotite
is generally deep brown to opaque in the two larger
masses, but along California Highway 58 and in the
smaller northwest mass it is in part moderate reddish
brown. Hornblende is absent in some specimens but
makes up a few percent of most samples; it is generally
strongly pleochroic in shades of green and olive. The same
thin sections that contain reddish-brown biotite also seem
to contain colorless to pale-green hornblende. Metallic
opaque-mineral grains are rather widely scattered in this
mass.

Along the railroad line west of Caliente, along and east
of Caliente-Bodfish Road near the north edge of the study
area, and in several smaller patches, finer grained rocks
are present that have much the same mineralogy and tex-

ture as the coarser, average Mount Adelaide rock types
(fig. 14; table 8). Coarser, well-formed biotite crystals are
found in many of these finer grained masses. Both west
of Caliente and east of Caliente-Bodfish Road, near the
north edge of the study area, there is a gradation between
the coarser, “normal” Adelaide and the finer grained
rocks. However, just north of the study area along
Caliente-Bodfish Road, I have seen dikes of finer grained
rocks cutting coarser grained, normal Mount Adelaide
rocks. Some of the finer grained rocks are richer in K-
feldspar and poorer in hornblende than are their coarser
grained associates, features suggesting that they may be
felsic derivatives of the normal Mount Adelaide type.
Subsequent geologic mapping to the north of the study
area has shown that the finer grained rocks are most prob-
ably younger bodies.
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TONALITE OF HOFFMAN CANYON
SETTING

The best exposures of the tonalite of Hoffman Canyon
are along the canyon, a tributary to Jawbone Canyon in
the northeastern part of the map area. This tonalite,
together with associated gneissic and amphibolitic rocks,
forms a large mafic inclusion or enclave in an area of
notably felsic granitic rocks. The tonalite covers an area
of some 95 km2, and the gneissic and amphibolitic rocks

Average mode (volume percent)
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cover an additional 30-km? area to the south near Jaw-
bone Canyon. The limits of the tonalite mass to the north
and west are somewhat uncertain, partly because of
limited exposures. The contact to the south with the
gneissic and amphibolitic rocks is a broad and arbitrary
zone that lies between dominant tonalite on the north and
dark amphibolitic and gneissic rocks on the south.

The Hoffman Canyon mass is enigmatic: Either it could
be a separate hornblende-rich pluton that may or may not
be correlative with the tonalite of Bear Valley Springs,
or it may represent the granodiorite of Claraville that is
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FIGURE 14.—Modal plots of the finer grained facies(?) of the tonalite of Mount Adelaide.
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TABLE 8.—Modes of the finer grained facies(?) of the tonalite of Mount Adelaide

[A11 modes in volume percent. Others: 0, opaque minerals; S, sphene]

. s s Specific
Sample Plagioclase K-feldspar Quartz Biotite Hornblende Others gravity
3866 51 8 33 8 -—- - 2.63
3866-1 62 -— 30 8 - m~—— 2.70
3868A 61 1 27 11 - --- 2.67
38688 56 1 35 8 -—-- -—— 2.66
3868-1 58 1 33 8 .- - 2.69
4160 56 <1 32 11 <1 1(0) 2.65
4221 67 - 17 9 7 - 2.76
4248 57 <1 28.5 14 .5 -— 2.65
4251 56 1 31 12 --- - 2.63
4268 52 14 28 6 -— -—- 2.66
4270 58 9 21 10 1 1(0,S) 2.71
4286 48 20 25 6 1 -—- 2.67
4421 56 1 31 12 -—- -—- 2.67
Average-------- 57 4 28.5 9.5 1 - 2.67
Standard 4.9 6.5 5.1 2.4 1.9 -—- .04

deviation.

contaminated by interaction with the gneissic and am-
phibolitic rocks of Jawbone Canyon. The choice is severely
hampered by an absence of exposed contacts. I have
placed the north contact with the Claraville mass arbitrar-
ily between rocks containing abundant hornblende to the
south and the hornblende-poor Claraville body on the
north, but I have seen no dikes or other evidence to in-
dicate that two intrusive masses are present. The south
contact of the Hoffman Canyon unit with the gneissic and
amphibolitic rocks is even more arbitrary, in a broad
mixed zone of gneissic and amphibolitic rocks and various
granitic rocks.

This problem cannot be resolved by reconnaissance
mapping alone; further work is needed to determine
whether, indeed, a Hoffman Canyon intrusive mass ex-
ists, or whether this unit is merely a contaminated facies
of the Claraville mass. In any event, the dark gneissic and
amphibolitic rocks of Jawbone Canyon seem to be some-
what similar to, if not correlative with, the mafic meta-
morphie rocks of the San Emigdio-Tehachapi Mountains.
The Hoffman Canyon mass contains gneissic zones,
schlieren, and inclusion swarms that suggest the kind of
contamination which is common in the tonalite of Bear
Valley Springs. Whatever its genesis, the Hoffman Can-
yon mass is a mappable unit whose limits are generally
as shown on plate 1; it may be a correlative of the Bear
Valley Springs mass.

PETROGRAPHY

The outcrop appearance of the tonalite of Hoffman
Canyon resembles that of the Bear Valley Springs mass.

Both units contain abundant dark minerals with irregular
anhedral crystals, and both units contain abundant dark
inclusions. The tonalite of Hoffman Canyon is dominated
by anhedral to subhedral, well-twinned andesine crystals.
K-feldspar is untwinned and ranges in abundance from
0 to nearly 20 percent. Quartz is abundant and forms
grains several millimeters across that are commonly
mosaicked. Brown biotite and olive hornblende are abun-
dant in clusters of anhedral grains. Clinopyroxene is
present as cores in some hornblende crystals. Discrete
muscovite crystals that look primary are found in some
specimens. Lozenges of prehnite occur in some biotite
plates, and blue tourmaline was noted in one specimen.
Metallic opaque-mineral grains and sphene are the most
common accessories, with minor grains of apatite and
zircon.

Although the modal average for the tonalite of Hoff-
man Canyon contains more K-feldspar and has a higher
biotite/hornblende ratio than the average for the Bear
Valley Springs mass, the range of values for each mineral
is nearly identical (fig. 15; table 9). Individual samples of
the Hoffman Canyon unit are identical modally to those
of the Bear Valley Springs unit, and the modal average
of the two units is also similar.

