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ABSTRACT

The San Gabriel anorthosite-syenite body is part of large layered
intrusive, part of which under]iés about 250 square kilometers in the
western San Gabriel Mountains between the San Gabriel and San Andreas
fault zones 30 kilometers north of Los Angeles. Although not subjected to
post-emplacement regional metamorphism, the Precambrian anorthosite is
intruded by the early Triassic Mt. Lowe granodiorite and the late Cretaceous
Mt. Josephine granodiorite, and is deformed by broad folds of at least two
ages (Triassic(?) and mid-Cenozoic), which have produced several kilometers
of structural relief within the body.

Several sets of faults in the area were active in Teritijary time, but
none ¢f them show evidence of Holocene activity. From oldest to youngest,
these faults include: (1) several more or less east-west faults with major
apparent right-lateral or left-lateral and dip-slip displacements; (2) a NE-
trending fault set with important left-lateral displacements; and (3) younger
NW-trending faults with small dip-slip and right-lateral displacements.

The San Gabriel fault, which lies 1-4 kilometers southwest of its margin,
must cut the anorthosite-syenite body at depth and may offset anorthositic
rocks at least 28-46 kilometers in a right-lateral sense.

The San Gabriel anorthosite-syenite body is part of a large allochthonous
sheet which js floored by a zone of unusual cataclastic gneisses, exposed
in the northeastern part of the area in and near to Mill Canyon. Slicken-
sides, Tineations and minor folds within this zone suggest Tatest movement
parallel to a N-S or NE-SW direction. Strongly deformed and mylonitized
gneisses below the anorthosite include lineated granodioritic gneiss possibly

equivalent to the late-Cretaceous Mt. Josephine granodiorite, gabbroic to
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anorthositic gneisses, and layered amphibolitic gneisses unlike any others
seen in the western San Gabriel Mountains. Large thrust displacements
probably occurred within this zone as well as along the Vincent thrust 45
kilometers to the east, which resembles this zone and may be related to it.

The anorthosite-syenite body was intruded into previously metamorphosed,
granulite-grade Mendenhall gneiss about 1200 million years ago. The body
is a large, layered intrusive in which bottom crystal accumulation produced
the observed anorthosite-gabbro-syenite differentiation suite. The part
of this body now exposed was at least 10 kilometers in thickness and about
15 kilometers in diameter. It probably had the form of an inverted cone,
with a sub-horizontal, concordant uppper contact. Primary quartz is rare
in rocks of this suite; the fo]]owing 1ithologies have been distinguished
on the basis of the percentage and composition of their constituent feldspars:
anorthosite, leucogabbro, gabbro, ferrogabbro (all with calcic andesine),
ultramafite (olivine, augite, ilmenite and apatite), jotunite (predominantly
antiperthitic sodic andesine), mangerite (antiperthite and mesoperthite)
and syenite (predominantly mesoperthite).

The San Gabriel anorthosite-syenite body has been subdivided into
three main stratigraphic units (from oldest to youngest): (1) The Towest,
largest unit consists of thick sequences of massive anorthosite alternating
with layered Teucogabbro. This unit is at Teast 7 kilometers in thickness
and becomes more mafic near its top. (2) The overlying syenite unit Tocally
attains thickness of at least 3-5 kilometers, but is commonly much thinner
or absent. In some areas, the basal 100-1000 meters of this unit is
extremely mafic, but otherwise it is farily homogeneous and massive, with no
cyclic or cryptic layering. (3) The uppermost jotunite unit is a highly

compositionally variable unit which intruded overlying granulite gneiss



and has been subdivided into 5 subunits. This unit is at least 3-4 kilo-
meters in maximum thickness. It is apparently younger than the syenite,
and in places grades downward into syenite. Several masses of hornbiende-
bytownite gabbro within anorthosite are probably not directly related to
the anorthosite-syenite body.

Primary cumulate structures and textures in these rocks have greatly
aided the structural interpretation of this body and provide strong evi-
dence of its origin by bottom crystal accumulation. Large, 6 to 25-
centimeter hypersthene crystals, which ophitically enclose numerous well-
oriented 1 to 3-centimeter plagioclase tablets, indicate a cumulate origin
of the leucogabbro. Occasional crescumulate layers in leucogabbro,
especially near the margin of the body, formed when first plagioclase and
then hypersthene grew from the floor upward into the magma. Slump structures
are poorly defined in leucogabbro, but are excellently developed in the
mafic lower part of the syenite unit and in some parts of the jotunite unit,
and include 1 to 20-meter slump blocks and deformed compositional layers.
Many 3-centimeter to 3-meter layers in the mafic lower part of the syenite
unit and in the jotunite unit are both size- and density-graded, with coarser,
ferromagnesian-mineral-enriched bases, and are extremely useful structural
indicators.

Large angular blocks of anorthosite (to 20 meters) are abundant in
layered mafic rocks at the base of the syenite unit and in some parts of
the jotunite unit. These are slump blocks, which indicate that parts of the
syenite and jotunite units accumulated at the base of major tectonic scarps
which developed in rocks of the anorthosite-leucogabbro unit which formed

the floor of the chambers of the later magmas.
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A1l of the 20 chemical analyses of rocks from this body are iron-
rich; the lTowest FeO+Fep03/Fe0+Fey03+Mg0 ratio (wt. %) is 0.61 and most
are between 0.70 and 0.95, which suggest that the original magma was
probably similarly iron-rich.

Chemical analyses of these rocks define general trends with substan-
tial scatter on variation diagrams, and in detail those from each of the
three units define individual fields with little or no overlap. Thus a
common line of descent for all rocks of the body seems somewhat unlikely
The estimated makeup of the entire body is about 46% anorthosite, 23%
leucogabbro, 4% gabbro, 12% syenite, 11% jotunite and 4% ultramafite,
giving the following suggested average composition: Si0p, 53.73%, Ti0O2,
1.17%, A1,03, 22.33%, Fep03, 1.66%, FeO, 4.54%, Mg0, 1.72%, Ca0, 8.08%,
Nap0, 5.05%, Ko0, 1.18%, Po05, 0.42%.

Limited mineral composition data show that: (1) Plagioclase in anor-
thosite and Teucogabbro ranges between about An3s and Ans5 with most between
Angg and Angg. Plagioclase in not concentrically zoned, but is inhomo-
geneous with a range of about 3-4% anorthite in individual crystals. (2)
There are cyclic compositional variations of plagioclase in the anorthosite-
Teucogabbro unit, with more albite-rich and more anorthite-rich compositons
alternating over hundreds of meters of the stratigraphic section. (3) There
is no apparent consistent cryptic variation of proxene and olivine compo-
sitions within the syenite and jotunite units.

Postcumulous recrystallization has drastically altered the fabric of
most anorthositic and leucogabbroic rocks and has produced extremely coarse
grained textures. Pervasive deuteric uralitic alteration of the primary
ferromagnesian minerals in all but a few rocks of the syenite and jotunite

units suggests that the magma probably had a relatively high water content.
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It is possibie that all of the rocks of the San Gabriel anorthosite-
syenite body could have been produced by differentiation by fractional
crystallization of & trachyendesitic parent magma, successive fractions
of which were intruded intc the magma chamber. However, the detailed
sequence of Tithologies, mineral compositions and the compositions of the
three units suggest that at least two independently generated magmas may
have combined to produce the San Gabriel anorthosite-syenite body.

Some important contributions of this study are: (1) the detailed
geologic map of the anorthosite-syenite body and determination of its
post-emplacement structural history; (2) the description of the complete
suite of 1ithologies and their contact relationships; (3) the description
of the mineralogical compositions of each lithology and the recognition
of cryptic variation of plagioclase in the anorthosite-leucogabbro unit;

(4) the description of the sequence of post-accumulation processes including
recrystallization and the hydration of most primary ferromagnesian minerals;
(5) the recognition of uninverted pigeonite in rocks of the jotunite and
syenite units; and (6) recognition that this andesine anorthosite massif

is actually a large deformed stratiform pluton.
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CHAPTER 1
INTRODUCTION



GENERAL

The San Gabriel anorthosite-syenite terrain underlies about 250
square kilometers in the western San Gabriel Mountains and constitutes
a well-defined massif-type pluton.

Anorthosite is a rock consisting almost entirely of plagioclase.
Anorthosite occurs abundantly both as thick layers in stratified gabbroic
plutons, and as large Precambrian massif-type plutons in areas of high-
grade (mostly granulite facies) metamorphic rocks (Anderson, 1969).
Typical massif-type plutons are thick sheets or lenses with domed roofs.
Typically, the core of coarse massive anorthosite is surrounded by mar-
ginal gabbroic rocks generally containing 10 to 35 percent pryoxene (less
commonly including olivine). Often only minor amounts of more mafic rocks
(gabbro, periodotite) are present. Primary minerals are plagioclase
(andesine to labradorite), hypersthene, augite, olivine, ilmenite and
apatite. Mineral stratification and cumulate structures are present at
least locally, and may be pervasive through thick sections in some massif-
type anorthosite plutons. Closely associated with anorthosite are a
varied suite of pyroxene-bearing rocks of very different composition-
-granitic, granodioritic, quartz syenitic, charnockitic and other similar
rocks.

