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ABSTRACT

The Upper Las Llajas Canyon Area, California 1s
some six and one-half miles long and three and one-half
miles wide, It is situated five to twelve miles north-
wost of the town of Chatsworth., It gilves a representa-
tlve plecture of the geology of the California Coast Ranges.

The main Santa Susana Range here trends almost due
west., It 1s cubt by steep-sided, youthful canyons which
generally produce a relief of some flive hundred fest.

The highest point in the area is 3741 feet In elevatlong;
the greatest relief, however, is not over 2500 feet,

The dominant rocks are, east-west-striking, fault-
od and folded sediments of Tertiary age; some late Meso=-
zZzolc and Quaternary sedlments also appear. The oldest
rocks in the area, a serles of sandstones and inter-
calated shales, comprise a part of the Chico formation.
The portion mapped attalns a thickneas of more than 750
feet. Apparently unconformably above the Cretaceous lies
a section of 350 feet of very coarse massive ferruglnous
conglomerates of lower Eocene Martinez age. The Martinez
seems to grade into the middle Eocene Llajas formation.
The Llajas consists of a series of fossiliferous shales,
ailts, sandstones, and black limestones which crop out
over a large portion of the area south of the Sanbta
Susana thrust zone. In the western portion of the area

the Sespe formation appears and i1s composed of variegated



Vie

sands and silts, possibly varying in age from upper Eocene
to lower Miocene. The Sespe lies disconformably on the
ilajas formation and wedges out to the east. Sedlments,
ranging in age from Pliocene to mlddle Miocene, overlie
the middle Eocene with pronounced angular unconformity,

0f these, the lowermost formatlion, the Topanga, consilsts
of a basal fossliliferous conglomerate some 50 feet thick
overlain by 100 feet of fossiliferous sandy sllts. The
uppermost member of the Topanga is & zone of silt from 25
to 100 feet thick characterized by the foraminifers speciles,
Valvulinerie californica Cushman. The upper Modelo dlat-

mites overlie this zone in places with possible slight an-
gular discordance. The average thickness of the Modelo
is 200 feet. '

North of the Santa Susana fault zone, a thick series
of upper Miocene shales, sandstones, and grits, which
have apparently been pushed into the area by overthrust-
ing, crop out.

In most localities above the Modelo diatomite, and
generally in unconformable relationship with it, are a
serles of fossiliferous sandy silts some 250 feet thick
and of lower middle Pliocene Pico age. Unconformably
above the Pico lie upper middle Plioccene sediments which
become nonmerine upward in the section and grade into

the Pleistocene (?) Saugus sands and gravels. The whole
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series exposed here is over 1150 feet thick, At least
two ages of alluvial deposits were mapped.

The main structural feature in the area is the
northward-dipping Sante Susena thrust fault which became
active in the Pleistocene epoch., The thrust zone itself
is, a3 the name implies, not one clean-cut fault but a
zone of roughly parallel faults forming s somewhat brald-
ed pattern, Most of the faults are rather steep~angled,
northward dips from 30 ﬁo 70 degrees being recorded and
the average belng around 50 degrees. The total dls-
placement of thls zone is not lmown but is at least sev-
eral thousand feet, The strata along the front of the
overthrust block are ln many places overturned. Numerous
strike~slip faults, trending normal to the strike of
the Sante Susana thrust zone appear to have offset the
structures in the block itself and also those in front
of the overthrust mass including the Quaternary alluvial
deposits in places as much as 3000 feet. The area to the
south of the Santa Susana fault zone 1s faulted and fold-
ed but not to the degree of the region to the north.

The topographic features suggest that the region
owes most of 1ts present relief to uplift by faulting
and folding in the Plelstocene epoch. The presence of
terrsces and inner gorges in several of the main canyons
as well as the courses of the maln streams indicatesan

erosional history that is far from simple. The relatively



VIIT.

older topography, found south of the overthrust zone,
and the younger topography appearing 1in the overthrust
block itself, corroborate the geologic evidence indicat-

ing late movement along the Sants Susana thrust zone.



INTRODUC TION

PURPOSE OF THE INVESTIGATION

‘This work was undertaken by the author for several
reasgons. First, because of some previous experience in
the reglion about Sunland which is a few mlles to the
east his interest was aroused concerning the nature of
the atratigraphy and the geologlc structure of the
Southern Coast Range Reglon in general. He desired to
become further acquainted with these features through
the detalled study of a speciflc area, Secordly, an
opportunity presented itself to have the cooperation
of the‘standard 0il Company of California in a detailed
study of the Upper Las Llejas Canyon Area. Thirdly, a
report like this could be used as a partial fulfillment
of the requirements for a degree of Master of Sclence
in geology at the California Institute of Technology.

The actusal geclogic mapping was done By‘the writer
during the summer of 1939, The area considered in this
manuseript liles some six to ten miles northwest of the

town of Chatsworth, Califormia,
METHOD OF INVESTIGATION

The fileld procedure consisted of mapping the geol-
ogy of the reglon on aerial survey photographs which



had 2 scale of approximately one inch to fifteen hundred
feet. These were used as base maps. For that portion of
the area within Los Angeles County the U, S. Geological
Survey topographic map of the Plco Quadrangle was found
to be of some use. In constructing structure sections
(Plate 2 in pocket on back cover) the Santa Susana Quad-
rangle was also helpful., However, its small scale re-

stricted 1its value,
In order that a better idea of the geology of the

entire area be obtained the aerlal photographs were mounte
ed together in a mosalc. The only drawback to thils scheme
was that, in certaln cases, the same points on ﬁwo aerial
photos were shifted in relatlion to each other. Most seri-
ously distorted areas were arranged to lie where the dif-

ficulty would not be a problen.
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PREVIOQUS GEOLOGICAL WORK IN THE REGION OF THIS
INVESTIGATION

