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Abstract

The widespread Miocene volcanic rocks of Southern
California represent at least four distinot epochs of activity.
Lower Miocene vulecanism is represented by the bamic hypersthene
andesite flowe north of Scledad Canyon and east of Mint Canyon.
Lower middle Miocene flows are found in the Santa Mopica Moun-
tains and the Verdugo Hills; they are olivine poor basalts.
Upper middle Miocene intrusives are sbundant in the Santa
Monica Mountains; they are usually olivine rich basalts. Upper
Miocene siliceous sndesite and dacite flows occur in the San
Jose Hills. It is found that the distinotion between the lower,
middle, and upper Miocene volcanics is sharp, but that the two
epochs of middle Miocene vulocenism resulted in quite similar rocks.
The lattér rocks are the most abundant in this region, and vol-~

canics of lower or upper Miocene age are rare.
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Introduction

In the Tertiary section of the Los angeles basin and nearbdy
mountainous areas, volcanic rocks are widespread, Within scme aYress
it has been possible to recognize more than ome epoch of vulcanism,
but all the rocks are generally referred to'Middle Miocene time. The
purpose of this reacarch has been 10 determine, in so far as possibdle,
the number of volcanic outbursts which have occurred in the neighbor-
hood of Los Angeles, to examnine representative specimens from each
of these periods, and to see if there is any correlation between the
age of the volecanic rock and its composition. It is realized that the
poesiovility or:a distinct correlation is not greet, and that examples
are on record of basalt and rhyolite extrusions from the same vent at
about the sam® vime (1). But if such a correlation does exist, a
knowledge of it would be valusble. Moreover, a study of the areal
extent of the different rock types may have value for the sedimentary
petrologist in determining the sources of detrital msterial.

In ordor to carry out the plan, & review of the literature
has been made, and previously mapped aress in which the age of the
sediments enclosing the volcanics is well estzblished have becn se-
lected for study. Since the period of Tertisry vulcanism was guite
short, much difficulty hes been axperienced in dating many of the
rocks. This is especially true where volcanics do not occur in as-
sociatioh with foraminiferal deposits. It has been found that the
usual zoning of the Miocenq epoch based upon megafossils is not
very satisfactory. In the leater pheses of the work, an sttempt has

been made to use the forsminiferal zones given by R. D. Reed at a



Plate I
A division of Miocene time with the correlations used

in this report,



=

o]

FAUNAL UOKBS CORHELATIONS VULCANISM
Flows or
intrusions
FORAMINIFLRA L GAFUSSILS] Santa san Ver=- North-
Moni- Jose dugo western
ca Mtsd 1ills |Hills] Sierra
Madre
1 Jolivina o | 2?Mo-
seminuda 0 o} delo
D Upper D
2 Jolivina E E
hughesi L Puente L 3031263430336 3+
o N (ARREEAREE
3uliminella Shale
3 «uvigerina Puente
formes 1 Hills
I
¢ 3agiina N
californica T
D Valvuliperia Hia- c Santa
californica tus A Monica iits.
2022227 N
6 3aggina Y
robusta [}
N
7 Siphogenerina T T
hughesi Turritella 0 0 booosossoe Santa
P p T Nonica Mts.
8 Uvigerina ocoyana A A Hia-
obesa N I tus
G G
Plectofron- A A
3 dicularia v
miocenica ISR R
...... s
Haplophrag- [ -
10 moides U Northwestern
trullisata £ Sierra
Z lMadre
11 3olivina v
merginata Purritella A
A
12 3iphogenerina inezana z
transversa TR
R
13 Cibicides o)
americanus S
14 Cancris
sagra




recent meeting of the Geologleal Society of america (2). This divi-
sion of the Miocene, together with an epproximate correlation with
the megafossil zones is shown on Plate 1. At least four periocds of
Miocene vulcanism resulting in flows or intrusions have been recog-
nized within a distance of thirty miles from Los aAngeles, buti since
there is no ope locality at which all these periods uare represented,
the Miocene volcanic section given here is, in a sense, arbitrary.
An index map of the Loe Angeles area, showing the regions which have
been studied is in the pocket (Plate II).

The author is indebted to Dr. J. H. Maxson for suguesting
the problem. Dr. Ian Campbell has been of great assistance in the
petrographic etudles. The map of a part of the Lang Quadrangle is
a result partly of the authort's own work and partly of the work of
L. Fo Uhrig and C. A. Dawson. The maps of parts of the Burbank and
Topange Quadrangles sre taken from United States Geologiecal Survey
Profeesional Paper 165¢ by Herold Hoots. The mep of parts of the
Las Flores and Dry Csnyon Quadrangles is tsken from a msnuscript by
lawrence Bolles., The map of the Sen Jose Hills is tsken from a
manuseript by E. N. Harshman. It 18 hoped that full credit is given

in the text to those whose publicetions heve been useful in prepar-

ing this report.



Extrusive Igneous Rocks of the

lang and Ravenns Guadrangles

In the region of Tick Canyon voloénic rocks occur interbed-
ded in sandstones, tuffs, shales, and colemsnite~bearing beds. These
deposits, according to Foshag, represent deposition in a playa or
desert basin (3). In the Ravenna Quadrangle, to the eaat and north,
the sediments change in charazcter, becoming rénglomarates and repre-
senting deposition around the edges of the busin. These bsds wers
first described by Hershey(4) who named them the Escondido Series.
In- 1824 they were again described by Kew (5), who correlated them
with the Sespe, which he considered of Questionable Oligocene age.
Kew alsc stuted the lavas %o be the oldest within the ares he atudied.
In 1935 the sediments were rensmed Vesquez by Sharp (6), since the
term Bsceondido was preocoupled.

