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IRTRODUCTION

The San Gabriel Mountains form one of the units of east-
west trending mountain bslt of Southern California. They ex-
tend from the San Fernando and Santa Clara Valleys on the
west to Cajon Fass on the east, and form a topographic boun-
dary between the Mohave Desert on the north and the Coastal

plalin on the south.

The area, deserlidbed in this report, ocecuples a rectan~-
gular bloek, seven miles long and three miles wide, in the
eastern portien of the mountalns, It lies ehtirely within
San Bernardino County and ineludes parts of San Antonie,

Cucamonga, Hesperia and San Bernardinc Quadrangles.

With the exeepiion of the long straight valleys eof Lytle
Creekx and Lone Plune Canyon, the region 1s steep and rugged.
rlevations range from 2700 feet in Cajon Fass to over 9000
foel ét the summit of Telegraph Peak,

Host of the mapped ares is quite accessidble., The maln
highway between San Bernardino and Los Angeles Flayground at
Big Pines is loecated in Lone Plne Canyon. Paralieling this
road and one and one-half miles to the southwest, there is
a paved road whichﬂaztends up the Hortn Fork of Lytle Creek
$0 Stockton Flats., During the zreater part of the year 1t
is possible to dri#e from sfockton Flats aoross the range %o
ICgmp Baldy. In addition to these two public highways, there
are numerous roads and trails which have been constructed by

the United States Forest Service,



"PREVIQUS WORK"

R. Arnold and A. M. Strong (2, in an early paper on the
San Gabriel Mountains, stata:,r”Fbr an interesting mountain
region of over 1200 mquare miles in extent, located, in as
important a seection of country as that in the vicinity of Los
Angeles, the San Gabriel chain has received very little atten-
tion from geologists”, This statement is almost as true to-

day as it was some thirty years ago.

L; Fo Noble, of the United Stautes Geologlcal Survey, has
been engaged in aetaileﬁ naﬁping along the San Andreas fault
.in the northern portion of the range., Two excellent summary
reports (18 & 18a) on his work have been published but the
final paper has not yet been issued by the Geologleal Survey.
Recently W. J. Miller (17) has published a report on the geol~
ogy of the western San Gabriel Mountains. ¥, L. Hill (10) has
worked on the structure along the south flank of the San Gab-
riel Mountains in the vicinity of Pacoima, Lopez, and Little
Tujunge Canyons. F. E. Vaughan (19) has mapped a portion of
the San Bernardino highlands in detail. W. M. Davis (5), %. C.
Mendenhall (16), R. T. Hill (11}, and others have made gen-
eral siatements regarding the struecture and genesis of the

range.

o %ith the exception of Miiler and Vaughan, these writcrs
have besen principally interested in struecture and geomorphol-
ogy and but little concernsd with the type and distribution of



the so-called "basement rocks”. Therefore, it seemed that an
area,bordering the San Andreas faull and extending aeross the
San Jacinto and related fanlis, might offer an interesting
structural and petrologieal prodlem, With thie purpose in mind,
field work was started by the present writer in the spring of
1933 and continued in the spring of 1934.
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SUMKARY

The rocks of this area have been divided into four groups:

an undifferentiated meries of felded and banded ortho and para-



gnelsses, a series of meta~gsediments known as the Pelona
sehista, unmetamorphosed intrusive igneous rocks and recent
stream and terrace deposits. The undifferentiated gnelsses
are a complex group of rocks consisting of meta—gediments

and intrusive igneous rocks of at least three different

ages.

Both the undifferentiated gneisses and Pelona schists
have been intruded by unmetamorphosed granodiorite and
granite, Because of iis peirogenetic similarity to the
Sierra Nevadan and Coast Range granodiorite, fhis intrusion

is believed 30 have taken place in late Jurassic.

Melanooratie dikes have been intruded into the undif-
ferentiated gneimses, Pelona sehists and the magsive grane~

diorlte, These dike roeks approach campteﬁitias in composition.

Pleistocene and reeent terrace and atream gravels are

found in the valleys of the Mlddle and Horth Forks of Lytle

Creek.

The San Andreas fault in Lone Pine Canyen and the San
Jacinto fault in the valley of the North Fork of Lytle Creek
are the maih structural features in this area. @he-tepog-
raphy, atruétnre and distribution of rock types are con-

trolled by thsze two faulis.



UNDIFFERKETIATED GREISSKS

The oldeét rocks in this reglion are a series of folded and
banded gnelsames, As shown on the acesmpanying geologic map;
these gneisses outeron on the southeast elde of Coldwater and
3an Antahio Canyona, TFrom here they may be traced aeross the
erest of the mountaing and down the %iddle Pork of Lytle Creck
t¢ the Irvingdale fault which forms their northesstern boundary

in this portion of the area.

These gnelgaes are a éon@lax group of rocks which vary
greatly in petrologlie eharacter. Coarse-grained dioritic
gneissecs, mica and hornblende . neniata.'quﬁftsitas. and mar-
bles are included in this series, Meta«sediments, which are
represented by the marbles, quartzites, aﬁd some of the schists
have been intimately penctrated by granite and grancdiorite.

As & result of an imcomplete assimilation of the older roeks,
hybrid rocks of an intermediate chemieal composition are free

quently found.

One of the most interesting exposures of thease metamorphic
rocks 1s located on the north side of Glenn Raneh-San Bernar-
dino road, & few hundred feet north of the dridge aoross Lytle
Creok, Rooks of three different ages arse present in tnis one
exposure, ﬁaaaive'graen and white marbles and intcrcalated
mica sohists have first been intruded by & fine to medium grained
dlorite, Later beoth the meta~sediments and the diorita have



been intruded by a medium gralned granite, This relatlonship
of the marbles and schists to the igneous rooks 1s i1llustrated
in figure #£1. The dlorite, although dadly weathered, shows

a parallel alignment of mica and hornblende.

Figure 1. Fhotograph of metawsediments
(sed,), meta«diorite (di,) and massive
granite (gn.}, exposed in a road~cut a-
long the Glenn Ransche«San Beraardine read
a8 few hundred feetl north of the bridge
agroes Lytle Creek.

Figure #2 shows the intrusive contact between the granite
ani the meta=sefiiments, This granite is a massive grey to
white igneous rvaﬁ'containing'quartz, erthoelase,and biletite.

The meta~sediments have been penétratea by narrow bands



and seams of granite which has resulted in s composite rock,

partly sedimentary and partly lgneous In origin. 1In some of

Figure 2. Contact between granite and
"rranitized” schists along the Glenn
Raneh=S8an Bernardine road, a few hundred
é@etvnnrth 0% the dridge across Lytle
roek. ’ ‘

these granitie dands a rude gneissle banding is found, This

alternation of mieaceous and granitie streaks and bands 1is the
result of an ineomplete assimilation of adjoining miea schista,
and is an illustration of the process of "hybridization™ wnich

has already deen mentioned.

Throughout this paper, the writer has attempted to daif-
ferentiate betwsen gnelssic banding, ie: the alternation of



distinet lithologieal types in parallel bands and streaks, and
gnaigsie foliztion, which ia the alternation of bands rich in

one particular mineral.

Fumerous inelusicns are present in the larger masses of
granite and granite gneiss a short distance south‘of here, In
most cases these incluslons appear to be rounded or ovate
bloeks of metaﬁéeﬂiments wihich, beeause of thelr chemical com-
pogition, were not easlily assimilated by the rising granite
magma, Figure #3 shows the difference in attitude between the
'scniatasity in the xenclith and the banding in the enclosing

granite gneiss,

Figure 2, Xenolith in
banded granite gnelss
along the Glenn Ranche
San Bernardino road,

a few hundred feet north
of the bridge aeross
Lytle Creek.




A large variety of metamorphosed lgneous and sedimentary
rooks 1s found along the Middle Fork of Lytle Creek, In some
localities the original character of the sediments 1is fairly
well preserved, while in others it is impossible to distin~
gulsh the mata~gediments from the younger 1intrusives,., As an
additional complicating factor, the rocks have been sheared
an§ erushed by movoments along the Irvingdale fault, which
parallels the Mlddle Fork of Lytle Creek for some digtance.
Therefore, the relatlionship of the variove izsnesous roeks to

one another snd to the meta-sediments is somewhat uncertain.

