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INTRODUCTION

The Sen Pedro Hills represent a line of heights &d jacent
to the ses coast,{gnd~extendingqin & northwesterly direction
from the town of San Pedro to Santa Monica Bo§:\a distance
of about ten miles. The width of the hills is about four
miles. Phe highest point is San Pedro Hill, which rises to an |,
elevation of 1480 feet.

I i

o The sréa investigatedﬁﬁy 'this survey compriseq shout

~ "the eestern half of these Hills, and includes sbout twenty
square miles. Most of this territory is included in the
"San Pedro Hills"™ quadrangle, but the esstern quarter of it
lies in the "™Wilmington ," quedrangle. The town of San Pedro
covers a portion of the eastern third of the area, and the
consequent cultivation there/renders mapping rather difficult,
although severel road cuts &nd eﬁcavations expose some exoellent
sections. The remeinder of the area is more or less free from
habitations, except for'some ranches devoted to the cultivation
of beans and hay. The exposures are &s & whole rather poor, except
inrosad cuts and on canyon walls. The area is wellfoo{?;oﬂoy good
roads, and sn sutomobile can be used to advantage in mapping.’l

Practicelly the only work puhliehed on this srea waS/

done by Ralph Arnold;. whose work included the paleontological study
f Dead Man's Island, and s section along the west shore of
San Pedro Besy. Arnold's work, though now qoestioned by later
investigators, has been accepted by the writer in the age
determination of the different formations.

The survey mede by the writer and Mr Bell ,as & senior



thesig for the California Institute, wae done during the winter
of 1927 and the spring of 1928, anéﬁﬁncludeg the mapping of the
format ions as defined by Arnold/ and en investigsation of the
struoture §nd physiography of tfe srret, The paleontologpicsl

work done by this survey was limited to an investigation of

the foraminifers from Timm's Poiﬁt.

STRATIGRAFPHY.

According to Arnold, the formations represenied on
Deed Men's Island/ and along the west shore of San Fedro Bay, are:
the "Modelo™ Miooene, the so-called "San Pedro Pliocene™, &nd
two Pleistocene formations called the "Lower™ and "Upper San
Pedro™ respectively. Arnpld considered that Dead Man's Island'
gave 8 type section of the deposits in the San Pedro basin,
exoluding'the“Mbdelot However, more extensive work on the
mainland indicates thet although the complete section may be
represented on Deed Men's Island, considered from a paleontolo-
glesl viewPoint/ there are certainly manyfacies of the Upper
and Lower San P;dro on the mainland which are not present on the
now repidly diseppeering islend. Bhe other formetions represent-
ed on the meinland and not on the island, ere:an igneous roek,
probsbly dolerite, occurring in sills, recks, and irreguler
intrusive mé&sses in the'Mo&elo? and & formetion which wes

not mepped, but which appeers to be unconformeble with the
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Modelo shales on Point Fermin, and will be termed for conven-

ience the "Upper Modelo™. The formatioms then, in chronological order
‘ e . ra

are: Mbdelo: Upper Modelo, Ssn Pedro Pliocene, Lower San Pedro,

- and Upper San Pedro.

"Modelo - Upper Miocene.

In the sesres studied/“no locality wes found where the base
of this formation was exposed;’so that its totsl thickness cannot
pe stated, nor its relationship to underlying strata. However,
it mieht BEVStated that several miles farther west slong the ocosmsst
if lies on a series of glaucophane schists.

Due to the severe_distortion which the strate has every-
where suffered, even a minimum thickness is diificult to obtsin,
but judging from the south end of CGross Section 4 - B, it must be at
least four or five thougand feet, and may very possibly be seversl
times this. |

Ls far as aresl extent is concerned, the “Modelc is by
fer the most important formation.in the ares. It makes up all of
San Pedro Hill, and extends from the sea soact northward to within
about two miles of Redondo Boulevsrd. Only along the east and
north sides of San Pedro Hill is it overlain to any extent Dby
subsequent deposits.

in general;the“Modelgiis compesed of more or less —_—
siliceous shalesj but there are so many other facies cf it exposed
in the area thatvsome of the most important will be briefly
described.