Before the turn of the twentleth century nothing
worthy of note had been published concerning the Santa
Sussana Mountalns or the region lmmediately around.
Bulletin 309 of the U, 8, Geologlcsl Burvey published
in 1907 contalned a dlscussion of the petroleum re-
sources of this area (Eldridge, 1907, pp. 1-161). Two
pertinent papers were publlished seven years later by
the Division of the Geologlcal Sclences of the Unlver-
8ity of Callifornia., One dealt with the stratigraphy
of the Fernando Group in a locality a few miles to the
northeast (English, 1914, pp. 204-219). The other dis-
cussed the paleontology of the Martinez formation in
general lncludling that portion found in the Sants Susans
Mountaiﬁs. (Dickefson,’lglé, pp. 61-180.) Soon after-
ward a paper by Kew (1919, pp. 323-349) appesred. Kew's
paper dealt with the oll resources of the Simi Valley,
and cbvers & portion of the area studled by the writer,
8ix years later, another paper by Kew entitled "Geologic

Formatlons of a Part of Southern California and Their



Correlation® was published (Kew, 1923, pp. 411-420)., In
it the Topange formestion was named and deseribed.

The stratigraphy of the Fernando Group in Ventura
County was discussed by Waterfall (1929, pp. 71-92) to-
ward the end of the twenties. In 1930 a brief papér
appeared in the proceedings of the Californis Academy
of Sciences which did little more than list the Pllocene
fossils found by several fleld parties of the California
Institute of Technology in the northeast side of the Simi
Valley (Woodring, 1930, pp. 57-64).

Later, the Geologieal Soclety of America published
an abstract by J. H. McMasters (1933, pp. 217=-218) which
suggested the name for the Llajas formation and sub-
divided it., According to thelr paper in 1934, Stipp and
Tolman (1934, p. 79) believed that this formation was
dlvisible into at least six mapable members, Cushman
and McMasters were the co-asuthors of a paper which was
published two years later describing the Eocene foramini-
fera of the Llajas formation (Cushmen, 1936, pp. 497-517).

In June 1939 a Master's Thesis prepared by W. R.
Cabeen and submitted to the Division of the Geological
Sclences of the California Institute of Technology de-

seribed an area immediately to the east of that studied

by the writer,

GENERAL GEOGRAPHY

The Upper Las Llsjas Canyon Area lles in a portion



of the Southern Californie Cosst Ranges (sometimes re-
ferred to as the Transverse Ranges or the Los Angeles
Ranges). The Santa Susana Range has an approximate east-
west trend. It is only one of several mountains which
are oriented in the same manner.

To the east, on the other side of the San Fernando
Pass, lle the San Gabrilels., Westward 1s Oak Rldge which
has no marked eastern boundary. Southward, from east to
west, lle the San Fernando Valley, the Siml Hills, and
the 8imi Valley. To the north is the valley of the Santa
Clara River.

The Santa Susana Range 1s some fifty mlles long and
thirty miles wide. Although it rises to a maxlimum height
of 3741 feet, it is not as highnor as rugged as the San
Gabriels., However, 1t does stand above Oak Ridge whose
highest elevation does not reach much over 3000 feet, The
Santa Susana Range might be described as a dlssected high~
~land, composed of Tertisry rocks for the most part, in the
stage of late youth, The main rellef and elevation are
not due to differential erosion but to uplift accompanied

by folding and faulting.
LOCATION OF THE AREA MAPPED

The sarea covered ln this investigation consists of
an east=-west strip lying spproximately between the 34° 18!
and 34° 22' parallels of latitude some six and one-half

mlles long and on the average three and one-half miles



wide, It 1s, as shown in Plate 3, approximately seven
miles northwest of the town of Chataworth and lies for
the most part on the south slopes of the Santa Susans
Mountalns. Browns and 0il Canyons form its eastern and
western boundaries respectively.

Cattlé ranching is the main industry here. Grassy
slopes formed over the Modelo shales offer excellent for-
age for cattle, No producing oll wells have been dis-
covered in thls area. BSeveral sbandoned wells exist in
the vicinlty of Aliso and 011l Canyons. Some of those in
the latter locallty have in previous years produced small

quantities of petroleum,
ACCESSIBILITY OF THE AREA

Los‘Angeles and many of 1ts suburbs are within two
hours! driving distancé of the area mapped. However,
some parts of the reglon are very difficult to reach, The
maln highways are, of course, excellent but the roads
linking this "back country" with mein avenues of trans-
portation are only fair. ﬁany parts, particularly the
north and south-central portions, could not be reached
by automoblle (due in part to an absence of roads and in

part to the presence of locked gates on fire roads pene-

trating the areas)., The steep cliffs, and the dense
brush, found 1ln several parts render travel by foot al-

most impossible.