The dark gneissic and amphibolitic belt south of the
tonalite of Hoffman Canyon contains conspicuous dark to
light, quartzofeldspathic gneissic layers that appear to be
invaded by tonalite, and the gneiss is partly interleaved
with tonalite. Along Jawbone Canyon are large areas of
dark rocks that resemble the inclusion material common
in the tonalite of Hoffman Canyon. It is not difficult to
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imagine the abundant inclusions being derived from the
belt of dark gneissic and amphibolitic rocks. The dark
rocks are dominated by fresh, well-twinned plagioclase
of about Ansg and moderate green hornblende. Brown
biotite is less common, and minor quartz is present.
Opaque material is common, both as irregular grains and
as schillerlike inclusions in hornblende. Some of these
rocks are weakly porphyritic and contain small subhedral
plagioclase crystals. Less common are dark rocks spotted
by clusters of green hornblende that may be relicts of
volcanic phenocrysts. The dark gneissic and amphibolitic
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TABLE 9.—Modes of the granodiorite of Hoffman Canyon

[A11 modes in volume percent. tr, trace; n.d., not determined. Others: C, clinopyroxene; 0,
opaque minerals; S, sphene.
Sample Plagioclase K-feldspar Quartz Biotite Hornblende Others Spec1f1c
gravity
3842A 59 3 18 15 5 - 2.74
3843A 45 12 23 15 5 -—- 2.70
3844 49 5 24 14 8 - 2.70
3845 48 11 25 13 3 -—- 2.70
3846A 45 11 22 17 4 -—- 2.73
3849A 58 7.5 11.5 18 5 --- 2.77
4379 56 2 17 11 13 1(S) 2.78
4382 51 6 21 16 6 -— 2.73
4390 52 3 19 18 8 -—- 2.73
4392 54 1 21 18 2 4(C) 2.72
4393 57 --- 19 12.5 11 5(0) n.d.
4395 57 --- 12 22 9 - 2.7
43988 64 1 14 17 4 --- 2.73
4400 49 9 18 16 8 -—- 2.73
4401 44 15 24 11 6 -— 2.71
4509A 47 19 13 11 10 --- 2.72
45098 45 15 16 19 5 - 2.69
4536 51 <1 22 20 4 3(C) n.d.
4542 49 - 22.5 19.5 9 -— n.d.
4554 53 -—- 20.5 20 6.5 --- 2.78
4555A 46 tr 27 22 5 --- 2.75
45558 46 -— 24 22 8 - n.d.
4557 49 12 19 13 7 - 2.74
Average-~~=~=-- 51 5 20 17 7 - 2.73
Standard 5.4 5.9 4.3 3.6 2.7 --- .03
deviation.

In addition, the foliation of the Hoffman Canyon mass,
shown by aligned inclusions and gneissic layers, is gentle
to near-horizontal (at least along Hoffman Canyon). These
features suggest that the tonalite of Hoffman Canyon may
represent a near-roof part of a granitic body. The original
configuration of the Hoffman Canyon mass and its possi-
ble original connection with the presumably deeper Bear
Valley Springs mass (based on coarser grain size and steep
foliation) is now obliterated by younger granitic rocks.

GRANITE OF SADDLE SPRING ROAD

A small (8-km? area) granitic pluton lies between meta-
sedimentary and metavolcanic rocks at the north edge of
the study area northeast of the Walker Basin. These
granitic rocks extend northward out of the study area and
are also exposed within the belt of metasedimentary rocks

.and gneiss that adjoins the Saddle Spring Road body on
the southwest. In outcrop, these rocks are generally fine
grained, varicolored in shades of gray, and characterized
by abundant small, rounded dark clots and inclusions, as
much as a few centimeters long.

Thin-section study shows a strikingly bimodal texture,
with ragged plagioclase crystals, as much as 3 mm long,

in a much finer grained matrix, mainly of quartz and
feldspar. Although this matrix may reflect a rehealed mor-
tar texture, its general appearance is more reminiscent
of the texture of a hypabyssal rock or a quenched ground-
mass. This texture may represent chilling at a pluton
margin, although such chilling is unusual in this region.

Some of the larger plagioclase crystals are well twinned
and weakly zoned in the sodic to intermediate andesine
range. Grid-twinned K-feldspar occurs in the matrix and
varies greatly in abundance. Quartz is abundant and com-
monly is mosaicked and in broken angular grains, a tex-
ture suggesting that the matrix may be cataclastic. Brown
biotite and pale- to dark-green hornblende are common
in shreddy aggregates and in large anhedral crystals. Con-
centrations of these dark minerals form the clots and
small inclusions that are common in this pluton. Zircon,
sphene, and apatite are present, but metallic opaque
material is rare.

GRANODIORITE OF LEBEC

SETTING

Crowell (1952) first named the Lebec Quartz Monzonite
for exposures on both sides of Grapevine Creek north of
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the Garlock fault near Lebec. This unit, here informally
designated the granodiorite of Lebee, extends eastward
from Crowell’s original type area and is truncated by the
Garlock fault; it also extends about 30 km westward,
where it is cut off by the San Andreas fault. In its pres-
ent form, the body covers an area of about 115 km?, The
Lebec mass has engulfed and included large volumes of
metasedimentary rock (see subsection above entitled
‘““Metasedimentary Rocks of Salt Creek”), which consists
largely of quartzofeldspathie schist, impure quartzite, and

caleareous rocks.

PETROGRAPHY

The Lebec mass (fig. 16; table 10) consists of peppery
biotite granodiorite that contains small, sparse mafic in-
clusions. Locally it is porphyritic and contains stubby,
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phenocrysts down to small interstitial grains giving the

rock a seriate texture. Some outcrops contain distinctive
round, blue grains, as large as 5 mm across. Scattered
coarse biotite flakes and red-stained cores of hornblende
crystals are also conspicuous in some outerops. The Lebec
mass is generally homogeneous and is free from obvious
wallrock contamination, except locally.
In thin section, the most distinctive feature of the Lebec
unit is the occurrence of euhedral to subhedral plagioclase
crystals of sodic andesine that show well-developed
oscillatory zoning. K-feldspar occurs locally in irregular
interstitial grains but, more commonly, in discrete
subhedral and euhedral poikilitic crystals that include all
other minerals. Reddish-brown biotite, peppered with
zircon-cored pleochroic haloes and apatite prisms, occurs
in discrete books that are as large as the quartz and

feldspar grains.
Hornblende, in part in euhedral prisms, is uncommon

poikilitic K-feldspar crystals, as large as 15 mm across.
These K-feldspar crystals range in size from large
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FIGURE 16.—Modal plots of the granodiorite of Lebec.
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TABLE 10.—Modes of the granodiorite of Lebec

[A11 modes 1n volume percent; n.d., not determined. Others: A, allanite; C, clinopyroxene; M, musco-
vite; 0, opaque minerals; S, sphene]