The siliceous sheles vary in color fron almost pure



white to yellowish brown, and in genersl 30 not alter their

eolor appreciab1y<dd§4td weathering., The darker colors seem to be
associnted with the presence of & greeter or less amount of
kaolin. The degree of consolidation also varies within rather
wide limitsj but as & rule the white sheles are rather

cherty, &nd very hard, while the yellow and brown shales may

be much less consolidated. It might be mentioned here that many
of the rocks in the Modelo are, 1mpregnated with gypsum, and when
so, seem especially lfgfi;it5hﬁe ratﬁsglb;aiy 6181ntegrated. The
‘Uodela” at ?imm's Point is a good example of this; the shales

here are rich in gypsum, and are so earthy that they can eesily be
dug into with the bare hands.

Some of the shales are exceedingiy rich in diatoms; a
semple exsmined by Mr. Kenneth Léban was reported to consist prac-
tically entirely of these organisms. These shales have a very low
specific gravity, asre quite porous, and rether well laminated.

The siliceous shales are often accompsnied by arenaceous
shales, mudstones and sendstones. The lstter are quite often
lenticular and macsive. They are ususlly dull gray in color and
composed of feirly well rounded quartz particles.

More important than the sandstones in the Modelo, however,
sre the cherts and limestones, and the rather common mixtures of
the two, The cherte vary from black to light brown in color, but
inclined{toward the former. They frequently exhibit an unusually
good conchoidal fracture. The limestones are generally a dull
grayish black, snd are a very resistant rock. The cherty limestones

seem to be freguently made up of slternsting, paper thin sheets of

limestone and chert. Solution in HCl dissolves the limestone



and leaves fine projecting ridges of chert. Arenaceous limestones
of dark reddish brown to blasck color are &1so common, &nd are
generally rather well laminasted, though occasionally massive.

“he age of this formation is considered by Arnold to be

Upper Miocene.

"Upper Modelo.™

&s noted above, the c¢liffs below Pt. Fermin seem fo
show & slight angular unconformity between the ‘Modelo and an over=-
lying formation. Phe "Modelo™ is here mede up almost entirely
of cherty, finely bedded siliceous shales, and dips about 18°
eastward with a strike of about N. 60 E. Directly above these
shales is a series of conglomeratic sandstones having an sttitude
of No 756 W. 129S, These conglomeratic seandstones are totally unlike

{ﬁ?fthing noted elsewhere in the "Model)o™, but on goingifurther

Vﬁﬁgwin the section they are replaced,without an observable
unconformity by shales and cherts whioch seem to be identical with
those of the Modelo".

The conglomeratic sandstones are of a dull rather dark
grey couloy and are well consolidated. They are composed &almost
entirely of particles of glsucophane schist,which are somet imes
quite well rounded, but as & rule are subsngular to angular,

Some fragments of glaucophang gcnist several feet in diameter
apparently show no water wear at all. Intercalated between
bands of these sandstones and conglomerates are thin sheets
of bluish-black mud shales,
This format ion wes not observed except on Point Eermin,w

and due to the poor character of the exposures.justgnorth of there,



the contact could not be closed. The fact that it gredes upward
into strats indistinguishable fron tﬁe rest of the ™Modelo"™ may
indicate that it represents a contemporaneous continental or see
cliff deposit. At any rate it wasg includeq; prehaps unfortunately,
with the rest of the "Modelo™, on the map.

i formation which gtrikingly resembles this conglomeratic
sandstone except that its fragments are in general prehsps slightly
more angular, is the San Onofre Breccia,as exposed south of the
town of Sen Onofre along the Los Angeles - San Diego Highway.

Bhe San Onofre Breccia is considered to be of the same &gé &8

the Vaqueros, which is older than the “Modelo”; but the striking
similarity of the constituent particles*suggests a possible
relationship of sources which might be interesting to investigate.

Phe only fossils found in the "Upper Modelo™ were some
fish and eel skeletons preserved in a light brown shale, about

200 feet above the contact of the conglomarstic sandstone with the

giliceous shsale.
Intrusive,

A8 mentioned sabove, this rock occurs as sillks and
irregular intrusive masses in the "Modelo™. It crops out in seversl
places along the Palos Verde Coast Road on the east side of the HillL,
end sgein on the south west side of the Hillsback of Portugese Bend.
Klso it oceurs in the fom of thin sheets between shale members in
the reefs at White's Point.

With prehaps one excdeption, all the samples of this rock

from various parts of the several exvosures seem to be dolerite.