N

N

t
Hovag [ve
1

i
o e i «w

Is
X

i
'
]
|

SHTom woz

g

-

EEr=rw
i
|
1
L
]
t
i
\
I

o

o

P -/ paging-
.

aouond)

i

e 1“
o Sa13L1UM

‘ {

e _
<

3 |

t ‘

i 3

! {

/
-

mj
&
R
i
i
e pm
i
{
}
1
E
L :

DOp To7  en

€

JURTEAUERR SRR SR

}
/4
3

R OpUap2

N
\

“. oMmzsm&w 3

ﬁqugzﬁmg%j
SV Y¥3ddN 3HL 40 NOILYDIOT
IHL ONIMOHS VINHOLITYD
NY3HLNOS 40 NOILYOd v

o 52 02 ] ol c )
L = N e I e

Sa|lN Ul 8|e2G

i : o poona|ou]
{ ! !
i ! i NOIUBA
i H 4
1 ] N
i ¢ h
f% @O}“ ~_ . IS)QIIW!.‘llll;t,Ml l/nV/i/
| | |
i 1
w . obupdol?
e e
! &l . o1 :
i B i
- { )
NEL ! pIvig o
! i i

@ sAnn Yop

!
i
|
i
|
|
|
|
i
|
i
l
1
(
i
—— ‘
|
i
-
]
{
|
{
|
-
i
|
|
SN W U U
|
I
|
|
!

,
! t
i

= PADUN o - — = =\

M.

ey
{

e

2 M . |
| Upome o) o . “
° LE uog m b P .
GPUD 1
wll. nwt, i-l.!wlx./.!i)o(xmt ilz.sll&_ ((((((((( m; llllllll
i }
{ AL A f |
c i NOMNYD SUheyy . |
“ SYY W3S AL M !
¥ ]
| u m WWM ! :
| : .
1
1
i 3
+
N vl _— |
{
]
i
0




RELIEF AND ELEVATIONS

As mey be seen upon Inspecting that part of the

Pico and Santa Susana Quadrangles mapped in this inves-
tigation, the topography 1s fairly rugged. Although the
highest elevation 1s only 3741 feet above sea level, the
relief is pronounced. Everywhere steep, V-shaped canyons
cut into the Tertiary formations, The deepest doaé not
excoed five hundred feet on the avefage and most are some-
wvhat less. The lowest point in the region is around 2500

feet, The average, though, 1s more nearly 500 feet.
DRAINAGE

All of the streams in the region are intermittent.
In the>dry summer months, numerous springs, which are
found in the canyons, may produce a small trickle for a
few feet before the water 1s absorbed into the ground.
During the wet winter months, some of the larger streams
carry relatively large volumes of water., The ecreeks
found to the south of the crest of the mountains flow,
in general, southward into elther the Simi or San Fer-
nando Valley., There, the water seeps into the alluvium.

Bothh the S5imi and the San Fernando Valleys have
exterlor drainsge but little if any water flows out of
them either 1ln the Los Angeles River or the Las Posas
River except in the wet months and, even then, 1t is

doubtful 1f much water from the streams of this area



reaches them. MMuch of the precipitation which falls is
diverted into reservolrs and 1s stored for irrigation
purposes. The Santa Clara River Valley, to the north,

receives some drainage from this reglon.
CLIMATE AND VEGETATION

The Upper Las Llajas Canyon Area is located in a semi-
arid reglon. The mean annual rainfall averages between
fifteen and twenty inches, most of which falls during the
winter months.

The btemperature is fairly moderate in winter. Eleva-
tion determines to some extent differences in temperature,
Summer temperatures of over one hundred degrees are not
uncommon. However, the low humidity and cool breezes and
fogs from the ocean moderate the climate somewhat,

The locatlon of various types of vegetation is deter-
mined to a marked degree by soils., Of course, the water
supply 1s also influential. It is worthwhile noting that
northward-facing slopes and stream valleys usually possess
denser growthe. |

The sandy soils derived from the Saugus, Chico, and
Modeloc sandstones are covered with luxuriant growths of
chaparral, The thicker loamy soils of the Pico formation
support white sage; the more clayey soils of the Modelo
shales support varlous grasses and live-oak and walnut
trees. The solls found in areas underlain by Eocene rocks

are also'covared wilth chaparral, In certain areas,
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particularly in the Devil's Canyon region,4the prolific
growth of mesquite, manzanita, and’other varieties of
chaparral are well-nigh impenetrable, Also the bottoms
of several of the canyons are covered with dense masses

of polson osk intertwined with a variety of bushes.
ROCK EXPOSURES

In areas underlain by all formations but the Modelo
shales good outcréps may be obtained. Canyon walls and
road-cubts furnish abundant exposures in most cases. How-
ever, in shale'areas large-scale slumping'and ereep has
taken place and rather deep solls are present. In these
localitlies good exposures are rare and trustworthy atti-
tudes are not frequently encauntered.

The numerous excellent outcrops afforded by the fire
roads recently constructed throughout much of the area
were a dlstlnet ald to the writer. Cuts in the road west
of Sulfur Canyon enable one to see the various faults
which are so abundant in the vicinity., Probably if as
good exposures were obtainable in several other local-

itles a better ldea of the structure might be obtained.
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STRATTGRAPHY
GENERAL STATEMENT

The rocks exposed in the area mapped are all of
sedimentary orligin and range in age from upper Cretaceous
to Recent, The Cretaceous Chico formation is entirely
limlited to the Simi Hllls, All of the rest of the area
is composed of younger rocks. An excellent Tertiary sec~
tion 1s exposed and comprises the following formations:
the Martinez formation (lower EBocene), the Llajas for-
mation (upper Eocene), the Sespe formation (upper Eocene
to lower Miocene ?), the Topanga formation (middle Mio-
cene), the Modele'fonmation (upper Miocene), the Pilco
formation (lower middle Pliocene), the San Diego forma-
tion (late middle Pliocene), the Saugus formation (upper
Pliocene and probably lower Pleistocens), Pleistocene
terrace deposits, and Recent alluvial deposlits.