Sample Plagioclase K-feldspar Quartz Biotite Hornblende Others SDEC1T1C

gravity
643 50 19 20 11 -—- <1(M™) 2.69
660 49 15 25 11 -~ -——- 2.62
673 48 15 25 11 1 <1(M) 2.67
674 48 16 21 14 1 —-— 2.72
679A 43 21 28 7 1 <1(M) 2.65
680 47 15 28 10 <1 <1(A,M) 2.68
682 44 22 29 5 - <1(M) 2.64
683 53 6 27 14 -—- <1(A) 2.67
636 45 18 26 10 1 <1(M) 2.68
637 49 12 27 11 1 <1(A) 2.68
688 51 12 22 15 -— <1(M) 2.71
690 48 15 27 8 2 -—- 2.67
691 34 26 28 11 1 --- 2.66
692 48 14 26 11 1 <1(C) 2.67
693 49 10 27 14 ——- --- 2.68
694 47 14 23 13 3 <1(C) 2.71
695 47 16 25 10 2 —— 2.65
696 41 19 24 13 3 <1(C,M) 2.68
697 49 12 26 13 - <1(A) 2.68
698 41 17 27 13 2 -—-- 2.68
699 57 4 24 15 -— <1(A) 2.69
700 49 13 22 14 2 <1{C,M) 2.69
701 49 6 30 14 1 --- 2.63
702 52 9 24 12 1 2(C) 2.70
706 58 2 18 19 3 -—- 2.69
707 52 9 23 14 2 <1(C) 2.70
712 47 20 28 5 --- -—- 2.65
713 48 16 26 10 --- - 2.67
779 52 7 29 12 -— - 2.68
780 60 1 27 12 <1 <1(C), 1(M) 2.71
FM-1 a7 12 24 17 <1 -—- 2.71
3047 56 6 26 10 2 -—- 2.70
3048 62 1 20 16 1 - 2.72
3053 49 12 22 16 1 <1(A) 2.70
3054 48 6 30 15 1 <1(S) 2.70
3056 45,5 11.5 34 9 --- - n.d.
3069 41 21 25 10 3 <1(S) 2.66
3078 44 17 30 8 1 - 2.67
3079 50 14 24 10 2 <1(A) 2.68
3081 56.5 ] 21 10 3.5 -— 2.69
3086 43 18 30 9 --- <1(A,S) 2.65
3088 58 12 18 7 4 1(S) 2.70
3132 50 15 25 9 --- 1(s) 2.65
3133A 32 24 36 8 --- -—- 2.64
3142 63 7 17 12 1 <1(A,0,S) 2.68
3145 40 15 33 12 - -——- 2.63
3148 56 2 26 16 - <1{A) 2.68
3162 a6 14 27 11 2 <1(A) 2.66
3181 51.5 8 27 11.5 2 -—- 2.67
3185 51 7.5 28 12.5 1 <1(A) 2.68
3190 50 11 30 9 -—- -— 2.68
3193 47 13 27 12 1 <1(A) 2.68
3195 53 10 21 14 2 <1(A) 2.68
3197 45 11 26 17 1 --- 2.65
3203 44.5 15 28.5 10 2 --- 2.63
3204 52 9 24 13 2 -—-- 2.67
3208 a5 17 33 4 -—- -— 2.66
3211 44 19 30 6 1 <1{A) 2.64

3212 58 7 21 11.5 2.5 <1(A) 2.685
3213 56.5 11.5 18 13 1 -— 2.70
3217 40 23.5 29 7.5 <1 -—- 2.65
3222 48 15 30 7 <1 <1(S) 2.66
3262 54 7 22 17 --- -—- 2.69
3263 52 10 25 12 1 - 2.69
3838 47 16 23 12 2 <1(A) 2.68
3390 45.5 17 23 11.5 3 ——- 2.68
3891 54 7 22 15 2 <1(A) 2.69
Average-------- 49.5 13 25 11.5 1 -— 2.68
Standard 7.3 6.9 4,7 3.6 1.1 -—- .02

deviation.
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but widespread in these rocks; much of it is pale green,
although locally it has the deep-olive-green shades typical
of many granitic masses. The red cores in hornblende con-
sist of iron-oxide-alteration material associated with lacy
remnants of clinopyroxene. The Lebec mass also contains
discrete (primary?) muscovite flakes in most specimens.
The most distinctive accessory mineral is reddish-brown
allanite, which occurs in euhedral zoned crystals, as large
as 1 mm. In addition, zircon, apatite, and sphene are pres-
ent in most sections, but metallic opaque-mineral grains
are notably rare.

Alteration of these rocks varies considerably; some are
virtually unaltered, whereas others contain completely
chloritized biotite and strongly saussuritized plagioclase.
Some of the biotite appears to have been bleached, with
the resulting development of droplets of sphene and some
opaque material, but no chlorite. Some of the more intense
alteration is accompanied by shearing and granulation of
the rocks, and some of the outcrops near the San Andreas
fault show intense shearing and a conspicuous anastamos-
ing fabric. However, it is surprising how fresh and struc-
turally undisturbed are some outcrops that are relatively
close to the fault, partly because of the preservation of
lozenges of relatively fresh rock in otherwise-sheared
outecrops.

FiNe-GRAINED Facies

Sugary, fine-grained granitic rocks are found through-
out the Lebec mass, but they are more common in its
western part (pl. 1). From field relations, it was unclear
whether or not these rocks are a fine-grained facies of
the Lebec mass. Some fine-grained dikes intrusive into
the Lebec mass are similar to the fine-grained rocks.
Petrographic study and modal analysis (fig. 17; table 11)
suggest that the fine-grained facies is a more felsic, later
pulse and not a fine-grained equivalent of the Lebec mass.

The fine-grained facies contains considerably less biotite
than the granodiorite of Lebec, and very rare hornblende.
On average, the two facies also contain considerably dif-
ferent proportions of quartz and feldspar. Nevertheless,
a near-overlap in modal percentages occurs between in-
dividual samples of the granodiorite of Lebec and the fine-
grained facies. The fine-grained rocks probably represent
a somewhat more differentiated and later pulse of the
Lebec magma, although the compositional gradations of
both units suggest a close relation between the two facies.

FeLsic MarciNaL Facies

Locally within the Lebec mass and generally near the
margin of the mass are felsic rocks (fig. 18; table 12) that
have about the same grain size as the Lebec mass. These
rocks present much the same dilemma as the fine-grained
facies; that is, the relations of these felsic rocks to the
average Lebec rocks are unclear. These felsic marginal
rocks are best exposed near the north end of the San
Emigdio fault; they are in an unusual setting to be a late-
crystallizing part of the Lebec mass. Most probably, they

represent a local late magmatic pulse, as do the fine-
grained rocks, although, as yet, no evidence has been
found that the felsic marginal rocks intrude the Lebec
mass.

GRANODIORITE OF CLARAVILLE

SETTING

The granodiorite of Claraville nearly equals the tonalite
of Bear Valley Springs in size, covering an area of about
635 km?2. Within the study area, outcrops of the Claraville
mass terminate against the Sierra Nevada fault on the
east, the Garlock fault on the south, and a nearly con-
tinuous septum of metamorphic rocks on the west that
separates the Claraville body from the tonalite of Bear
Valley Springs. Early in the study of this area, three
presumably separate granitic masses were mapped. These
masses are in the Whiterock Creek area north of
Tehachapi, in Lone Tree Canyon north of Mojave, and
near Claraville northwest of Kelso Valley. With continued
mapping, there was no obvious evidence for more than
one intrusive mass. A separation can be made, however,
between areas of dominantly porphyritic rocks and areas
of nonporphyritic rocks (fig. 19) that contain somewhat
more biotite and hornblende. Tentatively, these nonpor-
phyritic and somewhat darker rocks are considered to be
the Whiterock facies of the Claraville body, although they
could, in fact, be a separate intrusive body.2

The Claraville body probably intrudes the tonalite of
Bear Valley Springs, but the contact is either largely
masked by metamorphic rocks or poorly exposed. The
tonalite of Hoffman Canyon and the associated am-
phibolitic and gneissic rocks of Jawbone Canyon may be
a large inclusion or enclave of the tonalite of Bear Valley
Springs, and the mafic metamorphic rocks of the San
Emigdio-Tehachapi Mountains that were engulfed by the
Claraville pluton or the Hoffman Canyon mass could be
a contaminated facies of the Claraville body, formed by
interaction of magma with the gneissic and amphibolitic
rocks of Jawbone Canyon.