The me jor elements are olivine and augite, with plagioclase
occuring sometimes as a major, and sometimes as & minor element.
Hornblende is also present in varying amounts, but in general is
subordinate to sugite. In places the rock is vesicular for a

short distance near the contact, and the vesicles are oscasionally
filled with quartz and nsastrolite.

Exposures of the. rock are typically a medium dark brown,
and occasionally a somewhat derker greenish brown. It is rarely
that specimens of the fresh rock can be obtained;but when so, they
have & dark olive green to black col?r.

Phe one except ion to the‘;ock‘s being & dolerite is
along the northern contact of the intrusive with the 34wdes in the
exposure back of Portugese Bend. In this locslity,in about the
center of the exposure in en E-W direction, the rock is decidedly
more acidic thap elsewhere. It is made up primarily of phenocrysts
of feldsper, both orthoclase and plagioclase; with a rather salic
ground~mass containing some femic minerals. In & north-south
direction this body is separated from the dolerite by fifty feet
of shale, but seems to grade into it in a east-west direction.

(See ©rros -Seetion C-p).

Exposures of thls rock are markedly 1633_%if9m90365 than
the dolerite, and rise steeply as oliff faces%ﬁn the canyon bottoms.
Bhe chsaracteristic color is a light brown when weathered, and
a 1ight‘brownish to light greenish gray color when fresh.

Nowhere is the dolfrlte observed in contact with formastions
other than the “Mbdelo"f,which fact, however, in view of the rather -
limited extent of the other formetions, is only contributar y

evidence for assuming the intrusion to he of Upper Miocene &age.



San Pedro Pliocene.

On Deed Man's Island/and at Timm's Point/the sow~called
San Pedro Pliocene is sepsrated by a merked angular unconformity
from the unq«srlying "Modelo™. (See Figuresid2).

On the islsnd this format ion is composed of sbout
40 feet of soft, rather poorly consolidated, clayey sandstones,
which have, in general, a pecullar grsyish yellow color. The formstbn
is highly fossiliferous, and conteins numerous species of
gastropods, plecepods snd bryozoa. At Timm's Ppint/the formatioﬁ
re}erred to the Pliocene has the same genersl aspect as on the
‘islanQ/ but is more poorly stratified. In fasct no bedding
planeé whatsoever cculd be found on the msinland Pliocene, and
the 38° dip attributed to it there is reelly the dip of the
contact plane with the %o delo".

The aregl extent of this formet icn as mapped/is limited
to a narrow strip extending from Timm's Point to near the center
of the town of San Pedro. It should be mentioned, however, that
at 8 point just west of the Pank farm having 8 tanks, a
formetion is exposed which séems to be lithOIOgioally indistinguish~
able fron the‘@imm'stoint Plioeene})butfgs almost certeinly
continuous with the Lower Sen Pedro Pleistocene. Such a relation-
ship between the two formetions is of course possible{ but due
0 the marked sngular discorderce on Dead Man's Island, and
the impossibility of making a paleontclogical differentiation at
this locality, the strate near the Tank farm were concidered
to be Lower San Pédro. The possibility that the bedding planes in
the mainlend Pliocene are not parsllel to the contact plane

with the "™Modelo", might permit the assumption that there is no
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unconformity between the Sen Pedro Pliocene and the Lower San
Pedro on the meinland. Qhév&riter, however, is inclined toward the
opinion that the two formafions are sepsrated on the mainland

as on Dead Men's Island by an anguler unconformity. |

The formset ion is much thicker on the mainland than

on the island, &and may attain a thickness of 800 feet.

Lower San Pedro,

As exvosed on Desd Man's Island the Lower Sam Pedro
is oomposed of gbout 20 feet of m: ssive, poorly bedded, and fsirly
well consolidated sandstone. Fhe color is almess t pure white when
freshiénd somewhat grayer when weathered. TheAparticles are
almosi entirely quartz and feldspar. This formetion is also highly
fossiliferous, and on the basis of extinct fossils is called
Lower Pleistocene by Arnold. The unconformity with the Pliocene is
marked on the iIsland and shows not only angu}ar}@isqopdgnqeqbut
;everal good examples of an old erosionfsurfacei (See Fig. L. ).

