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Work in tne San redro £ills was very difficult on
account of the scattered exposures, tne great number of
facieg of each formation, and the lack of time to adequately
study the rauna of each exposure. A study of the fossils
found in each exrtosure 1ig the only way in which more than a
general idea of the areal geology may be obtained. Ihe
problem.is really a paleontological problem, but offers a
great deal of interest and a number of problems ror the

physiographﬂp;nd the 1itnologzist.

Prank Ww. Bell
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SULMMARY

The San Pedro Hills Area is composed of Basement
Complex overlain by a seriegs of late Tertiary and Jusater-
nary, marine sediments. There is a series of intrusive
rocke forming sills and laccolithic masses in the vicinity
of San Pedro nill. |

There is a greal abundance of foscil material in

-

the very late Tertiary and -usternary beds, olfering ample
opportunity for théJ?aleontologist to accurately zone the
different formations.

The folding is quite acute, but there has been no

important faulting in the ares.
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INTRODUCTION

The area/COvered by this reporgfis in the San Pedro
Hills in the viecinity of the town of San Pedro. OSan Pedro
is twenty @iies south of Los Angeles, California, and is
best reached via iiestern Avenue or Alameds Street from qu{:
%pgei;§)\ 'he maps used were the advance sheet of the San
Pedro Hills Yuadrangle and the wilmington sheet, which lie
between 33°-42' and %%9-48' latitude and between 1189-12!
and 118°-26' longitude. ‘‘hese maps are published by the
United States Geological Survey, and)as the horizontal sdale
is 2000 feet to thg inch, with five foot contour intervals,
the maps form an excellent base Zor geological mapping.

This report covers the south and east slopes of the
San Pedro Hills. “he mapping was done ac a senior thesis
problem in fulfillment of requirements for the degree of
B.S. at the California Institute, Pasadena, California.
About twenty square miles of area were mapped.

The work was done on foot, a brunton Loupass being
used for triangulations and for dips and strikes. 4Yhe large
number of streets and roads made it possible to use an

. o7 7\}1 V%M? . . .
automooile a great deal ifor general reconnaissance work.

About twenty days were spent in mapping the ares.



TOPOUGHAPLY ALD DHAINAGE

The topography consists of a rather subdued, isolated

group of hills, reaching an elevation of 1480 feet in San

Pedro Hill. Xrom the sea coast, the slopes rise’ rather abrupt- 1o
. . ) e i . ] /{_Q/ ;{,u;{"-a‘tp“
ly in a series of terraces, the maximum rise being 1480 feet fd

"~

in & mile and a half, or a 149 slope.

'he drainage west of San Pedro Hill is both to the
north and south from a divide which trends sbout I 60° w:%ﬁich
is parallel to the coast. Hast of San Pedro Hill, the dfain-
age is to the east. 71he divide ‘between east and south drain-
ages runs in a straight line betwecn San Pedro Hill and Point
Pirmin,

There are a number 0of depressions in the area, most
of which are due to the road f£ills built across canyons. In
the north eastern corner of the area,there is a large shallow
deprescion known as Bixby Slough. Yo the north and east of

this slough, the country is very flat or only gently rolling.
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VEGRTATION ALD SXPOSURLS.

The shales are covered with & heavy growth of grass

with very little brush. A;héfgrash is found, for the most
o pg\ PRIV O 4
part, on the ggffgsive exposareshand ot sandstone exposures.

The San Pedro formations are co sandy, tnat tney will
support practically no vegetatioh/ except where the goil laver
covers the underlying sands.