One salient fact stands out above all others concern-
ing the lithology and areal dilstrlbution of these forma-
tions: Two distinct sections, which differ widely in
thickness and lithology, occur in the area mapped. One
hes been called the "Thick Section" and the other the
"Min Section.! The former has been pushed into the region
by overthrusting, It crops out north of the Santa Susana
thrust fault zone., The Modelo formation in the Thick Sec-
tion is composed of cherty shales, coarse brown sandstones,

and dark organic shales, Calculated from structure sections
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(see plate 2.), a thickness of at least 5000 feet was
mapped. The Thin Section is composgd of dlatomite and
some silt., The thickness averages about 150 feet. Kew
(1924, pp. 70-80) shows the same relationship to exist
- between the two separate sections of the Pico formatlion,
Within the area mapped, formations other than the Modelo
are not exposed north of the Santa Susana thrust fault
zone. Only a few feet of Topanga are seen south of this
fault, However, some 1700 feet of the Sespe, 1600 feet
of the Llajas, 350 feet of the Martinez, and over 750

feet of the Chico appear in the Thin Section.
MES0Z0IC ROCKS
CRETACEQUS ROCKS

Chico Formation {upper Cretaceous)

The Chico sandstones are extremely resistant to

erosion and weather into huge massive boulders, Every-
‘where a dense growth of chaparral covers the area under-
lain by the Chico. ,

Medium to coarse-gralned sandstones, in the Chico,
are dark-gray to olive-brown in color, Thick beds of
sandstone are separated here and there by thin layers of
a dark-gray fisaihashale. Some feldspar, quartz, and
bilotite occur in these well-cemented sandstones. As may
be seen in section B-B', plate 2, the portion of the
Chico formation mapped has & thickness of 750 feet.
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One characteristic section, which was roughly trav-
ersed from the edge of the map to the conbtact with the
Martinez conglomerate, exhibited the following lithologic
succession from top to bottom:
| Feet

Eedium»grainﬁd gray to brown

massive unfossiliferous sand-

stone. Some limonitic weathering.. 450
Dark-gray fissile shale ..cccccocscsce 6
Medlum-grained clastic olive-gray

8andstone cececcccsceccccocccsscncse

The falrly well-sorted character of the sandstones
indicates depositlion some dlstance from thelr source;
on the other hand,~their arkosic nature seems to suggest
a short distance of transportation. No fossils were dis-
pcovered in the area mapped; marine conditions of deposi-
tion, although seeming most likely, cannot be conclusively
proved.

The Chico was identified on the basls of lithology
and stratigraphic position. 8Since no fossi;s were found
the age was not determinable, However, the fossils that
have been collected by other workers farther to the south

(Kew, 1924, pp. 12-13) indicabte an upper Cretaceous (Chico)

age.

TERTIARY ROCKS

EQOCENE ROCKS

The Martinez Formatioh (lower Eocene)

The Martinez formation consists mainly of conglomerates

with well-rounded pebbles and cobbles varying in diameter
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from one to twelve inches and held together by a sandy
limonitiec cement. The cobbles are mainly of crystalline
material, However, it is believed because of their lith-
ology that some are of sedimentary origin and were derived
from the underlying Chico‘sandstqnes. Little matrix oc-
curs in’prOportion to the cobbles. At numerous points
throughout this conglomerate lenses of light-colored
bfown sandstone up to one foot in thickness occur. As
measured in structure sections, this formation 1s around
550 feet thick,

No fossils have been discovered and no definite
proof that the Martinez conglomerates were deposited
under mafine,conditions exists. However, the good sort-
ing, the consistently well;beddedvcondition extending over
large areas, and the well-rounded cobbles all point to
probable marine deposition, possibly in shallow areas near
.shore.

The underlylng Chico formetion has evidently provid-
ed one source of these conglomerates. However, the great-
est part was derived from nearby areas of crystalline
rocks. |

Along the fire-road, leading over the divide be-
tween Hummingbird and Devil's Canyons and thence to the
Santa Susana Pass, the Chico and Martinez are separsated
by an angular unconformity. In several other localities

similar conditions exist.
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The age of the Martinez formation was determined
only on the basis of stratigraphic position. The Cre-
taceous is overlain unconformably by the Martinez con-
glomerates. To the west, where a brief reconnaissance
was made of the Martinez-Llajas boundary the contact ap-
pears to be gradational. Fossiliferous Martinez south of
the area mapped has been traced into this areas where it
becomes barren (Kew, 1924, pp. 16-18), and thus lower

Eocene age 1s known to be correct,

The Llajas Formetion (middle Eocene)

This formation crops out over a large portion of the
reglon mapped,

The Llajas is composed of a series of muddy silts,
dark-gray shales wifh minor quentities of interbedded
dark-brown sandstones, black fossiliferous limestones,
ferﬁuginous, sandy and calcareous fossiliferous beds,
and massive, ferruginéué?‘conglomerates--Some of which
are petroliferous. ’The’ﬁhole formation consists of len-
ticular‘members;‘no 6ne phase apparently extends laterally
for any gresat distance.

Iny#iew of the varlable lithology the Llajas can be

better &escribed by discussing several charécteristic

gsections.

The Devil's Canyon Sectlon

The Llajas shales in Devil's Canyon are definitely



traceable from the vieinity of locality A-27 eastward

to Aliso Canyon. They are contorted near the fault con=-
tact with the Martinez conglomerates but become progres-
sively less disturbed away from this contact. As indicated
on the struecture section B-B! (pléte 2), much overturning,
due to drag along the fault,>is present. That the basal
part of the section in Devil's Canyon'is older than the
Llajas 1s suggested by several specles of foraminifera of
Eocene age collected at locality A-17., Mr, W. H. Holmen
of the Standard 0il Compeny of California identified some
of them and belleves that poésibly they are lower FEocene
in age. WNames of two of the species follow:

Bathysiphon sp.
Haplophragmoldes sp.