West of Lone Tree Canyon, Dibblee (1959) noted that
the rock is “* * * hydrothermally altered to hard coherent
but cavernous-weathering masses.”” He interpreted these
masses as part of the (Claraville) granitic mass in Lone
Tree Canyon. Indeed, in some places the Claraville mass
has its mafic minerals extensively leached and even
destroyed, and the rocks are stained orange by iron ox-
ides. However, most of the craggy, cavernous-weathering
outcrops have a distinctive mineralogy that is richer in
quartz and K-feldspar than those of the Claraville body,
a difference suggesting that the cavernous-weathering
rocks are younger intrusions into the Claraville mass. In

2Geologic mapping north of lat 35°30" N., since the preparation of this report, has shown
that the granodiorite of Claraville is the southern part of a large porphyritic pluton which I
have named the “granodiorite of Castle Rock.” Probably, this body extends as far north as
lat 86°20° N., where it is called the granite of White Mountain (du Bray and Dellinger, 1981).
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TABLE 11.—Modes of the fine-grained facies(?) of the granodiorite of Lebec

[A11 modes in volume percent]

METAMORPHIC AND PLUTONIC ROCKS, SOUTHERNMOST SIERRA NEVADA, CALIFORNIA

Sample Plagioclase K-feldspar Quartz Biotite Hornblende ng:;{;;
721 42 31 23 4 -—- 2.63
722 41 31 22 6 ~-- 2.65
3115 33 26 39 2 -—- 2.62
3118 48 13 34 5 -—- 2.66
3119 42 21 34 3 <1 2.63
3125 30.5 30 37 2.5 <1 2.60
3127 44 22 31 3 -— 2.62
3136 38 26 32 4 -—- 2.62
3164 48 20 28 4 -—- 2.655
3167 43 25 27 5 <1 2.64
3169 46 21 28 5 ——— 2.65
3186 31 38 29 2 -— 2.61
3225 45 18 33 4 -——- 2.61
Average--=----- 41 25 30 4 -—— 2.63
Standard 6.0 6.6 5.0 1.3 -— .02
deviation.
Other
Average mode (volume percent} Numbers indicate

Plagioclase superposed points
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F1GURE 17.—Modal plots of the fine-grained facies of the granodiorite of Lebec.
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TABLE 12.—Modes of the felsic marginal fucies(?) of the granodiorite of Lebec
M, muscovite]

[A11 modes in volume percent. Others:
. s Specific
Sample Plagioclase K-feldspar Quartz Biotite Others gravity
678 33 28 34 5 <1(M) 2.64
3010 33 22 42 3 ——— 2.63
3012A 31 28 37 4 -—- 2.62
3138A 32 24 36 8 ——- 2.64
3879 29.5 31 36 3.5 - 2.59
3880 29 34 31 6 --- 2.60
Average-------- 31 28 36 5 - 2.62
Standard 1.7 4.4 3.6 1.9 —— .02
deviation.
Average mode (volume percent)
Plagioclase .........coceuvvieiiiiinininieiinnns 31
K-feldspar ... 28
Quartz ...... 36
Biotite.......oevieieniiieiiiiii e, j
Total....... 100 6{
Specific gravity........cooceeeeeiiiiinnn. 2.62 é/
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FiGure 18.—Modal plots of the felsic marginal facies(?) of the granodiorite of Lebec
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at least two localities, craggy orange rocks intrude the
Claraville mass. These younger plugs, which are exten-
sively altered, are presumably part of the granite of the
Bishop Ranch.

PETROGRAPHY

The Claraville mass (fig. 20; table 13) is freshest and
best exposed north and west of Kelso Valley. It has a pep-
pery texture characterized by a liberal sprinkling of small
biotite crystals and lesser hornblende. Scattered ellip-
soidal, dark, fine-grained inclusions, as much as a few
centimeters long, are also characteristic. Subhedral
phenocrysts of pink K-feldspar, as much as 4 cm long, are
particularly conspicuous in the northern part of the body.
A few specimens contain scattered euhedral hornblende
crystals, as much as 1 cm long. The Claraville mass
generally has a xenomorphic granular texture.

Tabular anhedral to euhedral plagioclase grains form
a major part of the rock; they are well twinned and exhibit
oscillatory zoning in the range of sodic to intermediate
andesine. K-feldspar varies greatly in abundance; it occurs
in anhedral untwinned grains that in part are interstitial.
As previously noted, some of the K-feldspar forms
subhedral to euhedral phenocrysts. Quartz is generally
abundant and mostly occurs in anhedral grains. Strain in

118°30'
36°30°

118°15" 118°00°

éf

35°15'+
Whiterock
\ facies
® s

35°00' L

EXPLANATION
o Porphyritic
o Nonporphyritic

Contact—Dashed where
approximately located

= Fault

0o 4 8 KILOMETERS

FIGURE 19.—Tentative distribution of the Whiterock facies of the
granodiorite of Claraville on the basis of the distribution of porphyritie
and nonporphyritic samples.

quartz is indicated by undulatory grains, mosaicked
masses, and local granulation. Biotite is generally dark
brown or olive; some is reddish brown. Chloritization of
biotite is widespread in this mass, and in some specimens
no original biotite remains. Dark-green hornblende,
though not everywhere present, is a recurring accessory
mineral. What appears to be primary muscovite occurs
in discrete flakes that make up as much as 1 percent of
some specimens. Metallic opaque-mineral grains and
sphene are abundant in these rocks; allanite, zircon, and
apatite are also present.

K-feldspar in the Claraville pluton does not have an even
distribution. A north-south line drawn at about long
118°10° W. separates most of the specimens that contain
20 percent or more K-feldspar to the east of the line, from
most of those that contain less than 20 percent K-feldspar
to the west. This uneven distribution may reflect the
Whiterock facies to the west. Some specimens west of the
line contain 24 to 28 percent K-feldspar, and some east
of the line contain only 2 to 5 percent K-feldspar, but
generally K-feldspar is more abundant to the east. The
Whiterock facies is petrographically much like the rest
of the Claraville body, but the Whiterock facies contains
more dark minerals and generally less K-feldspar (fig.
21; table 14). Both the main Claraville body and the
Whiterock facies, however, vary considerably in mineral
content.

Orange-weathering, hydrothermally altered rocks of the
Claraville mass are most common near Lone Tree Canyon
and are similar in appearance to outcrops of the craggy
weathering granite of Bishop Ranch. Dark minerals have
been completely replaced by pseudomorphs composed of
chlorite, epidote, calcite, and sphene globules. In some
rocks, only iron oxide clots remain as evidence of former
dark minerals. Clouded, clayey to strongly saussuritized
plagioclase is also common. Sphene is altered to leucox-
ene. Some of the altered rocks are strongly cataclastic.

In Jawbone Canyon, particularly near Hoffman Canyon,
alteration of the granitic rocks is common. Previously,
these rocks had been considered to be brecciated rocks
in a north-south-trending shear zone. Their appearance
and distribution, however, suggest that they were, in-
stead, hydrothermally altered, either during intrusion of
the granite of the Bishop Ranch or, more likely, as the
result of nearby Tertiary volcanic activity.