The thick soil mantle, which covers most of the country,
even far up on the slopes, makes geologic mapping rather diffi-
cult. IHowever, the numerous roacs which have been cut through
the hills offer excellent exvosures at those points. T here
this s0il mantle does not cover the formations, very good ex-

posures for this tyve of topography are found.
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PHYSIOGLAPHY

~The van Pedro zills form a separate physiographic
province. Yhey are an isolated group o hills, which have

beautifully developed marine terraces on tneir ceavard slopes.
M\:tb (f“ \}\xv“'»‘;
These terraces are fairlv eVenly paced heiuv sbout one

hundred to two huuqreu ;eet\glLference in elevatlon. Lrere

. . '?WLL f,\vh ;g v/ 7 A(/(,buw«
are eidhreyr seven or cigat of tkew, dnq1 yirur-entirely to

.

the tov of the hills. Lhe terrace surfaces dip southeast

very glightly (toward .an Pedro) ané continue, at itiuses, for
Y YR

long distances. 4Yne width is sowetimes &g high as & miles and

a—talf. i great Meny of the terraces are not continuous, as later

terrace surfaces have been cul across themnm. ,
o U !
Lhe- afreinﬂsiflhese ohveiogruphic leatures ig without
AN i
aoabt marlne. Luey are very clearly not fault terraces, &s
the boundaries are sinuous, and there is no indication of
offset in the beds underlying tie terrace. ‘they canuol e
dip sloves as tune strata stund in very varied angles below
them. As mariage Geposits have been found on tuem, it is al-
most certain that they ave marine s e

7

These features are quite recent, as the terraces have
been digected very little, especially tane loweriidost ones.
e process seens to ve stili goiug on. YQue Upper wai redro
svets have been Zound only on tlhe lower terrace level, viaich
would place tie age of tlne terrac 68 av late rleictocernc.

| ihe cause of these features i1c found on the northern

and western side o0l tne nills. Tihis boundary is a fault along
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which interamittent uplifts have occurred. DTuring the inter-
vals vetween uplifts, tiese tlerraces were cul bY the seu.

as tie terraces are iound only on the cseaward face, the,
uolift nas been onme 0I tilting and not an island upliift.

“his is also substantiated by the fact tuat the-nighest vor-
tion of the\hills lies very close to the sea coast, with the
more gradusl slooe zoing to the northward.

Landsliding ig¢ evidenced in the paysiography on a

large scale at lnspiration Foint. omere tue terraces are dis-

continuous, except ior the lowermost one, lune drsinage vars culs
'H'WO\LS‘\

4 7

downhune tops of ridges, lhe drains..es are o0ften reversed aud

even closed. Line topograpuy is very hummocky, and i one
£,

place, & nuwunock nas a Ilat top,vwnich is tilted cnarply away
from the coast. Lhls war possibly ve a remuant 0f a lerrace,
‘Which came udwn from a higzner level, belng tilted back as it
moved down.

Another less iamportant landelide area may e seen
at the Lan redro J4olf Course, where closed dralunages and hum-
mocky-topography are in evidence.

The divide between east and south drainages, viich

o

rugs from San Pedro wnill to Toint Firmin, is quite interesting.
Its straightness suggests Jaulting, wvut as there ar: no ex-
posures along the face, vuich 1s ratner unusuully steep for

P . . o 4 e v s . RPN ) y 1
low topographic expresscionsg seen in the nills, there is 1o /‘V¢%</Qﬁt
- FYOT T p . ’

stratigraphic evidence for fault reiations. Qhere ig some
suggestion of faulting in thne sea cliff at Foint Firmin, waich

ig discussed more fully under structure with rezard 1o tlais

straight mountain face.
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SURAT IGRADHY

The section is made up entirely of Lertiary and
-Pleistocene rocks, all of which are sedimentary, except
for a series of intrusives. ULne entire sedimentary section
is exposed in the face of Tead llan's Island.

The oldest formation exposed in the area is &
complex of schisté/and guch, which have not been encountered
in mapping.

- /
éﬁmﬂ /Q ﬁuﬂ‘;n )Ev&&iﬁ@
The lliocene llodello =

The Miocene lLiodello overlies the Bacement Complex,

and is composed of two series, tne upper sandy series and tlhe
Tl ¥

lower siliceous series. Tbeﬁcontaet between tnese 1wo is
a matter of some doubt, but it is probably unconforuable.
The lower beds seem to "butt iuto" the overlying beds, Linere
is a zone 0o fragmental materisl and a ratner irregu.ar contact.
The overlring beds seem to dip lecs steeply than tne under-
lying, but tine difference is not more than {ive degrees, and,
as accurate determinations of dip and strike were not obtain-
able, it is not certain tnat there is angular discordance.