Important questions regarding massif-type anorthosite plutons include:
(1) What is the relationship between anorthosite massifs and the strati-
fied gabbroic plutons which frequently include thick sequences of
anorthosite? (2) What are the detailed relationships between the vari-
ous Tithologies? (3) Are anorthosites and related gabbroic rocks
cogeneric with the associated charnockitic rocks, or have they‘formed

from independently generated primary magmas? (4) What is the nature



and origin of the parent magma of the anorthosite suite? (5) What is
the nature of the mechanism whereby plagioclase is concentrated in
extremely large masses? (6) What is the geological setting and tectonic
environment of emplacement of massif-type plutons? These and other ques-
tions must be addressed in any study of massif-type anorthosite plutons
(DeWaard, 1969). |

Rocks of the San Gabriel suite include andesine anorthosite,

leucogabbro, gabbro, jotunite, mangerite, syenite and quartz syenite.

The San Gabriel rocks are exposed in an area of steep slopes and gen-

erally poor exposures. Pervasive fracturing and deep weathering of out-
crops are common but this terrain has not been affected by post-plutonic
high-grade regional metamorphism. Therefore, primary texture, structure

and mineralogy are preserved in many rocks of this suite. 1In

contrast to most other massif-type anorthosite plutons, the primary fer-
romagnesian minerals in rocks of the San Gabriel suite have been pervasively
altered (commonly to uralite) at a late (deuteric) stage of magmatic
activity.

Rocks of this suite have been affected by major post-plutonic defor-
mation, including major episodes of folding and high-angle faulting. This
terrain is tectonically floored by a thick zone of cataclastic rocks
which were produced by important thrust movement.

Rocks of the anorthosite-syenite suite are present outside of the
San Gabriel Mountains, but constitute considerably smaller, scattered
exposures separated by major faults or by widespread younger plutonic or
sedimentary and volcanic rocks. Rocks of this suite are present along
the north margin of the Soledad Basin, several kiTometers nprth of the

San Gabriel Mountains. They are also present east of the San Andreas



fault in the Orocopia, Little Chuckawalla and Eagle Mountains, more than
150 kilometers to thg southeast (Crowell and Walker, 1962; Silver, 1971;
Powell and Silver, 1980).

Hershey (1902) briefly referred to anorthosite from Soledad Canyon,
but the first comprehensive description was by Miller (1928, 1929, 1930,
1931), who published a reconnaissance geologic map of the body in 1934.
Miller described the "anorthosite series" as comprised of four facies:
anorthosite proper, dioritic and gabbroic facies, white and femic facies
of anorthosite, and magnetite-rich facies. A series of studies by
Oakeshott (1936, 1937, 1938, 1948, 1949) culminated in a more detailed
geologic map and petrographic description of the rocks of the western
half of the body in 1958. Oakeshott described the series as: anortho-
site, gabbroic rocks, titanomagnetite rocks and gabbro pegmatite. He
concluded that a parent magma of anorthositic gabbro composition differ-
entiated from early anorthosite and marginal gabbro-norite through late
residual ilmenite-magnetite-apatite-pyroxenite and pegmatites. In a
study of the western half of the body, Higgs (1954) mapped and described
the major units of the "norite-anorthosite complex" as norite, norite-
anorthosite transition rock, anorthosite and apatite-ilmenite rock. He
described the sequence of crystallization of the magmatic minerals
(olivine(?), hypersthene, then andesine), described the uniform proto-
clastic shattering, and the subsequent development of a variety of
deuteric minerals.

Crowell (1962) and Crowell and Walker (1962) described gabbro,
diorite, anorthosite, syenite and related rocks of the San Gabriel body
and correlated them, based on similarities in fieﬁd relations and petro-

graphy, with a similar suite in the Orocopia Mountains, near the Salton



Sea. Silver, et al. (1963) reported on uranium-thorium-lead isotopic
studies of rocks of the San Gabriel body and concluded that they have an
age of about 1200 million years. Preliminary results of this study have
been reported in Silver and Carter (1965), Carter (1970), Carter and
Silver (1971, 1972). Cummings and Regan (1976) report the results of an
aeromagnetic survey of the western San Gabriel Mountains.

The present work has emphasized field and petrographic study of the
rocks of the anorthosite-syenite body. The mapping is of a detailed
reconnaissance nature--thick brush, difficult terrain and deeply weathered
rocks made it unfeasible to walk very many contacts. Gradational contacts
and a diversity of lithologies, some difficult to differentiate in hand
specimen, required that the distribution of lithologies be generalized in
some places (Plate I). The petrography of the lithologies is reported,
and numerous photomicrographs are used to convey the essential character
of this rock suite. Limited chemistry and mineralogic studies are also
reported and serve to outline the general chemical trends. Field work
was started in 1966 and continued intermittently until 1970, most of it
being done during the springs and summers of 1968 and 1969. 1In all, about

300 days were spent on field work for this study.

FIELD SETTING

The San Gabriel anorthosite-syenite terrain lies in the western San
Gabriel Mountains about 30 kilometers northeast of Los Angeles, Cali-
fornia (Figure 1). This east-west trending range is about 95 kilometers
long by 40 kilometers wide and is one of the Transverse Ranges of South-

ern California. The area studied ranges in elevation from about 580
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meters on the northwestern margin of the range, to about 2000 meters in
the eastern part of the area. The Santa Clara River, bounding the north-
western edge of the San Gabriel Mountains, approximately defines the north
edge of the study area. South from the Santa Clara River, this area
includes the Magic Mountain-Mt. Gleason ridge, Pacoima Canyon, much of .
the Mendenhall Peak-Iron Mountain ridge, and southeast of Mt. Gleason,
parts of the Fox Creek, Mill Creek, and upper Big Tujunga drainages.

The Little Tujunga Canyon Road is a paved highway which crosses the
westernmost edge of the study area, the Santa Clara Road skirts the north-
ernmost edge of the area along the Santa Clara River, and the Angeles
Forest highway (U.S. highway N3) crosses the eastern part of the area.
Narrow paved roads run to Magic Mountain from the west and to Mt. Gleason
from the east, but the principal access to the central part of the area
is by means of unsurfaced mountain roads, built and maintained by the
U.S. Forest Service, especially those on Mendenhall ridge, in Pacoima
Canyon, and along the Magic Mountain-Mt. Gleason ridge (Figure 2). These
are good mountain roads, but may become impassable in wet weather, and
some of them may be closed during periods of high fire danger. Only a
few of the trails which formerly criss-crossed the area are presently
maintained, although some of them are still passable. The Forest Service
has constructed firebreaks along the crests of many of the ridges in this
area and these brush-free ridges greatly facilitate access.

The western San Gabriel Mountains are covered predominantly by
chaparral brushland, typical species of which include chamise, scrub oak,
ceanothus, manzanita, mountain mahogany, and chaparral yucca. Access in
much of the area is severely restricted by this dehse, often nearly

impenetrable brush, particularly at elevations below about 1700 meters.
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Vegetation in the canyon bottoms includes white alder, cottonwood, Cali-
fornia sycamore and willows, sometimes mixed with coast live oak. Canyon
Tive oak occurs on steep %ocky slopes and in canyons at higher elevations,
and bigcone spruce is common on north-facing slopes and in canyons between ele-
vations of about 750 meters and 1800 meters. Yellow pine forest occurs
above about 1800 meters in the vicinity of Mt. Gleason and is composed
predominantly of western yellow pine and coulter pine, with a Tittle
incense cedar.

This is an area of rugged topography where local relief is typically
500 to 1000 meters, and more than half of the slopes exceed the angle of
repose (Sinclair, 1954). The steep topography and thin soil cover result
in abundant exposures, but extensive fracturing and alteraticn of the
rocks, deep weathering, and displacements due to mass movement, and dense
brush make geologic mapping difficult. Generally, the best exposures are
in canyon bottoms, in roadcuts and along the tops of some ridges.

Mapping at the scale of 1:24,000 was done on the 7-1/2 minute series
of topographic quadrangle maps published by the United States Geological
Survey between 1953 and 1960. Two of these quadrangles have a contour
interval of 25 feet (Sunland and San Fernando) and the other six have a
40-foot contour interval (Mint Canyon, Agua Dulce, Action, Condor Peak,
Pacifico Mountain and Chilao Flat).

The geologic map (Plate 1) consists of a synthesis of the field
data drafted on a base constructed from the 15-minute Tujunga Quadrangle
and the topographic base of the 15-minute San Fernando Quadrangle used
by Oakeshott (1958, Plates 1, 2). Two-hundred-foot contours from these

maps were used to make the topographic base for Plate 1.
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The San Gabriel anorthosite-syenite body is intrusive into granu-
Tite gneisses, mostly of quartzo-feldspathic composition. It has, in
turn, been intruded mostly just along its margins, by earliest
granodioritic rocks (the Mt. Lowe granodiorite) and again by late Meso-
zoic granodioritic rocks (the Mt. Josephine granodiorite). Oligocene(?)
and younger sedimentary and volcanic rocks border the anorthosite-syenite
body, mostly along its north and northeast margins.

