GEOLOGY OF THEF SANTA MONWICA XOUNTAINS
WEST OF THFE MALIBU RANCH
VENTURA COUXRTY
CALIFORNIA

A
THESIS
PRESENTED BY VINCTWNT €, EVLLEY
TO
THE CALIFORNIA INSTITUTF OF T"CHMOLOGY
In Partial Fulfillment of the Requirements

For the Degree of Master of Science in Geology

CALIFORNIA INSTITUTE OF TRCHNOLOGY
PASADERA, CALIFORNIA
MAY 1, 1932



CONTENTS
Page
ADBEragt « = « = = = o @ o " o e 4 . e e s e ... -
Introduction - - - - - B T
Geography - - - = - - - - .. .- - - . . . .. . .
Shell Mounds = « o = o = @ = = = = @ = « « = « « o

Hapaunnq-oo—--uouﬁo-—ununu.-

Previous TOrK w o= = ® = = @ o = = m w = = = w « = =

Acknovledgments « « = = =« o o o = = = @ @« » « « - -

Stratigraphy W we W W W e e M e s e M e e WM e W ar me W W W

1 ]
t
1
t
]
¥
t
1
1
L]
¥
'
| ]
]
]
]

I

1

1

2

3

3
Pregent WOTKk = = = o = v = @« « =@ « = « « « « « = « 5
‘ 6
7
Ceneral Characters 7
Vaquerog Tormation = & « =« = - . 8- e .- o - - 9
Distribution snd General Festures - « « « - « 9

AZe elations = = = = = = e o - -« - 2 = =« 10
Lower HMembery = =« = = =« « = = « = « = -« « = « 10
Middle Member = = = = =« « = = = @ « « =« = « 11

Up?er ?‘z&mber - L] - -~ - - - R e - - - - i - - L _J 12

Temblor TOrmation = = « = = = = = « = = « = = = -~ « 14

14

t
}
[ ]
]
|
t

Distribution and Ceneral Features
Lovwer Vassive Sandstone Wember = = = « « = « « 1§
Sandstone and Shale Nember - « = - « « =« = « =« 15§
Sedimentary Volcanic Tranesition Yember « « « « 17
Serreno Pagslt - « = « = ® = = « = - « « = - - 18
Boney Yountain Aggloﬁcraﬁe e e o e~ -=- 18

Scource and Crigin of the Vequeros and Temblor
FOI‘M&tiOﬂB*“*-«‘,-------.-.....-----19



Intrusive RoCks « « =~ « = =« «
Distribution « « » ~ « =«
Topographic ¥xpression -
Character « « « « = « «
Contact Metamorphism - -

Structurel Ceology =~ = = = = = = =

. T I I )

Introduction

Faul ting L S L T I
FOlﬁiﬂg - - - L -~ - - - )
Intrusive Forme « « « =« = = «

Dikes ..

]
3
¢
4
[}
L ]
¥

Silla - s w e W e o W -

Physiography » « « - « « = - - - -

t
¥
]
i
L
[}
1
1
]

Reljef « -
Drainage =« - - « = o « « « -
Development of the Shoreline
Geologlc History « = = =« = « = « «
Feconomic CGEOlOgYy = ~ ~ = = = =« = =

Literature Consulted - « « = « « -

IX

- ww w W e e e o m

[
s
]
]
4
]
L]
|
4

Page
26

26
27
28
31
33
33
35
38
39

39
41

44

45
46

53
54



Plate

Tigure

II

}.J

AV

4

%

("’:\

e -~

18

.

i0

- - |
vt e |

fasd

P

18

ILLUSTRATIONS

Page
fGzolozie Yan of the Sarnta YWorlca Yountsing
Yest of the Y=21ibu Ranch, Ventura County,
Aalifornia ~ = = « v % « « 4 -« - - =« = -« « In Pocket

M2 Aovoss Shoe TonSern nd of

Jeonlogic Gactio
Yonica Yountaing « - = -« - « « - In Pocket

the “anta |

Index Y& showing locstion of aren covered in
this 72507t = = = = = =

“ o m w m w w wm w i

)
i
[}
1

Tarusros sandstone and ksl of the lower nmexber 11

73""5vﬁ° agndatanss 53 saal:is maar the mouth
of Tyoanmare TOrY0Y e w e s e s e e e e e e o~ - 11

e middle merber - 12

5
—e
4
e
4
o

Moeanive Toocyeros fandstons
Yaacive Yoponeros nandatone of the widdle menber - 12

“rerscloristic crossecveddin: of the riddle sand-
SEENE TV DET = o % = m om e . o m w e o e . = e 13

Nontrot between the ziddle rnd uoaver Vaoueros

FirmMDET o = = e & e @ m e m s e w aw w m m w o e e 13

\ ¥, < PR T P - 5 L i - RERP - 4 L] ™ &

Vanurras woioer black shole aoenter =t Mgy Toint - 14

Tevmtlor lover wecoive sondstbtone wenrer veast of

UL DAY & e m e w e e e e e o e ow e o ow - 15
&

creined cendstone snd thin-bedded

i

Lels ob tee wnoborn 41 6f the rarge - - 16

t » B .
x{\;UO’Q D T i . " S S o e w ww - 16
rorroe pgglomerste intervedded with tuff - - = =« = 19
Orudely bedded sgplomerite ard tuff - - 2« v o 19
T hexiured vhace of rndesite agglomerate - « - 19

L, XMote the fresh

-2 3111 din Tembl AT
‘ht e - o . e 27

:ﬂmazath ered bouldore o

©

Auocrtrenaly resistont Jirbauce o111 south of
TATTAND 1O e e e e e w e w w w e om w w e e wm e e 27

A peculier outcroy of diabase aasnarently due to
the polion 0 Lot Wlel - = = = « = =« = o = w = - 29

II11



Figure 19

20
21

22

23

24

25
26
27

28

29

LAl
)

36

Page
The upper portion of a thick sill showing the
develonment of a porshyritic center band « « « « = 29
Acid porphyritic band developed in diabase - « -~ « 30

Structure gsection scroess the south eentral nart of
Yentura county . I T T I R e 34

Niagram illustrating the relation between the dis-
placed blocks at the head of Sycamore £anyon « o - 37

Smell tributary developed slong the Syceamore fault
as it leaves Sycamore Canyon = = = = = « =« =~ = = = 38

Vaqueros horst in the middle distance up=-faulted
betveen Poney Yountain agslomerate in the distance

and Temblor streta in the foreground -~ = a « =« = « 38
Nisnlacement stereogran of the zrea mapped « - « « 39

Yultivle and branching dikes a nart of a larger
baepliic condUil » o « & ¢ « @ «© & ® = w > > . .- - 40

¥ultiple and brenchivng dikes cutting messive sand-
stone near Mugl 20int o« = =« v o = =« @ o «w v = =« =« =« 40

Niabase £111 cutting Temblor sediments pear the
western tip of the range = « = = « = « @ o & =« = - 41

Section illustrating the larger relationships of the
ﬁill ShOWn 1n figur@ 29 - W o W e em W W W s e 41

Tyniczl sections of branchiing sille o o« = o o« =« 42

éAg "ost faulting intrusion followins fault plane,
B) Poast intrusive renewal of faulting = « = =« = = = 42

Diabese 2ill near the mouth of Sycamore Canyon = « - 43
View looking to the weet from the end of the range - 43

View of La Joys ¥lat with the Ts Joya hogback ridge
inb&,c};;graund--u-..----..-.-.u..---.- 4-3

View looking eoutheast from Trguna Peak with Yugu
Pezlt ot the right end the ILa Joys sand dune in the
distﬂncef"“mn‘.umhn aaaaaa ﬂn-'--b44

View looking east across Sycemore Tanyon st the branch
Ofserranocrﬂek“dunmnu-aa\--u,nau-no.“

Iv



Figure 37

Lad
o

40

pa)

44

45

46

47

48

Tuge

Drainasge pattern of the area mapped = = = = = = 45
View to the north showing the nrecipitous cliffs

in the Boney ¥ountain sgglomerate « « « « « « = 46
La Joya Canyon near 168 goUth « = o = = =« =« « = 46

S0il creey cn the back of Lu Joya Peak = < = « - 47

Section shoving the relations between the Dume
platforu, the overlying terrestisl cutwareh, and
thie prepent sei levVel w « = o o o = = w v - - - 48

Dume (Jleistocene) beach send overlain by wash
from the Dume OLiffs = = = = = = = = = =« = = -~ « = 48

Hardened 7une cobvles and sand conented weross
truncated Teumblor sirata ~ = = = = = = = « = = = = 48

Alluviel terrace formed Trow the alluviel outwesh
vhich covered the Duume platform -~ = = = « - « = = 49

Contact between the wesh and the ¢liff from which it
wag derived - = @ = & = - - - e . - . - - - - - - 49

Dune platform showing the usual succession upward
of cobbles, sand, and wash « « = « « =« =« « « = « « 50

Ia Joya sand dune formed against the c¢liff back of
thebea()h--'—---'--*"'"—-"‘--*—-' 50

La Joys sand dune in the foreground and ¥ugu Point
il’]thddiﬁ"}&ﬂce—-—----~---~-~---~-- 51



ABSTRACT

Structurally the western end of the Santa lMonica
¥ountains is a broad east-west anticline with much of its
south limb down-faulted beneath the ocean. A parallel series
of Vaqueros and Temblor strata are exposed in the fold.
Although the series is cenformable, tﬁerc appears to be a
distinct lithologic as well as faunal differcnce between the
two formations.

Conformably overlying the Temblor is a thick series
of lavas and pyroclastics which aggregate about 13,000 feet.
The total thickness of the Vaqueros and Temblor sediments is
approximately 10,000 feet, and added to this is at least
1,000 feet of intrueive'sills. Thus the entire conformable
series has an aggregate thickness of about four and one half
miles. As might be expected the lower strata are unusually
indurated.

The Sycamore Canyon fault and its Blue Canyon
branch are the major fractures of the area. These faults
strike in a northeasterly direction across the trend of the
fold and bound a wedge-shaped horst of Vaqueros and Temblor

strata between downthrown Temblor rocks on either side.
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INTRODUCTION

Geographz - The Santa Yonica Mountains oxt-nd for unearly

fifty miles in z2n c¢ast west dircction from the City of Los

Angeles to the Oxnard

2l2in and the

Pacific Qcean on the west.