“he ﬁ?per lodelYo forms a cap only on the end of
Point Pirmin, ac it~dips off into the sea. Lhe sandstones
are massive, coﬁglomeratic, some of the conglomeratic mater-

iel resembling the San Onoire freceia in taat there are slauco-

Plate m)

phane schist fragments, which are guite large and angular.&?eé
. \ﬂ. a

However, this meterial is much better consolidated and less
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fragmental than the San Onofre Breccia. It is truly a con-
b/&%@/&_%ﬂm{;
glomeratic sandstoune with large slabs mlxed inie he inclina-
tion of these particles and tne schi%ﬁ glabs indicate that-
Fa

the mat ‘1a1 came Ifrom the west. <or such material as this
AV
%eﬂgiie ween deposited, tinere must have been high lying expos-
ures of Lasement Complex to the west wnich shed these carbon-.
aceous, conglomerstic, sandstones, and sandy shales.

mne lower modelio gseries is guite cnaracteristic’ of

< the lL.odello in thet it is made up Oof higuly siliceous gedi-
ments, which are badly uroken up and contorted. Lo fossils
. . o . . .
were found in elthner series, excepuﬁigﬁ~zlsn scales and bone
M\)A shaley
imprescions found ian the Upper or Iointl “irmin nodellg. fae
upoer Liodello is about 75 feet thick aand tie Lower Liodello
is ao00+ feet tiick.
“he Liodello Intrusives
(See RNste =)
These intrusive rocks are composed of Lasic lavas,

for the most part. Lhere ic little doubt that tnese igneous

rocks are of intrusive origin, as the strata at the contact

?

are baked uadly Loth above and ue}ow the igneous rock. Uae /
hancal ,r«,vz &

contacts are very irregular, elther cutting through the strata —

or “unning parallel to it in sills. Ghis s{ll structure is !
plainly seen in the most westerly exposure mapped. In this
exposure/ a seriesg oI olivene basatts are interbedded with
shale and candstone. .ihe sandstoneﬂis badly baked, Loth

abové and below the igneous rock, éﬁiZh-wouiéw$3ﬁﬁm%ﬁ indicateﬁ-/éﬁﬁwﬂi

kafatra

841l structuvre. Also tihe igneous rock has thin layers of
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vésicular rock on either contact, wihich also indicates they
were Fformed as sills. At tines, the vesiclew are filled
with zeolites. In the most northerly exposure gf igneous
rock along thne Palos Verdes Coast lLioad, lhe igneous material
crops out only on the sides 0 the canyon, while 1lhe canyon
bottom and the neignboring ridges are sedi.uents, tne bedding
of which is parallel to {he contact surface. At the south-
ern edge of the same exvosure, tihe strata "butt into" the
igneous rock.

Wwhere the baked ciale at the contact is well ex-
poseq//a distinect crystaliine tlexture and bandiug is seen
in the snale., Of eaursg/”tﬁe banGing mary be wriuary, but
as 1t does not show very well lfarther ifrom the contact, the
banding is probably secondary. as tris contact waes between
the upper surface of the igneous rock and tue overlring susle,
it o&fergfan excellent arguwent for intrusive relutions.

On tne other nand, the rock material iteell is
. s . . . L. . e /54‘/' ,}/ ,,A,:?.’
rather basic and coarse grained, which is not usually the ™
case in intrusive rocks. Lowever, tinds is not an impossible
state for sill intrusions. Yhe vesicular and amygdéalsidal
rocks would tend to indicate extrusive relations, but these
zones are for Lhe most part not wore ihan a foot or co in
thickness. ilevertheless, it igc not impossiitle thnat some of
the igneous rock is extrusive. ihe uppermost layer of ig-
neous rock in the most westerly othIOp ig more acid than
the 6ther, and the top is qguite vegicular and Lrecciated.

This may be & vein breccia as there has been a greut deal of
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mineralization, with zather swits large veins of dolomite be-
ing formed. Another possibility is friction breccia, which
has been cemented by later minerslization. Tuis lagt poss-
ibility is perhaps the most likely, as the cementing mater-
ial predominates and some of the particles are angular pieces
of sandstone.