The body has been divided into three major stratigraphic units,
each comprised of a distinctive group of 1ithologies and each in a dis-
tinctive stratigraphic position within the body. Most of the body con-
sists of anorthosite and interlayered leucogabbro. These two lithologies,
together with smaller amounts of gabbro, constitute the anorthosite-
leucogabbro unit. Syenite and associated mafic rocks constitute the
syenite unit. A diverse series of layered gabbroic rocks, many of them
potassium-rich, constitute the jotunite unit.

The San Gabriel anorthosite-syenite body has been affected by
younger deformation which includes the following major episodes: (1)
Strong shearing and recrystaliization along the northeast margin occurred
during emplacement of the Mt. Lowe granodiorite, which also produced a
series of open folds with northwest trends within the body. (2) Middlie
Tertiary compression produced east-west folds which developed several
kilometers of structural relief. (3) Several more or less east-west
faults have major apparent right-lateral or left-lateral and dip-slip
displacements. (4) A set of northeast-trending faults have major left-
lateral displacements. (5) The entire body may be part of an alloch-
thonous sheet which is floored by a zone of strongly sheared gneiss,

exposed in the Mill Canyon window.
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CHAPTER 2
FIELD MAP UNITS
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INTRODUCTION

Rocks in this area range from middle Proterozoic to Quaternary in
age. Although nearly all the rocks exposed in the mountains themselves
are crystalline, they include some Cenozoic clastic sediments and volcanics.
This study concerns mainly the metamorphic and plutonic rocks (Figure 3). To the
north and northwest, however, the anorthosite-syenite body is bordered by
sedimentary and volcanic rocks of several Cenozoic formations. These are
briefly described, although no attempt was made to map or even to compre-
hensively describe these rocks except as they occur in contact with the
body. The rock units are described in order from oldest to youngest
according to their known relative age sequence. Two relatively minor
crystalline units and some dike rocks are described in order of their
probable ages within the known sequence.

Besides the anorthosite-syenite body, only the pre-anorthosite Menden-
hall gneiss was mapped over any extensive area, primarily in order to
determine the aerial extent, pre-intrusive conditions and structural his-
tory of the body, and, therefore, even this unit is not discussed in detail.
Some of the younger granitic rocks, notably the Mt. Lowe granodiorite and
Mt. Josephine grandiorite, have strongly affected the post-emplacement
structural development of the anorthosite-syenite body. These younger
units were mapped and described only near their contacts with the body.
Descriptions of these units are, therefore, brief and do not constitute
a comprehensive treatment of their nature and origin but simply a brief
outline of their salient features in order to help put the anorthosite-
syenite body into its proper geologic context.

The greater part of this section consists of systematic descriptions

~

of the various lithologies constituting the anorthosite-syenite body. It
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is primarily descriptive of the rocks of the anorthosite-syenite body;
inferences and conclusions are presented elsewhere. Detailed petrography
and mineralogy, the structural and petrologic evolution and the chemistry
and petrogenesis of this body are described elsewhere and are included in
this chapter only to the extent necessary to present a balanced descrip-
tion of these rocks. Separation of the observed facts from the inferences
and conclusions based upon them is necessary because many of the more
important and interesting conclusions are based on incomplete and some~

times even contradictory evidence.

MENDENHALL GNEISS

INTRODUCTION

Dark, layered, quartz-bearing gneiss containing variable proportions
of ferromagnesian minerals crops out in several parts of the area mapped.
This gneiss was included in the igneous and metamorphic rocks of Miller's

(1934) San Gabriel Formation, and was named the Mendenhall gneiss by

Oakeshott (1958) for exposures on and near Mendenhall Peak. Oakeshott
(1937, 1954) first considered it as possibly related to the anorthosite-
syenite body, perhaps altered border phase, but Higgs (1954) recognized
that it was distinctly different from the anorthositic rocks, and Oakeshott
(1958) described it as granulitic gneiss older than, and intruded by,

rocks of the anorthosite-syenite body. Silver, et. al. (1963) have
reported isptopic age determinations (U-Th-Pb) on zircons from rocks

which intrude the Mendenhall gneiss, indicating that it must be older

than 1200 million years, and data from zircons from the gneiss itself
suggest that it may have been metamorphosed about 1440 million years

ago.
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The largest exposure of Mendenhall gneiss, about 16 kilometers long
and 1-2 kilometers wide, appears in the southwest part of the map area
(Plate 1) between the anorthosite-syenite body and the San Gabriel fault,
and extends from Sand Canyon to Trail Canyon. A second outcrop of Men-
denhall gneiss (about 3 x 5 kilometers in area) appears in upper Big
Tujunga Canyon, bordering the southeast limit of the anorthosite-syenite
body. A relatively thin, discontinuous screen of deformed and recrystal-
lized Mendenhall gneiss separates rocks of the anorthosite-syenite body
from the Mt. Lowe granodiorite along the northeast margin of the body.
The Mendenhall gneiss is best observed in roadcuts near Mendenhall Peak,
but is also well exposed along the Little Tujunga Road in Bear Canyon and
in upper Big Tujunga Canyon near the mouth of Wildcat Gulch.

The interior of the Mendenhall gneiss was mapped in the southwestern
area and in part of the area south of Big Tujunga Canyon. Structural
attitudes of the layering (and foliation), fold axes, and some faults
were recorded. It was not possible at the scale used to define any map-
pable Tithologic units, so that detailed internal structures within the

gneiss have not been resolved.

LITHOLOGY AND FIELD RELATIONSHIPS

Mendenhall gneiss forms steep, rugged slopes and weathers to a dark
brown color in most outcrops, tending to resemble some exposures of
layered gabbroic rocks of the anorthosite-syenite body. Its strong com-
positional layering is usually conspicuous and close examination nearly
always reveals the presence of quartz and of a penetrative metamorphic

fabric.
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The Mendenhall gneiss consists of several characteristic lithologies:
blue-grey fine to coarse-grained biotite-hornblende quartzo-feldspathic
granulite gneiss, altered greenish brown amphibolite, and biotite schist
(Figures 4, 5). The most common lithology is quartzo-feldspathic granu-
Tite gneiss which contains irregular seams and aggregates of ferromagen-
esian minerals. Irregular, often lenticular alternating light and dark
layers are typically 1 millimeter to 1 centimeter thick, but are commonly
thicker. The presence of abundant blue-grey quartz is characteristic of
these rocks.

The texture of the rocks of the Mendenhall gneiss is granoblastic
(xenoblastic-granular), the “"granulitic fabric" typical of granulites.
Quartz, feldspars and pyroxene (not altered to uralite) were the most
important primary minerals of the Mendenhall gneiss. Most rocks contain
15% to 40% irregular, anhedral grains or mosaics of blue-grey quartz.
Some quartz replaces plagioclase, and is present in fractures cutting
across earlier grains. Anhedral to subhedral grains of plagioclase make
up 20% to 65% of most rocks. It is mostly oligoclase to andesine
(An15_35) in composition and is usually distinctly antiperthitic, con-
taining numerous minute lamellae or blebs of exsolved aikali-feldspar.
Plagioclase is saussuritized in some rocks and is commonly replaced by
a fine mosaic of biotite, muscovite and quartz. Anhedral microcline,
orthoclase and mesoperthite are generally less altered than the plagio-
clase and constitute 5% to 40% of most rocks. Relict pyroxene, both
hypersthene and augite, is present in only a few rocks but pseudomorphs
after pyroxene consisting of coronitic aggregates of green hornblende,
biotite, chlorite and quartz are present in nearly all rocks. Rims of

£y

fibrous blue-green hornblende outline the original crystal forms of
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Figure 4. Typical quartzo-feldspathic Mendenhall gneiss from roadcut
about 800 meters east of Bear Divide. Quartzo-feldspathic leucocratic
Tayers alternate with layers of similar quartz and feldspars with much
higher dark mineral content.
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Figure 5. Typical Mendenhall gneiss from roadcut about 800 meters east
of Bear Divide. The gneiss displays minor folds and late coarse quartzo-
feldspathic mobilizate segregation.
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some pseudormorphs. The very common, more irregular clusters of green
hornblende, biotite, chlorite, quartz and calcite probably represent com-
plete replacement of original pyroxene.

Green hornblende, biotite and chiorite are later minerals than the
original quartz, feldpars and pyroxene and represent a retrograde assem-
blage developed in these rocks at some time following granulite facies
metamorphism. Chlorite commonly partially replaces both hornblende and
biotite. Accessory minerals include ilmenite, magnetite, apatite, pyrite
and garnet. Very late secondary minerals which occur in fractures or as
replacements of earlier minerals include biotite, muscovite, chlorite,
epidote, leucoxene, quartz and calcite.