The western two thirds of this range is cut off rather abrupt-

This coastal border

ly along its south side by ths ocean.

swings southeastward away from the

of the city of Santa Yonica, while

eas.vsrd to ¢ narrowing ooint back

Hollywood. The western »art of the

mountains in the vicinity
the mountsins countinue
of Beverly MWills and

Soanta Yonica "ountains

merges northward into the Simi Hills which separate the Zan

Fernando Valley on the east from the Santa Clares River Valley

on the west,

"he area described in this regort comprises about 40

square miles of the western end of the Santa Yonica Yountains.
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Fig. 1. Index map showing location of

area covered in reoort.
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(see Fig. 1 ) It includes most of the mountainocus portion of
the Cuadalasco and = small southwest portion of the ¥1 Conejo
land grants. The eastern boundary is a north-south line from
a point on the coast about one mile west of the Los Angeles-
Ventura county line. The north boundary is marked by the
Long CGrade Canyon road. The excellent new Roosevelt highway
follows the ocean border on the south. Several secondary
roads lead in and through the area making it on the whole
fairly accessible,

The larger sart of the region is now divided into
two large ranches, the Hacienda Mugu and the Sierra land and
Water Company. The mountainous area is chiefly utilized for
the pasturing of cattle., These ranches extend west into the
flat, fertile Oxnard plain which is extensively cultivated,
except on the low marshy portion direetly back of the Mugu
Lagoon,

The rainfall avarages about fifteen inches annually
which gives rise to a2 semi-arid type of vegetation, consist-
ing chiefly of chaparral, s:ge, and Spanish bayonet with
patches of grass and cactus developing on flats and gentle
slones. Tree growth is confined moé%i;jgiong the streams.
Cak trees are found more often near the heads of the inter-
mit;ght streams on open flats, while in the lower courses of
the strecams and in deep canyons sycamore trees are predominant,.
Numerous attempts have been made to develon water from the
seasonal streams and springs but these have supplied only

minor amounts for domestic uses.

Shell Mounds - Almost every small bench and flat in this




sortion of the mountains is strewn over with black ashy soil
¢ontaining thousands of/marine animalgghellsfi The esriiest
inhabitants of this region were known as the Chumash Indians.
Thig tribe lived in small grouvs of one or several families
scattered throughout the country. They were good fisherman
and lived chiefly on raw and cooked sea food such &s clams,
abalones, etc. The deposits of shell and zsh left by these
inhabitants often reach six or seven feet in thickness. The
top or youngest of these deposits Qge known to be about one
hundred and thirty v-ars old while the oldest lower devosits
are judged to be at least four hundred years old. 2 In
addition to shells are found graves, implements, necklaces,
beads, stonew:sre, znd remnants of dwelling places.

Yaps - The map used in this work is a photostatic enlargement
of rortions of the Huememe and Tmﬂjnfo quadrangles of the
United States Geologic Surveys. The scale of the coriginal maons
is one mile to the inch. These were enlarged two and one half
times to an zpnroximate scele of two thousand feet to the inch.
The contour interval of the Fueneme cuadrangle is fifty feet,
while that of the =djacent Triunfo cuadrangle is one hundred
feet.

Previous Work -~ Practically nc mention has been made of this

particular area until cuite recently. The geology of the
region has veen known in some detzil for at lesst ten years
by varieus oil comoonies onerzsting in the Los Angeles =and

Ventura besins but this knowledge has been largely confined

1. U. s. Bur. of “thnology Tull. 78 p. 572

2. Conversation with field members of L. A. Museum expedition
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to the files of these companies. In 1924 W, L. Taliaferro

in a short naper s resented a goneral succession of the rocks
together with a generalized structure section through the south
central nart of Ventura County showing the structural re-
lations between the formations of the western end of the Canta
¥onice Mountains and those of Santa Clara Valley and South
Mountain. Yvidently the ocecurrence of & very small amount

of oil in voleznic rocks at the Conejo field caused some
interest in the geology of this region. In connection with
the Conejo volcanics ¥r. Taliaferro 2 states as follows:

"One of the most important centers of Miocene volcanism in

the state lies in the wrstern end of the 0anta Monica Mounte
ains. This region is often referred to as the Conejo
¥ountains and the neme "Conejo volcanics® is here ajnlied to
all the series of volcaznic and intrusive rocks occurring in
that region.”

Associated with these volcanic rocks sre Miocene
sediments which were accumulating @gg%gg the volecanic activity.
In the lower part of the section the sediments are dark olive=
green shales, Yellow sandstones, and thin-bedded cherty shale,
all of which zre frequently tuffaceous. The shales zare ex-
tremely micaceous and cuntsin an abundance of carbunized wood
fragments and oceasionally fish scales, but are not other=-
wise fossiliferosus, and it is not definitely known what part
of the series they represent. They are thought to be Lower
Miocene. These sedimente are very intimately associated with
the volcanics 2nd in places agglomeruate grades both upward

l. Am. Assoc. Pet. Geol. nBull,, vol. 8, P. 789-810
2. Bulle A« Ae Pe G. vOl,. 8, 2. 800 1924

N8B
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and laterally into sandstones."™ This statement is supple-
mented with a rough section from Yugu Point Northward.
(Fig. 22, opre e 32)

In a more recent saper by A. O. Woodford and T. L.
Bailey brief mention is made of this region in connection
with the description of a new occurrence of the ZSan Onofre
Breccia. 1 These auth&rs discuss the occurrence of Franciscan
wmetamorphic minerals in the Temblor sediments and the rapid
thinning of these beds to the north and northeast,

Carl St. J« Bremner under the direction of Dr. W,
S. Kew of the Standard 0il Company of California has mapped
the area under consideration in detail that varies with the
informetion desired. ¥rom counversation with 7r., A. 0. Wood-
ford it was learnmed that the “hell il Company has a similar
map, Nr. Wayne Loel of Los Angeles has made a less detailed
map of the region in conmnection with work for the ¥zrblehezad
Land Company. ¥Yone of thies information held by »rivate
individu&ls has as yet been nublished,

Present Work - The field work for this report was done during

the fall of 1931 2nd the spring of 1932, The problem has
been orimarily one of areal and generzl geology with the idea
of doing as much detail a® possible over a somewhat restricted
area. Iractically nothing was done with the faunas of the
region largely because of the unfossiliferous nature of the
rocks. A few fossils were identificd but the zge of the
formations was obtained from others. £ sincere sttem-t was

made to man as many of the intrusive bodies as possible al-

1. Univ. of Calif., Pub, in Ceol. Sc. vol. 17, P. 187-191, 1928
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though it was found imoractical to differentizte between sills
and dikes. The 8ill-like bodies make u» the bulk of the in-
trusives and they #re larger and ecgier to map, vwheress the
dikes are often too small and too irregular to locste.

Acknowledgments - The writer wishes here to express his sin-

cere aporeciation to Dr, John 7., Buwalda of <zlifornia

Institute of Technology, for the valuable advice and suggestions
in the prenzring of this rejort and the accomsanying mans.

In checking u» the field work Hr. ¥W. S. Kew very kindly com~
pared the Standerd Oil Company's meps with the author's map

and wade valuable suggestions in regsrd to fzult problems.

He also aided in furnishing his mezsurements of the thicknesses
of certain horizons for comjarison and suggested sge relations
for certain formstions., To Dr. U. S. Grant of University of
California 5%t 1.os Angeles thanks is extended for identification
of several faunas. ¥r. 7ayne Loel was particularly helpful

in locating the trzusition zone between the Vatoueros and Temblor

formations.
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STRATICGRAPHY

General Charazcters - With the exception of the alluvial

terrecee and the recent stream alluvium, all of the rocks of
the area manved are Miocenme in age. The strictly sediment~
ary rocks consist of s conformable series of marine strata

of Vequeros and Temblor age with & total thickness of 10,000
feet. A great thickness of volcanic rocks conformably over-
lies the marine series, According to Or. ¥ew the volcanic
series nrobably accumulated during Modelo time. 1In the easte-
ern part of the Santa Monica YMountains there are considerable
areas of basalt which intrude the To»ango formation but do
not intrude the overlying Modelo formation. But before the
desosition of the ¥odelo, the Topango and older formations
suffered c.nsiderable folding, faulting, and intrusiom. It
is oossible, but seems hardly likely that such diastrophic
forces should oroduce such widespread and pronocunced cffects
in the eastern part of the range without affecting rocks of
the same age only thirty miles to the west. Therefore, since
the volcanic series in the west is conformable ujpon the
Temblor formation they are most likely Temblor in age also.
Nnly the lower horizons of the volcanic rocks are in the area
mapped, but according to Nr. Kew this series has an aggregate

thickness of 13,000 feet.

Succession of Rocks in the Western Fnd
of the Santa KNonica Yountains

Recent alluvium Feet
Unconsolidated breccia, gravel, sand and silt. 075

Pleistocene alluvial terraces



Feet
Poorly sorted reddish brown brececia, conglom-
erste, and sandstone with earthy matrix and
crude bedding. Coarser toward the base and
nearer the source. Marine sands and cobbles
usually at the base, 0-100

¥iddle ¥iocene, Temblor Formation

Late Temblor (?) Extrusives
Boney Mountain Agglomerate:
Andesitic, buff colored agglomerate and
tuff with 2 few andesite and basalt flows.
Angular and sub-angular fragments up to
three feet in diameter with tuffaceous
and ashy matrix. 3-4000

Serrano Basalt:
Chiefly flows of basalt intercalated with
some beda of tuff and agglomerate.
Pillow lavas common. 300-2300

Sedimentary-volcanic transition member
Pyroclastics, lavas, and sediments. Usually
andesitic agglomerate gt the base., Pillow
lavas common. Sediments chiefly coarse
sandetone with some thin bedded shale.
Intrusive 8ills and dikes common. 300-1200

Temblor sandstone and shale member
cray to buff colored sandstones interca-
lated with olive-dradb, thine~bedded shales.
Occasional more massive sandstone facies as
at the base and near the top. 7000

Temblor basal sandstone member
¥agsive gray scudstone with a few shale
beds. Increasingly shaly eastward until
the horizon becomes indistinguishable 250

Lower Miocene, Vagueros Formation

Vaqueros black shale member
Black organic shale with dense black 1lime-
stone beds of concretionary origin regular-
ly intercalated. Grades through dirty
brown and sandy shales into messive Temblor
sandstone above. 500-600

Vaquerosg massive sandstone member
Light gray massive sandetone alternating
with distinctive calcareous sandstone beds
produced by varying amounts of fossils and

shell fragments. JIurritella ocovapa and



Feet

Pectin magnolia p»resent at the top, 800-1100
Vagueros marine sandstone and shale member

Upper facies of black organic shsale

with some thin beds of light gray sand-

stone. ~-300

Lower facies of thin-bedded sandstone

and ehele with occasional beds of more

massive sendstone. Base not exposed. -1000

Vagueros Formation - Distribution and Generazal Features: The

Vaqueros formation occupies a relatively small wedge shaped
area beginning in & tip at Mugu Point and widening easiward
to Sycamore Crnyon where it is faulted up against Temblor
strata. An additional area occurs in a rectanguler block of
Vaqueros and Temblor strats near the head of Sycamore Canyon
where it has been faulted from its original position. The
total thickness of the Vaocueros is unknown because the buage
ig not exposed.