Strongly hydrothermally altered rocks of the Claraville
mass are also found along the Garlock fault. These dark
rocks are in part cataclastic. They contain the same altera-
tion products as the orange-weathering, hydrothermally
altered rocks discussed above. I note that some of these
rocks along the Garlock fault strongly resemble the green,
altered granitic rocks that are present in a thick retro-
grade zone between upper-plate granitic rocks and lower-
plate Rand Schist that marks a strongly compressional
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TABLE 13.—Modes of the granodiorite of Claraville

{A11 modes in volume percent; n.d., not determined. Others: 0, opaque minerals; S, sphenel

Sample Plagioclase  K-feldspar Quartz Biotite Hornblende Others Sgigl:;;
3848 43 26 24 7 -——- -—- 2.64
33498 52 9 29 10 --- - 2.67
4049FL 50 17 23 10 1 -— 2.67
4051 55 7 25 10 1 1(0), 1(S) 2.68
4052 49 11 26 8 4 1(0), 1(S) 2.70
4059A 47 15 26 10 1 1(S) 2.66
40598 42 18 32 7 <1 1(0) 2.66
4064 53 17 21 9 - -—— 2.66
4065A 57 5 25 11 1 1(0,S) 2.71
4067 48 10 27 13 1 1(0) 2.68
4070 54 9 25 10 1 1(0) 2.66
4072 51 20 21.5 5.5 - 1(0), 1(s) n.d.
4073 43.5 21 29 4.5 1 1(0) 2.60
4079 39 22 30 7 1(0) 2.64
4030 49 17 28 5 - 1(0), 1(s) 2.65
4086 44 20 26 6 2 1(0), 1(S) 2.67
4087 50 19 25 5 1 - 2.65
4089A 42.5 25 29 3.5 -—- -—- 2.62
4092 44 20 30 5 -—- 1(0), 1(S) 2.64
4093 43 15 24 10 2 1(0,S) 2.68
4093-1A 47 14 28 10 1 --- 2.67
4094 44 23 26 6 1 --- 2.66
40958 48 12 22 17 1 - 2.67
4131FL 52 17 22 7 1 1(0,S) 2.66
4328 50 15 21 12 1 1{S) 2.68
4335 51 10 22 13 4 --- 2.70
4336 54 16 18 10 2 <1(s) 2.71
4341 52 9 24 13 2 -—- 2.70
4343A 61 5 15 13 6 -—- 2.71
4345 59 9 18 11 3 --- 2.69
4346 49 15 22 12 ? -—- 2.68
4348 60 6 21 11 2 --- 2.68
4351 57 7 20 13 3 -—- 2.70
4352 43 24 26 7 <1 -—-- 2.65
4353 51 18 19 10 2 <1(S) 2.71
4354 50 11 27 10 2 --- 2.70
4356 61 8 14 11 4 2(S) 2.70
4359 60 6 13 17 2 2(S) 2.69
4360 56 12 23 8 -— 1(S) 2.66
4363A 50 18 20 10 2 -— 2.71
4365 51 16 18 10 4 1(S) 2.72
4384 55 3 28 13 --- 1(0) 2.70
4386 62 3 14 14 6 1(S) 2.71
4387A 48 24 19 9 --- -—- 2.65
43378 57 7 15 13 7 1{(s) 2.69
4393A 45 15 29 11 - ——- 2.64
4398C 54 8 27 10 1 - 2.68
4402 43 16 25 9 1 1(S) 2.69
4403 60 3 15 17 4 1(S) 2.74
4404 55 2 22 17 3 1(S) 2.69
4406 43 16 31 9 <1 1(S) 2.66
4409 51 10 28 9 1 1(S) 2.71
4411A 59 8 21 12 - -——— 2.65
4413 40 29 27 4 - - 2.61
4415 64 1 12 16 1 -—- 2.77
4417 59 2 18 13 7 1(S) 2.73
44708 37 30 27 6 -— -— 2.65
4470C 37 22 34 7 -—- - 2.64
4472 54 10 25 10 - 1(S) 2.69
4473A 59 6 25 10 -—- -—- 2.76
4477A 39 33 24 4 - ——- 2.63
4435A 46 26 24 4 - - 2.63
14436 32.5 32.5 33 3 -—- —-- 2.60
4487A 42 25 28 5 -—- - 2.61
4489 55 3 20 17 --- --- 2.72
4496B 51 7 29 13 -—- -——- 2.69
4497A 53 2 28 17 --- - 2.72
4493C 57 4 25 14 -—- - 2.71
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TABLE 13.—Modes of the granodiorite of Claraville—Continued

Sample Plagioclase K-feldspar Quartz Biotite Hornblende Others Sg?glf‘t;
4500 44 12 34 10 - - 2.68
4505 39 23 32 5 - ——- 2.64
4508 59 2 26 13 -— - 2.70
4513 61 8 26 10 - -—- 2.65
4519 46 12 27 15 -— - 2.69
4528 41 27 25 7 -—- - 2.66
4562 41 23 28 8 -~ -—- 2.61
Average-------- 50 15 23 10 1.5 .5 2.68
Standard 7.1 9.0 6.9 3.6 1.9 -—- .04

deviation.

IAltered rock.

thrust-fault zone in the western Rand Mountains (40 km
east of Kelso Valley).

Just north of Kelso Valley is a large patch of coarse-
grained, dark rocks that are distinct from and partly
separable from those typical of the Claraville body. These
darker rocks are distinguishable by more abundant dark

Average mode {volume percent)
Plagioclase
K-feldspar.......
Quartz.........
Biotite............
Hornblende

Specific gravity ..........ccoccevvviininirinnnnn.

*0.5 percent sphene
and opaque minerals

minerals, particularly hornblende, and by mafic schlieren
and inclusions. A small body of gabbroic rocks is present
in this darker mass just north of Kelso Valley. On Piute
Mountain Road west of Kelso Valley Road, a sharp con-
tact is exposed between the darker, coarser grained rocks
and typical peppery Claraville, but to the southeast along

2 Numbers indicate
superposed points

Biotite

Quartz

Numbers indicate

° 2 o o0%0 g-_bo superposed points
O oo o
0o oo 000 @0
° O JAverage® o
o

Total 20 40 60 80  Mafic Alkali 35 10 plagioclase
feldspar minerals feldspar
- -—

F1GURE 20.—Modal plots of the granodiorite of Claraville.



PLUTONIC ROCKS 51

a road to Butterbredt Canyon the contact is gradational,
and its location is uncertain. At first, I suspected that
these coarse-grained, darker rocks are not a separate in-
trusive mass but are local areas of contamination of the
Claraville mass by gabbroic rocks similar to those just
north of Kelso Valley. Recent mapping north of the area
of plate 1 suggests that the darker, coarser grained rocks
are part of a separate and extensive mass in the Lake
Isabella area.

GRANODIORITE OF SORRELL PEAK

SETTING

The crestline of Sorrell Peak west of Kelso Valley is
underlain by coarse-grained, yellow- to orange-weathering
granitic rocks, much aplite-alaskite-pegmatite, and possi-
ble inclusions of the Claraville mass. Four additional small
plugs(?) of the Sorrell Peak rock type are present to the
south. The total outcrop area of this rock type is less than

Average mode {volume percent)

5 km2. About 2 km north of Sorrell Peak and about 2 km
to the southwest, the Sorrell Peak mass sharply contacts
the Claraville body. Although age relations are not ob-
vious at these intrusive contacts, the rock distribution sug-
gests that the coarser grained Sorrell Peak unit intrudes
the Claraville body. These coarse-grained plugs appear
to be somewhat more differentiated than the Claraville
rock type. The association with abundant aplite-alaskite-
pegmatite suggests that the coarse-grained plugs may be
a late pulse of the Claraville mass.