The mata-sédimente are quite simllar to those breviously
deea;ibad. Masaive merbles, impure quartzites, and grey to
green mica and ehlorite schists are interealated with coarser
grained rocks of unecertain origin. Associated with these
nete~sediments and in some oases eroaa~eut$ing them, are sev-
eral bodies of metamorphosed diorite. This rock is light to
dark green in eolor and contains hornblende, biotite and an
unfetermined feldspar. Both the meta-sediments and the meta-
diorite have becn intruded by a "rose colored" granite--older
than the massive granlite Wnieh has been descrived and illus~
trated on page(ib. Loeally, this intrusion has resulted in
"eranitization® of the intruded rocks., Small seam-llke bands
of granite 6n1y & fraction of an ineh in thleiness ean be
traodﬁ for several hundred feel from a parent dike. The most

noticeable feature of this intrusion, asids fron 11t par 11t



10

injectlions, is the formation of rose eolored carlsbad twins
of orthoclase 1n the green meta<dlerites., A more complete
deseription of this ropanitization” will bve given in the
petrograpnic deseription ot the gneisses,

The youngsst rock, present in the undifferentiated
gnelipses, iz a massive granodlorite., This reeck is found in
small intrusive masses throughout the entire area oecupled
by the gneisses, Although 1t was not abﬁbrved in ¢ontact
with the ®rose culori&“ granite, the writer bvelicves that
the presence of‘aataalantie‘afta#turoa,ia the latter and
their absence in the granoliorite constitutes sufficient eve
idence for separating the two inmtrusions,

The gneisses, on the southesst sides of Coldwater and
Sar Antonic Gamyuns;‘ara somewhat 4ifferent in appearance
from those desoribed along the Middle Fork of Lytle Creek,
The 0ld meta~sediments are preserved as reof pendants and

/7 Fr7€esrsses »
inelusions of-mebtamorphic—reess of almost sertain igneous

il
| a )

Figure 4, Generalized sketch of ineluaions of
meta~sedimonts in igneous gnelsses found on the
sontheast side of Coldwater Canyon. XNots the
random orientation of the sechistoeity in these
ine¢lusions. '

origin,
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The sehistosity in the inclusions may or may not be para-
llel %0 the foliation and banding in the enelesing roeck. (See
figure #4), As illustraied in figure #5, the gneissic struc-
ture,in the enclosing rock, appears to be partly due to flow
and partly due t0 an incomplete assimilation of the inclusion,

Pigure B, Amphibolite iInclusion
in banded gznelss, Sample was obe
tained 2 miles nerth of the sum=-
mit of the Camp Baldy-Stockien
Fi.a‘ts road. About 1/5 natural
gize.

There are several possibilitles as to the origin of
these gnelspegwe
1. They may have been igneous rocks that were

intruded and eomjpletely eonsolidsted before the
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celimax of reglonal metamorphism was reached and
thus have been subjected to the same conditions

as the assocluted sedliments,

2, They may have been intruded at the olimax of
metamorphism or during its waning»stagas.

3. They may have been intruded after metamorphiam
and owe their foliation %o segfag&tion'or eonvec~

tive movements with the magma.

‘On the basis of field evidence, the writer believes that
the rirat hypothesis may be dismissed. If follation in the
ortho~gneise is due to progressive metamorphism of a consol«
i1dated igneous mass, the schistosity in the xenolitns should
not exhidit a rendon érientatzan as shown in figure #4, but
ghould be;paralldl %é the follation in the enslosing roek,

A discussion of the lastllwo possibilities will be deferred

wntil after the petrog&t@hic deseriptions of the rocks have

been glven,

Patrographic Deseription of Meta-Sediments

Marble (#G3B}~~ Fine to ooarse grained marbles are well
~dlatriduted tnroughout tha un&iiferenti&tea gneisses., This
sestion, although<nbt & typical marble, was of perticular in-
terest inasmuch as the hand epecimen poseessed = rude platy
parting. The relation of this parting to the bedding and
sohistosity in the aljoining sehists is not known since the

hand specimen was collected from some talus at the base of a
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high cliff in the upper portion of Coldwater Canyon.

Under tne microscope, interlocking gralns of ealelte,
whieh vary in size from ,20mm, %o 2mm, &rc¢ seen to make up
the greater part of the rock, Small grains of gquartz usually
less than ,25mm, in size, chlorite and a few smell erystals

of pyrite are also present but probably do not constitute over

20% of the roek.

Figure 6, Fhotomloerograph of
marble,(Crossed nicols x 64),
Hote the gliding planes in the
caleite and also the fine grained
mosalc of quartz around the dbor-~
der of the large crystal,

Tigure #6 shows the gliding planes present in some of
the larger orystals of ealecite, »Aaeording to A, Harker (9),
these gliding planes may be produced during the process cf
grinding a thin section of a orystalline limestone or may be
the result of mechanical deformation of the rock subsequent

to ite reerystallization.

Garnet granulite-~ An interesting series of gneisses are

~ found along the irall between the summit of the Camp Baldy-
Stockton Flat road and Telegraph Feak, Some of the gncisses
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appear to be sedimentary in origin while others, partly sed-
imentary and partly igneous in origin, are best desceribed as
migmatites. The intrusive 1gneou$ material appears to he

granitic in eompoaition,

Section 9x wus melected from an outerop of folded and
banded gnelisses approximafely 4 mile from the summit of the
Camp Baldy-Stoekton Flat road. The writer is inclined to be-

lieve that this garnet granulate is a metamorphosed feldse

pathic sandstone.

Quartz is the most abundant mineral, It is present in
large erystals (1.5mm.} and also in small (less than (1Owm,)
ldioblastic inclusions in plagioelase(felﬂapar. Orthoclase
and & positive plagioclase feldspar (Ab.85, An.15) are pres~
ent in about egual proportion amd together with the gquarts
make up approximately 70% of the rock. Veinlets of untwinned
aibite. intergrowths of quartz and plagloclase feldspar, and
myrmekitic intergrowths of guartz and orthoclase were also
noted, In addition to these minerals, there ure a few frac-
tured crystels of reddish garnet present. Sericite is abun-
dant and appears to be confined to discontinuvous parallel
acamg approximately ,5mm in thickness, Muscovite is also

quite common,

- All of the mincrals shaw-tha effocts of cataclastic

deformation., Strain shadows, s:tured boundaries znil granue~
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lation in the guart., bending of the twinning lamellae in

the plagloclase feldspar, and fracturing of the garnet orye-
tals show that thie rock has been subjected to powerful mec-
nanical forees., Inssmueh as the zarnet and feldspsr erystals,
once broken, 414 not possess a recuperative power of recrys-~
tallization, one would infer that this mechanical deformation
we.g not accompanied by high temperatures. In short, this
rock has been dynamically metamorphoged. This usage of the
term, dynamic metemorphism, conforms with that of A4, Harker

{(9) in his recent textbook on metamorphisu.

Keta-Diorite

Hear the Junction of the Horth and Middle Forks of Lytle
Creek, there are several expoeures of massive dark green
egneisses which are belleved to be metamorihesed diorites,
These‘masslve rocks apirear to cross-cut the meta=gediments,
but with the exesption of the intrusive contact along the
Glenn Ranch~San Bernardino read, these two rocks were not obe-

served in contuct.

The meta=-diorite ig o well foliated, coarse grained
rock containing a glassy feldspar, hornblende, biotite and

thin seams of ehlorite.

Seotion B6A, which is a hornblende plagloclase gneiss
was obtained on the south side of the Middle Fork of Lytle}

Crsek, £ miles above Irvingdale. Large (averauge 1.5mm)
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rounded erystale of basig@ oligoclase {(An, 25, Ab, 78, and ore
thoeclase are present in saboutdt equal umounts and form approxie-
mately 60% of the rock. These erystals are surrounied by a
finer :srained matrix, consisting of quartz, uatwinned albite,
biotite, =nd chlorite. In addition to these minerals, green
pleochroic hornblende (pargasite) is well distributed through-

out the seetion,

This section shows the "round grained" zppe rance of
oligoclase whiech A, Harker (9) considers to be & character=-
istic structure of a magma intruded and erystallized under
powerful orogenle forces., It is possible that some ol the
cataclastic effects, believed by the writerto be due to mece
hanical deformation at a low tempcrature, were produced by
dynamic causes before th: completlon of magnctic erystalli-
zatlon, and should therefore te considered protoclastic
rather than cataclastic struetures. If inis hypothesis is
correct, orczonic forces must have been acti#e ior & long
period of time since the "rose colored™ granite,whleh was in-
truded into the meta-dlorite,shows every evidence of umechaniw

cal deformation.

Two other sectiqns from these hormblende plagloclase
cneisses were examined to determine the textursl und miner-
aloglcal changes tnat aeocm;aﬁy granitization. “zotion ZOCA.
w:s made from a roclk which was fifty feet from a ssall dike

of "ruse colered" granite while section 2060B was made from a
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rock which was at least 1560 feet from the nearest visible ine

trusive. TFor the sake of brevity snd clearness, the results

of this work will be presented in summary form.

1+ The mineral comyosition of 2608 is not greatly
different from the hornblende plaglociase gneiss

whlich has been described, Chlorite is .resent as
pseudomorphs after hornblende and biotite. lagne~
tite 1s present in these pseundomorphs and appears
to be one o7 the products of the "ehloriti~ation”
of biotite and hormblende, Small idioblastie

crystals of zoisite are fairly common.