On the meinland the formst ion is expo;ed along the
water front, morth of Timm's Point, and is in general the
formst ion in contact with the "Modelo"™ around the north-east edge
of San Pedro Hill. The thickness msy attein 800 fee@;ﬂg@é?fhe
formation on the mainland is'chgrapte:jzed‘by a great number of
facies; including celean whitefg%%ggggéﬁconsolidated sands,
brownish yellow, argillaceous sendstones,and oslcareous beda
composed almost entirely of pelegypods shells. The relstion of

this formation on the mainlend to the Pliocene has already been

discussed.
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Upper San Pedro.

On Dead Yan's Islend this formation is about 13 feet
thick; the lower 3 feet being & shell bed consisting almost
entirely of pelecepod and gastropod: shells, cemented with a
white caslesreous sandstone. The upper 10 feet:h rasther resistant
clayey sandstone, grayish brown when westhered ahd a rich reddish
brown when fresh. It exhibits no stratification and the uppermost
foot of it is rieh in wonderfully preserved pecten shells. These,
however, may possibly represent & kitchen midden deposit rather
thaen & truly wmarine facies. On the island the contact with the
lower San Pedro seems to be marked by an erosiovnal surface, but
no angular discordence was observed.,

On the mainlend the two facies Jjust deseribed are
also present, but asre msccompanied by thick beds of rather
soft yellowish sands, 80 that the total thickness may attain
75 feet.

“he unconformity with the Lower San Pedro is very
marked at several places 'in the town of San Pedro, where excava-
tions have beautifully displayed the relaticns of the two

gseries. (See Gross~Section E - F).

The Upper San Pedro seens. to always lie nearly horizontalsy’

/r g/’},/ e /

althoughisometimes a%féihing dips of about 4° esst. It covers the
Lower San Pedro in a considerable portion of the town, and

glso overlies it s&s far north e&s Redondo Boulevard.

/0
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STRUCTURE

Considered as & whole, the ares is prehaps not so interesting
structurally, as lithologiocelly and physiogravhically. ¥here arey
however//several features of interest, and & more detasiled study of
certain portions of the area might prove worth while from e

structural viewpoint.

Folding .

The folding W@igh,has occurred in the ares has‘apparently
beeﬁ.glmbst config;€?€; the "Modelo"., The subsequeﬁ?fformations are
tilted, but in general the attitudes of their stratas are rather
persistant and do not show much distortion. The "Modelo™, however,
is a veritable "hodge podge™ of small folds. Phe smallness of
these features makes an acourate determination of their axes and
extent a difficult matyegg‘ﬁecaﬁéé, due to the poor character of the
exposures excent along roéd cuts, it is en easy matter to miss
several changes in dip altogether. Moreover, the fact that few if
any of these folds have eny topographic expression/ adds to the
difficulties in mapping them.

The only folds which were mapped to any extent, and the
persisuquece of these through any grest distance is doubtful, are a
series of asnticlines and synclines along the coast from White's
Point to Portugese Bend. In this stretch of coast these are four
anticlines snd as many synclines, all of which trend in a NW-SE
direction and/gggwgouthward into the ses. *hey seem to be practiocally
symmetrical, and the flanks seldom dip more than 15° away from the

axes. As stated sbove the persistance of these folds is doubtful.

/],



Along the Palos Verdes Coast Road north of Seventh
Street there seem to be at lesst four anticlines developed. These
vary considerably in their trend, but & & rule the axes seem to
run so.ewhet north of east. They plunge eastward.

The two examples just cited are probably of little value
in themselves, since neithefi?f e folds were followed along their
axes; but they are of value in showing that, in spite of minor
distortions of the strata, the general dip of all the "Modelo" is
away from San Pedro Hill., The possible significance of this will

be discussed int he following section under Intrusion.

" Intrusion,

As noted under Stratigraphy the dolerite occ?rs as
sills, necks and irregular intrusive mas‘ps(}all of-;h;éh however,
have<§kcozpos1tion‘wg1ch 1Sapxactlcally identicel.

&long the reefs at Whiféfstoint ﬁhe dolerite oocurs &s
sheets, not exceeding 3 feet in thickness, intercalated with beds
of shale and sandstone. No vesicularity was observed, and little
baking of the adjécent gediments.