On the whole the Vagqueros formation is guite dif-
ferent from the overlying Temblor formation. The upper
membefs including the black organic shales and the massive
calcareous sandstones have distinetive characteristics which
make them easily recognizable. The lower member of inter-
calated sandstone and shale are quite similar to the Temblor
sandstones and shales except for the abundance of metamorphic
minerals in the latter. The rocks of the whole formation
are4unusually indurated and well Qemented ae might be expected
in view of the great thickness of the series and the intimate
assoéiation with.an enormous amount of intrusive and extru-

sive material.
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Age relations: The strzta considered as Vaqueros
in this paper are mapped into three units on the basis of
lithology as outlined in the above table. Txtensive work
on the correlation of the Vacueros and Temblor formations has
been carried out recently, for early oublication, by wWayne
Loel and W, H. Corey. kr., Loel 1 hes suggested that the black
organic shales are Vacueros in nze and that the upper portion
of the black organic shale member probably represents the
transition zone between the Vaqueros and Temblor formations.
The underlying calcareous, fossiliferous sandstone member

carries & Turritella ocoyana fauna at its top and this accord-

ing to Loel is the upper Vaqueros. AY the same horizon is

found Pecten mugnolia, a soecies entirely confined to the

uppermost Vaqueros. The lower member of sandstone and shale
is considered to be middle Vaqueros in age. It is identified

by & reef containing a Turritells inezans fauna at the base of

the black shale division as indicated in the tablé’df rock
succegsion,

Lower ¥ember: The lower meumber of the Vaqueros is
roughly about 1300 feet thick.e A closer estimate of the
thickness is difficult due to locael f2Wting, fcolding, end
intrusion. Although this member was maoped as a unit it can
be roughly divided into two facies as indicated in the above
table. The lower facies consists of alternating thin-bedded
sandstones and shales with occasional more massive beds of

sandstone which are especially orominent near the top of this

1. Personal Communication. Mareh 1932
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division. The ugpper facies is almost entirely black organic
shale with occasional thin sandstone beds. The sandstones of
the middle Vaqueros are composed almost entirely of partially
rounded grains of quartz and feldspar with minor amounts of
muscovite, hornblende and hematite. The grain size rarely
exceeds two millimeters in diameter and on the whole exhibits
only an average degree of sortings The average sandstone {is
medium grained, but fine grained sandstones are common with
gradetions into silty shales. (S8ee Figures 2 and 3} Cross
bedding is a distinctive feature of the more massive sand-
stone bedas., The shales are very thin-bedded where intercalated
with sandstone beds but in the upper block shale facies the
shales are more magsive due to the presence of considerable.
calcium carbonste. The interbedded shales are olive~drabd
colored and congist of finer material derived from a terri-
genous source whereze the black shales sre extremely fine and
contain abundant organic matter and much pyrite. The black
ghale fecies of this member differs from the black shale
member of the uppermost Vaqueros in that it contains fewer

of the hard black concretionery layers and more intercalated
beds of light grey sandetone.

Middle Member: The massive calcareous sandstone
member of upper Vacuerog ig the most distinctive unit of the
whole Vaquer68~Temblor series, Its hard meesive character
and light color causes it to stand out orominently wherever
present. (See Figs, 36 and 39) It is composed of massive
beds of sandstone separated by minor amounts of silty shales.
A one inch pebble bed at the tos of this member can be traced

from ¥Yugu Point eastward across the area into & cobble bed
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three to four feet thick. Numerous beds throughout the

member are comnosed almost entirely of fossil fragments and
calcite with some fossils intact, Other beds are characterized
by small lenses and discontinuous scams of fossil remains and
calcium carbonate, which when weathered bring out the bedding
structure {See Figs. 4 and 5) in a striking manner. These

beds are in reality arenaceous limestonce and make uo at least
one-gixth of the entire member. ‘herz an abundance of shell
fragments is present the rock takes on a bluish gray color.

As a whole the beds of the formation are made up of sub-
angular grains of quérti, feldspar and calcite and some hema-
tite., The calcite which is so prevalent throughout the rock
has probably been derived by solution of the fossil shells

and redeposition of the calcium carbonate in the pore spaces
of the sand as & cement. Cross bedding is 2 common structure
of this mewber especially near the top and in the transitionm
into the overlying shale member., Tigure 6 shows characteristic
cross-bedding of the member., Tigure 7 includes Tigure 6 and
also shows the contact between this member and the overlying
black shale member.

Upper ¥ember: The black shals member is sharply
contrasted tc the underlying massive sandstones just described.
There is, however, a narrow transition zone between the two
in which the>sandstone becomes more argillaceous aund darker
due to the introduction of organic material. At Xugu Point
.gradation between the two members are very well expoéed.

(See Fig. 7) The base of the member is marked by rather
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magsive shales which dis)lay less of the fissility character-
istic of most shales., Upward the shale becomes more thine
bedded and is intercalated with exceedingly hard, black,
concretionary layers which on account of their lateral extent
more nearly resemble black limestone beds. These layers range
in thickness frum ten lo eighieen inches and their spacing

is suggestive of a rhythmical recurrence. (See Tig. 8 )}

Their mineral cuntent causes them to weather to a gray or tan
color on the surfzce. Wear the uorer limiis there is a gradual
transition into the massive Temblor sandstones. This change
is marked by the sppesrance of sandstone bede and the passing

from black to dirty brown shales while the concreti.nary

m

layers disaonear rather suddenly. Severzl sandstone dikes
have been intruded upward into the black shales znd clesrly
came from the underlying sandstone.

The beds of this member consist slmost &htirely of
orgenic material, ceslcium carbonste, and small ambunts of
pyrite. The percentage of carbonute in the black shales was
not determined, but a rough estimete of the zmount in the con-
cretionary layers indicates that it is st lesst fifty per cent.,
The pyrite is mosily in microscopic crystals but occasicnally
cubes up to one~hslf inch can be found., The most Likely
explanation of the nyrite, Trom its disseminstion throughout
most of the shale, is. that it probably formed 2t the time of
deposition or shortly thereafter, The high sulphur content so
-commonly recosnized as sresent in the slimes and oozes forming

black shales should certainly »recinitate any iron present.
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Large complex crystals of calcite of secondary origin are
commonly develoed along transverse jointing cavities. These
crystals are sometimes coated with microscopic crystals of
pyrite and possibly some pyrrhotite. Along nminor faults where
sheering and brecciations has occurred some secondary fibrous
gypsum has formed through the generation of sulohuric acid
which reacted with the calcium carbonate, The layers of
black organic limestone are conceived of as secondary in
origin alab.gnd arobably began to form during the first stages
of consolidation before the muds were deeply buried. The
regularity and rhythmical occurrence of these layers suggests
a steady migration of carbonate by diffusion with a2 rhythmical
precipitation similar to the phenomenon known as l.eisegang's
rings. Rubey 1 mentions a similar occurrence in the Black
Hills as follows: "the lateral continuity or persistence of
these and of other concretions in the region anqhﬁhélow car-
bonate contént and relative impermeability of the inclosing
shale beds lead the writer to beliéve with Tarr 2~th&t, for
the most nart, the ccncfetiona were formed before the muds
were déeply buried."

The concretions under consideration zre some times
small lenses occurring in a series betwcen the same layers
bat more often the lenses have grown to such lateral JIroportions
as to resemble bheds. Such layers cen be traced for several
hundred feet along the strike.

Temblor Formation « Nistribution and General Features: The

ls U. 3¢ e S ' 165".@. Pe 11 19 0
2¢ Go S. Ae. Bull. vol, 32 Pe 373"3 4 1921
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Temblor formation has the largest areal distribution of any
unit in the area. It has a total thickness including these
sediments in the traunsition member at the toy of 7-8000 feet
exclusive of about one thousznd feel of intrusive wmzterial.
Tts lithologic cunrscters azre not nearly =8 strikiue ss8 those
of the Vacu rog formation and for the rost pery it is mnrked
by & monotonous repetition of sandstone =nd shule beds with
occasicnal more wmassive layers of cszndsbone. It everyvwhere
conformably overli=s the Vaqueros formation.

Lowar Magsive Sendstone Venmber: 7This member is
best exoosed about one Tourth mile northwest of ‘oint Mugu
along the Coust highway, where it is about 250 feet tnick.
(see mir. %) It was only io0ssible to mep these beds - s =
unit {or sebout a mile =nd a half to the northeast along the

)

strike. 7But while the member consists of & rous of massive
sandstone beds at the peoint shown in figure 9, toward the northe
they eplit and interfinger with increas;ng am0unts of shsle
until the member Lloses ite massive nature and vecomes une~
mappable. The sandstoncs wre buff-colored ond of medium

grained texture for the most szrt zlthough silty grasdstions

into shales 2re »recent. The medium reined rocks #re com-

posed almost entircly of cuartz en¢ feldsoor, chiefly ortho-

]

clese cnd microcline, while tre silis 279 shalos usre made up

lergely of micaceous minerals. 2Zalciur cirbonsie is the usual

m

rement of the szndstones,
Sandrtone ona Tnale Member: Thix member constitutes

the bulk of the Tewdlor form:tion zud ie =oout 7000 feet thick.
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It is a monotonous aggregetion of sanidstone and shale intruded
by numerpus dikes and sills. The massive sandstone beds
are gray to buff in coler and occasionally show considerable
continuity along their strike as in the case of the bed ine
dicated on the ma) along the south flank of the La Joya hog-
back ridge. This eight foot bed can be rcadily traced for
twwo and one-~half miles. Tigures 10 and 11 illustrate good
exposures of typical Temblor,

The thinner sandstone beds which are regularly
intercalnted with the shales are apt to be arkosic and mede
un of metamoronic minerals in which case the beds are gray or

i in describing the

green in color. ¥Woodford and Bailey
northwestward continuation of the San Onofre breccia on the
Malibu ranch make the following comparison: “Ten miles west

of the Malibu occurrences, ihe exact locality being 1-1% miles
northwest @f Point Nugu, there are severzl beds of-massive,
light gray, medium to coarae”calcareoﬁs e&ndstﬁne>which con-
tain abundant blue schist flakee up to three inches long.