2. Cataclastie effects are common, The larger
feldspar erystals are fraotured and broken, One
band of crushed naterial traversing the section
is made up of fine particles of quartz, feldspar
and ehlorite which averasge less than ‘15¢m. in

pize,. A portion of this band is illustrated in

Tigare #7.

Fizure 7, Fhotonmicrozraih
of erushed dbankd in meta-
diorite. {crossed niecis
x 20)
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3. Chlorite and e¢alcite appear to be the only
new minerals formed during dynamic metamorphism.

4, Section 250A was made from meta~dicrite,
which had been permeated by solutions from an
intrusive granite dike., In the field this con-
tact rock ean be distinguished frem the normal
meta~diorite by its pinkish color and by a

greater abundance of potash feldspar.

5. Orthoclase is mieh more abundant in section
250A than in seetion 2560B, It is not always
possible to distinguish between aunthigenetic and
introduced orthoclase for both varieties have been
affected by later cataclastic deformation., How-
ever the introduced rose colored varlety, which
is common in the contact rock, is usually present
in sub-idioblastic Carlsbad twins and can be dis-
tinguished in this way from the older generation.
Fractured and broken erystals of sericitized
oligoelase and hornblende, in varying stages of

chloritization, are alsc found.

Surrounding these larger minerals, whiech
average 1.5mm, in size is a finer grained mosaic
of quartz, untwinned albite, chlorite, and small

fragments from the minecrals already mentioned.



These minerals average less than .1l0mm, in
gize. The presence of quartz and untwinned
albite in the finer zrained matrix would sug~-
gest that there had aleo been addltions of
siliea and soda to the meta«diorite during

the intrusion of the "rose golored" granite,

Figure 8, Photomicrograph of meta~
diorite adjascent %o an inérusion of
Troge solored™ granite, Note the two
gege:atinas_of orthooclase pregsent:
or~=-glder porphyroclaat somewhat
m:%if&aﬁ by corrasion andi cataclaslis;
ort=-younger subdb-idiocblastie Carlsbad
twins, The arrangement of the finer
grained matrix around the poerphyroclast
of orthoelase is believed to be partly
due to meechanieal deformation of the
roek and pgrtL{ due to an addition of
new minerals., {Crossed nicols x 20)

The fluxion arrangement of the quartz and
albite around the largar_teldapar orystals, il-
natrated in figure #8; resembles a true cata-
clastio strueture, Dr. G. H. Anderson (21),

16
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of the California Institute of Technology, has
oropogsed the term, pseudo-cataclastic for these
textures whieh resemble true eataclastic tex~
tures but which differ from them in the follow-
ing points: (a) There has been an introduection
of new minerals in the finer grained mosaic sur-
rounding the larger erystals. (b) Corrasion
borders are present around the feldspars and
gquartz. Granulation snd fracturing of the
feldspars would sugcest that both true and pseu~
do-cataclastic textures are present in section

2504,

"Rose Colored”"Granite

Small dikes of'"rose colored™granite 15 to 20 feet in
thickness are fairly common in ihe undifferentiated gneigses.
The roek poasaaaes a distinctive rose eolor which distinguishes

it from the yauhger Jurassie granite and granodiorite.

Three sections (G74, G7B, and 14G) were examined. Despite

Figure 9. Photomicrograph of banding
in "rose colored"granite ;roduced by
- mechanieal deformation, Note the
porphyroeclasts of ortheelase and the
- elongated lenticles of quartz.
(Crossed nieols x 20)
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the faet that these samples were taken from different dikes
in widely separated parts of the area, they show little var-
lation in mineral composition or texture, Quartz and orth-
belase are present in about equal amounts and together form
over 90% of the rock, Chlorite, epidote, magnetite and a

few erystals of oligoeclase are alsc present.

This roek shows every evidence of cataelastic deforme
ation, The quartz appears to have been drawn out and re-
orystallized in elongated lenticles and the feldsparf por-
phyroelast have been fractured and broken. Figures 9 and 10

Figare 10, Fhotomierograph
of section 14G from the
"poge colored” granite, Note
the'wormy® intergrowth of
quartz and potash feldspar
neay the centre of figure.
(Cromsed nicols x 20).

show the eharacter of this ineipient mylonitization.

It is possible that there has been some addition of new
materisl in the groundmass, The presence of a small veinlet

of eplidote in section 14G would support this suggestion.

" On the southeast side of Coldwater and San Antonio Cane~
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yons, there is an interesting group of inelsses which are
partly izneous and parily sedimentary in origin. These ortho-
snelgses contain inclusions of the meta-gediments and have
been intruded by massive unmetamorphosed granodiorite. Both
the meta=diorite and the "rose colored"™ gsranite are absont
from this portlion of the area so thelr relationsaily to the

ortho-gneigses in Coldwatsr Canyon is not kxnown.

The wide variety of roek typcs present in thig portion
of the area precluded any possibllity of seleeting 3 few sam=-
ples und considerin; them to be representative of the ortho-
sneisses, However, i any onc type could be said to predon-

inate, 1t would be a porghyroblastie plagioclése gnelsns,

Zorphyroblastic plagioelnse gneiss (/#l1x)

This rock outero;s along the southeasterly facing ridge
direetly across from Telegraph reakx in the upper portion of
Coldwater Canyon. It isg dark grey to brown in color and con-
tains numerous porphyroblasts of feldspar waich wary in size

from {(1.5mm, to 6mm,).

Oligoclase, which is badly altered to sericite and ka=
olir, constitutes over 50% of the roex, Due to this alter-
ation, 1t was Iimpossible t¢ dectermine the composition of
the oligoclése. Quurts, brown bilotite, muscovite, idio~
blastic zoisite, and cyidote make up the remainder of the

rock.
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Strain shadows in the quartsz «nd a sli ht bending of

the bilotite erystals Terc the only evidences of strain noted

A series of handed and folded -neisses are found in the
neizhborhoed of Telegraph reak., These gnelsses are made up
of altern.ting dark and 1lizht colored bands which curve and

in some ecases almoset elos: in a suall eirele,

Flgure 11. ~hotomicrosrazh of
section 15x from banded -neisses
rear the sumnit of Tele:raph
reak. (Plane light x 20)

Fizure #11 shows the transitional nature oi the contact
betvern the lisht colored quartﬁo—feldspathic band and the
dark colored band, rich in hornblende. This banding may
nave been _rodueed by an injection of granitic material into
a metamorphosed rock, or It way be a primary banding In an
unmetamorynosed ignsous rock. Before atfemgting to decide
vetwe. n these two hygetheais; it would be necessary to col-

lect more dsta on the field occurrence of this rock.
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With the emeeption of the Jurassic grunodiorite, this
smeligs has undergone less dynwmle metamcorphism than any ol

the other rocks exanined from the undiffercoticted :meisses,

Injection: gneisses are found alon: the Camp Baldy=-
Stoekton Flat road, some three miles above Steekton ilat,
and also on to. of tne hlgh ridge bhelween Coldwater Canyon
and tne kiddle Fork of ﬁytle Creek, Figure 12 siaows the
character of these "1lit pur 1lit" injections from tie last

mentioned loeality.

Figure 12, "Lit par 1it% injection of . ranitic
materisl into schistose rock, About l/é nate=
ural size,

Section 108n :as obtained from an injection gneiss ex-

posed in a road-cut along the Camp Baldy-Stoekton Flat Roud.



This gneiss has been injected inte the older meta-sedl-
nents, Adjacent layers of murble are locally altered to
lime=-gilicate rocis andé in some cages have ween "gtored out”

and pregerved as inclusions in the ¢nelss.

bt

Hegaseorieally, the rock is seen %o contalin large ovate
porrhyroblasts of feldspar{varying in size from 7 %o 8mn.j,

quartz and dark green chlorite.

Under the microscoye these larze ovate porphyroblusts
of feldspar are seen to be made of crthoelase and rlagioelase
in about equal armounts. Because of the sericitization of
these feldspars, it is almost impossible to determince thoir
composition. wuartz iz well distribvuted throughoutl the
seetion and together with the feldspars makes up over 8l
of the rocz. zZpidote is next in abundance., Thsre 1s : small
arount of blotite,in various stages of chloritizaticn, iresent
in the section. In addition to these minerals, several erys-
tals of zoiﬁite_aﬁd of ealcite were seen, The writer is in=-
clined to beliecve th.t this ezlecite was derived from an ad-
jacent limestone, bLut there is also the possibility thot it
may be an alteration produet of some lime silicate such as

grossularite or anorthite.