Recent ressarches by Chester Stock on memmalian remeins en-
tombed in the so-called Sespe of South Mountein, Simi Valley, end
Las Posas Hills indicate thet the Sespe rangee in age from Upper
Eocene to Lower Miocene and "thet the neme Seaps, unless definitely
reatricted to a stratigraphic unit in the type section, loses its
significance as a formational designation" (7). Hence Kew's tents-
tive correlation, if it were true, would not mean much.

Since the Vasquez Series is deposited upon the ancient meta~
morphice of the Sierrs Pelone, and since the beds have not as yet
vielded eny tosailﬁ. an important oclue as to their ege is found in
the relations with the superjacent fossilifercus iint Canyon beds.

In the vieinity of Tiek Canyon, at the type loeality of Hershey's
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wEscondido”, these beds are folded into a tight east-west trending
syncline, broken by numerous faults. The geologic conditions are
shown on Plete III. Dips of eighty degrees or more are common in

the Vasquez beds. The syuncline has been eroded, and then covered

by the basal conglomerates of the Mint Canyon. 4 fauna from the Mint
Canyon is described by Maxson (8), who determined its age as middle
’upper Miocene, just above the Barstow of the Grest Besin Section &nd
betweer the Cierbo and Briones of the Pacific Coasst section. However
Maxson states: "The stratigrsphic occurrence of a primitive Merychip-

pus, Parahippus? near mourningi, and Miolabls californicus in the

lower portion of the exposed Mint Canyon section might be considered
as adequate paleontological evidence for assigning an older age for
these beds, in which case &n unconformity[}ithin the rormatioé] must
be assumed.” In view of the great thickness of the Mint Canyon sec-
tion -- four thoussnd feet ~~ it may not be nscessary to sgsume an
unconformity, and in view of the imperfect knowledge of this forma-
tion, such a hiatus might exist without our knowing it. Recently ob-
tained memmalian remains found at a very low horizon within the Mint
Canyon but as yet undescribed indicute a probable mid-liocene age
for the base of the Formetion.

In view of the fact that memmalian remains now found in abun~-
dance in the Sespe formation of the Ventura Basin indicste & rather
moist climate for the upper Eocene and Oligocene, the Vasquez, decided-
ly an arid type deposit, cannot possibly belong to these times. Theat
arid conditions did not obtain during Sespe time has also been pointed

out by Reed (9). Oreodonts found in the upper Sespe and interbedded



with lower Vagueros strata indicaete a moist wooded environment for
that pericd (10). Actually "the evidence concerning the climate of
Vagueros and Temblor land areas is very meager. . . Probably the
beat guess that can be made at present . . . is that it varied from
time to time and frum place to place between semihumid and semiaridn®
{1i). Unless very specisl circumstances existed in the Vssquez basin,
conditions seau to have beer more favorable for assuming its deposi-
tion during Miocene time thun during the molster COligocense, and the
Bocene secms ruled out entirely on ¢ climatologicel basis. 1t seems
from & study of the Vesguez that the beds wers deposited in é rather
small basin whose center waa gpproximstely in the vieinity of Tick
Canyon. The basin was encircled by mountains. It msy have been a
particularly dry area, thus explaining the lack of mammslian remains.
The last bit of evidence available is the presence of the volcanic
rocks. These are practically if not totally unknown elsewhere in the
Tertiary of Southern Celifornie of any sge bhut Temblor or younger.
The nearest Vaqueroa lavas oceur at the south end of the San Joaguin
Valley (i2). W. J. Miller (13) considered these rocks middle Miocene
in age becsuse of the presence of laves. However, ii seems evident
that this author did not tske into comsideratiorn the structural rela-
tions of the Vasquez and the iint Canyon and the evidence of the Mint
Canyon fauns. In order that the time of extravasation of the Vesquez
lavas should not be too far removed from that of the greater part of
Tertiary vulcuniaﬁ in this region, it ie cousidered thet the marked
hiatus between the Vasquez and the‘ﬁint Canyon does nol represent &

long period of time. That such a diastrophic cycle might lake place



quite guickly is well illustrated in the Hollywood Hills, and is shown
in figure 1. The ags of the Vasquez must be conaidered-lower Miocene
(hence approximetely eguivalent to the Vaqueros) on a basis of the mid-
Miocene age of the basal iint Canyon supplemented by climatic evidence
and the history of vulcanism. I% is considered by Schenk {(14) that the
Vaqueros may be an Oligocene formation. This idea does not fit in well
#ith the evidence of lower Mioccene mammals from the base of the Vaqueros
in Tecuya Canyon (32}, but aside from this point, it is desired in this
papér %0 ablde by the common terminology of Califormia geologists by
calling the Vajueros lowcr Mlocene.