The Mendenhall gneiss can be distinguished from all other rocks in
this area by the presence of abundant quartz and by the characteristic
metamorphic fabric. The presence of abundant pseudomorphs or coronitic
aggregates of retrograde minerals after original pyroxene serves to dis-
tinguish Mendenhall gneiss from other metamorphic rocks of the western
San Gabriel Mountains.

Many Cenozoic faults cut the gneiss, and it is in fault contact
with the adjacent rocks in many places. It is separated from Mesozoic
granodioritic rocks by a branch of the San Gabriel fault in Tower
Pacoima Canyon and for about 8 kilometers northwest of Bear Divide. It
is in fault contact with anorthositic rocks over a distance of about 5
kilometers in the Slaughter Canyon area, and also in several places
north and east of Mendenhall Peak.

Over a distance of about 11 kilometers, between Mendenhall Peak
and Bear Canyon, much of the contact between Mendenhall gneiss and rocks

of the anorthosite-syenite body is intrusive. Along this confact,
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layered granulite gneiss is in contact with the strongly layered rocks

of the jotunite unit and often the two similar-appearing units can be
distinguished only by careful hand lens examination. However, in the
better exposures gabbfoic dikes clearly crosscut gneiss and gneiss xeno-
1iths are present in the jotunitic gabbro. Mapping of this concordant
contact can be difficult, and requires closely spaced, detailed traverses;
it is only approximately located in some places where exposures are poor.
Si11-1ike intrusive bodies of jotunite in gneiss and tabular xenoliths

of gneiss in jotunite near the contact make its exact location more diffi-
cult to determine. Northeast of Mendenhall Peak an area of about 5

square kilometers underlain predominantly by jotunite was mapped as gneiss
by Oakeshott (1958).

Mt. Lowe granodiorite was concordantly emplaced against Mendenhall
gneiss in upper Big Tujunga Canyon and elsewhere along the northeast
margin of the anorthosite-syenite body. A high degree of plastic defor-
mation, cataclasis, and recrystallization of the gneiss near the contact
occurred during emplacement of the Mt. Lowe grandiorite. Deformed Men-
denhall gneiss can be distinguished from other deformed rocks near this
contact on the basis of its abundant quartz.

Mendenhall gneiss is intruded by Mesozoic Mt. Josephine granodiorite
southeast of Mendenhall Peak and east of Strawberry Peak. No obvious
metamorphic effects were seen more than a few centimeters from the con-
tact, and numerous gneiss xenoliths are present in granodiorite hundreds

of meters from the contact.
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PRE-METAMORPHIC LITHOLOGY

Mendenhall gneiss in the western San Gabriel Mountains consists
entirely of quartzo-feldspathic and amphibolitic layers and contains no
quartzite, pelitic components or calc-silicate rocks. Pronounced layer-
ing on a relatively fine scale might be at least in part inherited from
the pre-metamorphic rocks. Field relationships and primary structures
in the anorthosite-syenite body suggest that this layering was probably
sub-horizontal prior to intrusion of the anorthosite-syenite body.
Oakeshott (1958) has suggested that this gneiss represents metamorphosed
quartz monzonitic to quartz dioritic rocks. A possible alternative is

that it originally consisted of intermediate to acidic volcanics.

ANORTHOSITE-SYENITE BODY

INTRODUCTION

The anorthosite-syenite body is comprised of three main units:
1) the anorthosite leucogabbro unit consists principally of anorthosite
but also includes significant proportions of leucogabbro, and lesser
amounts of gabbro; 2) the syenite unit consists principally of syenite,
but includes a very mafic subunit near its contact with the anorthosite-
leucogabbro unit; and 3) the jotunite unit is a compositionally vari-
able mafic unit which has been subdivided into five subunits. Other
relatively minor rock types of the anorthosite-syenite body include
gabbroic to anorthositic gneiss and a variety of gabbroic dike rocks.
The general characteristics of these stratigraphic units are described

in this chapter and the petrography is described in Chapter 4.
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Lithologies, Lithologic Map Units and Primary Stratigraphic Units

Mapping of the San Gabriel anorthosite-syenite body has allowed the
separation of ten main lithologic map units, each made up of one or more
fairly distinctive and well-defined lithologies. In addition, twelve
other categories could sometimes be mapped, each consisting of a miner-
alogical, compositional, textural or structural variation of one of the
main lithologic map units (Plate I). A few additional lithologies could
only be distinguished by thin section study and so were not useful as
field units. Some lithologies are very widespread, occurring in rocks
in many parts of the body (gabbro, ultramafite) and others are much more
restricted in occurrence (leucosyenite, sodic gabbro). Field studies
have shown the distribution of field 1ithologies which were used to define
the 1ithologic map units and their variations (Plate I).

Based on the resuiting map patterns, it has been possible to divide
the anorthosite-syenite body into primary stratigraphic units and sub-
units, each consisting of an assemblage of lithologies and 1ithclogic
map units, but each distinguishable from the others on the basis of
either general lithologic, compositional, textural, or structural char-
acteristics or relative stratigraphic position within the body. A given
exposure may be potentially attributable to more than one stratigraphic
unit or subunit, but the overall map patterns allow assignment to the
appropriate stratigraphic unit or subunit. Stratigraphic units and sub-
units are not separately indicated on Plate I although they are fairly
obvious based on 1ithologies, as described below, and a schematic dia-
gram of their relative structural positions is shown in Chapter 4, and

the distribution of jotunite subunits is shown in Plate 11, .



The descriptions in this chapter are organized according to the pri-
mary stratigraphic units and subunits. The major lithologies are

described under the unit or subunit where they are most abundant.

Rock Nomenclature

Comparison of different anorthosite-charnockite suites is made diffi-
cult by the fact that different rock terminologies and definitions are
used by different investigators. Even anorthosite is defined differently
by different investigators, and associated rocks are given little known
names such as farsundite and opdalite as well as such common names as
syenite and granodiorite. Rock boundaries are commonly transitional so
that 1ithologic boundaries on maps are drawn according to the investi-
gator's interpretation of the rock terms and definitions. Rocks of the
anorthosite-charnockite suite are distinctly different from other suites
in several ways: (1) rocks of similar mineralogy commonly have extremely
different color indices (C.I. = percentage of ferromagnesian minerals),
sometimes ranging from 0 to 100 in a single outcrop; (2) "Gabbroic" rocks
of this suite (dark, pyroxene-olivine rocks) commonly have more sodic
plagioclase (andesire) than in typical gabbros so that "diorite" is
sometimes used in naming them; (3) most rocks of this suite, including
those of granitic composition, contain orthopyroxene as their dominant
ferromagnesian mineral; and (4) feldspars in rocks of this suite com-
monly show intimate exsolution textures; perthite, antiperthite and
mesoperthite are very common in these rocks. For the above reasons, it
is appropriate to use a separate terminology to distinguish rocks of

this suite from the more common rocks of virtually identical chemical
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composition, but it is equally important to define the terminology
used before any description of the anorthosite-syenite body is presented.
Good discussions of nomenclature of rocks of the anorthosite kindred
are given by Kolderup (1904), Goldschmidt (1916), Hodal (1945} and
DeWaard (1969).

Figure 6 shows the modal compositions and nomenclature adopted
for use in this study. A1l anorthosite-related rocks in the San Gabriel
Mountains contain less than 10% quartz, but anorthosite-related quartz
syenite is present elsewhere in southern California and so is included
in the nomenclature. It is important to note that feldspar proportions
are determined by thin section estimates of the proportions of fine-
scale exsolution intergrowths, and thus are subject to substantial error
and are not always useable for naming rocks in the field. For this
reason, mangerite was not used as a field term. Most mangerite was
mapped as syenite, but some may have been mapped as jotunite
(monzodiorite). Based on subsequent thin section study, the field
distinction between jotunite and syenite was probably fairly consistently
applied at about 35% potassium feldspar.

Figure 7 shows the color index and nomenclature used in this study.
The nomenclature adopted was based primarily on field occurrence. For
example, most jotunite has a C.I. between 25 and 50 and no "Teucojotunite"
name was necessary, mangerite was not a useful field term and so was not
separated into different catagories, and a C.I. exceeding 40 was un-
usual for syenite so that ferrosyenite is designated at a different C.I.
than ferrojotunite or ferrogabbro.

The terms syenite and quartz syenite were used because of their

prior use to describe rocks of this suite (Crowell and Walker, 1962).
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In other anorthosite-charnockite suites, orthopyroxene commonly pre-
dominates over clinopyroxine and olivine. Primary ferromagnesians

in the San Gabriel suite are almost universally altered, sc that the
predominance of orthopyroxene cannot be positively confirmed (see
Chapter 4). For this reason, the term gabbro has been used rather than

norite even though jotunite and mangerite have been retained.