This sandstone is mineralogically similar to the Malibu breccia,
and is thought to reoresent approximately the same horizon.®

A oloser study shows thst insteud of several there are numerous
such beds and not only sandastone containing “abundzsnt blue
schist flakes" but beds made up entirely of schist flakea

which ocaur>with frequent intermittence throughout at least

the lower half of this Temblor member. However the deposition

- of metamorphic minerals with the cuartzose sands is go ir-

1. A. Ov Woodford and 7. L. Baileyumorthweétern céntinuation

of the San Cnofre Breccia U. C. Pube in Geol. Sc. vol. 17
#5 Pg 189 1928
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regular and varizble that ssmnles showing percentzges of heavy
minerals from nesrly zero to one hundred ciu be obltained., On
lithologic bzsis the San Cuofre breccis of the Mzlibu is
orobably best correlcted with the lower horizons of this
member of Tenblor of Mugu Point rather thean with certain

bade of that Yorizon. The most ¢omacn minsrals of thoe neta-
werohic feeies arve cuartz, glaucoshuane, muscovite, =1bite,
crosgite and chlorite. n the whole the »sercentages of meta-
morphic minerals in the Tcublor sandstones decrecase from base
to summit clthough cusntitative proof of this statement has
not been attemnted,

Cccagionally thin beds of siliccous shale are to be
fouad and towards the wmiddle of this membzr thin beds of buffe
colored tulf apsenr intercalated with cozrser red sandstones.
However, the sercentare of tulf to the terrigenous merine
debrig is neglizibls below the sedimentary volcanic transition
member 2t the surmit of the murine Temblor.

Sedimentary Volcanic Transiticn Xember: This member
marks the beginning of middle IMtiocene vulcanism and includes
the beds from the first volcanic rocks o the uppermost sedi-
mentary roeks. It is a very irregular accumulation made up
of alternations of pyroclaestics, lavas, znd sediments and varies
rrertly in thickness ss might ve exsected with a gradual and
intermittent»beginning of volcrnic activity. However, the
bagse cf this member is nearly always marked by an andesitic
agglomerate which varies considerably in thickness and texture.

On the average scidic apgzlomerates and marine sandstone and
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ghales constitute the bulk of the member but lava flows
zZenerally increase upward to the Serrano basalts above. The
lavas exhibit compact, platy, and elipsoidal structures.

The beds of this member undoubtedly accumulated on the ocean
floor.

serrano Sesell: Tuls meuber s best develoded on
Sevranc FTlat and in general along the soutlh base of Boney
¥ountein ridge. Tt 1s made up chiefly of lavas with some
prominent bads of coarse agglomeratc and tuff. The lavas
are nhases of basalt zud andesite and vary in texture from
compact aphanitic varieties to thoege which are distinctly
norphyritic, Gften the textures are very irregulsr and give
the rock & bloichy avpeurance. L Vafiety of colors are pre=
sented by the many flows including brown, olive drad, buff,
nurple, and reddish brown. 7The flows are highly vesicular
nesy their tops and pillow structures zre common a8s in the
previous member., ‘“Vhere yyruélmstics overlie lava flows, the
finer material of the former has seened and {lowed dowu into
the cracks and crevaces in the Tlow foors. Numerous small
besaltic dikes cul acrogs the flows aud one dike, 20'-30' in
width, of more resistant rock, is particularly prominent near
the hend of Little Sycasmore Canyon.

Boney Mountain Acglomerater The Boney Mountain
agglomeratéihas an extensive distribution in the viecinity of
Boney Mountain and along the south side of Potrero Valley,
For.the most part it is massive, hard, and crudely bedded,

causing it to stand out in bold relief, The coarser agglomer-
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ates sre often su mugsive and Lacking iu bedded siructure that
it is extremely difTicult to discover their awtitude excepl at
considerables distances, TFigzures 13 and 14 ghow gone of the
better bedded novizong of ihe agglomerate elong the bold cliffs
on the gouth side of Boney Mountain,

In iits proadeegt sceotlicn 1L ie apout 4,000 feel thick,
but 1t thing ra=2idly toward the vest., JSingle blocks tws or
three Teet in diameter are not urc.mwmon at cerbain horizonse.
Migure 15 shows a relatively finer prained samole of the
agglomerate, The matrix iz chorecieristienlly @ roy tuffaceous
mixture rancins in gize from » tw: or three millimeters down
to microsconic agh, Althoush the fregments ure almost univers-
ally andesitic in comoosition, sev rnl messive beds throughout
the section are made uar of & heterorsensous mixture of =ncid
and basic blocks disnlayins a wide veriety ol colors zrd tex-
wvuree within the came bed. Tragsments token {rom beds betler
stratified and sortod ghow effects of corrzeion. In many caoses
suarp cdpes ore entirely reuoved and the frecments could be
deseribed 2s sub-snpular. Tais rounding wmey be due to cube
arueous transcortaticn or to roundin: as ocombs when ejected
{rom 2 voleano, or as i most orobable Trow both. Theres are
also & Tew flows ol crndegite and basalt interecalated with the

agglomerates, A [ew emall bvasaultic dikes cut this nmember,
Svurce and Origin of the Vacueros and Temblor Formaztions -

Although the Vaqueros and Temblor {ormations re¢oresent z cone
tinuous succession of sedimentation with nu noticeable ureaks

there are differences in fauna and lithology. within the last
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two decades careful paleontologic and siratigraphic work has
shown that the Vaqueros has a very distinctive fauna of nore
tropical nature than that of the Temblor.

As 0. Woodford 2 and later R. D. Reed 3 noted that
minerals derived from the Wranciscan schists were absent in
the Vagueros and present in the overlying Temblor.

The unusuel mineral assembluge derived from the
FPrenciscan schiets came from a land mags, of which Cetalina
Isiand is a remnant, to the south and west from the present
shore line. The more usual mineral assemblage which comprises
the Vagueros ceme from a land mees to the northeast.

Woodford further indicated a difference in the two
mineral szesemblages a8 {Tollowa:

"As between Bastern and Veastern Bedrock Complexes the

following minerals appear to be diagnostioc:

Eagtern , Western
Orthoclase m Actinolite
Albite-twinned Croassite
Biotite v Glaucophane
Common {green) Hornblende Karinthine
Zircon Untwinued Albite

Lawsonite

Of these minerals orthoclazse, albite twinned, and
biotite are especially useful indicetors of eastern drigin,

end glaucamphiboles of western.®

l. Wiedey ~ Trans. of the San Diego Soc. of Katural History
Vole. V, No. 10 p, 105, 1928

2« A+ O. Voodford-U. C. Pub. Geol. Sc. vole 15 No. 7 p.180, 1925

3. R. D. Reed-Researches in Sedimentation in 1926-7. Report of
the Committee uon Sedimentation published by the National
Research Council, Weshington D. C. p. 77, 1927
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Since there are nu minerals diagnostic of Western
lond mass in the Vacusros it is possible that there was no
Westerr land mess 2s such at that time, On the other hand,
this land mass may have been nresent but contributing nothing
tc the deposits, or if contributing, the bedrock comnlex was
not yet exposed.

It is gzenerally considered that! there was a land
mase tc the southwest., 7r. Xew 1 in a sketeh of the geology
of the ZSanta Rosa Islznd says of.the Vaquerost: "the lithe
ology of the sediments, together with the abundance of
fossils and their littoral type, indicate that the Vaqueros
formation of the’island was deposgited in relatively shallow
éater and orobably represents the south side of a basin of
denosition, the weatward extension of that on the mainland
opposite.”

Thus throughout the Vaqueros and Temblor time there
apnears to heve been a gulf 6? inland atrait roughly narallel-
ing the present coast line borderzd on the northesst and the
aputhwest by land masses,

Nuring Vequcros time this trough was restricted as
compared to that of Temblor. Toel 2 and Zorey believe that
the Yaqueros sea was roughly an east west gulf and snhesk of
it ag the "3ants Monica Embazynrent” with its opening into the
ocean to thé viest.

Altpough a c¢omorechensive study of the sandstonesg
- of the Vaaqueros was not undertaken the few slides sand numerous

hand specimens ~xamined indicated the mincrals »resent were

1. G« Se As Bull., vol. 28, p. 648, 1927
2. Personal Conversation
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very similar to those which Woodford cites as diagnostic of
the northern land mess. However this does not mean that

none of the material was derived from the south but rather
what mnterial that did come from the scuthern land mass was
not frorw the Francigcen metamorphic comalax whiich sunnlied
the diagnostic minerals in the Temblor. Purthoernmore, the
Vacueros of the western eud of the Santa Yonica ountains is
interdizitated with wedges of continental material which,
although very thin in the region under consideration, thicken
ronidly towzrd the east and northeast.

A distinctive and unusual Teature of the Vacueros
of this region is the two black organic shale members which
aggregate a thickness of 6-800 feet. Similar black shales
are not characteristic of the Vaqueros eof the immediate sur-
roundings. Dr. Kew describes no such shales in the Vagueros
of Zanta Rosa Island 1 nor did he find them in a section across
nak nidgze to the north while Hoots 2 in his doubtful Vaaueros
in the central oart of the Santa Yonica Yountains found no-
thing but sands and red beds.