In Bulletin 753 of the United States Geological Survey, Kew
says: "The oldest [ﬁartiari] igneous rocks occur as flows of andesite
peser the base of the Sespe (7) formation in the region north of Bole-
dad Canyon end east of Mint Canyon. This andesite is nearly everywhere
vesiculer and contains amygdules of chalcedony es much as three inches
in diemeter. Specimens of this rock submitted to C. S. Ross of the
United States Geological Survey, showed that it was e typical andesite
in which euhedral erystals of andesine form about one-third of the
rock and augite about five percent. The groundmass is composed of a
brown glesslike materisl and small suhedral crystals of andesine.,”

Detsiled studies of voleanic rocks from the vicinity of Tieck
Ganyon and of six thin slices of rocks in the Ravenna Quadrangle kindly
loaned by R. P. Sharp show that the rock is much as described by Kew,
put with this difference: fhokphanocryst feldspars are quite uniformly
mediam labradorite (measurements indicate & maximum of AnéS, a minimum

of An58, with an average of in6l), and the pyroxeme is largely hypers-



thene, with smaller amounts of pigeonite. No augite was found. The
feldspara are usually quite fresh, but hsve been corroded by the last
solicdifying magma, producing irregular externsl outlines and sometimes
peculiar grephic textures anslogous to those of pegmatites. Where the
feldsper hes been corroded its pluce is tuken by the glussy and chlori-
tic materials of thg groundmass. The effectes asre guiite similer to
those shown in figure 3.

slthough almost a dozen thin sections, selected et random,
were studied, no other rock type than the basic hypersthene andesite
just deseribed was encountered, aund the flows sesm to form & distine-
tive group. Miller has recorded clivine basalt from northwest of
Ravenna, {13), but he does not statec whether these more basic rocks
baelong with the Vesquez flows. This is en important point inasmuch
sa it ie known th-t luter intrusives cut the flowe in some places (6).
Most of these flows ers not very vesiculsr, often showing in the out-
erops & highly trachytic arrangement of the large feldspar phenocrysts.
In places there is a marked development of concentric temsion fractures,
probably a resuli of forces engendered duripng consolidaution. These
spheroidal structures are often of large size, the diasmeter being
measurable in terms of & few fives or even tens of feet. Occasional
highly vesicular flows contein éhalcedony end calcite amygdules, and
the microscope reveale the additional presence of bright green chloritic

caevity filliug material.



Bxtrusive and Intrusive Rocks of the

purbank Quadrangle

ln the hills north of Holiywood end wesi of Cahuenga pass 1s
& mass of basalt waich trends west by north and pinches out to the
scet and west. This basalt is described by Hoots (1b) ss ocourring
pear the base of the Topanga formetion, in o series of sandstones and
conglomerates containing & Turritells ocoysms fauna. The stretigraphic
position of the basalt is  dlagramatically given in figure 1, which
is dlepted from Reed (2). Referring to the foraminiferal zones given
in plate 1, it can be seen that the flows correspond in age %o lower
middle or upper lower kiocene. The intrusives occurring with the

flows probaocly correspond to the Valwvulinaria califormica (or fifth)

2018,
As shown in Plate IV, most of the basal£ iz confined to a

single stratigraphic horizon, suggesting thet the major part of it is
extrusive. However, as stated by Boote (15) imtrusives occur with the
extrusive roeks, particularly in the region near Cahuengs Pass. ﬁut

it does not seem that as much of the rock is intrusive us joots believes.
Sandstone stringers deseribed aud figured by him &s inclusions in ip~
trusives resemble much more beds laid down upon a surface of basalt
during the intervaels betwsen extravasastion. The fairly well developed
pillow structure developed in these rocks tends t0 snowx that they were

. extruded under water. The interpreltion of the lavas as intrusives resis
upon the eviderces of baking. 4ll such efrecte are very siight and

. uguslly scmewhat doubtful, and ceannot be backed up by positive indlca-

tions of intrusion, since pno dlkes outting aeross the sandstione lenses,
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Geology of a Portion of the Burbank Quadrangle
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nor even apophyses projecting into them could be found, although such
were looked for. It does not seem possible that intrusion on & large
scale could occur without greatly deforming the sands and sheles and
producing unmistekable metamorphism, inasmuch as they were completely
surrounded by the magma if the intrusive theory is correct. At a

few localiiies near the eastern end of this basalt mass some intru-
sives certainly ocour. Their contacts are irregular and steep, and
they contain fragments of the older igneous rock. These inclusions
are not distinctly metamorphosed. In the western part of the mass,
in the region north of Laurel Ceanyon, the rock is all extrusive, con-
sisting largely of agglomerate and breccia. (In this report the term
agglomerate is used to include all coarsely clastic rocks made up
largely of somewhat rounded fragments of volcanic rock, snd no gemetic
connotation is implied.) Much of this rock is described by Hoots as
a "typical autoclastic rock", but the presence side by sidé of rocks
of many different texturss and structures refutes the idea. In many
of the agglomerate and breccia layers the matrix is composed largely
of sandy materisl; probably the rock was initially a volcanic mad.,
Interbedded with the mgglomerate are flows, sometimes showing pillow
structures with radiating hexagonal cloumns within the pillows.

Some highly vesicular flows are present, usually in a more altered
econdition than the solid rock, as though the excess of contained
gasses had played an important part in their alteration. The vesicles
are often filled with chalcedony, chabazite, natfolite, thompsonite,
or same variety of chlorite. In sdme slides & glassy material --

probably chlorophaeite -- can be seen filling cavities or replacing
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olivine, Tomkieff (16) discusses the discontinuous de-basification
and hydration series leading from olivine through iddingsite to
chlorophaeite and chloropal, but thers is no indication here that
iddingsite has been formed, and the rocks are t00 badly altered to
determine the possible presence of chloropsl.