Concluslon

The abgence of zoning in the feldspar, the presence orf

cataclastic efftects and distinetive metamorrhic minerals sueh
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as zoisite and epidote,would suggest that the ortho and in-
jeetion gneisses in Coldwater and San Antonio Canyons were
intruded into the older roeks snder powerful orogenic forces,
The relation of this intrusion to the reglonal metamorphism
of the meta-sediments has been discussed on page 12. TField
evidence does not favor the hypothesis that the foliation in
these gneisses is due to progressive metamorphism of a con-
solidated igneous mass, On the other hand, mieroseopie work
showed that the roeck had suffered a certain amount of deform~
ation and contained stress minerals such as zoisite and seri-
cite. Thérefare, théwy;iter is inclined to favor the second
hypothesis outlined on page 12, viz; that these gneimses were
intruded into the older meks during the waning phase of
regional metamorphism or during a later epoch of dynamic met-

amorphism,

At the risk of repetition, the writer wishes %o summarize
the result of field and microseepic work on the undifferent-

iated gnelissaes.

1. The oldest rocks in this series appear to be
a group of meta-aedinents. ¥arbles, impure quart-
iitas; metamorphosed arkosic sandstones (granu-
lites), quariz mica schists and mica schists are

included in this group.



2. The sechistose and gneissose character of these
meta~sediments, and the presence of garnet in some
of the rocks would indieate that the original con~
stituents of the sédiaents have been theroughly
recrystallized.

3+ Following this recrystﬁllization, which prob-
ably accompanied an epoech of regional metamorph-
ism, the rocks weée ﬁynamically metamorphosed.,
This mechanical deformation modifiad the textures
and étructures produced during the previous period

of regional metamorphism,

4, The meta-sediments have been Intruded dy a
well foliated dlorite. The writer was net able
to determine whether this follation was due to
the progressive metamorphism of a consolidated
jgnecus mass or whether it was due to intrusion
and erystallization under pressure and directed
stress, 1e; plezocrystallization. |

5. The meta-diorite shows weery evidence of
dynamic metamorphiam, Cataslastic textures and
structures are common, Adjaecent to aw-intrusion
of "rose colored” granite, pseudo-cataclastiec

textures have also been devélepsd.
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6. Both the meta-sediments and meta~diorite
have been intruded by a "rose colored® granite
which ean be distinguished from the younger
unme tamorphoged Jurassic granite and grano~
diorite by: {a) mineral content, guartz and
orthoclase make up over 90% of the roek; (b)
presence of advanced eataclagls., Some of the
sections show the milled or rolled out appesar-
ance of & typleal mylonite; (e) rose color

which appears to be eharacteristic of the roek.

7 In Ceoldwater Canyon a greoup of ortho-
gneisses are found which contain ineluslons of
the meta~gediments, The meta-diorite and rose
colored granite are absent from this portion
of the area so their relatienship to the ortho-
gneisges is not known.

8. The writer believes that the foliation in
the ortho~-gneisses was produced by crystal-
lization under pressure and directed stiress
rather than by the progressive metamorphism of

a consolidated igneous mass.

9. The meta-sediments, meta-diorite and ortho-
gneisses in Coldwater Canyon have been intruded
by unmetamorphosed granodiorite. The "rose colored®

granite and the granodlorite were not obzerved in

eontact.
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SHLOKA SCHE5YS

The kelo.a sehisve were Iirst dcaeribed by 0, . lershoy
{1C) trom the Sierra relona hizhlands ui the western end of
the San Jabrlel Wountains, He considers thoem to he of pro=
Cambrian age and ten atively corrclates thon withﬁﬁbr&mﬁ senlste
of the Klamath weglon in northern California. L, F. Hoble {18)
has deseribed and mapped a long narrow southeastorly extension
of the Pelona schinses on the’aoutﬁwe&t gide of the San Andreas
fanlt, that is on the scuthwest sidc of lone Fine Canyon and
Swarthout Valley. He also eonsldours thicnm to be of rre~Cambrian
wze and thinks thatl they wmay be a possiole sorrclative of the

Kand sehists of the Randsburg distriet.

The ielona aenis%ts mve a wide areal distribution in this
portion of the San Gahriel Mountains, As was previously stated,
the sehints form a ldag narrow band between the San sndreoas fault
on the northeast cad the San Jaelntc fault on thc southwest, In
addition, the ma%amorphie rocks north of Coldwater Canyon are
1ithologzieally similar to those acvoss tha San Jacinto fault; so

they arc alsc econsidered $o be a part of the Feluna schlats,

These schiats have been intruded by masres of Mesozole sranw

ite and by numerous melaiccratie Alkes of urobable idossne age.

Zetrelogie Charactcr of the Rock Types

The Felons sehlsts do not vary greatly in thelr petrelogie
character. Chlorite and mies schists are the most common variet&‘s

although tromolite, craphite and tale sehists are not uncommon,
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PELONA SCHITTS

Intercalated with these roeks are impure quartzites and marbles,

The well defined bedding and the ypresence of gquartzltes
end macbies would indicate a sedimentary origin for the greater
part of this fbrmation. Therefore, the variation in roeck types
may be largely attriduted to differences in the chemiecal com-
position of the original sediments,

In general, the sehists have & northwest tremd and dip at
a fairly high¥ angle towards the north. %The schistosity 18

parallel to the bedding.

Sehists between Lone Fine Canyon and North Fork of Lytle Creek

This belt of metamorphiec rocks has been thoroughly crushed
and broken by movements along the San Andreas and San Jacinto
faults, When the magnitade of these movements and the incom-
petent echaracter of these schists are taken into eonaideiaﬁien.
it i= not at all surprising to find that the roeks have been

almost reduced to gouge over wide areas.

L. F. Hoble {18) has covered this portion of the area in
his detailed mapping along the San andreas fault, so the writer
414 not atteapt to make more than cursory examination of the

rocks.

Sehists Alcng the Camp Baldy Lytle Creek Road near Stockion Flats

A detalled examination of the Pelona schists was made in
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tiis portion of the arss in the hopo of securin: dofinite
informution on their stratigraphic suecessicn  nd structur:.
It was found thut the general absence of distiset lithologie
types and the presence of a great deal of loezl faulting com-

plicated this study.

A section, two hundred =znd fifty feet in thiexness, is
exposed in road-cutc along the Glenn Ranch-Stoeiton Flat
reoad a few hundred yards helow the entrance tc Stockton Flat
camp grounds. Originally, these schists wer: well bedded
sediments consisting of alternating thick sandstones zand thin-
ner shiale membefs. Aerogs Stockton iash and directly along
the strike of these gquartz mica and ehlorite schists, meta-
morphoged sediments of an entirely different appearance are
found, Here cou.rse green cholorite schists containing por-
phyroblasts of orthoclase and magnetite are interbedded with
imﬁure white marbles and guartzites, This change might be
due to lateral variation or faulting. The latter explan-
ation would seem to be the more tenable inasmuch as undis-
turbed schists, in other parts of the area, show very litile

variation in composition along their strike.

Near the summit of the Camp Baldy-Stockton Ilat road, the
original character of the sediments is beautifully displayed.
Thin bedded argillites alternate with massive impure quartz

pnice schist and together form high eliffs. These rocks aside



PELONA SCHISTS

from a thorough recrystallization of the original constituents,
have not been greatly altered during the process of melamor-
phism. The well preserved bedding planes, illusirated in
figure /% . show the parrow limit of diffusion in a low grade

of metamorphisgm.

Figure /3 . Outerop of
Pelona scehists along the
Camp-Baldy-~Stocicton Flat
road ome-half mile above
Stoekton Flat.

shion

Chlorite orthoelase magnetite schist (#100)~-~This rock

ja intercalated with ehlorite sehists, marbles z.d impure

gunartzites on the northwest side of Stoekton Wash. Although
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it is not of common occurrence in the relonz gehists, numerous
roeks cuilte similar to it have been found us flout in Ccldwater

Canyon and in the lierth Fork of Lytle Creek.

he hand speciment is dark ;reen in color and contuine
nurierous idioblastic crystals of masnetite., Under tho wmicro-
seope, large, rounded porphyroblastic erystuls of orthoelage
and magnetite, whiieh vary in size from a fraction of lmm, to
lmm,, are the most prominent minerals. Chierita, sresent in
smaller flukes, is next to orthoclase in abunlance, Epidote
is also gquite common,., Zoisite, biotlte, nrmatite, und quarts

are present in minor guantitiec.

iyed structures, around tne ends of hard resistaunt por-

phyroblasts of magnetite,are illustrated in figure *. ‘he

Figure /4. Chlorite ortioelase
magnetite sehist, (Ordinary
1ight x 2C). kote thue develop=-
ment of the larser flakes of
biotite around the end ol the
large erystal of magnetite.

magnetite seems to have borne the greater purt of the pres-
surc and thus fraeilitated the development of larser crystals

o¥ biotite 2n? ehlorite. The growth of bilotite aut the exyense
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of chlcrite geems to have be n favored by the lower pressurc

existine around the ends ol the resistant sralus of “lie mas=-

notite, There are o fow gxall flakez of bilotite =et aercss

B4l

the sehistocity of the roek in cothir jarts ol ine scetion.

T

Impure quarbdzite (f105B)

This roek is interlaminsted with the ehleritc orthocl .se

masnetite schist deseribed above. 11 is wnite to crey in

color and contains abundant guart:.