There have been many hypnotheses =dvanced for the
origin of black shales, few of which cau be made to harmonize.
Some authorities h-ve sdvocated an origin in deep water. 3
Schuchert 4 concluded "that blzck ghsles having wide distribution
were more often denosited in closed srms of the sea® where
1. Geo So A. Bull. vol. 38 p. €48, 1429
2, U. S¢ 0o g Prof. “aper 165-¢ p. 94

3¢ Be Ne Clerk Tull. € Lo Ye State Jus. 16G-201, 1613
4. Schuchert-Pop. Sci. ¥onthly 593, 1910



230

"there was defective circulation and lack of oxygen resulting

1 and

in foul asnhyxiating bottoms." But both Ruedemann
Ulrich 2‘conc1ude that great depthe and inclosed conditions

are seldom if ever essential factors in the origin of black
shale, Ulrich further states that "probably ‘he real cause,

if there is any that operated alike in all cases, remains to

pe discovered.” In a lzter paper Twenhofel3f reaches the
conclusions "that black hydrocarbonaceous shale may form

in water so shallow that it is but 2 steo to land conditions
and that their »resence ig by no means an evidence of deep
water,”

It bhas been ?reviously nointed out that the black
shales of the Vaqueros contain an abundance of organic matter,
calcium carbonate and some pyrite. In this connection Rubey 4
working with Cretaceous black shales of the Blsck Hills region
comes to the conclusion "that the conditions most favorable
for the formation angd oreservétion of celcium carbonate, ore
ganic matter, and pyrite together would be relatively shallow
water and rapid rate of accumulation and burial of organiec
matter."

In the case of o0il shales Lilley 5 and others declare
that slow anerobic decay is necessary and hence the water must
be free from agitation.

In-view of such a variety of hynotheses one hardly
ﬁ. 3. A. Bull. vol. 22, 5. 234, 1911
G« 8. A, Bull., vol. 22, p. 353, 1911
Am. Jfour. Tc. vol 40, o, 276, 1915

Use Se Gs Se Do 165"A' P 13
Tilley - Geology of Detroleum and ietural Gas p. 70

s & o

TP O
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knows what to conclude in regard to the black shales under
coneideration., Any statement would have to be more or less
arbitrary because of the limited nature of the investigation.
However, it seems that landlocking must have taken oart, in
view of the already sostulated embayment of Vacueros time
although the accumulations of black shale may represent times
vhen the land barriers were broken down. Lz2ndlocking further
implies less agitation with more cuiet water and if the waters
are subject to currents which help to oxygenate the water than
rapid accumulation and burial must have taken place to prevent
aerobic decay of the organic matter. If, however, the foul
undisturbed bottoms of Schuchert were existent then accumula-
tion need not to have been 8o rapid as the anerobic bacteria
would have readily preserved the organic matter,

Depth of water, outside of the abyssal depths can
be dismissed in view of the conjecture and misunderstending
about what constitutes shallow or decp water., Trask 1 has
shown that depth of water and distance from land zre not as
imnortent in determining the texture of the debris as sube
marine topogranhy. In his studiea of the sedimentsotion off
the coast of Southern fNalifornia he found that coarse sediments
were forming on ridges at grerster denths than clays in some
of the shallower basins nerrer to kand. *"This", he states,
"apparently is due to its (ridges and submarine topography)
effect on circulation of ﬁater, which in turn influences the

_texture of the sediments accumulating on the sea bottom." He

1. Teon. Gesl. vol 26, Wo. 1 p. 24, 1931
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also found that in general the calcium carbonate content of
the sediments is less in shallow water than in the dejressions
where it reached a maximum of 16 per cent. Cimilarly the
organic content of the sediments was found to be greatest in
the bottoms of the basins.

This work of Trask's, the esrly results of which
haeve been published in the reference indicated, should prove
of utmost importance in ﬁetermining znd understanding the
conditions under which the Tertiary sediments of Southern
falifornia were deposited.

Thus, the black sheles of the Vaqueros were most
probably laid down on a quietl bottom in depression or bzsin
in = landlocked sea with climatic conditions proper to account
for an abundant sunply of organic matter. Tut betweén the
two organic shale members there is an intervening wassive
sandstone member approximately 1000 feet thicke To sccount
for this in view of Trask's wérk, the bagun muet have been
temporarily filled thus destroying it as & basin, varping
mizht also have entered in to produce = ridge or subnarine
high thus allowins sands to accumulate,

The source and origin of the Temblor has zlready
been partly indicated. The 3an Cnofre orecciz hag been found
to extend in a broken fashion from the tyose locality at San
Cnofre %ountéin to the northwest as fer ¢e the ¥alibu occurr-
ences; This breccia is composed of cxtremely angular blocks
-and slabs as large as 10-15 feet in diameter mixed with earthy
and fragmental matrixes. Trom the very coarseness and angu-

larity of the breccia it would seem that a steep rugged



N
{92
.

escaronment of tne Tranciscan metanorpalc complex musi heve
existed only a short distance westwrrd. Tuo breccia thus

o

rearesents the nlluviel {fon wmeborizil a2t The vose of thi

w

egcargnant.
in the Tonte Tunica Yountalnsy &5 1o e sore gouthe
erly exposures, the “an Jnoire facios ol Lue Jeablor is not

correluted with the very basc ol the Jormsiilon. L6 Tuga

H
1
o~
|

Maint the bage is neried by mesaly ey gsrntstones which are

K K S b %
1e.  Tut above the

relatively free {ron netanorshic siinera
baanl sandstones the dinsnostiic minerals of the southern land
masg become more and morve ronminent.

Thug during Temblor tim- = formiank

exigted to the south and ssuthwest from witich moest of the
sediments deonositeod in the embsyment tr vhe norih were derived,
Tarthermore the 7000 feet of Temblor sedimente which occur
in the western =nd of the Sents Yonicz "eantszineg thin so
re.nidly to the nortin Luct it is enLirvely «issing on South
Tountain, a digtence of only 20 miles. 3ut the interbedded
end overlying Yontersy (Tewblor Y orgsinic cheles increpne
from zero tu 2000 feet in the Touth "ountz:n vegion. In a
northeasterly iizccticvn the ferrigencius ernblor sodimenon
thin to 100 fecot in the wosterw vt of the Jimi Mills, only
14 miles away. Thus it le clesr <kt all of the terrigincus
sedimonts in>ﬁhe reglon under comnsiderstion were derived

from the susuthwest and zccumuicted st & rather ranid rote,

byodd

the forimetion on the whole

s

maeh ot the deuris ig crkosic on
unfosgiliferous.

Intrusive Ttocks -~ TNigstribution: 7The intrusive rocks =re one







of the striking featurszs of the area. 1n addition tu the
larger units depicted in geologic mage and sections thsre
are countless smaller bodies too complex and too swall to be
manned, An avarage astimate of the total thickness, in o
reximun section of Yogueres and Tonblor, oives 1,00041,200
feet of 8ill-like injectiona, Several incrusive shoels

are two or threse miles in lateral exicgnt, “n the whole the
intrusive bodies are rather evenly distributed exvecislly
2lony the strike. If there is any concentretion of intrusions
it is 2long the =xis of the regioncl anticline vwhere dikes
aanear to be mere numcrous.

Topograthic Txoresscion: As o rule the Jisbasic
rocks do not ounteron orimirnently on ridge toos or canyon
gidena and their neosition cen ususlly be oreldicted in advence
by & noteh or saddle 2long the crest of o ridges Their suse

centibility to weethering and hence to erosion has initiatsd

e 3

many side canyons znd therefore they mest comronly oceur on

[

the north side of canyons wsher

-

2 the dis is north, sed un the
eouth side of canyons whors the attitude is south. The extireme
suscentibility to wezthering n»nroduces stes slopes wherever
the s3ills are canned with the more resislant scedimente zrnd in
this c2ae the disbese is laid bare by the crces and slide of
the vweathered debris. Tigpure 16 illustrztes this fecture
very well. |

The weathered soil is characteristically olive drab
in c¢olor. The nrenence of & =ill can be Jetectod in mocst
cases from the weathered soil orovided, r& on north slopes,

it is not disguised vith zn admixture of humus. At the base
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of steep slopes where the tyoical diabrse is cxposed lurge

ongpicuous, Thesoe beulders are

a

woulders of diabacc are

freosh end litils affecoed by chenicul decumwosition, but

ey are often vell rounded ns noyesult of exfoliation. One
of the nmost a:shi?guishing fortures of thie weethered rock is

B ooure wnile Lheoliun vhick Terwms Trow (hio doecommorition ¢f the

3

Teldsoars and devwcsits in Jolnts end cthesr zones or as ¢ cement,

5

in some instances, in solli or debrio covering the weathering

lying on & weathered slope

pet
ts
=

dinbagse. White slubs of kso
are certoin wimme of dicbhase,

2base ic extremely susceptible

2N
ny

Put althoust the di
to chewmicsl decompcuition, it is hishly resistant to corrasion,
Thus eills thol occudy netehes on ridzes may outeroo boldly in

ertain canyon Lottoms ss ¢liffs and notentisl waterfalls.
[fee Tig. 17) ©ill-like bodies hive Lod a decided influcnce

.

uaon the sceceondnry lines of the drainaze pattern.

Characters The gills snd lereesy beodics, intrusive
bodies, are - redeoninently disbase while the dilices and smaller
injected sheets rnre basalt. Jocolly (ko lor.oor basalt dikes
often disley ophitic texture vhile likewise the sille may be
c¢hilled locally to Lesalt as near conitacts. The basaltiice
dike roch is geneticrlly releted to the 8ills and the larger
dikes or wmultinles of dikes (Mig. 9) are in all 2robability
"feeders” to thc intiusive sheets,

Al though the prest bulk of the dikes can be dismissed
ag ordinery buselt dikece there are several dikec which diverge

from the ordinary in texture and composition. 7hese dikes are



g%§§~ terop of
ction of sea wal




29.

vorgkyritic and ajparently legs besic., One nctable example
is the bveautiful andesite porphyry dike which outcerops
srominently necr the wmouth of La Joyas Canyon and along the

wase of the tlroek sholes, The obenccerysis of this porphyry

e Telidsuer and ore t-4 incues longe. fhe

oy
Lot

are ~lagiocla
pround mess is badly alicred e¢veu 1u Jresh soecimens bul is
made up largely of rwicrosceric borablende and piagioclaﬂe
foldepar. An exact dupnlicate of this roek occurs at the sume
norizon near the mouth of Rive Jznyon {four mileg northeast

.

and one flow in the “Serrane Azoalt nonmber ip very similar

to this dik=.

e tyoicel divvese which mnxes a» the bulk of the
9ille ig olmost identieal in thin section to Tirures 64 and

65 (Page 64) in Johannsen's "Tescristive Petrography of the
Tza20us Rocks®s In addition to the nlarinclase {eldespar and
augite, magaetite is culite noticeuble, 3Jevercl of the thicker
£ills have a peculilsr porovnyritic texture developed near

thelir centers. 7Thig texture ies esyecially devéloped in the
larre 811l one aud one-half miles nortuwest of ¥Yugu 2oint

and in the gill in DJeer 7Jaunyon, one mile from the mouth.