Considering the evidence as a whole, there is little

(v C s : . . . . @ff_‘
doubt that the-majority of the rock is intrusive, viith s bare ;:;éh;q
. . f 4"{.4‘)'~ .
possibility of extrusive relations. LThe included masses of ¢
it (/M/Aj‘w ha

limestone and sandstone, the vesicularity on both contacts
and baking of surrounding rock viould indicate intrusive de-

position.
Phe Pliocene Saugus

At ghéfbead lan's Island, which ig tne type locality.
for the late Tertiary and quaternary veds of the San Pedro
Hills, the contact between the liodello and Saugus is well ex-
posed., fThe contact plane dips 159 I, and sLows uhmistakable
signs of erosion. 4Yne evidences Ior nonconiormity are listed
below:

1. A thin, discontinuous laSer of Zragmental nmater-
ial separates the overlying and underlyiung material.

2. The larger pebbles of this fragmental material
are composed of the limey underlying rock, and are full of
borer holes. “he pebbles are also well rounded.

| Se Thé contact surface snows the same weathering as the

present marine surfaces.
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4, "he contact suriface in general is regular, but
in detail is irregular.

O. Sharp change in character of sedi.ents from a
very hard, resistant limestone, which nas beovn nigonly min-
eralized, to aun only fairly well cousolidated, unresistant,
glaver sandstone.

t. Lover material is uniosgiliferous; upper sandestone
is richly fossiliferous. =“he foegsil acsemuvlage is made up of
guite recent Iforms, very few Leing extinct.

7. Yhere seems to be little evidence 0 becding in
the limestoune, Lut indications of bedding in more shuly por-
‘tiong, show a Cip much steeper tuoan 129 toward the north.

The age of this .augus gerieec i us yet a question,

i

as are most of the late Wertiary Zormations oi the Los

[}

angeles Dasin. Lune reasons Jor correlation of tlhe meterial
with ihe sauguse are cnielly on the basgie of foruminifers,
which are very eimilar to the faunsal representatives taken
from well borings of the Saugus of the Los Angeles pazin,
Acgording to the attached faunul list of relecypods and
&astropods, wiiich wasg kin&lf furnished . vy Alex Clark, ihere
are only taree exntinct species. OF cdurse, Ciark's work 1is
not ¢oaplete, but if the bede Lrom which hé nag been ¢oilect-
ing at “ium's Point are older than very late iliocene or
Pleistocene, one would expect to find wmore extinct species, even
in a less exhaustive or completé collection than Clark has

made.. Legldes tlhe lorsminifera, wihich cawe I{rom the lowerwost
‘bec af Timm'e roint and the asbove mentioned molluscs, there

are a great number o0& Lrrzoang, Liatoms =il imexactiuellid



13,

sponge spicules.
In the canyon about & quarter of a mile south of

the Standard Oil “Yank Jarm, there are beds very similar

to the Timm's Point and Dead wan's Island uaugus, dipping

north abdut’l90, wanich seem 10 countinue up & small side can-

von direcétly under and coniormable with Lower oan Peiro Be-

+

posits. Tinis woulG aluo tend 1o indicate the cloge proxim-

ity of the Saugus to IFleistocene time. 'the Saugus is 00U
feet thick on Tead ian's Islund, and featners out towsrd San

Pedro uilil ou the mainland.

P

The Lower Tan Pedyo

ALove the’Saugus at Pead lun's Icland, with an
angular unconfornmity of about 109-129, is a series of gray
sands, wihich Zorm the trpe section of the Lower Lau relro.