Above these shales are to be found a series of buff,
iimonitic, sandy silts with intefbedded, fosslliferous,
sandy limestone beds. A few thiﬁ layers of gray shales
appear at various horizomns. ‘The harder, arenaceous, fos=-
siliferous limestone beds are resistant aﬁd weather into
boulders that may be found as float in the s0ll at numerous
localities. Their iron content éauses them to weather into
various shadeé of red and brown. Throughout this litho-
logic section, many megascoplc and microscoplc fossils oc-
cur. A rather inccmpletgylist of them as determined ten-
tatively by the writer is given below.

Loecallty A-16
MPelecypods

Arca hornil eluso Clark and Woodford



‘Anthozoa

Trochocyathus (?) imperialils Nomland

Locality A-25
Foraminlfera

Quingueloculina sp.
Globorotalia cf. aragonensis Nubtall

Locality A-R9
Pelecypods

Cardium breweri Gabb

Cardium (Protocardium) marysvillensis Dickerson
Diplodonta cretacea (Gabb)

Psammobia hornii (Gabb)

Tapes (?) quadrata Gabb

Tellina (?) undulifera Gabb

Venericardia (%) plaanOSba merriami Dickerson

Venus (7) 8D
GastrOpods
Amaurellina morageal Stewart
Bulfifusus californicus Clark and Woodford
Conus weaverl Dickerson
Eetinochilus (Macilentos) macilentus White
Galeodea sutterensis Dickerson
Globularla hannibali Dickerson
Oliva meganosensis Clark and Woodford
Turritella (7) buwaldena Dickerson
Scaphapods

Dentalium cooperi Gabb
Cadulus (?) pusillus (Gabb)

Anthozoa

Trochocyathus (?) imperialis Nomland

Locality A-61
Pelecypods
Tivela kelloggensls Clark and Woodford
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The Llajes Anticline and Aliso Canyon Sections

In Aliso Canyon, the Llajas 1s generally concealed
by alluvlium but, here and there, a few good exposures
are to be found along the undercut banks of the creek.

Here, the section consists of a serlies of dark blue

shales and silts and interbedded, fossiliferous, arena-
ceous limestones. A list of fossils collected at local-
ities A-30 and A-34.5 follows (determinations by the

author) :

Locallty A-30
Pelevypods
Crassatellites meganosensis Clark and Woodford
Dosinia (7) lawsoni Gabdb
Tepes (7) quadrats Gabb
| Gastropods
Bullia (?) (Buccinanops) clarki Wagner and
Schilling.
Odostomia disboli Clark and Woodford
Locality A-34.5
Pelecypods
Pssmmobia hornii (Gabb)
Tapes (?) quadrata Gabb
Tellina (?) undulifera Gabb
Venus (?) spe.
A Gastropods
Bulblfusus californicus Clark and Woodford
Galeodea subtterensis Dickerson
Olive megenoensis Clark and Woodford
¥hitneyella (?) sinuate Gabb
- Scaphapods

Dentalium cooperi Gabb
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A rather limited but well-exposed section may be
obtained at the eaétern extremity of the Llajas Anti-
cline. Lithologilcally, it 1s composed of thin beds of
well=cemented, dark-reddish, medium-grained, ferrugl-
nous . sandstones; darke-blue shales and slilts, and some
arenaceous limestone beds. This serles of interbedded
sediments ls extremely fossiliferous. The writer lden-

tified the following collectlon:

Locality A-D
Pelecypods

Cardium (?) sp.

Cardium breweri Gabb

Cardium (Protocardium) marysvillensis Dickerson
Crassatellites sp. ,
Diplodonta cretacea (Gabb)

Dogsinia (?) lawsonl Dickerson

Glycymeris ma jor meganosensis Clark and Woodford
Ostrea spe.

Psammobia hornii (Gabb)

Telline (?) undulifera Gabb

Tapes (?) quadrats (Gabb)

Venus (?) spe.

Gastropods

Amaurelline moragai Stewart

Architectonica tuberculate Weaver

Cerithium (?) topangensis Arnold

Conus weaveri Dickerson

Ectinochilus (Macilentos) macilentus White
Galeodes (%?) susanae Schenck

Galeodea sutterensis Dickerson

Globularia hannibali Dickerson

Lyria andersonl Waring

Molopophorus californicus Clark and Woodford
Natieca (?) hannibali Dickerson

Odostomia diaboli Clark and Woodford

Oliva meganosensis Clark and Woodford
Polinices (Euspira) nuciformis Gabb
Surculites (%) mathewsoni (Gabb) ef. sinuata (Gabb)
Turritellas buwaldans Dickerson

Whitneyella (?) sinuata Gabb
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Scaphapods

Dentalium cooperi Gabb

Locality A=-G
Pelecypods

Venericardia sp.
Venericardia (?) venturensls Warlng

'Gaétropods

Amaurellina moragel Stewart
Architectonice tuberculata Weaver
Bulbifusus californicus Clark and Woodford
Conus weaveri Dickerson

Ectinochilus (Macilentos) maclilentus Wnite
Galeodea (7) susanae Schenck

Globularia hannibeall Dickerson
Molopophorus californicus Clark and Woodford
Natica (%) hamnibali Dickerson

Oliva meganosensis Clark and Woodford
Polinices (Euspirs) nuciformls Gabb
Whitneyella (%) simuata CGabb