PETROGRAPHY

The Sorrell Peak and associated small masses (fig. 22;
table 15) are locally somewhat altered and iron stained
but are generally fresh. Coarse, anhedral grains of
oligoclase-andesine, poorly twinned K-feldspar, and quartz
dominate. Anhedral grains and clusters of light-olive to
opaque biotite are common. The biotite is sprinkled with
tiny crystals of apatite and zircon, and some anhedral

Numbers indicate
4 “ superposed points

Plagioclase
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Quartz.

Biotite....
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FIGURE 21.—Modal plots of the Whiterock facies of the granodiorite of Claraville.
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TABLE 14.—Modes of the Whiterock facies of the granodiorite of Claraville

[A11 modes in volume percent; n.d., not determined. Others: 0, opaque minerals; S, sphenel
Sample Plagioclase K-feldspar Quartz Biotite Hornblende Others Sgiglgl;
3735A 57 7 22 12 1 T—1(S)_ 2.64
3737 60 4 20 11 4 <1(0), 1(S)™ 2.64
3738A 53 9 20 15 3 <1(S) 2.65°
3739A 36 28 24 5 6 1(S) 2.63
3805A 60 1 27 12 - --- 2.70
3806A 58 2 24 13 2 <1(0), 1(S) 2.74
4102A 56.5 9 23.5 9 2 - 2.67
4103A 49.5 9.5 28 12 1 -—- 2.68 -7
41048 47 16 27.5 6.5 3 -—- 2.67
4119F1 57 9 23 9 2 ——— 2.70
4126 55 1 25 15 3 1(S) 2.70
4309 53 9 23 13 2 <1(S) 2.69
4310 43 20 19 13 4 1(S) 2.70
4312 53 9 21 14 3 <1(S) 2.69
4314 51 16 16 12 5 <1(S) 2.70
4370 53 11 23 12 1 <1(S) 2.70
4371 57 2 22 15 4 <1(S) 2.72
4374 56 9 21 12 2 - 2.69
4376A 50 6 31 12 1 <1(S) 2.69
4447 45 16 21 15 3 -—- 2.70
4448 47 16 21 14 1 1(S) 2.72
4449 45 16 19 18 1 1(S) 2.71
4454 55 5 22 17 1 - 2.73
4467 51 13 21 13 2 -——- 2.69
4531A 44 16.5 21.5 15 3 -—- 2.70
4534 51 10 20 16 3 -—- 2.73
4538 48 12 22 13 5 --- 2.73
4541 43 6 25 19 2 -~- 2.71
4565-1 57 10 20.5 11.5 1 <1(S) n.d.
4568-1 55.5 10 19.5 13 2 <1(S) n.d.
4569A 62 7 16 10 4 1(s) n.d.
Average-------- 52 10 22 13 3 <1 2.69
Standard 5.9 6.0 3.3 3.0 1.4 -—- .03

deviation.

grains of sphene. About half of the specimens examined
contain small amounts of olive hornblende. Dark-brown,
zoned allanite crystals are also present, as are sparse
grains of primary(?) muscovite. The five small plutons of
the granodiorite of Sorrell Peak are undoubtedly cor-
relative. In addition, some of the felsic rocks in the Bear
Valley Springs mass, particularly the small body east of
Caliente along the Caliente Creek Road, may also be
related to the Sorrell Peak type.

GRANITE OF TEHACHAPI AIRPORT

SETTING

The small isolated hill on the north side of the Tehachapi
Airport exposes hummocky, bouldery slopes of tan felsic
rocks that contain distinctive small accessory pink gar-
nets. Similar rocks are exposed discontinuously for about
25 km to the north-northeast of the Tehachapi Airport
hill, in a belt as much as 5 km wide. These felsic rocks

appear to intrude the center of the large Claraville mass,

but all exposed contacts of the Tehachapi Airport mass
are with metasedimentary rocks of the Keene area. The
northernmost outcrops have domed up the adjacent meta-
sedimentary wallrocks, a relation suggesting that the
present exposures are near the original roof of the
Tehachapi Airport mass.

PETROGRAPHY

The Tehachapi Airport body (fig. 23; table 16) is modally
similar to the granite of Bishop Ranch. The two units are
distinguishable only by the invariable presence of ac-
cessory pink garnets in the Tehachapi Airport mass. The
Tehachapi Airport rocks are also much less altered.

The Tehachapi Airport mass is dominated by grid-
twinned K-feldspar. Coarse grains of quartz and thinly
twinned oligoclase are also abundant. Brown biotite oc-
curs only as scattered flakes in this pluton. Some biotite
crystals contain zircon inclusions with pleochroic haloes.
Small primary muscovite crystals are also present. Pink
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TABLE 15.—Modes of the granodiorite of Sorrell Peak

[A11 modes in volume percent.

tr, trace; n.d., not determined]

53

Plagioclase

. Lo Specific
Sample Plagioclase K-feldspar Quartz Biotite Hornblende gravity
43638 35 26 31 8 - 2.63
4366 38 19 33 9 1 2.66
4368 34 30 30 6 -—- 2.64
4369 38 26 26 9 1 2.65
4372 40 22 28 10 ——- 2.61
4373 43 19 26 12 -—- 2.66
43768 40 23 28 9 tr 2.66
4377 42 19 23 13 3 2.68
4381 39 22 24 14 1 2.66
4567 46.5 18 24.5 10 1 n.d.
4570 46 18 25 11 -— n.d.
Average-------- 40 22 27 10 1 2.65
Standard 4.0 4.0 3.2 2.3 .9 .02
deviation.
Average mode (volume percent)
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FIGURE 22.—Modal plots of the granodiorite of Sorrell Peak.
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TABLE 16.—Modes of the granite of Tehachapi Airport

[A11 modes in volume percent]

Sample Plagioclase K-feldspar Quartz Biotite Garnet Sgi;lgl;
3804A 26 40 32 - 2 2.55
4097 31 32 35 2 <1 2.61
4098 28.5 38.5 30.5 2 .5 2.61
4100A 22 42.5 33 1.5 1 2.60
4101 25 38 35 2 <1 2.58
4106 27 36 34.5 1.5 1 2.59
Average-------- 26.5 38 33 1.5 1 2.59
Standard 3.1 3.6 1.8 .8 —- .02

deviation.
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FI1GURE 23.—Modal plots of the granite of Tehachapi Airport.
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garnet occurs in tiny rounded crystals that are scattered
but widespread.
GRANITE OF LONE TREE CANYON

SETTING

A small plug of fine-grained biotite granite, about 5 km?
in area, intrudes the Claraville mass at the mouth of Lone
Tree Canyon. North of this small plug, additional small
plugs and dikes intrude the Claraville mass but are too
small to show at the scale of the map (pl. 1). These fine-

grained rocks are particularly abundant in the northeast
corner of the Claraville mass and continue northward out
of the study area. Similar rocks are exposed along an east-
west-trending ridge along the south side of California
Highway 178 just east of Onyx. The Onyx locality is about
21 km north of where Kelso Valley Road leaves the study
area, a relation suggesting that significant amounts of this
fine-grained rock type are present north of the study area.