The rocks themselves ars basalts with plagloclase feldaspars
of an average composition of slightly sodic labradorite. (The micro-
scope reveals a range from Ané5 to AnS52, with an average of AnS7.)
Olivine is sparsely developed, appeering in about one-half the thin
sections and never forming more than ten percent of the area of a
single slice. This olivine is usually present as irregular anhedrous
rather than as well formed crystals., Pigeonite is present in about
half the slides, but is not always found in essociation with olivine.
Biotite occurs in about one~fourth the slides. The groundmass is
generally abundant, consisting of microcrystalline material, mostly
chlorite, and glass. Magnetite is an abundant constituent, and from
its long slender forms and its croasicuttiﬁg.rolatiohships seems to
be a late crystallizer. Figure 2 A is a photomiorog@aph of a section
from locality 10 in the Burbank Quadrangle., It show; the elongate
magnetite needles cutting across grain boundaries, and clearly ap-
pearing to be a very late mineral in the peragenetic sequence. Bro-
derick and‘Hohl have shown that in the Michigen'trapa iron may be
carried as or by a gos during consolidation (17). It seems quite
possible that this is the case in these basalts. However, the ten~
dency of magnetite to form skeleton crystals which when sectioned

would show apparent necdles must be kept in mind when interpreting
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these structures.

Because of the degree of alteration und the sparcity of msfiec
puenccerysts in these rocks, it is not possible as yet to divide them into
any definite groups. The rocks seem to be intermediste in composition
between the olivine basalis and the olivine-free types, lnasmuch as the
olivine is only rarely developed. Thia is the only character which
would separate them from the slightly younger intrusive and highly oli-
viniferous diabases and basalts of the central and western Santa Monica
Mountasins. Beccuse of the uncertainty which prevails as to the intru-
sive or extrusive nature of much of this rook, it is not possible to
state any differences between the two, but since no two distinctive sets
of rocks have appeared from the microscopic study, it is concluded
that they are much the same.

In the later stages of consolidation of these rocks the
feldspars were often partially redissolved by the megma. The process
wag sometimes yuite selective, only the cores of the feldspars veing
affected. This corrosion of the feldspars seems to be especlally
charscteristic of flows and may be due to rapid loss of volatiles,
resulting in changed equilibrium conditions. Figure 3 is a photomi-
crograph showing the corrosion of a feldspar phenocryst by the glassy
groundmass, In figure 2 B, which is from a more crystalline flow
(locality 10) the same graphic texture is produced, but the material
within the feldspar is composed of definite mineral species, as
pyr§xsne and chlorite. By analogy with the case seen in figure 3,
one might expect that the texture was produced vy the same means --
corrosion by the 1i.uid magma, but as this flow cooled mors slowly,

there was an opportunity for this material to crystallize.



12
Intrusive and Extrusive Igneous Rocks of the Las

Flores and Dry Canyon Quadrangles

In the west central Senta Monioca Mountains, between Meslibu
Creek and Topanga Canyon and north of the axis of the range are a
numbex of flows interbedded in the Topanga formaetion. The flows and
surrounding sediments have been invaded by later basalt, and probably
some of the vents thru which the flows were exuded have been exposed
by erosion. The greater part of the igneous rocks now appearing at '
the surface are intrusives. The geologic conditions of the area have
been described by Bolles (18),

Since most of the asurface rocks of the area are very greatly
altered, rendering them unsuitable for petrographic examination, and
in fact making 1t impossible to obtain good hend specimens, merely a
cursory ilnvestigation of the area was made., Only a few loczlities were
found at which the relations of the lavas are well illustrated. (The
more important of these localities, to be described below, are indi-
cated on the sccompanying map, Plate V. They will be described in
order from north to south.)

Three eighths of a mile west of Calabases Highlands is a
small intrusive pipe. The rock is composed very largely of cleer
yellow glass with numerous labradorite (Ané2) phenocrysts and minor
amounts of augite, olivine, and chlorite. In places greenish rounded
spherulites composed of radislly arrsnged, fine chlorite fibers have
developed. The whole rock is cut by & network of ansstomosing veinlets
of ocalcite or dolomite in which a small amount of gqusrtz can be seen, |

"Phis mass is intrusive into the Topanga formation and probably coincides
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13
in age with the Topanga Canyon intrusives; the composition of the two
rock masses is quite similar. |

Near the south end of the long, north-trending basalt member
one~half mile west of Calabasas Peak, & road cut exposes several thin
flowa with vesicular tops. The rock is almost completely crvstalline,
with only sbout ten per cent glass on the average. Labradorite (4néS)
constitutes about 75% of the rock; other minergls are pigeonite, bio-
tite, and megnetite. Irregular areas occur in which a greenish chloritic
material of rather high birefringence is well developed. The elonga-
tion is positive, and the index is greater than Canada Balsam; no other
optical data can be obteined. It is probably s late-crystallizing
chlorite which filled the cavities or pores in the rock.

Just south of the lest locality is e very large ares probably
underlain al .ost entirely by intrusive rocks. Abcut one-quarter mile
west of Stunts Raunch, a recent road cut shows 8 fine laminsted shale
lying with gently arched depositionsl contact upon a lava. Two hundred
yards south, on the same road, one can see the intrusive contact of
the lava with the Topsangs sandstone. This probably represents the

same condition that one sees at Mohn Springs in Topange Canyon, where

the Modelo shales lie upom the ercded surface of the Topanga formation
and its contained 1ntrus£vea. ?his igneous rock is & highly olivini-
ferous diabase. The olivine is considerably sltered, being replaced
by a variety of chlorites or serpentines. The usual alteration to
serpentine in which the orientation of the fivers is determined by

the direction of the crack or fissure in which theyform is present,

but there is also an alteration product which orients itself within
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the olivine crystal with the fibers parali.el to the b axis of the
olivine. It is & dark green pleochroic mineral of low birefringence,
positive elongation and parallel extinction. Other alteration products
have small optic angles or are uniaxial, and may be of positive or
negative opticel character,

Somewhat south of the lest locality, in a small canyon cast
of the road, is an outerop of massive, very probably intrusive lava.
Within the lave are small angular ineclusions of hi;hly emygdaloidal
extrusive rock. This probably represents the condition seen in the
Hollywood Hills, where the early Topanga flows are intruded by slightly

younger volcanics.