Under the nmicroseope, the follewing minerals ore prezent:
guartz (704), calcite (10%), and wuscovite (20x). The culclte
and wuscovite cécur wr small flakes ugually less than 2onm in
size, The gquartz has z platy appearance and all of the crysa=~
tals show strain shadows. Sutured znd fretted bounduries,and

ineivient zranulation are illustrated in 1 ure .

Tigure /5. Impure guartzite.
{Crossed nieols x 20}, Zhoto-
micrograrl: of mortar structure
in quartz. Jote the fiumboy-
zint extinetion in the in-
dividual erystale.

taartz Blotite Schist (#150)

This sehist outerors alon: the forestry rou? on the togp



of the ridgce between Lone rine Canyon and the North Fork of
Lytle Creek., The rock is dark grey in color and shows a

rarallel alignment of biotite flakes separated by quarts.

Ilaty gquartz, clongated in the éﬁeral direetion of
sehistosity of the rock, is the most abundunt minecr:l, The
crystals all show unulatory extinetion and under high magni-
fielation, an aggregate of fine zrains vetween the larger
erystals may be distinguished, The biotite, which 1s next
te gquart: in abundance, is green in ecoclor, ©The individual
crystals are elongated, and in extreme eases muy possess a
ratio of length to thlckness as hizh as 10:1. These two min-
erals make up over 90x of the rock with garnet, magnetite,

and zoisite compurising the aecessories.

Figure /6., Quart- biotite
sehist. (Ordinary 1light x 20).
kote the small rounded ;rains
of zarnet and zoisite.

The erystals of gurnet and soisite are small, rapcing
up to 25mm in size, In wany cases ihe garnet crystsls have
been shattered and drawn oul by movements subsejuent to their

formation.
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sctinolite Schist (31561

This sehist is intsrcalated with fairly eocarse quartz
muscovite and mica sehists on the southwestern side of the
ridges between Lone rine Canyon and the North Tori of Lytle
Creek, This rock is of green color, and exhibits aleriss-
cross arrangerent of long acicular erystals of actinolite,
A =mall velinlet of guartz is also yresent in the hund spee-

imen.

Under the miercscoze the rock is seen 1o possess a
nematoblastie or Ffibrous structure due to an almest parallel

arran-ement of lon; acicular actinolite., .sumercus l:orge
LN

mquare and rectangular crystals of enstatite, which rang

up to 1.,5mm in size, are also present., This cecureence of

figure/7. ictinolite schist,
{Crossed niecls x 20). 7%he
mineral with the reectansular
cross seccetion in the center

of the photomicrograph is
enstatite, while tae Tibrous
elongated mineral is actinolite,

enstatite, in un area of reglonally wetamorphosed roecxs, is

interesting inasmuch as enstatite, aeccording to A. Harker (9),
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is a typieal non-stress mineral. +«ith the exception of quartz
which has been introduced since recrystallization of the roek,
these two minerals, actinolite and enstatite, make up the
greater part of the rock, Small patehes of what appears to

be serpentine or cehlorite were also noted,

Impure Guartzite (#8100}

The hand specimen was collected from an outeroy of the
Pelona schists on the norihwest side of the eanyon one mile
to the smouthseast of Coldwater Canyon. In the fleld this reck
shows the effeet of differential weathering. Narrow elongated
lenticles of ecaleite in the guartzite have been weathcred out

and give the roek an irregular pitted agppearance.

Under the microsco,e, the quartzite is seen to be made
up of a fine grained granular mosaic of gnartz. Chlorite,
caleite, muscovite, untwinned albite, epidote,and zoisite
" are present in minor amounts and do not make up more than 1lUs
of the roek, These last named minerals apyear to be confined
to narrow parallel bands in the guartzite and probadbly repre-
sent reerystallized impurities in the original guartzose sed-
iment. However, the caleite does not appear %o be confined
to these bands for 1t occupies severul cross fractures in the

rock.

- Folded Muscovite Schist Fio7

Folded and buckled sehisis are found in many locallties
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throughout the area occupies b the Felona sehists. Section
#107 was obtained from a minutely folded green chlorite
sehist which outerops along the Camp Baldy-Stockton Flat

road, one~hzlf mile above Stoekton Flaut,

Figure 18. Folded muscovite
schist., (Ordinary 1lizsht x 20)

An unmusual variety of miecro-struetures are prosent in
thils section., Fizure 18 is a photomierograph of a small
fold which measures approximately 2mm, from the crest of
the anticline to the trough of the adjoining syncline.
Thinning onAthe limbs and thickening at the erests and
troughs of the folds may be seen in the aecompanying filge-
ure, and appears to be quite common throughout the rest of
the seetion. This would suggest that a certain amount of
solution and recrystallization accompanied the deformation

of the roc:.

Quartz (B0%), orthoclase (40%) are the two most abundant



minerals., Muscovite, chlorite and hematite are also guite
common and are present as narrow seams between the bands of
quartz and orthoclase. The orthoclase contains numerous in-
clusions of sub-idioblastic guartz, In most eases these in-
clusions are uresent in rows, more or less paralleling the

banding in the folded sehist.

As would be expected, the individual minerals are often
Seformed., Minute folds ané crenulations were noted in bio~
tite; strain shadows are present in the quartz zné the ortho~-

elage has been iractured and broken.

Desplte the somewhat varied assemblage of rock types
deseribed above, the absérver iz more impressed by the homo-
genelty of the formation than by its heterogeneity. Coarse
clastic sediments are consplecuously absent from the Zelona
schists in this area, The lack of variation in the schists
throughout the arca, the absence of coarse celastie sediments,
the absence of lateral variation in the individual beds, the
well #efined bedding planes and the chemicul composition of
the roexs, viz. argillaceous, impure calcareous and impure
quartzose rocks,suggest that these sediments were deposited

in a large body of water at some distance from the nearest

high-standing land mass.

Igneous rocks older than the Mesozoic granite werc found

+0 ‘'be associated with undifferentiated gnelisses, but carcful
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search failed to reveal :sny of these i;neous bodles in the
Pedona schists, There may have been some basie sills,in-
truded into the sediments vefore reerystallization, which
are now represented by the chlorite orthoclase magnetite

gsehist described on pages 32-34.

Chlorite,magnetite and epldote are abundant .nd show
that these scnisﬁs originally contained a Righ percentage
of iron, Thersc are several poséibilities as to the origin
of this rock: (8) It m.y b the metamorphosed equivalent
of a basig sill intruded into the rFelona sechists prior to
reerystallization. {b) It may have becn a sediment derived
from the weathering of a basig igneous rock. (¢} It may
have received an addition of iron by hydrothermal solutions
prior to or accompanylng recrystallizatién. Thig last hy-
gothesis'is not supported by field evidence inasmuch as the
ncarest visible igneous intrusive mass 1s several miles to
the southeast. In addition, a section made from an impure
guartzite interealated with the chlorite ortheclase mag-
né$ite schist fails to show any of the iron bearing silicates
that aré so common in seetion (105). It is more dirfieult
to decide between the Tirst %wo theories, However, the well
defined bedding §lénes apfl the sharp rather than blended con-
tact of this roek with adgaéentllayers would favor a sedi-~

mentary rather thar an igneous origin,
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Lizht colored"granite porphyry" dikes and sills are
found at many localities in the relona sciaists and are par-
ticularly common near intrusive masses oI cranodiorite, In
the upper portion of San intonio Canyon, these 1light colored
sills have been injected into the durk green schists und
havé imparted 2 banded apjpearance to the cliffs, This con-
stitutes one of the many scen’c features that may‘be seen

trom the Camp Baldy-Stockton Flat road.

Figure 19. Ligat colored "granite
porphyry® sill in the Pelona schisis.,
Photograph was taken along the Camp
Baldy~-Stockton Flat road--«2 miles
north of the summlt. .
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The rYelona schists do not appear o have been metamor-
phoged by the intrusive granocdiorite. "Lit par 11t" injec-
tions are found ¢lose to the contacts. Small flakes ot py-
rohotite will alse be seen in a massive . reen contact rock
from the south side of the Irvingdale fault, 1} miles south-

east of Coldwater Capyon.

Figure 20. Felona schists (ps)
and an intrusive Bill of "zranite
porphyry" (gr) cut by two small
melanocratic dikes (md) along Camp
Baldy~-Stockton Flat road, 2% miles
gsouth of the summit.