Forth and somewhst east of this, along the Yalos Verde
Coast Rosd, above the San Pedro Golf Course,there is &
émail neck, which contains several inclusions of shale. ( See
Pig. 3 ). It is exposed at an elevation of 7560 feet. )

The large intrusion west of Seventh qtreeﬁ{ééémﬁ to
be of né%particular%simple type. In places it lies on the shele
like & 8ill, but moée often cuts through it at varying angles.
Within the 1gneoas mBQS({here is an island of shale several

\\/

hundred feet in diemeter. In general the shale at the contact shows



Fig 3

PHOTOGRAPE SHOWING CONTACT BETWEEN INTRUSIVE

NECX (CENTER) 4ND SHELE (RIGHT AND LEFT)

RAPH SHOWING CONTACT BETWEEN DOLERITE

{LEFT) AND "MODELO"™ SHALE ( RIGHT) NEAR INT ?ESSG?E@%

OF 7th. STREET AND PALOS VERDE COATT ROAD
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considerable baking, and the dolerite oocasionally exhibstssome
vesicularity. This mass is exposed between the elevations of
625 and 1000 feet.

The smaller intrusion morth of this is predominstely
a si1ll, but ends against distorted strata.

The large intrusion north of Portugese Bend is in places
8 series of sills (See Cppec Section C =~ D), 20 to 250 feet in
thickness ,rahd separated from each other by bends of shale up to
50 feet thick. Elsewhere the intervening shale members seem to
disappear lewving one thick sill. In the canyon st the western edge
of this intrusion this gill iéféxﬁégéd as' a 100 foot cliff., It
exhibits laminations psrallel to the overlying shale, which
leminations get finer ss one approaches the contact. It also
exhibits pillowstructure to & remarkable degree. This intrusion
occurs between elevations of 500 and 800 feet.

Phe rather wide ares over which the dolevite occurs, the
different levels, and the persistence of the seme type of rock,
all seem to indicate & magmatic source of considerable proportions.
Moreover, the famct that the highest outerops are not sills, but large
intrusive hodies, tends to show that the mein body of the magms
rose to a considerable height in-the shele series, and did not
merely send out thin sills fron feeder necks.

Lssuming them, thet the dolerite is of near - batholithiec
- proportions, 1t appears possible that ite intrusion might be
responsible for some of the distortion of the shales. Such &n
intrusion, centered prehaps in San Pedro Hill, could conceivsuly

give the surrounding strate dips away frowm the Hill. W%ther, however,
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iﬁ could produce & series of near - perallel folds with
their axes running into the Hill, as exists along the coast between
«Portugese Send and White's Point seems doubtful. Nevertheless,
in view of +thke unknown pefsistance of these folds and the
probebility thet they are not extensive, it seems reasonable to give
batholithic intrdsion credit for the development of éome of the
folds in the "Modelo™. The fact that soune of the sills end against
distorted strata, however, would prehaps indicate that there had been

some faulting/anq‘digtdrtion preyious to the ignecus activity.

?aulfing.

Feulting on‘a‘iarge scale is consgpicuous by its absence
in this area. Numerous small faults of several feet displacement
were observed in the "Modelo", but all these seem to be 0l@ and
insctive, and have ashsolutely no topographic expression.

A long straight scarp, twenty five to fifty feet high,
extending north-west froa Point Fermin for about three miles, wss
considered to be a possible fault scarps but investigaticn slong its
course failed to revesl any subgtantisting evidence for é fault
uypothesis, otner than a smell fault of about 10 feet displscement,
which is exnosed on the sea cliffs east of the Point Fermin Light
House. The scarp, however, does seem to be unusnally long égékstiaight

. to heve been develoned by terrace erosion, eand & more detailed study
night lead to the conclusion thet it was developed by faulting.
For want of sdch evidence, however, it is regarded by the writer

as &n erosionel festure.
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THYSIOGT "PHY

Bre Ran Pedro Hille sre perkaps most noted fro thefir
wonderful terrsce development. These terrsces were not, deever,
investigated in great detail Ey thie survey, &nd only their main
characteristics will be cited.

*here are froua six to nine‘éggg}of these terraces déveloped
along the seaward fasce of San Pedro Hills, with spproximestely the
szme vertical distsasnce between them, namely from 100 - 200 feet.