Extrusive Igneous Rocks of the

Sunland Quadrangle

wWeat and slightly south of the town of Sunland, in the
Verdugo Hills, are outcrops of basic lava flows interbedded with sand~
stone and conglomerate. Kew (5) considered the sediments to be a part
of the Modelo formation, but detailed mapping by Californiea Institute
field parties has led to the belisf that they are to be correlated with
the Topanga formation of the Santa Monica Mountains. The flows are
then roughly contemporaneous with those of the Burbank and Dry Canyon
Quadrsngles.

These flows are very fine grained green rocks with marked
platy cleavage. Under the microscope they show a trachytic arrange-
ment of fine feldspar needles averaging 0.25 to 0.5 mm. in length.
Scattered plagioclase phenocrysts ére strongly zoned, with a variation
‘in composition in a single crystal from median bytownite to sodic

labradorite. Irom rich olivine occurs rerely, asnd then as isolated
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15
phenocrysts or glomeroporphyritic groups of anhedrons. Pligeonite,
augite, and mognetite also form phenocrysts. The mesostasis is
microerystalline with much chlorite. The rock is an ollvine poor
basalt similar to that »f the Hollywood Hills.

in some sections a very interssting oright red mineral of
aigh relisf can be observed. It occurs as small patches not easily
vigible ir the hend speciwmen but showing a bronzy lustsr and a mica-
ceous cleavege. Under the microscope a second, slightly irregular
clsavage is seen rormal to the principal ome., Perding observation
with a universal stage, only the following date can be obtained; The
optic plane is perpsndicuisr to both cleavages and the obtuse bi-
sectric (X) emerges in the center of the field from a cleavage frag-
ment lying on the principal cleavage face. The minerz:l is elightly
pleochroic; avsorption X7Y; disperion distinet, v>r {(over L}, with
abnormal dispersion colors = green and red. The optic angle is variable
but so small that the mineral appears unisxisl in sowe section. in all
orientations there is parsllel Qr sysmmetrical extincition; hence the
syﬁmetry is orthorhombic. From the mode of coccurrence, the mireral
appears to be & replacemsnt of olivine., This mineral is probanly a
form of iddingaita, put differs from hitherto deseribed speclas.
Other iddingsite has boen recorded with small to large negative optic
engle, and with a large positive optic angle. This variety completes
the series by giving a small positive cptic angle, The optic relations

with respect to & cleavage fragment are shown in figure 4.



FIGURE 4

-~

Cotical relzcions of - new troe of iddlagsite
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Intrusive Igneocus Rocks of the

Topanga Quadrangle

In the vicinity of Topanga Canyon occur several bodies of
basalt snd olivine gabbro intruded into the Topanga formation. These
have been mapped and described by Hoo¥s (15). Since the Modelo for-
mation wgs deposited upun the eroded surface of the gabbro, the period
of intrusion cen be estimated with some accuracy. Marine fossils
collected in the Topange show these beds to belong tv the Turritella
ocoyana zone. Megafossils from the overlying liodelo indicate the
formation to be oider than the Briones of San Francisco 3Bay and younger
than the Monterey of that region (19). According to Reed (2) the Mcaeln
in the eastern Santa isionicae Mountains includes zones 1, 2, 3, and four.
This is shown in Plate I. It is at variance with data given by Hoots
and Renkin (15) indicating the base of the Modelo near AMohn Springs

to belong to the Bolivine hughesi or second zone. However, both G.

L. Richards (20) and F. W. Bell (21) state that zones lower than the
B. hughesi zone are to be found in the reglion about Mohn Springs. In
all probability Reed's statement is true for this locality. Since the

Temblor or Turritella ocoyana stage extends up through foraminiferal

zone 6, it is probable thst the period of intrusion is to be correlated

with the Valvulinarie celifornica zone. Corroborative evidenge is the

fact that the period of lilocene disturbance recorded in the Hollywood
Hills also falls into this zone, &s has becen shown in figure 1.

The igneous body located in the Topanga (uadrengle with which

this report is concerned is irregulsr and elongate, extending about
three miles northwest-southeast and averaging about one-half mils in

width. The minimum vertical dimension of the mass is one thousand feet,
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since that much is exposed. Its actual depth range cannot be estimated.,
Though most of the basic igneous bodies in this region are intruded
along post-Topanga faults with which they are probably genetically
related, this mess does not show much relation to major faults along
its periphery. It is true that most of the igneous contacts of the re-
glon are slickensided, but this probably represents minor adjustment of
the rigld igneous messes and the more yielding sediments during later
compressive forces, occurring long after the consclidation of the magme.