In addition to the dlkes and sills of "granite porphyry",
there are numerous dark eolored dikes which cross-cut both
the "granite porphyry" sills and the Pelona schists. Figure 7

20 shows the relationship of these small melanocratic dikes to

the scehists and ligsht colored aeidie dikes.
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On the basis of mineral content, it is difficult to de-
cide whether these rocxs were metamorpnosed during an cpoceh
of regional metamorphism or of thermal metamorphism. Ortho-

El

clage is quite common, According to A. Harker (%), ‘he
formation of this mineral is inhibited by high stress condl-
tions and consequently 1s only produced in the higher grades
of regional metamorphism=--when the stress faetor is no lon-
ger so important. “nstatite is also an anti-stress mineral.
On the other hand associations of guartz und calcite are
commonly found, side by side, in the same rock. This, ac-
cording to A, Harker (9), is an assoeiation cruracteristic
of regionul metamorphism, le. high stress is present. Zoi-
site, whieh is fairly common in the relona schists is also
considered to be a typical stress mineral. A possible ex-
planation,of these anomalous associations, would be that
these gchists were reerystullized under elevuted temperatures
and moderate stress conditions, le,,un intermediate case

between reglonal and thermal metamorphlisw.

The sehistosity in the relona schists is everywhere paral-
lel to the beddins, and in the meta-sediments associated with

the gneisses this also ap.ears to be true.

It is difficult to explain this paralielism of bedding

and schistosity in a trzct of regionally metamcrihosed rocis,
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alfrecd ilarker, in his recent text on metamorghism (92}, ad-
vances 4 relatively simple explanation of recrystallization
during reglonal metamorphism, e st tes: Wi metamorphosed
rock...shows in its component new crystals a stronz ten-
dency to parallelism aicng rplanes perpendiéular to the direc-
tion of crogenic prossure®. Thugs a possible explanation of
the schistosity in the Pelona schisdts would be thaut the strata
ware isoelinally folde# and recrystallization ¢f the minerals
resulted in an orientation gparallel to the bedding and normal
to the orogenlc pressures. Because this must be regarded as
a very spcelal case of folding and subseguent metamorphism,
the writer does not feel justified in using this method of

explaining the development of schistosity cver wide arsas.

‘Another theory is that the schistosity was produced by
a combination of superincunbent load and elevated tempera-
tures, ie: static metamorphism. In this particular case,

this geems to be the better explanation,

AGE AXD CORRELATION 0F MuTAMORIHIC ROCKS

A series of undifferentisted gneigses In the western
portion of the San Gabriel lountains have been deceribed by

e Jo Miller (194.), who states:

"The San Gabriel formation comprises a complex lot of
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roexa, the chief constituents of the mixture being Rubio
metadiorite, IFlacerita weta-sedlments, and an old jranite
{presumably ieho granite). Roth the metadiorite and the
neta-sediments have been so rmuch intruded =2nd usually so in-
timstely injéeted by the old granite that the resulting mix-
tures are of the nature of a2 metamorphic-igneous comylex™.
This complex appears to be similar to the undifferentiated
sneisses, present in the eastern portion of the mountuins.
The relationship of the undifferentiated gnelsses to
the rPelcna schists constitutes one of the problems in this
region, 7The Pelonz schists have been intruded only by massive
igneous rocks. Therefore, it does not seen possible thot
these sehists are older than the undifferentiated zneisses,
siieh show a long record of intrusion and metamorihism, 1In
making this statement, the writer realizes that the drag
folds in the Eelona schists, alons the San Antonio fzult (sece
geologir section accompanying map), would indieate that the
Fedana sehists were older than the undifferentiated gneisses,
However, as these folds only show the direction of the last
mcvement,.the writer is inelined to belicve that the gnelsses
are probably the older of the two formations, There is also
the possibility thut the meta~sediments associated +ith the
andifferentiated gneisses are thg basal portion of the relona

sehists. Lithologieally, they are not greatly different,
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and their metamorphic recod, ie., regional metamorrhism fol-

lowed by dypnamiec metamorphism is compurable.

Un the basis of fornmer deseriptions and correclutions,

these rocks are tentatively placed in the pre-Cambrian,

JURASSIC GRAKODIORITY

Masszive granodiwrite has been intruded into both the une
differentiated gneisses and the relona schists, and loeally
forms areas of consideraﬁle extent. The ridge between the
fiorth and Kiddle Foris of Lytle Creek and a portion of the
1igh area betwcen Coldwater Canyon mnd the Kiddle Fork are
made up largely of granodiocrite., The loeutlon and extent of
these two masses are shown on the accompanyling geologiec mal.
In addition, numerous smaller patcles, not shown on the map,
of the same massive granocdiorite are found intimately associ-

ated with the undifferentiated gneisses.

In the field this zranite is a massive light grey roek
in which porphyritic varieties are frequently found. Ortho-
elase, quartz and blotite are always present and are easily

identified in the hand specimens

Petrographic Deseription

A typical specimeﬁ {(GBA) ,from ithe ridge between the
Horth =nd 1iddle Toris of Lytle Creek,proves to be a granc-

diorite.
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The granodiorite is a medium srained aggregate of quartz
(2555}, orthoelase (80%) and perthite (154). Surrounding these
largzer minerals which vary in size (Smm to 2mm) is a finer

grained mosaic of guardz and biotite.

Granite Porphyry Dikes

Light colored porphyritic dikes and sills are particularly
common in the Pelona sehigts., Their mineralogleal eomposition,
as well as’their field relationships, show that these dlkes
were offshoots of the nndérlying lesozoic granédierite. A
summary of thelir field and petrographic character is presented
below:

1, The silis and dikes vary in thickness from a few

inches to 15 or 20 feet.

2. In general, the larger intrusives possess a coar-

ger texture than the smaller bodies.

3 Border ehilling and a counsequent reduetion in the

coarsensss of texture was seen at all contaets.

4, Under the microseope, the rocks were seen to be
porphyritie. The phenocrysts, which vary in size from
less than lmm, -to over Z2mm,,are surrounded by a fine
grainéd groundmass. Twinned and zoned orthoclase
(50%), perthitic intergrowth of orthoclase and al=-
bite (20%), biotite (10,.), and a few rounded crys-

tals of quartz (10%) are the prineipal minerals.
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Melanocratic Dikes

¥elanceratic dikes erosscut the Mesozole zrapodiorite
and the metamorphic roeks in the northwestern portion of the
area, Porgﬁyritie textures and fine grained chilled borders
were aeenvin all of thé dikes. Several thin sections were
examined and despite some variations in texture and mineral
composition, these rocks may be classified as camptonites
{aee F, F. Grout’s (8) temtative classifiecation of the lam-
prophyres}, Ahdsaine, hornblende, hedenbergite, biotite, and
chlorite are the major minerals, Figure 21 shows the contact
between granodibrite and an intrusive melanoecratic dike.

Figare 21. Photomicrograph of
eontact between granodiorite
and intrusive camptonite dike.
Section was made from sample
obtained on top of Telegraph
Peak. {(Plain light x 20)

1. The absence of metamorphic textures and minerals
in the maszive granite indiecates thut these rocks were in-
truded sfter the climax of metamorphism or during its waning

phases.

2. The massive granodlorite has been folded, sheared
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and broken in the vieinty of the San Andreas, 3an Jacinto
and rel.ted faults, Tigure £2 is an illustration of fold=
ing in the grancdiorite which was observed several hundred
yards south of the Irvingdale fault in the canyon, 1} miles

southesst of Coldwater Canyon.

Figars 22, Folding in granodiorite, Dark
ecolored rock is a small melanceratic dike,
Photograph was taken in the capyon lf miles
southeast of Coldwater Canyon.

3. The metamorphic rocks and the granite have been
cut by lamproyphre dikes., These rocks have been deseribed

ag camptonites by the writer.
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The strueture, distribution of roek types and topog~
raphy of this region are controlled by the San Andreas
and San Jasinto fault systema; The intimate erushing and
fracturing, that have been the result of long eontinued
movements along these Ianlts; have masked and in some
cases completely &eﬁt&oy&é the older atructural features,
Because of this, it is not always possible to distingulsh
the older from the younger siructures.

San Andreas Fault

The San Andress is the most noted active fault in
California, It ean be traced over 600 miies in a north-
weaterly'airectien from a point in the Salton Basin to
Punta Arenas in the coast of northern Califernia. The
Fort Tejon earthquake of 18567, the San Francisco earth~
quake of 1906 and various athar shocks of lesser intensity

have taken place along this line of seismie aetivity.

L. F. Foble (18) has mapped the southern extension of
the San Andreas fault and shows it erossing the San Gabriel
Mountains near Big ¥Pines Recreation Camp at an elevatlion of
6800 feet. From heﬁe it may be traced down Lone Fine Can-
yon to Cajon Pass and thenaé alohg the southern base of the
Sen Bernardino Ramge to San Gorgonio Pass. The trace
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of the fanlt alenz the mouthern bdordor of the San Bernardino
Hountalne is clearly shown in Figure £J.

Piz 2F .

xaé%%ﬁg santward from the summit of the ridge

botween Lytle Creek and Lone Pinme Canyon, Ht.