Contacts and Attitudes:

The overall anorthosite-syenite body appears to have been con-
cordantly intruded into Mendenhall gneiss along that part of its upper
contact now exposed. Although the approximate original locaticn of
part of its base can be inferred, it is nowhere seen. The intrusive
complex was at least 10 kilometers in maximum thickness and perhaps
about 20 kilometers in diameter, although its original shape and ex-
tent can only be inferred. A penetrative edge of the intrusion is only
a few hundred meters in local thickness south of Upper Big Tujanga
Canyon, but this thickness increases rapidly to the north-west and west,
apparently reaching 7 kilometers in the Middle Fork Mill Creek and
possibly 12 - 15 kilometers in Soledad Canyon at the northwestern edge
of the exposed body. It probably thins toward the south near Slaughter
Canyon where the syenite and jotunite units together are only a few
hundred meters in thickness, compared to a total of nearly 5 kilometers
for the two units about 3 kilometers north in Pacoima Canyon. However,
since its base is not exposed, the thickness of the anorthosite 1is
unknown in this area and may not undergo a similar change in thickness.

About 13 kilometers of the upper contact is exposed between

Staughter Canyon and Sand Canyon along the southwest edge of ‘the body;



28

Particularly good exposures are present in Pacoima Canyon and east of
Mendenhall Peak. Gabbroic rocks of the jotunite unit intrude generally
sub-horizontal gneisses in this area along a contact which is nearly
always sub-parallel to the layering and foliation of the gneiss. The
contact is commonly relatively narrowly-defined, especially in the west,
but elsewhere is a zone several hundred meters in thickness in which
numerous sill-like bodies of gabbro intrude the adjacent gneiss, some-
times isolating bodies of gneiss to produce xenoliths which generally
parallel the contact. The gneiss xencliths reach 30 to 50 meters in
thickness and more than a kilometer in length, constituting mappable
bodies in some instances. Gabbroic sills in gneiss are usually only

a few meters in thickness. About 19 kilometers of the contact is ex-
posed along the northeastern boundary of the body where it was strongly
deformed during emplacement of the Mt. Lowe Granodiorite. Tabular
screens of partially recrystallized Mendenhall gneiss separate
anorthosite from Mt. Lowe granodiorite along parts of this contact.
Primary layering in the anorthositic rocks and the probable original
foliation of the gneiss both approximately parallel the contact which
therefore was probably originally concordant, but because of the de-
\formation, 1ittle else can be said of the nature of the original contact
in this area.

Between Fall Creek and Wickiup Canyon, the southwest margin of the
anorthosite has been intruded by granitic rocks related to the Mt.
Josephine granodiorite. The granitic rocks contain xenoliths of
Mendenhall gneiss 0.5 to 2 kilometers southwest of the contact, and
xenoliths of anorthosite up to 0,5 kilometers southwest of the contact.

Layering in the xenoliths is similar in orientation to that in nearby
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gneiss and anorthosite. Xenoliths within the contact zone, which is up to
400 meters wide, are very 1ittle rotated or displaced; a few contacts within
the anorthosite-syenite body can be projected across the contact and traced
through several xenoliths within the granitic rocks. These observations sug-
gest that the xenoliths have not been greatly displaced during intrusion of
the granitic magma and that they can be used to locate the approximate ori-
ginal position of the basal anorthosite-Mendenhall gneiss contact which
appears to have been generally concordant in this area.

The edge of the anorthosite-syenite body is seen only in upper Big
Tujunga Canyon where exposures are poor. The upper and Tower contacts
and internal layering are roughly parallel to the layering and foliation
of the adjacent Mendenhall gneiss.

The orientation of compositional layering was measured wherever possible.
Only representative attitudes were recorded; some are averages of up to ten
separate measurements. Only primary surfaces were measured, usually the
orientation of primary compositional layering. The orientation of plagio-
clase tablets ophitically included within larger pyroxene crystals is nor-
mally parallel to the compositional layering where both are present, and
was, therefore, measured in a few instances where compositional layering
was not seen. A few rocks have a slight preferred orientation of ferro-
magnesian minerals or groups of minerals which is normally parallel to
compositional layering and was measured in a few places where Tayering
was not seen.

Primary layering and mineral orientation may be masked by any of
several superimposed features. Deeply weathered rocks and poor expo-

sures obscure attitudes, especially on ridges and on brushy slopes.
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Distinct shear zones and pervasive distributed shearing frequently mask
primary layering and sometimes produce a foliation. VYounger dikes,
mostly gabbroic or granitic, are quite common and may rarely be mis-
taken for primary layering, especially where gabbroic dikes have been
modified by shearing. Small faults and joints also can obscure primary

attitudes.

ANORTHOSITE-LEUCOGABBRO UNIT

Anorthosite, leucogabbro and gabbro together comprise the largest
of the three units which is at least 7 kilometers thick and exposed
over about 170 square kilometers. Anorthosite consists of large an-
hedral crystals of white, gray and lavender calcic andesine with Tess
than 1% to, at most, 10% coarse dark green to black ferromagnesian minerals
and aggregates and makes up an estimated 70% of the unit. Leucogabbro
is a compositionally layered rock containing an average of 10-35% ferro-
magnesian minerals in addition to calcic andesine and is especially
common in the southeastern part of the body, along Mill Creek, where it
forms thick cyclically layered sub-units alternating with anorthosite
sub-units and makes up as much as 40% of the total section. Gabbro is
a compositionally layered rock consisting of calcic andesine and more
+han 35% ferromagnesian minerals which occurs as a thick subunit near
the top of this unit in Pole Canyon in the western part of the body and
as smaller discontinuous bodies along the upper contact along the
eastern and northeastern boundaries of the anorthosite-syenite body.
An estimated 20% of this unit is Teucogabbro and less than 10% is gabbro.
These three rock types differ mainly in the percentage of their

constituent minerals; mineral compositions and textures are similar in



most of these rocks. These three rock types, in the approximate pro-
portions given, together constitute an estimated minimum of 65-75% of
the total body and dominate its overall form and general compositional

character.

Anorthosite

Anorthosite crops out over about 125 square kilometers and accounts
for about half of the exposed area of the San Gabriel anorthosite-
syenite body. It is a massive coarse-grained rock which forms locally
resistant outcrops in canyon bottoms but is usually deeply weathered,
and often forms even slopes with very littie bedrock exposure. Gocd
exposures of anorthosite can be seen in roadcuts along Angeles Forest
Highway and along the Magic Mountain-Mt. Gleason ridge. In Scledad Canyon,
it has been especially intensely shattered, crushed and altered by post-
empiacement intrusive and tectonic activity.

Pure anorthosite consits of anhedral equant plagioclase crystals,
3 to 20 centimeters in diameter which show no significant preferred
crystallographic or geometric orientation (Figure 8). In a few outcrops,
however, it consists of tabular plagioclase crystals (parallel to(010))
which exhibit a slight preferred orientation parailel to layering in
nearby leucogabbro outcrops. Such preferred orientation of plagioclase
in anorthosite appears to be the exception rather than the rule. Primary
Tayering is rare or absent in much of the anorthosite, but in many out-
crops small quantities of ferromagnesian minerals (often 1-5%) are
commonly found in compositional Tayers. Thick anorthosite containing
no ferromagnesian minerals alternates with a few layers (commonly 5-100
centimeters thick) containing as much as 5-20% ferromagnesiah minerals

(Figure 9}.



Figure 8. Typical outcrop of anorthosite about 1.5 kilometers south of
Monte Cristo Creek. Crystals of andesine are about 15-25 centimeters in
diameter but appear to be much smaller because of the numerous fractures
characteristic of nearly all anorthosite in this body.



Figure 9. Anorthosite with a few thin layers of leucogabbro, near the
mouth of the Middie Fork of Mill Creek.
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Alteration along minute fractures gives the eappearance of a folia-
tion or layering in some outcrops, but closer examination shows that
this is a superimpssed alteration feature. Crushing superimposed on
some rocks has produced slightly elongate crystal fragments which can
exhibit a siight preferred orientation, but is also a recognizably
younger feature. Well-developed joint sets, with or without altera-
tion along them, produce a gross parallel structure in some anorthosite
outcrops. Outcrops with smail amounts of ferromagnesian minerais which
have been smeared out along small faults may exhibit a foliation which
is not always easily recognizable as being an entirely superimposec
feature. Consanguineous mafic dikes usually intrude anorthosite
parallel to the orientation of layering in nearby leucogabbro. When
these dikes are strongly sheared by younger deformation, they produce
a layering which may be difficult to distinguish from sheared primary
layering.

Anorthosite masses are commonly gradational into leucogabbro in many
places along Mill Creek in the east, and in upper Pole and Bear Canyons
in the west. The transition appears as a gradual increase of ferro-
magnesian minerals, often grading from 0 to 25% over distances of a few
tens of meters to more than 400 meters.