The rocks at the contacts of the igneous mass are usually
sandstones which show no great effectas of intrusion. . Qccasionally they
are hardqned and baked, developing a red color. At one locality lime-
stone was observed at the contect, but even on this rock the exomorphie
affects are very slight. The basalt itself generally showe & well de-
fined chilled border zone from a few fest to & fow tens of feet thick,
being widest where the intrusive mess is thinnest. The miarqscope
shows the chilled rock to be composed of a felted mass of fine feldsper
needles set in a mesostasis of dense opague slaué. QOccasional calcie
labradorite phenocrysts as much as 1.6 mm. in length occur, but seventy
to ninety pef cent of the rock is composed of feldspar measuring O.l
to 0.05 =mm. in length. Scattered grains of pigeonite and hypersthene
ogcur as phenocrysts and in the groundmass. Magnetite occurs chiefly

a8 a fine dust distributed through the glass.
Occasionally the chilled border facles is light colored

and cut by numerous chalcedony veinlets. Under the microscope the rock
appears texturally and mineralogically like the common black variety,
except that the glasb is 1ightef in color, and in plece of the pyroxenes

& bright red to yellow minersl appears. The mineral sametimes exhibits



& pyroxene-like cleavage with inclined extinetion; at other times it

has developed without the form of the pyroxene and has even inveded

the feldspars along fractures. It resembles iddingsite in some charac~
ters, but it shows inclined extinction and low birefringence. It ls
biaxial and positive with high refringence, Probably it is an éltcration
pyroxene of deuteric or magmatic origin and related to the iddingsites,
which are similar replacements of olivine.

Within the main mess of the intrusive, plagioclase feldspar
makes up fifty to qoventy-rive per cent of the rock. It is a very
caleic labradorite (measurements show an average of Ané9, with very
little renge). Generally this labradorite is not grestly altered, so
that it appears clear and colorless under the microscope. A slight
alteration to a light-oolorod, only slightly pleochroic, and hence
probably iron and magnesia poor and aluminum rich chlorita‘is often
present. Kmolinization of feldspars is developed only within a surface
zone sometimes less than three inches thick. Winchell (22) states that
kaolinizetion of very ealcic plagioclese is rare, and the evidonce
here would indicate that only the most extreme type of surface wea-
thering can produce it.

Olivine is not present in the fine grained rocks at the
sontacts of the intrusives. It is present in varying émounts in all
sections of the coarse grained rocks, and is most abundant in the cen-
tral part of the intrusive. Olivine composes twenty to thirty per
cent of the 1nteri§r of this rock mass, and in an associated intrusive
exposed along the Topange Canyon road three-quarters of a mile south
of Wildwood, this miﬁnral makes up fifty per cent of the rock. The

olivine shows a variation in optical character indicating a variation
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in iron content, but rost of it is the ordinary magnesian variety.
It has not yet been possible to work cut the sequence of cryétalliza-
tion of the various types of olivine, because of tne difficulty of
igentirying them and because of their occurrence as isolated grainas.
0livine has suffered mors alteration then any of the other minerals,
In some cagses the alteration haé besn 80 selective that the presence
of olivine can only be inferred from the form of the alteration pro-
duets, while the pyroxemes ave stilil frééh. Various types of ser-
pentine result from the breakdown of olivine; antigorite is most
ecommon, but ehrysotile also occurs. In several sections bowlingite
was recognized, often completely replacing tae oliviﬁe. These altera-

tion products are thamaelves freguently broken down to more stable

chlorites, and magnesian carbonate, often of a fibrous nature, is formed.
Pyroggnes are abundant within the intrusive. . Pigeonite

ig by far the most plentiful; hypersthene is common, augite is present

in minor amount. Usually pigeonite was the last pyroxene to crystallize,

and often 2ll tnhe other minerals are present as inclusions in large

pigeonite anhedrors (poikilitie texture). Other evidence indicates

that pigeonite sterted to orystailize with the other pyroxenes; in-

tergrowths of pigeorite and hypersihene are found. Ividently it is

quite possible for two or more different types of pyroxene to crys-

tellize side by side. Pyroxene forms only & small part of the chilled

border selvage; it is more plentiful in the interior where it mey form

25% of the roci, but usually less. The pyroxenes are not so altered

as the olivine. Uralitization is guite rare; incomplete Teplacement

of erystals of hypersthene or pigeonite by single crystals of bastite

is fairly common; usually a variasty of cilorites is produced withir the
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pigeonite -~ a common type has distinct pleochroism end a positive asign
and is probably related to e¢linochlore.

Biotite ocours sparingly within this intrusive; it was dis-
cerned in only four sections out of fourteen. It forms irrsgular shreds
or may be intergrown with pyroxense. Boing@aaaily altered, it may have
once been more abundant, but this cannot sasily be determinad, since

its slteration productes are not distinctive. The biotite is normally
brown, but usually assumes & green color and then alters to chlorite.
The change in color is not accompanied by any noticeable change in
optiecal p}épartiel.

An opaque mineral which is probably megnetite but mey be
titaniferous iron ore is a ubiquitous cons$ituent of the rosks, though
it forms only & minor part of them. In the contact selvage it is pre-
sent as a dense swarm of very small crystals, making the tachylite
opaqus. In the coarser grained rocks it is segregated into larger
grains. A small amount of the magnetite aryata?ized very early,
before the olivine, but the majority of it finished cryatallization
after most, if not all, of the feldspars. Hence in the fine grained
rocks at the oontﬁct the majority of the magnetite was still in solution
just before consolidation, in spite of the fact that a considersble
amount of feldspar had orystallized already. Rapid ¢hilling prevented
the formation of large crystals so that magnetite appears as a dust
evenly distributed through the tachylite making 1t opaque.