Ia the case of the Tormer this feature is develoned as a

band sarallel to the shecet aund nearer the to» than the bottom.
This band is 60-70 feet thick ae shown in Tilrare 19. Along

the borders of this vand, dike-like branches fray outward

into the diabase. Tigure 20 illustrates the masnner., Thus

in mome respects it avoears as though the more acid and nor-
phyritic center of the sill haed intruded the diasbase. However,
if such were the case dikes and individual intrusions of this

rock ought to be found in other places than down the center



yritie
n disbase,
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If the texture were the regult of 2 gzradual cooling
fram the margir inwards there should b2 a redusl development
2f the texturs to the canter, Hat inatepd the develo wont ig
more nearly o shars hand., Turthermore, thieg hand i more
neldic with an abamldenes of Shenaeryets o7 Hlazioclsge Teld-
an2r. There is 2lar an abmiance of horahlendes and angite
=nd hladed magnetite or ilmenite,

It has a2lao heen suzgestcd that the band may re-
aresent a secondary alteoration whieh mey heve ftaken olsce in
the fin2l =stoges of cooling or shortly thercafter. This
would be a dﬂutaric 2ltevration in the s231lid otate. In svoirart

of this there are numerous smell vugs developed resembling

~f twn licuid ohages brought about during the cooling process
and after the eill had eome to reat. The more =acid lizhter
shase may have been misrating towerd the ton when stopped by
congealment of the entire masa., The nenetrations znd fraying
ot the ecid ohase intn the more bhasic ohase would have been
aceomnlished by any cort of movement after the segregation,
There =zre occasionrlly within the acidie band
natches in which the texturs is much finer but yet clearly
e vrrt of this LLE Distinet dikes to 2-3 inches in diameter
ol this fine-grained rock occur cutting the diabase a2t con-

siderabvie distances from the acid porphyritic band. These

dikes are thoughi to represent ofrshoots trom this acid phase



while it was £till wmoltlen and ofter the dinbese had congealed.

v othin zection of Lhis dike roek slows they It is nearly all

%

coc anu thevefores i desipaatec @3 the spessartite

Alihoeurt the writer ig uel preosred to reach z final

decision ws v the ovigin of Lhic ronsw wvon, he ig i1neclined

The large 5i£l waoped norin of Syesmore feanyon nesy
ite hewd ehown evidence of gemrepntion. The base of the
cheet ié 2 rnelenoerstic phese of the diebase while the upper
vortion is distinctly leucocratic and is perhaps andesite in
conmposition.

suck segropntion sud banding ac discussed akove
lend s siructure to the £ills, the lateral extent of which
reeembler flow structure. Tn sone eille the lateral orient-
ttion of certain minerzls susgesta & structure due tco move-
riants  Tizure 17 illustratas'“he laters)l struciure of many of
tre sille. Fowcver, it i the writers opinicrn thkat this struce
ture ic not duve to movement but rether t. zowme vhenomencn
#fter the sill had come to rest,

Contact Eetamdrpkism: The effect of the intrusives
unon the scdimentes is practically nil. cSheles =t the contact
ef larger #ille shov vrectically we effects. Tn une instence
=t little sﬁotting wpe found iv the shiele right st the contact
tut thiz did nersist for more than one-kalf zn inch. It is
highly probable that some effecte of metamoryhiem could bve

discovered in the btleck orgenic shéles by chemical tests.



Tandatanes occasionglly have hean s ffectsd more then shales,
Thus in severn? cnaas tha aandetnne of the contret may he
NeleaA and }\_5;‘3"%-’?!’1",."} o n noticendbl s ’?Q{;I‘@g?-

Tnelncizne »7 sediment formsd by stoping action
of the magma do nat occur and the only ros-mhlrnces ave the

inelvsions Tormed hy Lhn hraanthive of the dntrading boadice.

%

IS

L mishit he ecnarcted the endormorhic effects of
intrusion are muck rinre asrent; althoash not on a lorge
seale,  The chilliry effect of the walls on the thick sills
g usually not noticesble Tor more than R or 10 feet. Thus
in the gill onn end one-helf nmiles northwest of Peoint Yugu
the chilleqd ﬂara?n i from 2=10 fect vide, The %ton one
feot ie emyeleloidesl and veericuler rnd below thie there is
¢ ghern chenme inte the non-vesiculsrr roecr vhich ranidly
chenges from e norobyritic into the normal disbesic texture.
Cf the rerreow vesieulsr bend ot the ton the majoerity of the

vegicles are confined to the ton two irches.
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STRUCTYRAL SFOLOGY

Introduction - In the treatment of structure only such ovheno-

mena as faulting, folding, and intrusive forms will be
discussed. OSuch structures as bedding, ripple marks, and flow
lines have been previously tftoucned upon and will not be
further mentioned.

rlates 1 wond 11 which accompany tnie report denict
the major structures of the region and obviate ueed of supple=
mentary explanation. However, the nature oi the base wapy and
its scale maKes it impossivle Lo show meay ol the sumaller
piruciures wihich coumplicate Lne lurger ovues. his is certaine-
iy true o1 the muliitudinous comnlexitics oi tae injected
vodies, It was esoecially aecessary to suneralize Plate II
in regard to the inirusive sitrdctures.

e Lie Teliaferro L in a short paper on the “0L1L
¥ields of Ventura Couunty, Califoraia” nas consiructed & genercw
lized struciure section acroes the south ceutral part of
Ventura County which illiuscrales the siructurai relation of
the westera eud of the Sanls Monica Mountains o the region
Lo the norths. “igure 21 ig a reproauccion of this section.-

in regurd Lo tne siructure in generali Mr. Taliaferro
says: "South of the Scute Clarz Valley and west of the Santa
Cusana Mounteins, tie siructure is, lor (he wmost purt, come
Hratively simpledsseoboutn of the Cimi-les Posus upliii is
the Seuate Ttoge {feule wiich exteuds lrom Simi Valley on tne

gast Lo the wown o Comeirillo ou the west wiith 2 trend of

1. As Ae Pe Go Bull,. vol, 8, De 804, 1924
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N 75° E. It disajpesrs benmeath the alluvium of Oxnard Plain
near Camerillo, but it is thought that it turns rather sharpe
1y to the south-scuthwest along the front of the Conejo Mount-
ains. It is 2 normal tfault, down-thrown to the south, and is
probebly due to the great scecumnlation of volcanic material
in the mountaine to the gouth. It was probsbly formed »ro-
reagsively with thie secunulation of the velcanics.” In
swingine the Santa Tosgs fault south fslong the westerr border
of the Iante “onice Xounteriaz or: must not te influenced by
physiozrahic bresi ng thie is 1eversc to the structural
deorescion postulst-d.s Wsgretomzter gurveye of the Cxrsrd
vasin chov no evidence 2f the nostulztod fault slong the
western terminstion of the range. L It snould be noticed that

there 1s an snormous Jdiscrensuey between the thickness of the

19

Temblor or Lhe ssuth side of the “onte “osn vsult snd the

”

Youterey (Teanblor) or the north side, This may bo Zuc to a
[ailure to iwdicete the thinning of the terrigzencus Temblor

Lo the north, or it may open up 2 new Hoesibility that the

[41}]

sants Yos: fault iz an o0ld pre-Yiocene fault snd that the

gsouth block was depressed and receiving sediments during all

of Temblor while the north block reczive? gediments only a
sortion ¢f the time. Similar incidents arse very common throughe
out the Joast Nznges. 1f such assre the casz it would account
very easily for the encrmous decresse in thickness in the
Temblor betweer Tage Feint and South Mountain. The structural
canéitions g0 far discusssd are gensrsl {7 nazture znd 4o not

relate to the {immedizte area but ars prezssnted to show the

1. Private couversatiovn with kr. Joushua Soske



birassaer yreiallonshl e Taelaesd taoe sawe generas siructures
continme with several large Tauiis o0 the Jycamore type cutting
the range inlo ilrregular blocks wrnile the incrusive and exe
wruslive rocks vacome even more prominent.

dayuleing - Toeulting wmost ligely nong affectad tue strate of

. P oy

tne ares al gevorel Jdiffersat pericds, wul secause the roess
inveilved are all lower ioscere in oze it iz difficuli Lo separe

cteate these »ariodss In the gasters dart of the range there

"~

iz distinet evidence that fauliting vceourred during middle
fioecezne.  Tn nuwercus olaces in neirhboring regions fauliing
iz found tc have baen active between the lote Yiocene and early

“liocenz, waultiins and folding of even srezter mzonitude

v

atlectcd thoe entire Toast at tne end o1 the ~“liocene, and the
“paierrary hnee nolb beren without its sultlins a2vd rejuvenation.
Toherefore, 21lthousr no ages can c2 sesirned to feulting aiffecte
iry the westery end of the *anta Younice Yountoing, it io very
improbsble thet =11 the faultiag cceurrad at cne tice,

I general tre fauvlis cav be divided ints three
classes as follows: (1) larve faulis of conzidersble dige
slacement and tronsversing tbhe entirs rancge, 28 the Jvcaomore
and WLue f&ul tsy (2) numerous trausverse faults of small
disylacemegt ag the La Joya tauvlt and the foulis south of
Lorng Gradelﬂanyou; {3} countlesa rinor vaults too smell in
rogst cases Lo muo and whicgh have serrated and broken the
gtrata in every direction.

M the laet «rouv of [2ultc wmeny wer: caused by the

intrusion of thne dikes 2nd sills and the suabsecuent readjiust-



ments, Many more are doubtless the result of and subsidiary
to the more extensive movements on the larger faults. They
are of little significance and have only served to prevent
more accurate and detniled mapping.

The second zroun of faults are difficult to locate
becauze of the comnlications nroduced by the minor faults,
Yhere the stratigranhic sequence is evident or where key beds
are definite the displacement can be easily determined. ™n
the other hand the key beds are often absent and outcrops
nmay be 80 soor that while the fault may be located the nature
of the disvlacements crn only be inferred. This is largely
the case in the rolling country south of Long Grade Canyon.