Anorthosite is everywhere separated from the Mt. Lowe granodiorite
in the northeast by a narrow zone of gneissic rocks, some of them highly
deformed, partially recrystallized anorthosite and related gabbroic
rocks, and others similarly deformed Mendenhall gneiss, all of which
were deformed by emplacement of the granodiorite. Mt. Josephine
granodiorite discordantly intrudes anorthosite with weli-preserved

primary features along the southern edge of the body. Ancorthosite



generally is separated from Mendenhall gneiss by a layer of

gabbro or Teucogabbro of variable thickness in upper Big Tujunga Canyon.

Leucogabbro

The average 1ight brown to 1ight grey leucogabbro has a color in-
dex of about 20 to 25. Typical outcrops have a non-homogeneous layered
appearance (figure 10). It is usually more deeply weathered than
anorthosite because its ferromagnesian minerals are so susceptible to
weathering. It forms Tow, rounded outcrops along canyon walls, and
even in roadcuts as much as 10 meters below the surface and along
canyon bottoms, exposures are often of poor quality due to the deep
weathering. In a few exposures in deep roadcuts, relatively fresh
specimens can be found in the centers of large, spheriodially weathered
boulders.

Leucogabbro is altways compositionally layered with 1 centimeter to
10 meter layers which differ only in their relative proportions of
plagioclase to ferromagnesian minerals. Much leucogabbro consists of a
coarse anorthosite matrix surrounding 1-40 centimeter uralitized pyroxene
which commonly ophitically encloses 0.5 to 3 centimer tabular
plagioclase crystals. Some leucogabbro consists of 2 to 5 centimeter
equant subhedral plagiocclase subophitically enclosed by uralite aggri-
gates after original pyroxene of similar 5.20. Occasional much
coarser-grained Tayers occur within normal Teucogabbro. These 0.5 to
3 meter layers are sometimes strongly asymmetric, consisting of a course-
grained anorthosite layer adjacent to a similarly coarse-grained layer

of uralitized pyroxene.



Figure 10. Typical cyclically layered leuccgabbro from the North Fork of
Mi11l Creek. Dark spots are individual crystals of pyroxene (now uralite).



Leucogabbro occurs as thick 150-750 meter mappable subunits
separated by anorthosite subunits of comparabie or greater thickness.
Because cf the gradational changes between anorthosite and leucogabbro,
units were defined by the estimated ferromagnesian mineral content of
an area of at Teast 50 square meters. If possible, the area estimated
was taken perpendicular to the compositional layering of the rocks in
the outcrop. This was difficult in areas away from roads or major can-
yons where outcrops are limited; the relative abundance of anorthositic
interlayers in a given area was probably sometimes overestimated because
of its greater resistance to weathering. Leucogabbro subunits were
successfully followed over distances of several kilometers in the south-
eastern part of the body, but in Fox Creek and near Messenger Flats,
where access is more difficult, leucogabbro layers could not readily be
mapped, in part because they are thinner and in part because they dis-

play less compositional contrast with anorthosite.

Gabbro

Gabbro appears as a dark brown to grey coarse-grained rock with a
color index of 35 to 65, which forms rounded outcrops covered by
abundant disintegrated granules. Relatively fresh outcrops can be found
only in deep stream canyons such as in Pole Canyon. Typical gabbro can
also be seen in Big Tujunga Canyon above the mouth of Wickiup Canyon.
About 8 square kilometers is underlain by gabbro, most of it in the
western part of the body between Teucogabbro and syenite.

Pronounced compositional layering is as characteristic of gabbro as
it is of leucogabbro. Layers typically range from 1 millimeter to as

much as 1 meter in thickness, differing mainly in their color index.
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Plagioclase (2-10 millimeters) is typically sub-ophitically enclosed by
aggregates of uralite and other alteration minerals after original
pyroxene of comparable size, and exhibits a sligh: degree of preferred
orientation parallel to the layering.

Gabbro is gradational with both leucocgabbro and syenite. Leuco-
gabbro grades into gabbro over distances of several tens to a few
hundreds of meters. Gradation into syenite occurs over distances of a
few hundreds of meters in a zone which is parallel to compositicnal
layering in the rocks on either side of the contact. The transition is
from medium-grained layered gabbro (color index about 45) into
relatively mafic syenite (color index 35-40) of about the same or
slightly smaller grain size, containing numerous, more ferromagnesian-
rich gabbroic layers 0.2-3 meters thick, which gradually decrease in
abundance away from the contact so that the syenite is nearly homo-
geneous a thousand meters from the contact. The syenite-gabbro contact
is best exposed west of Magic Mountain in upper Iron Canyon. Elsewhere, it
is poorly exposed and consequently its nature is imperfectly known.

Gabbro forms a series of relatively small discontinuous bodies in
contact with deformed Mendenhall gneiss or Mt. Lowe granodiorite along
the northeast margin of the body. These rocks were strongly deformed
by emplacement of the Mt. Lowe granodiorite. Typical gabbroic gneiss
is exposed in road cuts in Mill Creek where Angeles Forest Highway
crosses the northeastern margin of the body.

Some gabbroic rocks near the contact with rocks of the syenite unit
north and west of Magic Mountain contain very sodic modal and normative
plagioclase. Microscopically, these rocks often contain more abundant

alteraticn minerals {biotite, amphibole, epidote, etc.) than cther



gabbroic rocks, but megascopically they are indistinguishable from
other gabbros of this unit. The location of sodic gabbro is indicated
on the geologic map (plate I) only where thin section study has been
adequate to confirm its presence; the distribution of sodic gabbro

could not be defined on the basis of field study alone.

SYENITE UNIT

Rocks assigned to the syenite unit crop out over about 40 square
kilometers in the San Gabriel Mountains, about half of this exposed
west and northwest of Magic Mountain, and the remainder exposed in the
central part of the Buck Canyon Synform in upper Pacoima Canyon. West
of Magic Mountain, this unit is apparently more than 5500 meters in
thickness, and in the center of the Buck Canyon synform it is approxi-
mately 4500 meters in thickness.

The syenite unit 1is found in contact with rocks of the anorthosite-
leucogabbro unit in the area north and west of Magic Mountain and in the
Buck Canyon synform in upper Pacoima Canyon. Syenite is a massive,
generally homogeneous rock consisting predominantly of mesoperhite, and
is almost entirely lacking in any compositional Tayering. The syenite
unit also contains some ferromagnesian-rich rocks with well-developed
compositional layering. Except for these layered rocks, most of the
compositional differences within syenite are minor variations in the
type and abundance of ferromagnesian minerals, or of the average felds-
par composition, or refiect different degrees of alteration. Quartz
syenite was not observed except as minor float near North Fork Saddie.
However, quartz syenite associated with other anorthositic and gabbroic

rocks is exposed north of the Soledad Basin and elsewhere in southern
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California east of the San Andreas fault (Silver and Carter, 1965,
Crowell and Walker, 1962). In the Buck Canyon synform, both the base
and the top of the syenite unit are in un-faulted contact with under-
1ying and overlying rocks of the anorthosite-leucogabbro and jotunite
units respectively. The Tower contact is approximately concordant with
layering in rocks of the adjacent anorthosite-leucogabbro unit and is
quite complex in detail (see Chapter 3). 1In Pacoima Canyon, many tabular
bodies of ultramafic rock are present in syenite near this contact;
some are probably thick iayers in the normal sequence, and others are
perhaps intrusive, sill-1like bodies. West of Magic Mountain there are
fewer ultramafic rocks in syenite near its contact with gabbro.

The upper contact of the syenite unit in Pacoima Canyon is with the
strongly compositionally 1ayebed rocks of the jotunite unit. This con-
tact is generally concordant but the two rock types interfinger on the
1imbs of the Buck Canyon synform. In iower Sand Canyon, rocks of the
syenite unit are in contact with a thin anorthosite layer which forms
the base of an overlying gabbroic subunit. Numerous small xenoliths of
Mendenhall gneiss are present in syenite near this contact immediately
north of Sand Canyon, but with this exception, rocks of the syenite
unit are not in contact with Mendenhall gneiss.

The syenite unit has been divided into two subunits: (1) The

ultramafic syenite subunit consists of layered ultramafic to gabbroic

rocks (with color indices between 40 and 100) which in some places
contain large angular blocks of anorthosite and where present, always
occurs adjacent to the contact with the anorthosite-leucogabbro unit;

(2) The normal syenite subunit consists of homogeneous syenite (color

index about 25) and constitutes the greater part of the syenite unit.
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Ultramafic Syenite Subunit

The ultramafic syenite subunit is quite variable in both Tithology
and structure. Rocks assigned to this subunit include gabbro, ferro-
gabbro, ferrojotunitic gabbro, ferrosyenite, ultramafite, jotunite and
mangerite. Many of these rocks show strong compositicnal layering;
others are massive. A1l types may contain large, angular xenoliths of
anorthosite, particularly near the contact with the anorthosite-
leucogabbro unit. Because of the susceptibility to weathering of their
ferromagnesian minerals, the best exposed outcrops of this subunit are
found in roadcuts and a few canyon bottoms. Most of these rocks are
weathered dark brown to rusty brown in color and even the soil produced
on rocks of this subunit has a characteristic dark brown color.