Locality A-10
Pelecypods
Venericardies hornlil Gabb
Gastropods
Amaurellina moragail Stewart
Cerithium (?) topangensis Arnold
Galeodea (?) susanae Schenck
Globularis hannibalil Dickerson
Natica hannibali Dickerson
Whltneyella (?) sinuata Gabb
Farther to the north in Aliso Canyon, several iso-
lated areas of Llajas were found. Although they are ex-
tremely difflcult to outline, because of overlying detri-
tus, they are thought to be bounded by faults. Thus, it

is unsafe to correlate them wlth any specifie part of
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the Llajas in the southern part of Aliso Canyon.
The Llajas 1s overlapped, at 1ts western margin,

by Miocene formations,

The occurrence of an active oll seepage in one of
the small canyons just south of the Beesemeyer Hanch-
house may be of economic interest. An o0il sand, also,
erops out at about the same horizon in the next canyon

to the west.
The 0il Canyon Section

An extremely fossiliferous section of the ILlajas
occurs in the southwest portion of the area mapped.
Here the serles of sediments 1s divided into two parts
by the extension of the Devil's Canyon fault. Since no
members common to both sectioﬁs could be found no attempt
was made to correlate the northern and southern areas,

North of the Devil's Canyon fault, the top of the
Llajas 1s composed of a series of silts with inter-
bedded sandstones and limestones which resemble the
section at Aliso Canyon, Here, In common with the Aliso

Canyon locallity, the fossil Globularia hannibali Dickerson

is especially abundant. Downward in the section, reddish-
brown, massive, unfossiliferous sandstones éppear. Hest
of 0il Canyon, in the canyon in which locality 4-56 is
located, a serles of conglomerates, oil sands, and silts
crop out. The sandstone is medium-grained and dark-green-

ish-gray; the conglomerate is ferruginous and is made up



of well-rounded cobbles and boulders of crystalline mate-
rial that vary from four inches to two feet in dlameter.
The lowermost conglomerate in this section is petrolif-
erous at its base. Just below the conglomerate an oil
sand with a seepage occura, In the next canyon to the
north near its mouth a very large seepage appears accom-
panled by considerable asphalt. Near this point, at lo-
cality A-64, another oil sllt and sand crops out. This
is glso accompanlied by a small seepage.

The youngest Llajas sectlon found in the west is made
up of dark-gray shales and dark brown, medium-grained sand-
~8tones. These grade down into three hundred feet of a
brown, ferruginous, massive conglomerate, composed of
well~-rounded boulders which, although they closely re-
semble the Martinez conglomerates, represent the base of
the Llajas. This concluslion is further supported by the
fact that the conglomerates are underlain by a series of
dark-gray silts with intercalated fossiliferous, black
limestone beds which grade eastward into the Martinez
conglomerates,

As has been stated before, the fossll content of this
section of the Llajas formation is very abundant. A rep=-
resentative collection was assembled and identified by the

writer:
Loecality A-55

Pelecypods
Tellina (?) undulifera Gabb



Locality A-56
kPelecypods
Dosinia (?) lawsonl Dickerson
| . Gastropods

Ficus (%) (Ficus) modestus (Conrad)
Globularia hannibali Dickerson
Melongina sp.

Surcula (?) merriaml Dickerson
Turritella andersoni Dickerson
Turritella (%) applini Hanna
Turritella cf. pachecoenslis Stanton
Tarritella meganosensis Clark and Woodford
Tuarritella merriami Dickerson
Foraminifers
Globorotalies cf. aragonensis Nuttall
Quingueloculina spe.
Locallity A-5%7
Pelecypods
Lucina sp.
Gastropods
Turritella (?) applini Hanna
Turritella (%?) lawsoni Dickerson
Locality A-SB
Pelecypods
Iucina (?) acutilineata Gabb
Gastropods

Fusitriton (?) oregonensis (Redfield)

Locality A-63

, 'Gastropods
Clairlithes (?) tabulabtus (Dickerson)
Filcopsis meganosensis Clark and Woodford
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Locality A-66
Pelecypods
Solen (Plectosolen) stantonl Weaver
Gastropods
Fusus (?) dumblei Dickerson
Fusus (?) flexuosus Gabb
Fusus (?) mathewsonll Gabb
Gemmula wattsl Anderson and Hanna
Natica (Gurodes) sp.
Locality A-67
Pelecypods
Glycymerls major meganosensis Clark and Woodford
Tellina (?) undulifera Gabb
Locallty A-68
Pelecypods

Merex (?) stantoni Gabb

The lithologic character of the Llajas seems to
indicate marine deposition under variasble conqitions.
The conglomerste beds llkely represent deposition in
near shore, shallow water; the silts and black lime-
stones probably accumulsted farther out in deeper water.,
Lensing-out of numerous maﬁbers suggests deposltlon near
an unstable shoreline,

West of Devil's Canyon, the Llajas probably grades
down into the'Martinez without any recognizable break,
In the Devlil's Canyon Section near localities A-25 end
A-29 the Pliocene Sen Diego formation rests on the Llajas
with angular unconformity. Weat of Las Llajas Canyon, the

Llajas lies disconformably below the Sespe formation. No



noticeable variations in dip between the Lla jas and Sespe
are evident, However, as will be shown later, the lith-
ology of these two formations 1s very'dissimilér. Over
the rest of the area ﬁapped, and where it is not in
faultkcontact with younger formations, the Llajas lies

unconformably below the Topanga formation.

OLIGOCENE ROCKS

The Sespe Formation (upper Eocéne to lower Miocene ?)