The lowest terrace is 170 feet above the presert sea level; the
highest is the flat top of ZJan <edro Hill. The terraces are not con-
tinuous, being'ggsgggiablby subsequent erosion and landsliding., There
is apparently no relstion betwecen the terraces and the structure

of the shales; highly distorted and vertical strats yieldimg tle cmme
flet surfaces &s hor izontal beds. Llmost certsinly {ﬁé; these merine
terraces owe their existerce 10 the intermittent uplift of a

block whick includes the wrole of the ralos Verdes Hills. Thet this
uplift eccurred entirely during the Pleistocene is shown by the

~

marine deposi&g of thet age upon the highest terraces.
In lige with the development ofw%erraces

irrespective 0f underlying strueture, it holds true for the whole

srea that the'physiography is slmogt entirely the result of erosion,

and Rs no structursl significsnce,

PALEONTOLOGY

4 great quantity of fossils were collected from the ares,



especially from the 7liocene & Pleistocene formations., The limited
time however, did not permit meking & complete list of the forms
from any locélity. ihe following list represents the species

of foraminifera oceuring in the Pliccene at Timm's Point, as

determined by Mr. Bell,

1648



San }Dedro P/locene
FORAMINIFERA FROM IRSERRMe .2 i

___ TIMM'S POINT

Collected by Frank Bell.

Biloculina bradyi Schlumberger

Bulimina sp.

Cassidulina several species, undetermined
Cibicides lobatus (d'Orbigny)

Cibic¢ides fletcheri Galloway and Wissler
Cibicides tenuimargo Brady

Cibicides sp.

Globergerina sp.

Globorotalia grandis Galloway end w1sslor
Lagena sp.

Nonion ine¢isa Cushman

Nonion scapha (Fitchel and Moll)

Nonion sp.

Nonionella auris d'Orbigny

Orbulina universa d'Orbigny

Polymorphina sp.

Quinquiloculina vulgaris d'Orbigny
Quinquiloculina ankeriana d'Orbigny
Quinguloculina sp.

Rotalia subtenera Galloway and Wissler
Sigmolina sp.

Textullaria barettii Jones and Parker
Textularia gramen 4'Orbigny

Themon crispus (Linne)

Triloculina several species  undetermined
Uvigerina farinosa Hankten

Uvigernia peregrina Cushman

Virgulina sp.

Several other undetermined genera and species



HISTORY

The history of the region as deduced #rom stratigraphic

and structural relstions is briefly as follows:

1.

[y}

Ca

e

4.
5.

6.

7.

8.

Deposition of the "Modelo™ in the Upper Miocene.

Folding - with or without emergence.

Intrusion of dolerites producing &dditional distar tion.

Uplift and erosion in latest Miocerne or early Pliocene.

Subsidence and deposition of San FPedro Pliocene.

Uplift, tilting and erosion in late Pliécene or early
Pleistocene.

Subsidence and deposition ol Lower San Pedro in lower
Pleistocene,

Uplift, tilting and e€rosion in middle Pleistocene.

Subsidence, and deposition of Upper San Fedro in

lzte Pleistocene.

10. Intermittent uplift, without appreciable tilting,

continuing until the present day.
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ECONCMIC POSZIBILITIES

Elthéuyh probably not containing any precicus metals, the
economic possibilities of the area are not altogether insignificant.
The dolerite intrusions are being cumrried at two localities for
road bed meterial. Fhe first of these locelities is just opposite
the intersection of Seventh Street and the Palos Verdes Coast Road.
The dolerite here is very badly weathered and is easily quarried
with & stesm skovel. Phe second quarry is back of Portugese Bend.
The 7o here is mu ) Larder and acre Cif2flcull to Juerry, but
considerable work has been done in the past st this locality.

Two other economic possibilities ere the exploitetion of
the thick barite seams, Bo common in the "Modelo"™ and thé
exploitation of some of the diatomaceous shale beds. The latter
are very rich in diators, and if tound in sizable deposits would
be wvaluable as filtering materiel for oil.

The poscibilities for ©il have apparently not founa
favor in the eyes of the oil geologists, although one“wild-cat "
well was drilled on Point Permin. *t is possible that the
intrusion of the dolerite has had an unfortunate effect on the
accumulation of oil along the coast, or the structure may not be
favorable, However, this may be, the writer has observed gonsiderable

thickness of strate in tre '"Modelo"™ which are well satureted with

petroleum.