Lithologies of the ultramafic syenite subunit occur as thick tabu-
lar bodies 10 to 100 meters in thickness which include both normal
stratigraphic layers and a few sills. Three to fifty centimeter com-
positional layering is most common and is primarily the result of
differences in the cclor index of different layers, reflected as
differences in weathering resistance. Common mineral grading in in-
dividual Tayers is evidenced by feldspar-enriched tops and feldspar-
depleted bases. The mafic rocks of the ultramafic syenite subunit
commonly contain numerous large (1 to 15 meter) angular blocks of
anorthosite, especially near the contact with rocks of the anorthosite-
leucogabbro unit. Compositional layers can be observed to drape over
some of the anorthosite blocks. These rocks grade into syenite of the
normal syenite subunit by gradual decrease of their color index.

The ultramafic syenite subunit has been distingquished in the Buck

Canyon synform in upper Pacoma Canyon but has not been distinquished
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as a separate subunit north and west of Magic Mountain where the
syenite unit does not contain so many mafic rocks or anorthosite blocks

near its contact with rocks of the anorthosite-Teucogabbro unit,

Normal Syenite Subunit

Typical syenite is made up of alkali feldspar grains and about
15-35% ferromagnesian minerals, consisting of altered pyroxene and/or
olivine. Rare leucosyenite (color index Tess than 10) and unusual
ferrosyenite (color index more than 40) are present. Typical syenite
is homogeneous with equant crystals of chatoyant feldspar which gives
the rock a distinctive appearance. The original ferromagnesian minerals
commonly have been altered to small equant aggregates of micas,
amphiboies, epidote and quartz, Black biotite, conspicuous in these
aggregates, is sparse in the other rocks of the intrusion. The rock
has a Tight brown color in outcrop but fresh surfaces are slightly green
to bluish in color. Syenite is slightly more resistant to weathering
than anorthosite and leucogabbro, and forms irregular slopes with few
prominant outcrops. Exposures are best observed in stream bottoms, as
in lower Iron, Rabbit and Oak Springs Canyons. Excellent syenite ex-
posures can be seen on the Mendenhall Ridge road about 1.5 kilometers
northwest of Iron Mountain, and on the Magic Mountain road about 1.5
kilometers southwest of Magic Mountain,

Most syenite shows little or no compositional or textural layering.
Lithologic variations can be found over distances of a few hundred
meters, but rarely as distinct layers of any consistent orientation.

In general, syenite near the base of the subunit is more leucocratic,

or at least contains more numerous leucocratic patches than higher in
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the section. Syenite near the base displays a greater abundance of
fine-grained bictite and quartz in the aggregates formed by alteration
of the criginal ferromagnesian mineral (pyroxenes and/or olivine).
There are scarce ferrosyenite layers 30 to 150 centimeters thick
within the normal syenite subunit. They usually contain 40% - 60% ferro-
magnesian minerals and have extremely gradational contacts with normal
syenite. No size or compositional grading has been observed in these
layers west of Magic Mountain. Similar mafic layers 8 - 60 centimeters
thick occur sporadically throughout the syenite in the Buck Canyon
synform, commonly in layered sequences tens to even a few hundred
meters thick alternating with normal syenite. These dark layers are
often mangeritic or even jotunitic in composition, and commonly show
excellent mineral grading. In the center of the Buck Canyon synform,

at least 80% of the normal syentie subunit is syenite.

JOTUNITE UNIT

Rocks of the jotunite unit crop out over about 45 square kilometers
and show the greatest compositional variability of the units making up
the San Gabriel anorthosite-syenite body. The jotunite unit is exposed
over an area about 16 kilometers long by 2 - 3 kilometers wide along the
southern edge of the body. It is structurally the uppermost unit and,
in places, attains thicknesses of 3 to 4 kilometers between the syenite
unit and the Mendenhall gneiss which forms the roof of the body. Rock
types present include jotunite, ferrojotunite, mangerite, and gabbro
with lesser amounts of anorthosite, syenite, ferrosyenite,

leucogabbro, ferrogabbro, and ultramafite. Compositional Tayering is
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conspicuous on all scales from a few centimeters to hundreds of meters,
Jotunite is probably the most abundant rock type present., and the
average composition of this unit is about that of a jotunite
(monzodiorite).

Rocks of this unit are generally deeply weathered and form smooth
brush-covered slopes which have few outcrops except where very steep.
Useful outcrops are found only in the deeply incised canyons and in a
few rcadcuts. Weathering of the abundant ferromagnesian minerals gives
these rocks their characteristic brown to orange-brown color, although
less-weathered rocks in stream bottoms are grey in color. Some of the
ultramafic rocks are highly resistant and form prominent outcrops in the
bottom of Pacoima Canyon, This unit is best seen in Pacoima Canyon,
particularly below the mouth of the North Fork; good exposures aiso
occur along the road west of Magic Mountain and along the ridge east of
Mendenhall Peak. A good view of the upper intrusive contact is exposed
along the road about 4 kilometers southwest of Magic Mountain where
massive, almost unlayered gabbro contains large (2-6 meter) xenoliths
of gneiss near the contact, and sends several 0.3-1.5 meter dikes out
into the gneiss. Other intrusive relationships are visible eisewhere,
especially in Pacoima Canyon and along the ridge east of Mendenhall
Peak. Large tabular gneiss xenoliths are abundant a few hundred meters
or more below the contact in some places, and numerous sill-like
gabbroic bodies are commen in gneiss above the contact, mostly parallel
to the gneissosity.

Layered gabbroic rocks of the jotunite unit closely resemble some
of the darker parts of the Mendenhall gneiss they intrude, Distinct

preferred orientation of feldspar, quartz and amphibole, although
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ustally not pronounced, is a nearly ubiquitous fabric element in
Mendenhall gneiss, in contrast to the equigranular, unfoliated texture
of the gabbroic rocks. Where quartz is not megascopically visible in
Mendenhall gneiss, the two rock types can be distinguished only by the
presence or absence of this mineral foliation.

The base of the jotunite unit is in contact with rocks of the
syenite unit and possibly with rocks of the anorthosite-leucogabbro
unit in some places. Most of this contact has been cut out by the
Lonetree fault (Chapter 3) and the rest of it is exposed in areas
with difficult access and exposure. The location and even the nature
of the basal contact is based on much interpretation and inference.
Best exposures occur in the Buck Canyon synform in Pacoima Canyon,
south of Magic Mountain and in Tower Sand Canyon.

Syenite appears to grade upward into rocks of the jotunite unit in
the Buck Canyon synform. This gradation also occurs laterally by inter-
fingering; the approximate syenite-jotunite contact appears to be
structurally about 1000 meters higher in the axis of the synform than
it is on its northern 1imb (cross sections E-E', F-F', plate II).

South of the Lonetree fault the base of the jotunite unit is
faulted everywhere except possibly in Dagger Flat and Dorothy Canyons,
south of Magic Mountain. In this area, parts of the jotunite unit are
in poorly exposed contact with anorthosite, which is part of the
anorthosite-leucogabbro unit. This contact has been mapped as several
faults by Higgs (1954) but not by Oakeshott (1958). No persuasive evidence
of faulting was observed, for example, in Dorothy Canyon where the
contact is abrupt, and several faults of quite different orientations

would be required to account for its trend., Anorthosite blocks up to
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a few tens of meters in size, are present in ultramafic rocks of the
jotunite unit immedijately adjacent to this contact which suggests that
it 1s an intrusive rather than a fault contact.

The jotunite unit is subdivided into five subunits which differ
significantly in composition, texture, or structure, although they were
not recognized as throughgoing map units during the initial mapping, and
their detailed outcrop distributions are imperfectly known because of
poor exposures and access, their compositional similarities and tectonic
complications. However, each subunit can be distinctly characterized and
will be described as it occurs in a given type locality. The approxi-
mate distribution of each subunit has been recognized from the mapping,
and is shown schematically in Plate IIIA. Plate IIIB is a schematic cross-
section through the jotunite unit showing the known and inferred rela-
tionship of subunits.

The five jotunite subunits are described in order from lowest to

highest. (1) The anorthosite block subunit is very ferromagnesian-rich,

usually poorly layered, and contains numerous large angular blocks of

anorthosite. (2) The Tower jotunite subunit usually exhibits relatively

poorly developed compositional layering, but does not contain any

anorthosite blocks., (3) The layered jotunite subunit exhibits well-

developed 5-30 centimeter compositional layering, with individual layers
which commonly persist over distances of tens of meters and very often

exhibit well-developed mineral grading, (4) The ultramafic jotunite

subunit consists mostly of ferrogabbroic rocks which are often massive
but sometimes show compositional layering (occasionally graded), and
may contain Targe anorthosite blocks in one area. (5) The upper

jotunite subunit is commonly massive, but it locally contains strongly
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developed graded layering, shows abundant evidence of extensive slump-
ing, and contains numerous gneiss xenoliths, especialiy near its upper

contact with Mendenhall gneiss.