San Jacinto on the rizghé and Et. San Gorgonlo

on the loft ars the snow-onp,ed pesks in the

dintanee, lote the trace of the San Andreas

Fault slong the base of the Ban RBernardino

lountaing,

The peculiar allgnsnent of topographis features along

the fault have deen almirably desoribed by L, F, Lodle (18)
who ststes: “Southeasterly acros: the area runs a sontine
uously traceadle chalin of searps, troughelike depressions
anﬁ ridges which afford cloar and unmistakable ovidence of
recent earth movements, This line of topographle feautures,
which is a2 straight that one may sme. it for twenty-five
milos or more, marks the position of a profound fault in the

underlying rocks.... Somec featuree involve both recent allue

51



STRUCTURE

vium and the older rocks, others involve only dlssected
Quaternary beds and older rocks, and still others involve

only early Quaternary and older rocks™.

Movement along the fault appears to have been ot the
strike~slip type with the northeast bloek moving to the

gsoutheast with reference to the southwest bloek., The amount

of displacement is not definitely known but Noble believes
that the distribution of ?ertiary rocks along the fault
would suggest that a horiaontal ghift of many miles had
taken place.

San Jaeinto Feult

' ®he San Andreas fault bifureates at Palmdale on the
Mohave Desert and the southern branch, known aa the San
Jacinto fault, may be traced for over a hundred miles in a
seﬁthaasterly direction to the Sgltan’Baain, where it prob-
ably rejoins the San Andraas.l ‘;t erosses the San Gabriel
Range one mile north of Pine ﬁnnétain at an a&ggg$43n~st
over aﬁuo'feet and follows ihe North Fork of Lytle Creek
down to Glen Raneh {Applewhite Ranch). Here 1% reappears
from under the stream gravels and outs aﬂrnés several low
ridges befere disappearing beneath the reeent alluvi&m in
the San Bernardino Valley. | |

fhe topographie features aleong the ftault are'quite

lpersonal communication with Dr. J. P. Buwalda

02
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similar to those deseribed by L. ¥, Bodble (18a) aleng the
San Anﬂreaﬁ fanlt, The trough-like depression oecupled by

r oo

Figure #¥. Looking
goutheasterly alcng
the trace of the San
Jaeinto fault, 1In
the foreground--
Lytle Creek valley
~in the nelghborhoed
of Glen Ranech.

the North Fork of Lytle Creek is comparable to Lone Fine
Canyon {see Figures 2¥~Z5]; the presence of emall sag
ponds below Glen Raneh and their alignment with eaddles in
the adjoining ridges offers additional topographic evidence

of movement in the underlying rocks.

San Jaeinto Fault Zone

The San Jaeinto fault zone exhibite a very complex pat~
tern. The acscompanying map shows the loeation of the major

fanlts, but it eould not begin to show the complexity
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of faulting and fracturing in the adjoining sliver~-like
bloecks,

Figure €4 San Jaeinto "rift" valley. View
up the North Fork of Lytle Creek.

The San Jacinto fault bifureates in the extreme south-
seagtern eorner ¢f the area, ?he;southarn braneh, which the
writer has named the Irvingdale fault, is almost as clearly
marked by topographieal features as the master fault, Fig-
ure 26, looking in a southeasterly direction down the Mid-
dle Fork of Lytle Creekx, shows the remarkable alignment of

L .
Kerncots, kernbuts and saddles along the trace of this

fault.

In the high northwestern portion of this region, the
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Irvingdale fault parallels the main San Jacinto fanlt and
erosses the summit of the San Gabriel Mountains a short

distanee to the south of the main fault.

r

Figure 26, Note the alignment of kerabdbuts,
kerncots and saddles along the trace of the
Irvingdale fanlt. View down the Hiddl
Fork of Lytle Creek.

On. the southwest side of the ridge between Lone Fine
Canyon and the North Fork of Lytle Creek, there is a
marked alignment of spaddles, kernbuts, kerncots and gouge
zones; so it is entirely possible that there is another

fault closely parsileling the main fracture.

bistribution of Rock Types

The distribution of reeks along the San Jacinto fault

o9
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is shown on the aeccompanying map. The rocks northn of the fault

are the Pelona schists; those south of it are the Pelona

schists and intrusive Mesozoiec granited., In the northwestern

portion of the area, the Pelona sehists extend aeross doth
the Irvingdale and San Jacinto faults, but in the area about
Glen Raneh the sehists are found only on the north side of

the main fault.

On the south side ¢f the Irvingdale fault, one and one-
half miles southeast of Coldwater Canyon, there ig an intru-
sive contact between massive granite and the Pelona schists,
Approximately two miles farther to the southeast, and on the
north side of the fault, another intrusive contact bgtween

these same schists and gronite may be traced across the ridge

to the San Jacinto fault. 4bout 3.2 miles southeast of here
and on the north side of thes fanlt, L. F. Hoble (18a) has
mapped an intrusive contact between massive granltes and the

Pelona sechists.
Hovement

The distribution of these Pre~Tertiary rocks would sug-
gest that movement along both the Irvingdale and San Jacinto
faults has been similar in kind, if not in degree, to that
téﬁingrplaee along the San Andréas fault. In short, move-
mént along all of these faults appears to have been of the

strike-sllp tyre with the northeast block moving to the
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southeast with reference to the southwest bloek.

It is quite probable that there has deen some vertlieal
movement along the San Jacinto and Irvingdale faulta., The
Irvingdale fault in particular shows a displacement of phy-
slographie features, which would indicate that the south~
west s8ide has moved npﬁaxﬂa with reference to the northeast
side, However, as the evidence for this statement im purely
physiographie, the writer will desgeridc these vertlcal move-
ments in the portien of this paper devoet«d to the physio=-
graphie features of the mountalins,

Regent Activity

R. T. Hill (12) has oompiled statistics on earthquake
shoecks, regorded in Southerm California for the period from
1780 to 1928, which show that the San Jacinto fault has been
the souree of nearly six times as many shocks as has the San
Andreas fault, Two majer sarihquakes in Southern California,
the Riverside earthguake of 1899 and the Hemst sarthquake of
1916, werc oaused by movement along the San Jacinto fanlt,
With the exception of the Long Beach earthguake of 1933, these
two shocks caused greater destruction than any of the pre~
viously recorded earthquakes.

With this information in mind, it would appear that the
San Jaeinto fanlt 1s selismically more aective than the San An-

dreas.
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Dr. J. P. Buwalda has suggested to the writer that the
atraight trace of the San Jaeinto fault may, at the present
time, constitute a line ot less resistance than the curved
trace of the San Andreas, 1f this is so, aceumulating
gtresses would bde relieved by movements along the San Jacinto
before they reached sufriecient magnitude to cause slippage

along the San Andreas,
San Antonlo Faul?d

The San Antonio fault has a general BE«3W trend and dirs
at a high angle %o the northwest. It ean be traced up the
north side of Coldwater Canyon to the summit of the range and
thenee down inte San Antonioe Canyon.

The fanlt separates the Pelona senists on the north from
the gneisses on the south, Horizontal grooves and mlicken~
sides were seen in an exposure of the fault surface in San
Antonio‘Canyen. However, drag folds, in the Peloma sehiasts,
would suggest that there has alsc been some vertical move-
ment =« the north side moving upwards with referanee to the

south.

Telegraph Eeak Fault

The southaastérn heading tributaries of Coldwater Canyon
have been obliguely cut and captured by a eleft-like fault
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valley. Figure<7 is & view up this fault valley and shows
1t® obliyue trend aeross the slope of the mountain, Unforte

Fisure €7, Looking in a
- gpoutherly directlion up
Pele,raph Feak fault
valley. Uote the ctliw
que trend soroes the
slope ol the ridge.

unately, this pieture does not show the alignment and matoh-

ing up of transvarse consequent ravines on both siden of the
fault, However, this alignment is & very striking feature,
and may be seocn from the Camp BaldyeStockton Flats road on
the oppesite side of Coldwator Canyon.

Fen

The presence of eataclasiic siruetures in the motamorphic

roeks and their almost eomplete abmsence in the iesozole
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granite indicate a perled of orogenie activity antedating the
intrusion of the granite, Some of the erumpling and fractur-
ing,seen in the schists and gneisses, undoubtedly belongs to

this serlod of deformation.

The absence of roeks younger than the Jurassic granite
makes it diffieult to assign any definite age to the homo=
elinal tilt of the Pelona sehists und some of the eross fault~
ing. Physiographie evidence indiecates that the fault between
the Telegraprh Peak and Irvingdale faults has not been active
since the last uplift of the mountains. This fault, whieh
may be traced aecross the narrow upland surfaece, deser;bed and
illustrated on page 63, is not marked by 2 line of 'ko::bgraphm
ie feantures which characterize the aective faults of the regilon.

" In conelusior, the writer wishes to summarize the results
of this work on the structure of the easlern end of the San

Gabriel ¥ountains,

1. The older rocks, viz; the gneisses and Telona schists
have been deeply buried and regiénally metamorphosed.

2. After a deeline in temperature, these recks wers su5~
Jected to powerful mechanieal forces. This seeond or dynamic
metamorphism hae modified the original textures of the rocks.