The distribution of mineral apeeiee within this rock mess
indicates that either there has been a remerkable differentiation by
crystal settling, or thers has been a multiple intrusion. Rocks from
near ths contacts with the sediments (the chilled porder zone) are very

rich in feldspar, very low in pyroxene, lacking in olivine. The content
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of ferromagnesian minerals is much greater in the center of the mass,
where feldspar may make up only 25% and olivine all of 504 of the volume.
Convertaed to units of mass, the discrepancy would be even greater.

Shand (23) describes the occurrence of olivine rich cores within large
bodies of olivine poor or olivine free gabbro, and he sccounts for them
by differentiation. The case is not exactly similar here, since the
olivine free or olivine poor rocks constitute only a very small part

of the mass. In order to account for the concentration of olivine
within the center of the mass by abstractiorn of olivine from & thin
border zone of apparently olivine free rock would necessitate the zssump~
tion of an initial upward extention of the rock mass of thousands of
feet, in order that there should be a sufficient volume of magme from
whieh to derive the olivine. A more reasonable asauaption seems to

be that there were two or more intrusions, and that the magmes were of
decidedly different compositions. In order to test the theory it will
be necessary to sample the rock masa at émall intervals in order to
determine whether the changes in composition aie gradationa. or sharp,
and it will be of value to study some of the smaller intrusives in the
neighborhood to determine_whether they have compositions corresponding
to the olivipe free ana the olivine rich types. S8ince there is no
{pdication of essimilation of country rock along the borders of the
intrusive, such as rounded and partially absorbed inclusions, it does

not seem 1likely that the olivine free facies can be accounted for in

this manner.



Bxtrusive Rocke of the San Jose Hills

In the eestern part of the San Jose Hills is e series of
flows and agglomerates 1nt.rboadad with the upper Puente Shale. The
eres was first described by English (24), whose examination of the
voloanic section was rather cursory. He stated: *Most but not all of
the igneous rocks in the vicinity of the San Jose Hills are flows and
are older than the middle sandstone br the Puernte Formation.” jiore
detailed work by Harshmen (25) hes shown that the lavea section is
contemporaneous with the upper Puente Shale. This is shown Ly the
relations of the lava and shale near Puddingstone Dem. Foraminifera
sollected by Harshman and identified by F. ¥. Bell show that the Upper
Puente shale ranges through zones 2, 3, and 4. The lavas evidently
correspond tu the upper apd middle parts of the series. 8Since the

Bolivina hughesi or second zone faurs ie recorded by Hoots (15) from

the Mohn Springs area, these laves ere in part eguivelent in age to
the Modelo rormafion in the Sente ifonica Mountains.
At the baaa of the lave sedtion as exposed in the southemn
part of the San Jose Hills are flows of hypersthene andesites, scme
of which are guartz-bearing. They contain scattered calcic labradorite

and,hjpersthsns phencorysts imbedded in 'a trachytic groundmass of

andesine and hypersthene laths and glass, with amall shreds of shlorite.

Near the top of this series the hypersthene is surrounded by reaction
rims of opacite which replace the hypersthens pseudamorphously. The

smaller hypersthene grains are completely replaced. Figure § shows a
photomicrograph of a reaction rim. It is thought that quite possibly
this effect is due to the same causoa"hich have produced aimilar

&R
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A rim of opacite {mest probably magneiite) around a
hypersthene c¢rystal, 7This is anslogous Yo the reae
tien rimes formed absul hornblende by re-hesting, and
ig probably due Lo ithe same cause, The apparent veins
iet is a ¢rack in Lhe segtien, GSpecizen from neanr the
base of Lk lava gegltion of the Dan Josges Hillse, &t
locality 15, Uagnifiestisn 19, Ordinary lignt,
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reaction rims (%0 be described below) on the hornblende of higher flows.
Immediately overlying this basal quartz-bearing hypersthens
andesite, one finds one of the numerous and characteristic agglomerate
layer of the area. The roocks are light green to violet in color, de-
pending upon the amount of hematite which has developed upon the meg-
netite grains. These rooks are andesites or gquartz-bearing andesites
with labredorite phencorysts and andesine groundmass feldspars. The
agglomerates show interesting rp-honting effeats upon the hornblends.

It is thought shat the roeke must have originated through explosive
activity during which rooks alresdy solidified in a volcanic neck were

strongly heated ard finally simttered and thrown out of the vent. The
roun&ing of the fragments is anomalous, but explicable if thers wes a
pertiel remelting of the roek or if sufficient friction between the
fraguents is assumed. The basis for assuming re-heeting is this: the
original hornblende is a green mineral with extinetion angle of about
seventeen dogrucn. As re~hsating progressed the hornblende becams
brown, the cxtinection angle approached zero, the birefringence and
plecchroism incremsed, and a rim of ilmenite or titaniferous magnetite
formed arousnd tha'periphory. In extreme cases the hornblende has
completely disappeared. The titaniferous opacite of the reaction rim
is occasionally repiaced by leucoxene, often by hematite. Figure 6
shows tweaphotamicragrapha of reaction rims on hornblende in a specimen
from locelity 8 in the Sen Jose Hills. This phenomenon has been Ob~
perved by Howell Williems (26) im products of explosive action at the
Marysville Buttes, and he has conducted laboratory experiments which
show that artifidel heating of normal’hornblon&c produces similar