In spite o tae fact‘tnat this locality was cnosen by

Arnold as tue fype section, it is quite unigue iu tratl tihe

exposuresg 0of Lower San Pedro on tue maiuland are entirely

different in character. hLiese beds are quite fossiliferous,
more Common ’

the ekexesteristic fossils belug Venericardis ventricosa and

Schizotherus nultelli among thne Felecypods, and two species of

Astracea knowi ac undosga and inaecualis, wsurssa caiiiornics

and =uspirsa lewisii amoagvthe sagtropods, ‘whe TIauua is

quite definitely of Pleistoceue age. Lhis series is about

20 feet thick>on Dead lian's Island snd reaches & uuch greater

0

e

thickness on tie mainland, vwhere 1t Gips ag high s o
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The Upper San Pedro

The marked unconiormity, of tne Upper and Lover
San redro bveds, is admirably exwosed along warbor Ilvd.,
between O'Farrel and Dreifuss Streets in -San Pedro and at
Hinth and ceacon 'also in Lan Fedro. 7“he evidences 0of noa-
conformity are:

1. An irregular contact.

é. Lenses of broken shells anéd fragmental rock on
tov of the contact, which seem 10 be vockets.

. "Conglomerate" or fragmental rock scows iwnitial
bedding parallel 1o irregularities of the erosional surface.

4. ”Conglbmerate" contains pelbles Wi{h Lorer noles.

5. LoweT beds dip Tfrom %0 to 16° Zast, while upper

beds are horizontal.
wuaternary Alluviam

Above tue hnorizontal Upper San Pedro and with uncon-
formable relations is a layer of dark brown to black soiliﬁﬂé?kEYIk%ﬁﬁ
This s0il is slightly fossiliferous in places, and at Dead

lian's Island nas pockets of shells, whnich are possiblg kitchen Zf il
g Ay 70

) IJJ ﬂ%zl@‘;fﬂ 7

midden material, as the shells are almost &1l of one kind and
some are broken. .owever, this ig only hypothetical.

Desides this s0ll there 1s distinctly land laid
aliuviam and 5each sands, which were sll mapped as wuaternary

Alluvism.
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STRUCLUKE

seneral Considerations

(A v‘/‘:ﬂ-i&ﬁw
There has been quite a littleltilting in the San

Pedro Lills, probably due to tne movements in the fault
running along the northern boundary of the hills énd into
the sea al the west border. Lhe shales have suffered
greatly on account of their incompetance. Conseguently,
the Lilocene strats stand at all angles, filled with small
faults and folds. &Even the Lower San Pedro Beds at one
point have been tilted 52°. It is interesting that all the
post-liiocene heds in the vieinity of san Pec¢ro dip north-
eaét, wnile the Givs in the lower San FPedro beds, SeDei
of Harbor City, are 10 the S.u.

There has been no major faulting, except(igzjtnat

mentioned above, as the shales have not tne competance ?P oy
/sz \5/5/{./’« Ly wprt
J

permit stresses to accumulate sutfficiently.

Landsliding has taken place on a very large scale.

Holding

. & reot\ Mo
There are sg;asanésjgf foldy in the shales, ranzing

all the vay £rom severgl teus 0f feet acrose t0o a mile or

£0. Begides those shown in the cross section B'B, there

is a series of folds @Eiéh showsin the sea clirfs. All these
folds vnlunge into the ocean, the axes on the east side of
Point Firmin trending about i 20°% %, and tihose on thne south-

coast trending almost north and south.
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The entire system of folds seem to make up an uﬂij
anticlinorium, the apex of wnich is San Pedro Bill. fhis ‘ﬁ
£01ding is dde 1o tvo causes, namely, the $ilting of the };Moﬂvz
whole block on wnich the san Pedro nills lie, and the 4, Xﬂ{ buf;

‘ . + ?
intrusion oL the dolerites. e ”bfr ﬁ”bétx'

'he date of foldainz ranges tnroughoat the Lertiary
and into the ecarly lleistocene. Ac the Upper San Pedro
Feds lie practically norizontal, there has ULeen little

// ik J// f

movement outszce 01 unllft since Lower san Pedro times
Landsliding

Landsliding has taken place on such a large scale,
that areas almost a square nile in area have uveen aoved
down tne glope. ©Such is tne case 0of tne large landelide at
Inspiration Foint. WUhis landsliide nas been giscussed under
Parsiography, eand as no further study was made 0f tnis area,
it needs only to be mentioned here. ihe same holds true
for the san Pedro +01r Course lLandslide, vhich ie mueh small-
er than the one at lngpiration Yoint. Lt is interegting to
note that vwnere the Palos Verdes hoad nas cut itarough the
ridges, the down hill cut nearly always dipe toward the hill,
regardlecs of tne div on the onposite side of the romd.
this is due to slﬁmping of the isolated mass on tne aown hill

side.,
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Faulting

Paulting is of very minor importance, only one be-

-

ing encountered which wag large enouznh 1o mention. See

sketch. ok
. Road Cot im TPolos \/evcleb Coas* ’Rou& neav Moae\\o ~ Lower San Pedvo Gvtact.