In gencral the faulting is more ensily determined in the
Vocueros formation where the stratigrashy has distinctive and
contrasting lithologic characters.

The first groupn of faults are by far the most sig-
nificant and all of the others may be considered subsidiary
or secondary to these, ‘erhans the most imoortant fault of
the region is the longitudinal one which bounds the south side
of the range and upon which wuch of its elevation has probably
occeurred. The trace of this bresk has been largely destroyed
in the area concerned by erosionsl attack of the sea. This
enst-west fracture is definitely located and of considerable
magnitude in the ¥alibu region to the east. Thus back of
Dume Point seven or eight miles east of thie areca the ¥odelo
~shales ére sharoly down-faulted against the Temblor and older
rocks, This fault extends vwestward and strikes into the ocean

somewhere in the vicinity of Little Sycamore Canyon. The
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enst-west fault shown at the mouth ol thic canyon on 7late I
is probably a branch or pasrallel slice to the large {racture.
™he southward dipping strata bend down sharply at this fault
and at saveral oslaces they stand vertically. 1t should be
noticed from "late I that the structural trend of the region
is slightly north of esst and thoat this trend is cut off at a
sharp angle by the gea cosst. 2lthough this might be accounted
for simnly by erocion it alsc strongly suggests faulting. In
further supoert of thie, the strata become progressively more
broken and sheared as one approaches the ses coast, Also
the ascent from the ocean in thie region is unusually steep,
at least too much 80 to be due entirely to marine abrasion.

Therefore it 1la here postulated that much of the
uplift of the range has been on an east-west fault along ite
southern base and that thie fault lies benenth the ocean but
not far from shore ir the srea under coungideration,

Perhaps of no less &agnitud& is the "ycamore fault
and its Blus Canyon branch, The rocke slong these faults
are considerably shuattered and broken. The block lying
between these two faults is especiglly shecred and ractured.
However, the fault »lene and the adjacent deform:tlons zre
usually obscured by fajlure of outecrop or alluvial cover,
The most siriking evidence of faulting is the sharp truncation
of structure>and rock types. Thus to the weet of the Serranc
Flat# the volcanic rocks abut sharply agaeinst the lateral ex-
- tension of the Temblor and Vacueros sediments,

Flgure 22 {llustrates the relations between the blocks
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involved postulating displacement by vertical component along.
The horizontai‘result is & maximum displacement of 6 miles
between blocke two and three in the diagram. (See Figure 24)
It is believed that the movement on this Tault was almost
entirely vertical. Had the movement been horizontal the axis
of the regional anticline would have been dislocated to the
same extent as the beds. The axis has been offset somewhat
but not at all to an extent comparable to that of the beds.
Furthermore ' the offset of the axis might be accomplished
entirely by a vertical movement provided that the axial plane
of the fold is not vertical also,

The Sycamore fault is probabl& ocne of the oldest in
the area. Seversal dikes and pioe-likes bodiez appezr to have
worked their way up along this fault whereas the same bodies
or:sills extended therefrom are btoken by later faults,
Folding ~ The major fold of the zrea, and in fact the wholev
western end of the range,‘is’é large cast-west anticline, the
1imbs of whichfare exceedingly thick. The larger part of the
séuthilimb is beneath the ocean, probadbly down-faulted.

Along the axis, the beds are crumpled, broken, and injected
with a great amount of basalt and diasbase., This, together
with the downfaulting on the south 1limb, makes‘it difficult
to determine the attitude of the axial plane, but in general
the limbs ofvthe fold are nearly symmetrical and the axis,
plungéa slightly eastward into the range (perhapé eight or
-ten degrees). This, of course, aprlies only to the bortiou

studied and farther to the east the reverse may be true.
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Woodford and Bailey, in their consideration of the San Onofre
breceia, statet *"these outerops ocour on the south limb of
the broad, westward plunging anticline which comprises the
western part of the Santa Monica NMountains.® 1In general the
dip of the north limb is steeper nearer the axis of the fold.

There are one or two minor flexures, but these are
more in the nature of imcompetent or drag folds. In =ome
cases the beds are crumpled and folded locally as the result
of faulting, and in other instances intrusions may have caused
some crumpling of weaker shale beds. Furthermore if the axial
plane of the drag folds can be used safely as a criterion, tﬁe
indication is that the axial plane of the major fold dips is
to the north.

‘Following out the pastulaté that most of the faulte
were produced by vertical forces, it is probable that a ver-
tical forcessuch ag an intruding plug caused the'anticline;
According to Wayne Loel l;in‘the Malibu region such a plug is
exposed over considerable area with the intruded sediments
lapping up in laceolithic fashion. It is the writer's
observation that the intrusive sills and dikes increase in
number and size eastward, especially along the crest of the
fold..

intrusive Forms « Dikeas The dikes are the most numerous of

all intrusive forms, and their most striking feature is their
branching and multipie nature. (See Tigures 26 and 27)
Figure 26 is a part of a larger group of dikes which in all
'prabahility were "feeders" to a larger intrusive sheet.

There are several of these conduites of multiple and branching

dikes exposed along the sea coast cliffs, Figure 9 and 47
1. Private Conversation
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Pige. 28 TMiabase sill cut-
ting Temdblor sediments near
the western tip of the range.

Fig. 29 Section illustrating the larger relationships
of the 8ill shown in {igure 29. :
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illustrate typical examples. In spite of the prominence of
these conduits in no case was the writer able {o actually
trace them into or cutting across a s8ill., Of course the
branching nature of the dikes makes it very difficult to trace
such a body over anything but well exposed outcrops. Such
well developsd branching Qf dikes would seem to demonstrate
a highly f?ﬁétured or jointed rock, but it may have been that
injection having once started the rapidly moving magma under
high greQSQre formed its own opening, splitting the rock in
advance. It seems probable thrt injection took place at a
rapid rate and that the country rock was not greatly heated.
The great amount of pyroclastics in the region certainly
Indicates vizorous activity for a time at least. |

8ills: The 8ills of this region vary in thickness
from several inches to two or three hundred feet. The loungest
8ills traceable are fio or three miles, The large sills
usvally vary considerablévih ihickness along their lateral
spread. Where the'aill‘bulgea or thickeus it might be considered
a laceoliths But if arching of the strata consﬁitutea'u'
laccolith, then all sills are laccolith at their margins.
Although many of the sills in the region show enough-bulging
to bé considered laccoliths, for simplicity and convenience
they will all'be considered as sills.

The larger sills commenly have tongues or branch
gille which fray outward into the édjoining'beda. Figures 28
and 29 illustrate this feature. 1In some cases the branching

becomes the main feature and the sill breaks up into numerous
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8illes with islands or shreds of strata intervening. This
branching abmetimes happens at the end of a 8ill where the
sheet "frays out®,

| The type of sedimentary rock has had an important
influence upon the intrusive form. Thus s8ills are restricted
to rocks which have well developed stratification. The massive
sandstone horizons never contain sills as do rarely the black
shale members. This latter is prodably due to the~1ack of
,confiuinglar guiding beds of sandstone, On the other hand
tha,alternating beds of sandstone and ahalc’have proven excels-
lent qﬁrkdthrea for the development of intrﬁaivu‘shcetn.

Thue the intrusions are confined to trunk-like
bodies passing through the massive members, but upon entering
a more favorable horizon, the dikes branch and spread out 1p
sheets along the stiratification. While several sheets are
peheﬁra}ing the more favorable horizons, certain yxanchee may
find their upward movement restricted by a massive cap be-
naath‘é%fuh a sheet may spread until a fracturssor Jjoint through
the ¢cap is found, whereupon the magma will again move ﬁp as
a trunk until another susceptible structure is encountered,
Thues on a large scale multiple 2ills are formed.

 In many cases the magma conduits were along faults.
Figure 31 is an explanation of the sills directly west of the
down-faulted volcanic rocks of Serrano Flat, The gills thick-
en-cbnsiderably at the Sycamore fault as shown on Plate 1,
Most of the pipe«like bodies have come up along preiiously
formed fractures. The Blue fault has numercus multiple dikes

and pipe-like bodies closely associated with it,
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PHYSIOGRAPHY

Relief - The relief of the western end of the mountains,
roughly within the Hueneme cuadrangle, is subdued as compared
to the more rugged, higher region to the east, but is sharply
contrasted to the flat Oxnard plain to the west. {See Fig. 33)
This, however, is not due to separate erosion cycles but rather
to difference in rock character and position in the end of
the range. The highest summits of this lower area are close
to 1500 feet altitude and are rounded or knob-like. (See
Figs. 34 and 35) Several small upland flats are hemmed in
by ridges and peaks. The La Joya {lst (See ¥ig. 34) comprises
gome 750 acres of tillable land and stands at an intermediate
elevation between the summits of the ridges and sca level.
Serrano flat (See Tig. 36) is similar in character with a
richer volcanic soil, 3Both of these flats sre the resuit of
normal erosive forces acting upon weaker belts of rock.
The mein drainage divide lies much uearer the unorth-

ern edge of the range. The cause of this is partly due to
the cnaracter of the rocks, but of more importance in the
difference in altitude between the graded valleys and plains
to the no:th and the sea level to the south. Jue to the
greater distances to sea level via the northward drainage, the
gradients must necessarily be less and neunce their cutting
power less. |

' Along tne south side of the range there are u few
accordant levels along the tops of the seaward trending

ridges., At first these give the impression of being earlier
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profiles of eaquilibrium. However, these levels are probably
the result of present forces acting in part upon belts of
homogeneous rock and upon flat-lying beds along the top of
the broad anticline.

Rising abruotly back of the level of the seaward
trending syurs and east of the subdued wegtern area is Boney
Hountain whose rocky crage and »racipitous cliifs stand as
conzoicuous landmarke above the surrounding landscape. (See
Figs. 36 and 38) The highest point on Joney lMountain is
3,059 feet, nearly twice that of the mountainous sector to the
south and west. As intimated previously its height is due to
the well indurat@d, massive character of the rocks.

Cn the whole the relief of the region is indicative
of & mature stage of erosion. (See Fig. 36)

Drainage - The drainage vettern is shown by Vigure 38, which
emnhasizes the srenonderance of the mountainous eree reached
by Sycamore Creek and its tributaries. The western border is
drzined by Calleguass Creek which runs close to the mountain
edge across the Oxnurd olain and into the Yugu Lagoon. Debris
is fed to brancheg of this creek during storm intervals and is
carried down on to the tidal marshes of the plain. ‘Jhere the
creek in ite lower stretch closely bvorders the mountains,
several smgll alluvial fans heve built out from the canyons

to the creek margin.