Anorthosite Block Subunit:

In the upper part of the North Fork Pacoima Canyon, rocks strati-
graphically overlying syenite contain numerous large anorthosite blocks.
On the average these rocks have a slightly lower color index than those
of the ultramafic syenite subunit in the Buck Canyon synform which also
contains many anorthosite blocks. The ferromagnesian-rich matrix be-
tween the conspicuous anorthosite blocks averages about 50% ferro-
magnesian minerals, is usually gabbroic, but sometimes jotunitic, and
often exhibits 1ittle or no compositional layering. However, some of
these rocks exhibit pronounced compcsitional layering which is usually
strongly mineral graded. Rocks of this subunit distinctly resemble rocks
of the ultramafic subunit of the syenite unit exposed in the nearby Buck
Canyon synform, and might be part of that suite. However, these rocks
definitely overlierocks of the syenite unit east of North Fork Saddie,
and so are most reasonably included within the jotunite unit, Rocks of

this subunit probably reach a maximum thickness of about one kilometer.

L ower Jotunite Subunit

The Tower jotunite is obscured by poor exposures and complex con-
tacts. It is best exposed along the lower part of the North Fork of
Pacoima Canyon and along Pacoima Canyon for about 1.5 kilometer above
the mouth of the North Fork. Rocks of this unit are in contaet with

the underlying syenite in and south of Pacoima Canyon where the contact
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is extremely gradational and consists of extensive interlayering of the
two rock types. The contact on plate I is somewhat arbitrary, but was
mapped at the place where an estimated 50% of the section is syenite
and the remainder is jotunite (recognized on the basis of its more
ferromagnesian-rich composition, its more pronounced compositional
Tayering, and the subophitic nature of its ferromagnesian minerals).
The syenite and jotunite units appear to interfinger extensively, with
relatively thin (less than 30 meter?) lower jotunite south of Pacoima
Canyon changing to probably more than 900 meter(?) thickness north of
the canyon. The large and abrupt change in thickness of the syenite
unit in this area appears to be almost entirely compensated for by com-
plementary changes in thickness of the lTower jotunite and anorthosite-
block subunits which thicken to the northwest as the underlying syenite

thins (plate II).

Layered Jotunite Subunit

The Tayered jotunite subunit is similar in Tithology to the under-
lying lower jotunite subunit, but is strongly compositionally layered
throughout its entire section. It is best exposed in Pacoima Canyon
between the mouths of the South and North Forks, although the Trans-
mission Line fault lies only a few hundred meters northwest of the
canyon, and other faults could be present a short distance southeast of
the canyon. This section of the layered jotunite subunit arpears to be
thicker (about 700 meters) than it is farther west (about 300 meters)
which may be in part due to tectonic repetition of part of the section
in Paccima Canyon. The large fault on at least one side of the canyon,

the abundance of minor faults in these rocks, and the seemingly
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anomalously large thickness of this subunit in Pacoima Canyon permit
this possibility.

This subunit is nearly all of jotunitic composition and is
characterized by strongly developed 5 to 30 centimeter compositional
layering. Individual layers are persistent and do not pinch out cor
even change significantly in thickness in most exposures. At least a
few mineral graded layers can be found in almost every outcrop, and in
some outcrops (Figure 11) almost every layer is graded., A typical
graded layer usually has about 35-50% ferromagnesian minerals at the
base grading upward to about 10-25%, with relatively sharp upper and
lower contacts. The compositional difference between top and bottom
of individual layers is not always so pronounced, and the average
composition of individual Tayers also varies, usually in the range of
about 20 to 60% ferromagnesian minerals. As will be discussed in the
next chapter, the graded layers are interpreted to be the product of
density controlled sedimentation of cumulate minerals. However,
although the average composition of layers in different parts of this
subunit is variable, in a single outcrop individual layers are usuaily
quite similar in average composition (Figure 11). Some relatively
homogeneous jotunite is present in this subunit, but its average
composition and texture is nearly identical to that of the layered
jotunite, and in some places it grades into layered jotunite along the
strike.

Both contacts of this subunit appear to be gradational. 1In
Pacoima Canyon, the layering decreases intc uniayered or indistinctly
layered but otherwise very similar jotunite of the underlying basal

jotunite subunit. Near the top of the subunit in Pacoima Caﬁyon a
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Figure 11. Conspicuous layering in rocks of the layered jotunite subunit
of the jotunite unit in Pacoima Canyon near the mouth of Lonetree Canyon.
Exposures are commonly excellent in stream bottoms but are very poor on
most slopes due to deep weathering, colluvial cover and thick chaparral
vegetation.
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distinct but gradual increase in average ferromagnesian content occurs
in otherwise similar layered rocks and continues to increase upward
over about a hundred meters into rocks of the ultramafic subunit. A
similar gradation between the two subunits cccurs over a much shorter

distance in Rattlesnake Canyon,

Ultramafic Subunit

Very mafic rocks of this subunit are well-exposed in the lower
part of Rattlesnake Canycn and near its mouth in Pacoima Canyon. Most
of the rocks in this subunit contain between 50% and 100% ferromagnesian
minerals. The average color index is about 65, but those with color
index of 100 are the most striking. In outcrop, these rocks are broken
by joints and fractures along which extensive alteration has occurred,
so that they appear as large rusty-orange blocks.

These rocks usually exhibit a distinct fabric of oriented mineral
grains. Elongated anhedral feldspar crystals are most conspicuous
in hand specimen, but microscopically, all the minerals are seen to
share this preferred orientation. Fine-scale, but often indistinct
compositional layering is visible only in the better outcrops. Scme
rocks of this subunit are massive although preferred orientation of
mineral grains is still present. Rocks exposed along the road 3
kilometers southwest of Magic Mountain are very poorly layered, but ellip-
soidal feldspar aggregates show preferred orientation. A few rocks
of this subunit show pronounced rhythmic layering and abundant evidence
of slumping. Rocks of this subunit reach a total thickness of at least

500 meters near the mouth of Rattlesnake Canyon.



The lower contact of this subunit with the layered jotunite subunit
has been described above. Its upper contact with upper jotunite subunit
rocks is exposed in only a few places and is best seen near the mouth
of Rattlesnake Canyon where it appears to be gradational, Near the
contact, ultramafic subunit rocks alternate with massive jotunite
typical of the upper jotunite subunit over a distance of about 100 meters
within which 3 to 10 meter irregular bodies of the two rock types occur.
The two rock types are not interlayered, but are simply alternating
patches with relatively sharp contacts, gradational over a few centi-
meters to a few tens of centimeters, with Tittle tendency toward eionga-
tion of the bodies parallel to layering in the adjacent rocks. In some
places however, ultramafic rocks are present in the upper jotunite
subunit as irregular, often elongate, 3 to 30 meter bodies with
relatively sharp contacts hundreds of meters above the uitramafic-upper

jotunite contact,

Upper Jotunite Subunit

Rocks of the upper jotunite subunit are exposed along much of the
course of Pacoima Canyon below the mouth of its South Fork, along the
Tower 3 kilometers of Sand Canyon, and aiong the ridge east of Menden-
hall Peak. However none of tnese places contain a complete section.
Rocks typical of this subunit will be described as they occur in Pacoima
Canyon near the moutnh of Gooseberry Canyon, along the road 1.5 kilo-
meters east of Mendenhail Peak.

These rocks are commonly deepiy weathered. Most rocks of this subunit
are coarse, massive jotunite with very Tittle compositional Tayering,

but sometimes they exhibit relatively diffuse compositional Tayering



which may have more than one orientation, even though obvious cross-
cutting relations are not seen, This is probably the most homogeneous
of all the subunits of the jotunite unit; the average composition of
100 square meter areas in any of the cutcrops would probably be nearly
identical,with a color index of 40-50., A few rocks display pronounced
compositional Tayering which most often occurs in 3 to 10 meter thick
horizons alternating with thicker sections with 1ittle or no dis-
cernible Tayering. Where present, layered rocks of this subunit show
abundant evidence of slumping, and extreme density grading of the layers
is common (Figures 12, 13). Lenses of ultramafic rocks are common in a
few parts of this subunit,

Gneiss xenoliths are much more abundant in this subunit than in
any other part of the body. Large tabular xenoliths with little or no
contact effects are abundant near the upper contact. In the middle and
lTower parts of this subunit, blocky xenoliths are Tess common and often
show some evidence of contact metamorphism. These xenoliths can be
seen in Sand Canyon 4 kilometers southwest of Magic Mountain and in
lower Pacoima Canyon, where they can be recognized by their metamerphic
fabric and thin mafic layers, even though quartz is commonily absent and
their mineralogy is similar to that of the surrounding jotunite. There
is some evidence that most xenoliths in the middle and Tower parts of
this subunit occur at specific horizons sub-parallel to the contact,
which suggests the possibility of multiple intrusive pulses during em-
placement and crystallization of the upper jotunite subunit.

The thickness of the upper jotunite subunit is probably about
600-1200 meters in Sand and Pacoima Canyons and may reach 12QO—TSOO

meter