SR }. )

Steke W

. N 5

‘35’W\L.$ Joo*

R

—> 5‘5‘6‘(9 N. 55

W

. . N
here is & vossibility of fault relations in a

e

line of hills connecting san redro -ill and Point ‘irmin.
This faal@foossibilitr is only baced on scanty pnrsiographic
evidence, and is discussed under "Phrsiograpny™, There 15

evidence . on —the oexxsvev\A sl Poinr Firmin ,GQ o swall

Fault | e &(sy\cxeemew £ which s abeut 5 w hich
as  shown \o\.s &(is and striker token

ends W o s\‘V\c\\}\e , .
e O cow*\quAWOﬂ

On  reets Q\OV\% ~the Yeach. Tws ‘ng
oj\\' _\‘V\o. &'\u\‘:o\\\e{‘\é&‘ Qau\‘\‘ \N\QV\'\\OV\Q

Q&)O\)Q. .
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PETROGRAPLY

Tre Liiocene ..0dello

“he predominating rock o2 the Lower MOdelis ig an
almnost wihite to wrown siliceous sihiale. begides tnls siliceous
shale, thnerc arc o sreat variety of rocks composing the Lower
iiodello section wihich are listed below.

1. Cuerts, shich are black or brovn in color, and
wnich have & 008 coucnoidal fracture. Lhese rocks sre often
lamiucated. On goaking tals laminated chert in aydrochlorigc acid,
the alternate layerc etch out i.dicating alternate laminse of
limestone mixed i witlh tne chert,

2. LiﬂethHes are guite sbundantly exr-oged iu the wuresa,
often snowing distinct reefs, wihich are unususzlly coutinuous across

Fhe

the topourariayr, tuklng intd considervation tne inconmpetawncy of
the remainder of the section. Lhere are cherty lia siones; vanich
are gravish blacit in ¢olor and arenacedusg limestounes of dark
'reddish brown 0 Llack color. Tne alenaceous limegtones are
laninated.and are unfﬁssiliferous.

. Sandstones are also guite asbundant, and liie ihe
liuaestones form reefs.

4. Thne remaining tryres of rocks are snales of 1the
mudetone, arenaceousg and diastomaccous varietiec. 'he dig-

tomaceous cunale is vihite, with & very low specific gravity, soft

[

and laminated. 'ne diatom content rune ag high as Y86
The upper or Yoint Flrmin .odello ig made uz of dsark

colored counglomeratic san&stones)light colored sandy shales,
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and ordinary sandstones with the other characteristic rocks

of the lower liodello repvresented, but not in iuportant
guantities. L he sandstone ig frequentily found saturated

vith petroleum. <The conglomeratic sandstones are rather
unigue in that they, at timees, resemble wrecciated materisl.,
In addition to the large amount of well rounded particles,
there i1s a great amount of veryr anguler vebbles in this rock.
Thece pebbles are comvosed of shale, feldspar, quartz, scnist,
older conglomerate and igneous rocks. Une sandGstomes 0f this
series show & greatl aeal of cross bedding. oven lhe contacts

between adjacent strata are guite irregular. Yhe bveds are

o

Py s . » - 2 § L ™
verv massive with tne cross beading snomlng(ggjas very coarse

lamination witnin tne bedding planes.
ihe Liiocene lIntrusives

“he intrusives of tnis area, esgrecially tlune more
easterly exposures, are very vaaly weatnered. in fact, the
decomposition nas gone so far that the material resemblés a
loogely conscolidated, arg%osic sandstone. ‘he weathnered mat-
erial is brown in color, and appears to be coarsely cryctalline.
'he most westerlr exnosures snow 10re Iresh rock and more clear-

.