The remainder of the area is drazined directly to the
sea through rather deep, narrow canyons, formed by headward

erosion, along subsecuent controls of siructure and rock type.
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La Joya, Deer, and Little Sycamore Creeks may be dismissed as
the work of, as yet, small subsequent streams without graded
lower courses.,

Sycamore Creek is the major stream of the area and
has the longest graded lower course of any stream emptying
directly into the ocean in the Santa Monica ¥ountains. The
lower course is seven miles long and has & fall of only 60
fee’. per mile. The course of thig stream for the most part
is the result of rock weakness produced by the Sycamore
fault with which the stream coincides along most of its
lower couree, This stream completely transeets the Santa
¥onica Mountsins énd heads southward on the north slopes of
Boney Mountain. Some of its branches are progressively cut- -
ting into the inter-mountzin valleys to the northwest of the
main mountain mess., The ¥alibu Creek which empties into the
ocean 17 miles east, slso transects the range, and its weste
ern branch heads only & fraction of a mile from the source
of Sycamore Creek. In a sense, these two streams have carved
out a large section of the range to themselves.

S8ycamorc canyon is one of the most beautiful canyons
in the whole range. Its flat alluvial floor moderately strewn
with live oak and magnificent sycamore trees, winds like a
broad ribban through faceted mountain apuis and narrow side
canyons. It is but a few hours, even after continued storms,
before the surface drainage disappear beneath the thick gravel
mantei of the lower course.

Development of the Shoreline - Several distinct marine
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terraces occur along the mountainous coast and are best
developed and preserved in the upper Miocene shales at Dume
Point which is about twelve miles east of Sycamore Canyoﬁ.
¥. M. Davis * has described and named these terraces in an
abstract of a paper presented before the Gaological Society
of America. FHe has called the oldest, highest terrace, the
¥elibu, and the next youngest, the Dume. The KMalibu platform
is unly definitely known to be osreserved back of Dume Point.
¥Yastward and westward it has presumably been undercut by
later marine denudation. The Dume platform being younger is
better preserved slong its coastal extent but in Mmany places
it also has been’undercut by the present marine action,

The Dume shoreline at its {ype locality is about
100 feet above smea level, but declines westward until it drops
beneath the present sea level near Deer Canyon. This tilting
of the old shoreline may have been due to (1) a differential
emergence of the land, (2) anveven emergence of t@e-land and
a diffeteutiai subsidence later. An even or reguiar emergence
of the land may involve (&) actual movement of the land mass
by diastrephic forces, (b) sinking of the ocean bottom to
cause lowering of the water's surface, (3) lowering the sea
level duriné a glzcial epoch due to the enormous accumulation
of water on the land in the form of ice. However, the question
of what emergence of the land involves will not be considered,
The results would be practically the same, except under the

-giaeial postulate, wherein the sea would be expected to return

1. DPan Am, Geol. vol. 54, Noe 2 ps 154, 1930
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in an interglacial evoch, other things remaining constant.

The important point to be demomstrated in the region under
consideration is that the land has submerged since the initial
withdrawal of the sea from the Dume shoreline. The evidence
is remarkably exposed along the present sea-cliff between
Little Sycamore and Deer Canyons. The diagram in Fig. 41 and
the accompanying photogranhs are meant to show that the maxi-
mur retreat of the shoreline, after the cutting of the Dume
shelf, must have been a considerable distance {ome or two
miles is estimated by orojection to scale) to allow for the
accumulation of (75-100 feet) alluvial fan materialt The
altitude of the crude bedded fan deposits, near the gliff
from which they were derived, is hardly over ten or fifteen
degrees and this should lessen slightly seawsrd. XNow, had

the sea ratreated ev&ﬁ‘one mile or half of a mile from the
Dume shora, its level, upon cutting the cliffs back to their
present 3e¢1tion, would have been much lower than it now is,
provided preaent offshore slopes can be used as any criterion
at all. The present shoreline is ahout 15 feet below the old
Dume shoreline 2t the point of the section. At present jdepths
of 15 or 20 feet of water are usuélly found at distamces not
over one or two hundred yards off shore. Of course the offe
shore slopes may have been much less than at present, but if
80, upon the return of the shoreline the waves would have to
cut back acroes this shallow shelf and a similsr if not ident-
icsl slope ought to be recut. Figure 44 showe & general view
of the alluvial terraces being mentioneds The section shown
in Figure 41 is taken on a line with the heach groin seen in

the middle distance. Figure 45 shows a contact between terrace
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alluvium and the cliff from which it was derived,
¥rie veneer of cobbles and sand overlying the bed-

3

rock of tﬁe platform contains Pleistocene fossils and Hoots 1
says of the outwash olain covering the continustion of this
platform to the east: "the age of the plain is definitely
1ate Pleistocene because the strata of which it is composed
locally rest direectly upon a slight thickness of horizontal
fosoiliferous marine upper Jleistocene deposits.” :

The present shoreline is quite straight except for
a few bites into the soft rocks and the normal hard rock
promontories, In Tact it is g0 regular that most observers
contend that it éould not be a shoreline of submergence as
shown above, There are two factors which might héve prevented
the formestion of the so-called normal irregularities of sub-
merged coast-lines. Tirst, the plain over which the return~
ing sea has 80 far adveouced has been & comparatively level
cutwash plaiﬁ‘without pronounced irregularities and these
being in soft rock have been rapidly removedi second, the re-
turn of the gea was slow encugh to allow the streams to aggrade
and maintain theisr mouths without indentstion. The wide,
deep, alluwvial floor and lengtheﬁed lower course of 8ycamore
Canyon is in support of this. Both of these factors may have
entered in together with the possibility that the submergence
has lately céaaed.

The mresent attack of the sea has nearly everywhere
advanced to a stage where the hard rock is well expoéed bee
neath the softer mantel of wash, Thus the shoreline is proper-

ly classified as contraposed according to D. W. Johnson. 2

1. Us S¢ G. 8. Prof. Paper 165-c¢, p. 130, 1930
2. D. W. Johnson-Shore Proczases and Shore Development p. 401
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The development of such minor festures as stacks,
caves, and reefs of harder rock at the immediate shoreline,
has been greatly modified by the construction of the highway.
An enormous amount of debris has been blasted and dumped into
the sea. Yore recently, miles of seawall have been constructed
end groine built into the sea, thus altering the normel trans-
portotion and devosition of debris.,

0f more ordinary interest is the large sand dune
developed against-the}cliff back of LavJoya beach. VFigures
47 and 48 are of thig‘dune and its eurroqndings. It is quite
obvious that the dune has formed as a2 réault of full exnosure
to the wind with an sbundant supply of sand from the broad
beach and the pocket formed by the curving see cliff. But
why should the wind be so capable 2t this pvarticular point%
Additional observation has revealed that Sycamore Camyon »nro-
duces a "draft® through which the onshere wind is cogcentrated
with greater force and constancy. 7Plate T shows the relation

of the dune to the canyon and the narrow intervening ridge.






CBOLOGIC HISTORY

The base of the Vaqueros is not exvosed in this area
but the evidence from surrounding areas would seem to point
to a greater restriction of true marine conditions just prior
to the ﬁrue Vaqueros. During the Vaqueros time the sea floor
and shoreline conditions probably varied some, but in general
an east-west embayment was maintained with practically cone
tinuous deposition largely supplied from the north or none
metamorphic areas, The Temblor age was ushered in without
any apparent break in the sedimentation, although the source
soon changed from north to south or from non-metamorphic areas
to the Catalina metamorphic area. The southern land mass bee-
came very formidable during the early Temblor as shown by the
clasticity of the aedimgnta. In general the same embayment
existed but somewhat expanded in size,

xeaf'the end of the Temblor age vulcanism began
first upon the sea floor and later under subaeriai conditions.
Locally the activity was quite violent and steady resulting
in enormous accumulations of lavas and pyroclastic material.
Injecticn into the lower Miocene sediments must necessarily
have begun with the vulcanism and continueé even after surface
outbursts ééaaed.

Following the igneous activity, and during it to
sone extent, enormdus vertical stxessea were applied to the
aodumulations resulting in great displacements and some arche-
ing'of the strata. It is believed that arching was not brought
about entirely »t one time, but was accentuated by post iault-

ing injection and more recent vertical forces 8o evidently
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applied to the surrounding region.

Upper Miocene shales may have once covered the entire
arch as is thought in the eastern end of the range, If this
was 80 practically all trace has since been removed. The
region has most like been suffering erosion at least since
the close of the ¥Yiocene, Just what the relief was and how
it was modified between then emd the Pleistoeebe is impossible
to say. It is perhaps enough that the rélief and time since
exposure has been sufficient to truncate the broad fold to its
present form.

The several Pleistoeene terraces indicate uplift for
the most part aince that time 80 that the present relief is
srobably as great if not aomawhaf greater than during Pleis=-

tocene lLime.
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ECONOMIC (EOLOGY

The western end of the Santa Monica Mountains has
been mapped and considered for oil. The large aaticline has
most likely been rejected as & possibility because of the faulte
ing and fracturing along the erest and the enormcus amount of
intrusive rock. The formations involved contain excellent
source rocks in the form of bl#ck organic shales and at least
one oil seepage is known, that reported at the mouth of Deer
Canyon and now covered by slluvium. It is thought by some
that drilling of the anticline would reveal an igneous plug.
at relatively shallow depths,

Just tc the north of the area mapped is the Conejo
0il field at the foot of the Conejo grade., It is one of the
most uaaauai in California as the oil is obtained from basalt
agglomerate, sheared basalt, or the alluvium overlying these
rocks., The 0il is encountered at 60.250 feet in a simpie
monoclinal structure with dips from 20-28 degrees, It is
thought that the oil may have migrated into these rocks along
a faults The total production is only a few barrele per day.

Within the last year the Hansen Petroleum Company
sank a hole west of Potrero Valley and about one mile north
east of the head of Sycémore Canyon. The well was located on
the horst between the Sycamore and Blue faults. It was advised
with the hope that the two bounding faults might trap the oil.
Thé'structure is monoclinal and the faultis muy as well afford
aveﬂuea o escape for the oil, ¥or some unknown reason ithe

well was abandoned at about 1500 feet,
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