For the most part the Sespe is here composed of a
series of variegated shales and sllts, Colors such as
yellow, orange, green, olive, brown, chocolate, and buff
predominate. In lithology they resemble the Topanga sed-
iments to a marked degree. Below the silts and shales
lie poorly-bedded, extremely clean, yellow, white; and
éreenish‘clastic, terrestrial sands which contain much
gypsum. They have a resemblance to the Saugus sands. At
a few horizons, in both the sand and the silts, narrow
beds of ferruginous, rather fine-textured conglomerates
oceur, At the widest portion of the outerop, in the ex-
treme weétern part of the area, some 1700 feet of Sespe
crops out. However, on the average much less appears.
This thick section thins rapldly eastward to a strip ap-
proximately 250 feet in thickness which extends eastward
on across Las Llajas Canyon and finally wedges out be-
tween the‘Liajas formation and the younger Miocene and

Pliocene sediments.



At several places in the Seape formation, very
poorly preserved bone fragments were discovered. Far=-
ther to the west, many mammallan specles have been col-
lected by field parties from the Vertebrate Paleontology
Department of the California Institute of Technology.
These vertebrate remains, besides indicating nonmmarine
condltions of deposition, have shown the Sespe to range

in age from upper Ecocene to lower Miocenal.

1Wilson,‘R._W.l Orsl communlcatlion.,

The correlation of this sectlon of sediments with
the Sespe formation is made on & basis of Kew's report
(1924, pp. 34-35) of the lithology and stratigraphic
position.. The contact with the Llajas formation is
marked only by a change in lithology; thus, 1t could be
consldered to be disconformable. However, the Sespe=~
Mlocene cbntact is unconformable as is the contact be=

tween the Sespe and the Pllocene San Diego farther east.

MIOCENE ROCKS

Topanga (middle Miocens)

Because this formation almost everywhere occurs be-~
low c¢liffs formed by the softer Modelo formation, it is
generally covered with much float., This, in addition to
its slight thickness, mekes 1t diffienlt to observe and
to meps In certain localitles, a conglomerate member
stands out and thls member is of considerable help to

the geologist in mapping the Topanga.
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Two main facles of the Topanga are practlcally every-
where present: (1) an upper member of brown to buff,
sandy, fossiliferous silts some 100 feet thick, and (2)

a lower member of dark-brown, fossiliferous, ferruginous
conglomerate averaging So‘feet in thickness. The con-
glomerate ia composed of well-cemented well-roﬁnded fair- |
1y baslc igneous cobbles up to six inches in diameter. It
is not known over how great an area the conglomerate ex=-
tends because the slight thickness and topographilc posi-
tion make outecrops poor,

Both microscople and megascoplc fossils were found.
The latter are more rare in occurrence,having been found
only at localities A-34 and A-60 in the conglomerate mem-
ber. Foraminifera are abundant in the silty member and
are extremely useful in mapping this formation. A list
of the more representative forms follows (the micro-
fossils were identified by Mr. W. He Holman and the

megafossils by the writer):

Locality A-34
'Pelecypods

Antigona sp.

Dosinia (?) (Dosinella) merriami Clark

Clementia (Egesta) pertenuils (Gabb) conradiana
(Anderson)

Dosinia ponderosa Gray , ‘

Macoma (?) sespeensis Loel and Corey

Ostres eldridgeil Arnold

Ostrea (?) titan Conrad

Pecten (Plagloctenium) andersoni (Arnold)

Solen sp.



Gastropods
Lunatia sp.
Neverita e¢f. reculuziana Petit
O0liva californica Anderson
Trophon sp.
Vertebrate Remains
%Whale bone (7?)
Localities A-48, A-58, and A-59
Foraminifera

Bolivina advena var. striatella Cushmen
Valvulinerla ornata Cushman

Locality A-60
Veftebrate‘Remains

Shark teeth

The Topanga formatlon seems to represent deposition
under marine conditions near an unstable shoreline; The
coarse conglomerates, composed of pebbles and cobbles
with variable textures whose well-rounded nature gives
evidence of inténse water action, and the‘marine fossils
characteristic of a shallow-water environment near the
shoreline - both point toward this mode of origin.

The middle Miocene Topanga lles unconformably on the
Llajas. It was impossible to tell the nature of the
Topanga-Modelo contact in the area mapped except by a
study of the foraminifera found in both formations.

These indlcate a stratigraphic break and thus a discon-
formable relationship betweeﬁ the two formations. From
lts stratigraphic position, the age of the Topanga may be

defined between certalin limits. However, the excellent



foraminiferal assemblage indicates a definite middle Mio=

cene age.

The Valvulineria californica sensu stricto Zone {(upper
middle Miocene)

As far as 1s known, outcrops of this zone are im-
posslible to recognize lithologically in the area mapped.
Landslides and creeping soll from the overlying Modelo
have covered this zone almost everywhere 1t occurs; hence,
since 1t 1s only a few feet thilck, good exposures are prac-
tlcally impossible to find. UNear Chivo Canyon, at local-
ities A-51l and A-52, several excellent outcrops may be
seen below the dlatomite of the Modelo formation, Here,

well-preserved specimens of Valvullnerla californica Cush-

man oceur 1in a light brown, friable, argillaceous siltstone
over 100 feet thick.
At localiby A-58, specimens of Valvulineria califor-

hica were dlscovered but it was impossible to determine
the thickness of the zone beéause of landsliding. On the
west side of Aliso Canyon, at locality A-22, the V. cal-
ifornica zone was recognized by 1ts microfossll content.
Here 1t is a gray, friable, argillaceous, silt probably
not over 25 feet thick., It occurs immediately below the
Modelo diatomite. Across the canyon and Just southeast
of Holt's Rench this same zone was alsoc recognized.