1y the texture, which, ifor ilhe most part, is aphanitic.

the following descriptione snow lie cnafacter of the
intrusives very well:

SpecC. LOi~= B-1

Location:- Falos verdes Coast Aoad east of Lal redro
aill.

LDescription:- fine grained, phaueric texture, wmedium
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dark brown, badly weatiiered rock, contaiuning plagioclase,
biotite, olivene (pyroxene or horneblende).

ol 4

lame:- Dolerite

opec, lioi- A-2

Location:- Liost westerly intrusions, near lusiira-
tion rock with seuiaentary rock.

Description:- bLypecimen snows magnatic differentiation,

L o | . fen (T
the core uteing greenich in color and the shell being reddish i L
browan. Yhe snell rock is of fine, phaneric texture and con- v
tains orthoclase and plagioclase as m@jor elements with quartz
and augite as ainor elements. ULhig shell is trpical of most
of the gurrounding rock and is more acid than 1lhe lower part
of tonis exposure, and also more acid than other exposures.
“he core is aphanitic, porphrytic with phenocrysts of plagio-

clase. The ground mass 1s light greyish green and galic.

liame ;= Andesite or Latite (%)

Spec. LOoi~ A-4

Location:- Yhe most northerly iutrusion ou the FPulos
Verdes Coast iload, eaét of San redro nill. Most of the rocgk
in the éxposure ig lize A-1.

TDescription: %he rock is of aphanitie, porphrytic
texture. ‘ne ground mass 1s very lemic. 4Lne color is very
dark, blackich grecn.

Llame:- QOlivene Basselt.
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Spec. Lo~ A=T

Location:- Lortnern contact of iutrusive with shale
in Inspiration Toint exposurs.

Description:- Xock is a breccia vith very angular
particles of lava and sandstone cemented by dolomite and
calcite. ‘1There is more cement lhan particles.

Tame:~ Jriction Lreccia.
“"he Pliocene Zaugus

This material is & soift, clayey saundstone, indistinectly
bedded, and is a very wuassive, nomogeneous rock. QOue bed isg

made upr almost entirely of foraminifera.
Tne Lower San Pecro

The Lower San Pedro at Dead iLan's Island is a massive,
gray, .airly coarse sanastorne. Lt weathers in caves and shelvesg,
the outer portions of which are supported by sandstione pillars,
which resemble stalactites 10 sonme extent. Cn the mainland
thé Lower Can Pecro is made up of well bedded grey sands, brown
clayey sands, and magsive calcareous sandstones 0r unresistant
limestones. %4ne brown clayey sande show a great deal of cross
bedding. The Lower San TPedro beds are, for tne most part,

poorly consolidated.
The Upper oan Pedro

’he upper San Pedro is conmposed of light grey to

r|

brown, unconsolidated sands and very limey beds of chells,
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resembling very coarse, unconsolidated coguina. In the northern
part of the area, the brown sands becone very coarse and gran-
ular, and are unigue in tnat the granules are all lhe same

size, the material veing uncemnented.
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fThére iéfnot a great deal which is of economic im-
portancebiﬁvthe San Fedro hilis. )&he Miocene intrusive rocks,
which have been badly wesathered, nhave been quite extensively
quarried for road building purposes. The diatomasceous mat-
erial, found quite abundantly in the Liocene snalesg, is not
in workable devnosits, although some of it ig very rich in
diatoms, ruaning as high as 98% diatoms. Lear Lomita, there
are a Iew quarries, where highly focsiliferous material is
being excavated for Ilertilizer.

| A wild cat well nags been drilling on Point Mrmin
vinere, in tne upper sandy serieg 0oL the lLiiocene sunales, a
great deal of 01l soaked gandstone appears in tne sea cliffe.
ygg;gwis quite a little minerslizetion in the shales.,
,Bafite and do lomite are ound in abundasnce, but not in work-
able deposits. However, mine snalls have been dug on the
south slope on the loweruost terrace, y@ich have\apparently

”beéﬁ for the purpose 0f working lhese deposgits.
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HISTORICAL GEOLOGY