results. Grahem (27) has also discussed the problem and presenis date

w.
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showing au incieuse in ferric irun us the yrocess #0668 ON. He 8180
carried on experiments proving that atmospheric oxygen is not necessary
for the oxidation of the iron. The similar effects obscrved on hy-
persthens in the lower flows may be due o the sume causes, but to the
best of my knowledgs no experimsntal work has seen done along these
lines. A small amount of diopside is present in some of the sgplomsrate.
Interbedded with the agglomerates particularly nesar the top
of the section, more siliceous rocks appear. Just northsest of the
anall hill west of Puddingstons wmu is expossd a tzin greea Tlow of
fine grain. he green color is due to chiorite. vUther niunerals are
licionite or goetiite, andesine, upd oxyhornbviends. Occurring zbundantly
all tarough the rock is tridymite., The indications are that it chilled
rather rapidly from a high tewpersture. uiEiil higher in the section
dacites containing rather abundanit gquariz sppear. These ure termed
dacite since no petesh feldspur cag oe detumiined, bul vhe grain size
is o suwll that one ca:not wu sire of i%s absence., Thoe presence of
8 consicirable ancunt of erysialline wilerizl with index less than
Janada ovalsan indicatss btns proosble presence of orthoelass. A chemi-
cal snalysie seems necessary to datstmire the true character of the rock.
This grour of rocks is markedly more siliceous thau any
others descri»ec in this repord, Within the group there is a marked

ineresse in silica und & probable incresse in potas~ium as the rocks

becoie younger.
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conclusions

In the descriptions of the individual areas the correla-
tion of the lavas has been discussed. This information is condemsed
in figure 7. It indicates that vulceniam of some sort was probably
€oing on during most of Miocene time in the Los Angeles area, and that
at least four distinet periods are distinguishable. It is interesting
that the {iocene was an aspoch of wor.c wide wvulcanism in which the
predominent eruptive rock was of a bhasic charscter. Flows are found

in the Miocene of all the western United States, in Germany, in Indias,

in South America, and in Alasske. Perhaps many more instances could

be cited. In the western United States as a whole, vulcanism increased
from comparatively small beginnings in early iilocene to a peak in
middle Miocene and decreased to small proportions in upper Mlocens;
there is a tendency for the volicanice to be predominatly ascidic in
the early and middle stages, with & distinct late phase of basic flows (28).
In the Los Angeles area much the same history is found.
In the sarly iilocene there was a small initiation of wvulcanism exem=-
plified by the andesitic flows of the Northwestern Sierra lMadre. This
was followed by a double period of activity of great magnitude. In
this middle Miocene period two distinet phases of vulcanism cen be
recognized on structural relations. The composition of the iwo re-
sulting rock masses is everykhere quite similar, but there is a ten-
dency for the second phase to be richer in olivine. In upper Miocene
time we find that vulcanism hes almost died out; the break is quite
sudden. The siliceous flows of the San Jose Hills were erupted in

this period.

It can be seen that there is a sharp division between the
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compositions of the lower, middls, aud upper iilocene lavas, but thet
the distinction between the twu phases of mid-ilocone activity is
difficult and obscure. ioreover, 1t is seen that in contrast to the
Western region as a whole, the most basic rocks here gccur in middle
Miocene sirsata, and the last phase of zctivity resulted in more si-
liceous rocks. Whother this apparent time distribvution is to be correw
lated directly with time or with gsographic distridbution cannot be
atated.'

It is also of ipterest to note that the grestest period
of volcanism corresponded with a period of widespread snd often in-
tense dlastrophism. Whether or not there is any connsetion or genetie
relation between diastrophism and vuicenism is not kucwn. Though the
reiation Just stated might indicute sueh : genstic relution, it is
interesting that in thic saue wrca wi@e~spreaﬁ vuicanieam oceurred
geveral btimes withoul any &ccol 1nying mountain buliding or faulting.
Lxampics are seen in the hortivsstarn Sisrra l=dre, the Hollywood
Hills; aui tas Gam Juse diils. 1 a recent artizle (289) ths fheory is
brougnt forward that pasalis at depth always follow tectonice fractures.
It seems from a study of the distrioutius of intrusive rwssss in the
Topanga (anyon region, ahere certalily = considersbie smount of erosion
nas occurred since intrusion, shat ¢ven ot considersble depths basalts
may make thelr own way into the overlying rocks and produce irregular
patterns of intrusion. |

Further wor. on $he siratigraphic ard areal distribution
of Miocene igneous rocis should iavolve the study of all other expo-
sures in tais region. In particuiar, the 13,000 feet thick, post-
Pemblor lava section of the Wastern Santa ijonica Mountains should be

carefully studied sné used e & control or type section for further

studies.
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An interesting sidelight of these studies is the wide-

spread and abundant occurrence of pigeonite. ‘Thia pyroxene has been
fully discussed by Tom Barth (30) who considers it the most abundant
mafic mineral in nature, regarding it as the typicel pyroxene of all
basalts. Recent atudies (31) of the physicel chemistry and phase
relations of pigeonite indicate it to have somewhat the same unstable
relations as clinoenstatite. This iould tend to discredit the notion
that pigeonite is so abundant. However, the occurrence of a pyroxene
of small axial angle in large quantities in coarse grained intrusive
rocks, in which presumably cooling has been slow enough that equili-
brium conditions have been epproximated leads one to the belief that

pigeonite is not a transitory mineral of the type of clinoenstatite.
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The eastern part of the area northwest of Hollywood marked Tsm is intrusive granite.
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