A 1ist of foraminifera characteristlc of the V. eal-

ifornica zone complled from collsctions assembled by the
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writer and identified by Mr. W. H., Holman follows:

Localitlies A-R2, A-47, A-51, and A-52

Baggina sp.

Nonion costiferum (Cushman)

‘Valvulineria californica Cushman

Valvulineria miocenlca Cushman

Valvulinerla ornata Cushman

Since it was physically impossible to collect at
every point where this zone was thought to exist, it was
therefore considered practical to dot in the estimated
location of the contacts between polnts where they werse
known to be., Enough evidence was avallable to show that
the zone thickens apprecilably westward. The writer has
been informed by Mr., J. P, Balley of the Standard 01l
Company of California that these silts also thicken to
the east of the area mapped by the writer of this paper.
The lithology strongly suggests deposition in falrly

deep and calm water. M. L., Natland (1933, pp. 225-230)
has shown that, from a knowledge of their ecologle rela-
tlons, microfosslls may be helpful in determining the
condlitions of depositlon of rocks in which they oceur.
According to R. M. Klelnpell (1938, figure 5) the typical
foraminifera of the Topanga silts seem to have been char-
acteristic of moderately deep marine waters but those of

the V. californica zone are of somewhat shallower water,

The fossil evlidence, in addition to showing that the silts
were probably deposited under shallow water conditions,
show that sea above this area probably became shallower

as the middle Miocene progressed.
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The author was not able to distlnguish a hiatus

between the lower limit of the V. californica zone and

the Topanga silts lying below. The lithology certalnly
exhibits no change and the foraminifera, although they,

as previously shown, change gradually from moderately
deep water forms to tﬁose characteristic of shallow water,
do not give evidence of any definite break in the record.
The same can not be sald, however, concerning the upper

limits of the V, californica zone. The microfossil as~-

semblage changes conslderably ln the overlying Modelo for-
mation. Cold and rather deep water forms, such as Bulimina

montereyana Klelnpell, Buliminella curta Cushman, and

Uvigerina subperegrina Cushman and Kleinpell, are most

characteristic and seem to show that conditions of depo-
sition changed somewhat in a rather short space of time.
A marked lithologic change may be observed wherever these
two formations are seen. The fine brown silts are re-
placed by a dlatomaceous shale of the same color but

mu&h less fossiliferous. No angular unconformity can be

observed between the V. ecalifornica zone and the Modelo

formatlon at any one point. However, such a relationship
is suggested by the fact that the silt comntaining V.

californica thickens from about 25 feet around Aliso

Canyon to probably over 150 feet in the vieinity of lo-
calities A-51 and A-52, As has been pointed out before,
Mre. J. P, Balley has informed the writer that this zone
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also thickens to the east of the area mapped. One may
conclude, therefore, that, in all probability, a definite
hiatus 1s present between the lModelo formatlion and the

underlying V. californica silts.

The age of the V. californica zone 1s clearly shown

by stratigraphic position and by the assemblage of fora-
minifera., The former evidence shows it to lie between
the lower mliddle Mlocene and the upper Miocene, and the
microfaunal assemblage indlcates & probable correlation

with the V. californica sensu stricto zons of Kleinpell's

(1939, figure 14). Thus, it ié of lower Luisian age
(lower upper middle Mlocene). Also, a similar relation-
ship seems to exlst between this assemblage and that de-
scribed by Hoots (1931, p. 99) from the Topanga formation

of the Sants Monica Hountains.

The Modelo Formation (upper Miocene)

The Modelo ls one of the most widely distributed
formations in the area mapped. Since, geographically,
wide differences exist in the Modele from the northern
to the southern part of the area, the Modelo will be de-

seribed in two sections.
Southern Section (Thin Séction)

South of the Santa Susana fault zone the Thin Sec-
tlon of the Modelo formation crops out. It is every-

where a brown, punky, dlatomaceous, foraminiferal shale
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which weathers to a llght gray. Near its top, a hard
llght-gray chert appears., The average thickness of the
Modelo is about 1650 feet., The cherty beds comprise only

a8 very small portion of this thickness. In the plateau-
like area to the west, the thickness increases to approx-
imately 200 feet. The Modelo formation south of the Sante

" Susena fault zone thickens westward.
Northern Section (Thick Section)

North of the Sante Susana fault zone the upper Hio-
cene section shows several abrupt lithologic changes.
As shown in plate 5, the section is some 5000 feet in
thickness. The lowest member is a hard, well-bedded,
cherty shale>containing a few mlcroscoplc and mega~
scoplc fossils. As nearly as can be debtermined, sround
2600 feet of these Modelo cherts are present. The chert
1s overlain by 150 feet of yellow-brown to gray, medium-
to coarse-grained, massively bedded, poorly sorted sand-
stones. A few local occurrences in the sandstone of
unidentifiasble fosslls were discovered., Also, some mem=-
bers as that at locality A-41l contaln a show of oil,
Liying above these sendstones are, on the average, 350
feet of dark-brown to black, flssile organic shales which
are petroliferous at various localities, The uppermost
member 1s composed of about 2250 feet of sandstones and
shales whilch strongly resewble those of the Thick Section

previously described. The sandstones form the lower part
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of the member and are yellow to brown to gray in color,
medium- to coasrse-grained--in places almost conglomeratic
and in others gritty, poorly sorted, concretionary, lo-
cally fossiliferous, massively bedded, and resistant to
erosion. In varlous localitlies the sandstones are cut
by a network of faults of small displacement, The poorly
sorted condition of the Modelo sandstones is well exhlbited
at a point west of locality A-43. At this locality some
unid