Average mode {volume percent)
Plagioclase ........coevvvvicvnnniiiiniiiinnen 38.5
K-feldspar.....c.ocoveveiiennninennienninnns 28.5
Quartz
Biotite

Specific gravity

Quartz

60,

B

ooO—Average
° o

PETROGRAPHY

In general, the rocks of Lone Tree Canyon (fig. 24; table
17) have a fine-grained, sugary to aplitic texture. Plagio-
clase is generally subhedral to euhedral and in some
specimens forms small phenocrysts as large as 5 mm
across. K-feldspar and quartz also occur as rare mega-
crysts, as large as 1 em across. The plagioclase is generally
zoned in the range calcic oligoclase to sodic andesine; some
calcic zones are accentuated by alteration products such
as sericite. Both K-feldspar and quartz occur in irregular
to rounded grains; the quartz in particular seems to be
droplike and to accentuate the sugary texture. Small,
anhedral, brown biotite grains are scattered throughout
the rocks. Some of the biotite is fresh, but in some speci-
mens it is completely replaced by chlorite and iron oxides.
Green hornblende is only locally and sparsely present.
Metallic opaque-mineral grains are abundant in some of

sphene, zircon, and apatite.
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FIGURE 24.—Modal plots of the granite of Lone Tree Canyon.
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TABLE 17.—Modes of the granite of Lone Tree Canyon

[A11 modes in volume percent]

Sample Plagioclase K-feldspar Quartz Biotite Hornblende m?z:_ig?s Szx;n;
4076 34 31.5 29.5 4 1 <1 2.62
4077 35 30 29 6 <1 <1 2.63
4088 36.5 30 29.5 4 <1 <1 2.64
4090 47 22 23 8 --- <1 2.65
4091 38 30 27 4 --- 1 2.64
4330 44 25 19 11 i --- 2.65
4339 47 19 24 10 <1 --- 2.63
4470A 39 25 30 6 -—-- --- 2.66
4478B 42 32 21 5 --- -—- 2.63
4481 35 30 32 3 --- - 2.62
4557A 33 34 31 2 --- --- 2.60
4558 38 26 31 5 -—-- - 2.62
4563A 32 36 25 7 --- --- 2.62

Lonyx-~1 39 29 27 5 --- - 2.65

Average-------- 38.5 28.5 27 6 —— --- 2.63

Standard 4.8 4.6 4.0 2.6 - -—-- .02

deviation,

INorth of study area.

Two specimens of fine-grained rock in the Claraville
mass west of Kelso Valley contain more dark minerals (10
and 12 percent) than the other fine-grained specimens,
and both contain hornblende. Modes of these rocks resem-
ble those of the Claraville mass, and so these rocks may
represent local quenched areas in the Claraville body
rather than felsic later differentiates. Rocks intermediate
in grain size between the Claraville and Lone Tree types
occur in the northeastern part of the study area. In in-
dividual outcrops, these two units can be difficult to
distinguish. I suspect that, at least in part, these finer
grained rocks grade into the Claraville pluton with no
sharply mappable contact.

GRANITE OF BRUSH MOUNTAIN

SETTING

At the extreme west end of the basement outcrop of
the San Emigdio Mountains, an irregular mass of coarse-
grained granite, the granite of Brush Mountain, underlies
an area of about 8 km?Z. This granite is surprisingly fresh
in part and generally is homogeneous. It is truncated by
the San Andreas fault.

East of the Brush Mountain mass, several bodies are
present that are modally similar to the Brush Mountain
mass, but they all are altered to form yellow- to orange-
stained craggy outcrops. Although these bodies are almost
wholly within the granodiorite of Lebec, they appear to
intrude the mafic metamorphic rocks and the Rand Schist

on the north flank of the San Emigdio Mountains. Dikes
of the coarse-grained Brush Mountain rock type cut the
Lebec mass, and this relation, together with the form of
some of the bodies, leaves no doubt that the Brush Moun-
tain mass is a young rock body intruding the Lebec mass.
The bodies east of the Brush Mountain mass total about
20 km? in the outcrop area. The easternmost body east
of Grapevine Canyon was named the “School Canyon
Granite” by Crowell (1952). I believe that all the felsic
masses from School Canyon westward to Brush Moun-
tain form part of a single related granitic unit.

PETROGRAPHY

The following description deals chiefly with the relative-
ly fresh westernmost body of the Brush Mountain type.
The eastern masses have the same mineral content; they
differ chiefly in that their biotite is partially to wholly
altered to chlorite, muscovite, and opaque material, and
their plagioclase is strongly clouded with alteration
products.

The plagioclase is strikingly subhedral, well twinned,
and generally about Angy. K-feldspar is strongly grid
twinned, and most specimens show some patchy perthite.
Some of the K-feldspar is also in subhedral grains, but
most is anhedral. Quartz ranges in size from small round
grains to large interstitial grains. Biotite, where fresh,
is brown to locally reddish brown. Some muscovite occurs
in well-formed books that may be primary, but most ap-
pears to be a secondary-alteration product of plagioclase
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and biotite. Zircon, as the cores of pleochroic haloes, and
apatite are common inclusions in the biotite crystals.
Opaque material is generally red, and most appears to be
a product of biotite alteration.

The granite of Brush Mountain, which contains almost
equal proportions of plagioclase, K-feldspar, and quartz,
plots in the low-melting trough in the center of the modal
triangle (fig. 25; table 18). Because such coarse-grained
rocks are a common end member of many granitic suites,
they are of only limited value for correlation.

GRANITE OF BISHOP RANCH
SETTING

The granite of Bishop Ranch forms distinctive craggy,
orange to salmon-pink outcrops. The two largest bodies
of this granite are north of Jawbone Canyon and in the
upper part of Lone Tree Canyon. An elongate body on

Average mode (volume percent)

Biotite....

Specific gravity.........cceveeeeiiivicneeennin. 2.60
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the southeast side of Kelso Valley may be correlative with
the other two masses, but I have examined that elongate
body only locally along the road on the southeast side of
Kelso Valley. Biotite and plagioclase in these granite
bodies are hydrothermally altered to some extent. The
distinction between the pink-colored granite of Bishop
Ranch and hydrothermally altered rocks of the Claraville
mass has been a continuing problem throughout the map-
ping of this region. The pink granite is characterized by
an abundance of K-feldspar and by minor dark minerals
(biotite). The hydrothermally altered rocks of the Clara-
ville mass generally contain relicts of more abundant dark
minerals and much less K-feldspar. However, without an
examination of many outcrops, it is easy to confuse these
two units, and so my reconnaissance mapping is suspect
in some areas. The pink granite closely resembles the
craggy, orange-weathering masses of the granite of Brush
Mountain near Grapevine Canyon and to the west in the
San Emigdio Mountains.
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FiGURE 25.—Modal plots of the granite of Brush Mountain.
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TABLE 18.—Modes of the granite of Brush Mountain

[A11 modes in volume percent; n.d., not determined.

A, altered to chlor-

ite]

Sample Plagioclase K-feldspar Quartz Biotite Sg?glg;;
646 29 38 31 2 2.59
676 31 31 35 3 2.58
681 27 42 30 1 2.60
710 32 33 32 3 2.59

1726 28.5 31 36.5 4 2.62
3005 32 33 31 4 2.62
3035 35 37 26 2(A) 2.59
3037 28 26 44 2 2.62
3046 36 29 33 2(A) 2.60
3087A 38 34 27 1(A) 2.60
3089 34 28 32 6(A) 2.62
3102A 29 33 35 3 2.62
3110 30 35 31 4 2.62
3113 31 31 34 4 2.61
3130A 21 a4 31 4 2.59
3146 19 41 38 2 2.60
3221 30 34 33 3 2.6)
3881 28 36 31 5 n.d.
3882 28 34 36 2 2.56
3887 30 35 32 3 2.57
Average-------- 30 34 33 3 2.60
Standard 4,5 4.6 3.9 1.3 .02

deviation.