3. Fbllewing‘the decllhe af shearing: stressy massive

Jurassic granite was intruded ianto tne gnelsses and achists,
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4. During late Mesozcie or early Tertiary time, the
San Andreasg, San Jacinto and Irvingfale faults eame into
exintance, Hovement along these faults appears to have been
of the strike-slip type with the northeast block moving to
the southeast with reference to the southwest bloak;

5. EHarthquake statistics show that the San Jaeinto
fault 1s nore active than the San Andreas at the present

time.

A deseription of the recent structural history of the
San Gabriel Mountains is given in the seetion of this paper

whieh follows.
GEOMORPHOLOGY

The physiographic features of the San Gabrlel Mountalns
have been deseribed in some detall by W. J. Miller (17),
W. ¢. Mendenhall (16}, and L. F. Hoble (8).

W. J. Willer, in his excellent deseripiion of the phy-
éiegraphie history of the western nalf of the mountalns,
states; "The mountains formed at the close of the Jurassic
see and seém $0 have been subjected to erosion during all of
Cretaceous tif6.e.. During at least part of Eocene time, the
gsea swept almost entirely a?ounﬁ the flanks of the general
ares now oececupled by the San Gabriel mountains as well as
some of the region just seuth of the mountains. That the
area mast have been high enough to undergo vigorous erosion

is indicated by the fact that the elastlic Eocene sirata

61
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accumulated to a thlckness of thousands of feet in the im-
med.ately surrcunding sea,... No matter what maj be the un~
certainty in regard to the size, shape, strueture, and al-
titude of the San Gaﬁriel lountain area during Cretaceous
and most of Tertlary time, it 1s very certain, that by late
Pliocene or sarllest Quaternary time the aréa-haﬁ been worn

down to the condition of relatively low relief.®

Followlng this period of erosion and some time in the
early Qnatgrnary; the uplitt of the range was resumed, Ver-
tical movements along the marginél faults and tilting of
smaller individual bloeks within the mountains oecurred at
this time. A%t a later dute but before the Glaeial Period,
L., F. Noble (18) states "that the San Gabriel Range was bowed
up loeally in the high region about Baldy and north Baldy
Peaks", It would aypaar‘that this movement was independent
of both the San Jacinto and San Andreas fanltn since they
have been elevated along with the resf of the mountsalns,. The
effect of this upwarp may be seen in Plate 1. Although the
former pemeplain has been greatly modified by erosion, it
may be traced from its puint.af‘amefganne from under the al-
luvium in San Bernardinc Valley and Cajon Pass to the summit
of the raﬁga in the region about Mt, Baldy. The gemeral
aqéardanae in elevation af’the higher peaks in tnis region
(Mt. San Antonioc--10,080 feet; Fine Mountain--9,681 feet;
Telegraph Peak«~~9,003 feet; Cucamonga Feak--8,991 feet;
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Ontario Peak-~8,756 feet) may also be regarded as additional
affirmative evidence for the presence of an old erosion sur-

face at the summit of the range.

The writer 1s fully aware that the above statements do
not entirely agree with those made by W, C. Mendenball (16)
and L. F. Hoble (18), who did not believe that there wers
any old erosion surfaces preserved in the higher portion of
the San Gabriel Mountalns, However, as further verifieation
o the writer's statements, figures @284& 29, taken on the
summit of the high ridge between Coldwater Canyon snd the
Middle Fork of Lytle Creek, show the character of the up~
land surfase stili preserved on the topkor this ridgé at an
elevation of 7,600 feet,

Figure £6; Upland surfase on top of ridge be-
tween Coldwater Canyon and Middle Fork of
Lytle Creek
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A stuly of the €lstridution, attitule and relationship of
these varfous upland surfaces to ome another in tho esstern
San Oabdbriel Mountains would make s most interesting preoplem in
geomorphology. The surfaces that were founi preserved have
both & steep mortheant and a gentler southeast tilt, Are these
attitudes the product of deformation during the Quaterzary, or
was the 0ld peneplain tilted in this manner during the main
uplifs of the mtamn? How were the sand dunes, 1llustrated

Figure £9, YView of uplani surface on %op
of ridge detween Coldwater C and the
Middle Fork of Lytle Creek, Note the gani~
dunen oovered by vegetation on the edgs of
the sarface. :

in figure£9, roM? ﬂuai and 'mlana other gquestions were
of great interest to the writer, However, the comparatively

short periecd of time availadle for field work mﬂod this

tovestigation.
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L. F. Hoble {18),in his deseription of the topographic
features along the San Andreas fault zonmes, says: "long,
narrow ridges and long narrow valleys trending parallel with
the San Andreas fault are the dominant topographic forms,
The rldges have even, gently sloping tois. These even tops
of the ridges, many of whiech are composed of heterogensous
rocks of complex strueturs, arc belleved to represent rem-

nants of a penseplain®,

FigareJ9, Looking eastward across the San
Gapriel Mountains. Lone Pine Canyon is vis-
ible over the toyp of the ridge in the fore-

ground .

Figure$0, is a view of the San Cabriel Range from the
ad jacent San Bernardino highlands. The fair agreement in

elevation of the even topped ridges aeross the San Jaeinto
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fault is illustrated in the middle background on the left
hand slde of the figure. Note also that the northeast side
of the rldge between the North Fork of Lytle Creek and Lone
Pine Canydn has the appearance of belng the baek slope of a
dissected fault block.

If we are to agree with L, ¥, Noble (18) that these even
topped ridges represent remnants of a peneplain, 1t should be
possibla to determine the amount of vertlcal movement along
the San Jacinto and San Andreas faults by the present eleva-
tions of these o0ld surfaces, on opposite sides of the faunlts,
Using this method, it would appear thet the high mountain
bloek, on the south side of the Irvingdale fault, has been

elevated some 1,200 feet with referemece to the northern block.
GLACIATION

Glacial features have been deseribed in the San Bermardino
¥ountains by H. W. Pairbanks and E, P, Carey (6), and by ¥, &.
Vaughan (19). Well preserved cirques and moraines appear to
constitute evidence of the former period of ilece aetion, F. E,
Vaughan (19) states: ™This glaciation was of suen loeal char-
acter that the‘morain&a would not extend far beybné the cirques,
and no deep glaciated valleys are found in the region.... Bone
of these glaéiers appaar to have descended much below 8,600

teet, and 1t will be seen from deseriptions given that conditions
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had to be just right for thelr aprearance at all. Such con-
ditions were ncrihward or eagstward facing alcove, which headed
sufficiently elose to the erest to receive snows whieh drifted
over 1ts summit®. A, C. Lawson (15), in his deseription of
the Kern River glacier states, "The lowest point reached by
the grand trunk glacier, whieh once flowed down Kern Canyon,
is approximately... ¢,600 feet. The moraine is small... for
80 large a glacier as that occupying Kern Canyon for 24 miles
of its length, and seems to indicate that the fce masintained
itself at that point but for a short period of time". This
region, deseribed by A, C. Lawson {15), is approximately 150
miles north of the San Gabriel Mountalns, and the occurrence
in the San Bermardino Mountaina ls only a few miles to the

south of the ar&ﬁ eovered by the writer.

These statements may be eontirasied with those made by
We Jo Miller (17) who, in his paper on glaeiation in the San
Gabriel Mountainas, says, "The most interesting case of glaci-~
ation in the San Gaﬁriel FKountainsg knowe to the writer is 1n
Pine-flat Basin, which 1lles somewhat east of the center of
the mountains.... There is good evidence that Pine~flat Basin
+s+ WAS Once occupied by a glacier... which started at an al-
titude of 8,000 feet and ended at an altitude of 3,000 feet.
Theré is evidence that a glacler formerly oceupied the upper
two miles of Bear Canyon... which varies in altitude from 4,000

feet to over 6,000 feet.... Careful investization may reveal
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evidenee of formor existance of a glaesler in the San Gabriel
Hountalins, The flunks of Meount Wilsox may have housed one or
two glaciers, most llkely of all however, is the high mountain
group in the goneral vicinity of 3an sntonto reak (014 Baldy),
but the writer has not examined this region for evidence of

claciation”™,

FigureJ/ . (iew of Mt, Eal&y from the
northesnt.

The eritiosnl roader will note thaut these small glaciors,
deserided by v, J. Elller {17}, must have deseended to & lower
altitude than the Kern Valley glaeler in iha Sierra Hevada
ionntnina. anfl will further note that the gathering ground of
these glaciers ia at a lower altitude than the toer-inal mope
alne of the lowest glacler in the adjacent San Bernardino
Mountains, Th.e dooz not seem possidle, and in view of the
fact that the writer does not find any indieation of former
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glaciation preserved in the higher portion of the San Gabrlel
Hountains; it wnuld‘appear that the features, deseribed by
We Jo Nillervfl?), must be attributed to eauses other than

glaeiation,
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