1Composite of samples 723 through 727.

PeTROGRAPHY

The following description is based on a study of only
four thin sections from the granite of Bishop Ranch. The
rock is dominated by grid-twinned K-feldspar (fig. 26;
table 19), and the mass southeast of Kelso Valley contains
unusual wavy microperthite(?). Plagioclase is generally
clouded, and although twinning is partly preserved, much
is obscured by alteration, and so it is difficult to deter-
mine the anorthite content—some is oligoclase or sodic
andesine. Quartz is also very abundant in this unit and
shows mortar structure in some samples. Scattered brown
biotite flakes are preserved in some rocks, but most biotite
is completely altered to red opaque material. Some of
these rocks contain what appears to be primary musco-
vite. Also present are small scattered opaque-mineral
grains and leucoxene pseudomorphs after sphene.

PLUTONIC ROCKS IN THE SUBSURFACE OF THE
SOUTHEASTERN SAN JOAQUIN VALLEY

Several oil wells in the southeastern San Joaquin Valley
have penetrated plutonic rocks. Although I have not had

access to basement core material, the California Academy
of Sciences loaned me several thin sections that were used
by May and Hewitt (1948) in a previous study of basement
rocks of the San Joaquin Valley. In addition, I had access
to several drill logs that provided very brief (generally one
word) descriptions of the basement rocks (J.A. Bartow,
written commun., 1978). My data were previously pub-
lished (Ross, 1979).

DIORITE AND GABBRO

Five drill holes penetrated mafic plutonic rocks, all at
about the latitude of outcrops of the Pampa Schist. The
hole nearest to surface outcrops (lat 35°27" N., long
118°54" W.) penetrated diorite, according to the drill log.
The next hole to the west (lat 35°27" N, long 119°09’ W.)
is described in the drill log as penetrating “* * * greenish
dark gabbro with 40 percent plagioclase and 60 percent
augite, hornblende, and biotite.”

Three holes farther west, at about lat 35°27" N., long
119°15" W, penetrated gabbroic rocks. Thin sections are
available from these three drill holes. In the larger diorite
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and gabbro area on the map (pl. 1), the rocks feature
bladed to stubby, well-formed crystals of sodic labradorite
that are relatively fresh and sharply twinned, but frac-
tured. In part, the bladed labradorite crystals are set in
large, pale clinopyroxene crystals that give the rock an
ophitic texture. The clinopyroxene is much altered to
fibrous, pale-green amphibole. Chlorite and epidote are
also present.

The remaining hole, farthest west from the surface out-
crops, penetrated a sugary, gabbroic rock type composed
chiefly of fresh, well-twinned sodic labradorite and pale-
brown clinopyroxene. The rock also contains abundant
pale-green chlorite, pale-green amphibole in veinlets, and
abundant scattered opaque-mineral grains and sphene.
From the texture, it is difficult to decide whether this rock
is plutonic or metamorphic. Its composition and the near-
by presence of definite gabbroic rocks of similar composi-
tion (described in the preceding paragraph) suggest that
it is related to the gabbro.

Average mode (volume percent)

Plagioclase ............cccccvieiiercviiiieenns 24
K-feldsper.
Quartz......
Biotite....... .
Total....... 100
Specific gravity..........ccoecuviiniiiniinenn, 2.58
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From these limited data, I suggest that the five gabbro
samples are related to the greenschist and amphibolite
described from the subsurface. The gabbro and those
rocks are distinguishable arbitrarily on the basis of the
premise that the gabbros retains more of its original
plutonic features. The Pampa Schist, the gabbro bodies
associated with it, and the subsurface greenschist, am-
phibolite, and gabbro are probably all parts of a single
related terrane.

HORNBLENDE-BIOTITE TONALITE

Along the north margin of the study area (long 118°51’
W.), one well penetrated granitic rock composed of
moderate-green hornblende; fresh, sharply twinned ande-
sine; coarse, virtually unstrained quartz; and chlorite (pen-
ninite) after biotite. A thin section of this rock is tiny and
fragmented; it is impossible to determine that the sam-

ple does not represent regolith on top of the basement.
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FiGuRE 26.—Modal plots of the granite of Bishop Ranch.
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TABLE 19.—Modes of the granite of Bishop Ranch

[A1Y modes in volume percent]

Sample Plagioclase K-feldspar Quartz Biotite m?ﬁgi:?s Sgigl:li
3798A 33 a2 23 1 1 2.54
3799 22 39 39 <1 --- 2.49
38438 18 45 35 2 -—- 2.60
3851 23 39 36 2 --- 2.55
4053 25 42 30 3 ~— 2.61
4053FL 29 38 30 3 - 2.59
4068 20 43 35 2 - 2.61
4075A 20.5 42 36.5 .5 .5 2.61
40858 25 38 36 1 --- 2.58
44118 27 36 32 4 1 2.61
4414 22 39 37 1 1 2.59
4473C 24 38 37 5 5 2.60
4474 19 43 37 1 - 2.55
4475 27 45 27 1 - 2.59
4476 21 38 38 3 - 2.60
4478A 24 36 39 .5 .5 2.61
4563C 21 41 36 1 1 2.61
Average-~------ 24 40 34 2 <1 2.58
Standard 3.9 2.9 4.5 1.1 --- .03
deviation.

However, the location of the hole and the general mineral-
ogy of the thin section suggest that the hole either
penetrated the tonalite of Bear Valley Springs or bot-
tomed in regolith very close to inplace tonalite.

Two additional holes (lat 35°17° N., long 118°46" W.)
penetrated hornblende-bearing granitic rocks (samples 90
and 102 of Ross, 1979) within the large subsurface area
of biotite tonalite that adjoins rocks of the Mount Adelaide
mass along California Highway 58. The thin sections of
these two samples show abundant well-twinned in-
termediate andesine, abundant quartz, pale- to moderate-
green hornblende, and brown biotite. From mineralogy
alone, these rocks could be assigned to the Bear Valley
Springs mass, but the biotite and hornblende crystals are
generally separate and discrete. This texture is much
more characteristic of the Mount Adelaide rock type than
of the (more messy) Bear Valley Springs rock type.
Therefore, these two samples are considered to be parts
of the Mount Adelaide mass.

BIOTITE TONALITE

Anisolated bouldery outcrop (the Rock Pile) about 9 km
northeast of Arvin and 12 drill holes provide data on two
biotite tonalite bodies that underlie part of the San
Joaquin Valley in the study area. The 12 thin sections
available from the drill-hole basement material are all
remarkably similar. They consist chiefly of well-twinned
and locally impressively oscillatory-zoned andesine in
generally subhedral crystals, very minor K-feldspar, and
abundant quartz. The thin sections also contain discrete,

in part equant crystals of brown biotite and traces of
green hornblende. Present as accessory minerals in most
sections are metallic opaque minerals, sphene, apatite, and
zircon; allanite is present locally. Some of the sections
show strong saussuritization of the plagioclase and
chloritization of the biotite. These thin sections probably
represent samples of the tonalite of Mount Adelaide; the
discrete biotite crystals are the most diagnostic feature.

Three drill holes near the north boundary of the study
area at about long 119° W. penetrated biotite tonalite that
is also believed to co<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>