The history of tne san Yedro Hills has been guite
gventfal. “he first event, ior vnich evidence is seen in the
aré;wﬁapped, is the subsidence 0of the area, and the deposi-
tion of thne rathner tnick section of Qodello Shales. #0llow-
ing the deposition oi tne Lower ..odello, there was a glight
erosional interval in which devosition of the silicedus mat-
erial ceased., 0ollowing this, came the devosition of the
Point Mirmin ..odells, the material coming from exnosures of
basement comrlex, which were rather close at hand, as the
material is quite coarse and Iragmental.
As the Lower kodello is highly mineralized, the
up~er not being mineralized, the intrusion of the daolerites ' e
B /4 /{N

probably took place at the close of Lower wodello tide. ¢ Y

However, it seems that the erosional interval between the

two vould have been much greater 1f this vere the cace.

Pollowing, the ceposition of the Upper Liodello came
a yeriod of'up;iff and erosgion, with tilting and oossibly
folding of the shales.

Mollowing thnis event, came the subsidence in/fate
B M“ﬂ&vf/ﬁ» }va Y“"i{j«f ‘
Pliocene or Larly rleistocens time‘fsx the ceposition of the
Foels 5
saugus beds. ULhese, bedg were orobably laid dovn in a auiet
I, ,,:Lwlél,“".}:uf L .
marine lagoon, @uwe—to- thé cnaracter of the sediments, which

WYDEZS

,indicateﬁ guiet deposition,  and the fact tnat tre fauna ig

not a deev water groub.
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“hen in Pleistocene time, the land mass was again
lifted @odand gl the Saugus was erodedéﬁ%@% if tkere-weas
. - &
moTe in tnis vieinity, except the small area near Timm's
Point.
fTthevents then took »nlace very rapidly with fold-
N o .
ing, tilting, and erocion taking place in each vreak of
the stratinrarhic interval. .ith the subsidence 0f tire land

mass in i.iddle or Lover Unper Pleistocene, the Lower San

i

Pedro beds were laild down on the eroded edges oxr the Saugu

\

beds. ‘toen came uplift, tilting, and Zurther folding, Jol-
\n_ﬂ o] . : - L] X JVM > < . - ‘s “

lowed by subsidence {gphgepos1tlon of the Uprer San rFedro.

'hen came & series of seven Oor eignl uplifts of the San

’

Pedro Hills area in Late Pleistocenc, which resulted in the

succession of marine terraces mentioned under "khyeiograthy".

g
H (YR £
f/g‘y’a 7

During the latter of these terracedintervsls, the Upper San
Pedro Beds were deposited in & tanin sheet on the terraces

and c¢uite tinickly in the tasin north of Han Pedro. The last
terrace nas but recently been iifted ﬁﬁ;from the cea, and a

new terrace is nrobably in the process of construction at

present,
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INVERTEBRATE
TIMMS POINT

CYPODA

Acila castrensis (Hinds)
Leda taphris Dall

Yoldia eusifera Dall
Chlamys jordani (Arnold)
Ghlamys hastatus (Sowerby)
Chlamys caurinus (Gould)

Monis macroschisms (Deshayes)
Modiolus sp.
Thracia trapezoides Conrad
Pandora (Kennerlis) grandis Dall
Yenericardia ventricosa Jould
Yenericardia barbarensis Slearns
fhrasira gouldi Phillipi
Diplodonta orbella Gould
Phacoides californicus (Conrad)
Phacoides annulatus (Reeve)
Cardium (Yrachycardium) quadra-
genarium Conrad '
Cardium corbis Martyn
Protocardia centrifilosa Carpenter
8axidomus nuttallii Conrad
Marcia subdisphana (Carpenter)
Mlarcia kennerlyi Keeve
Macoma sp.
Semele rubropicta Dall
Solen sicarius Gould

Panomya ampla Dall
Panope generosa £0lida DBall
Mya truncata Linnaeus

FAUNA

"PLIOCENA"~--BY ALEX CLARK

Range
Bering Sea to San Diego
Bodega Bay to Lower Calif.
Alaska to sSan Luig Obisgpo
Extinect
ilonterey to San Pedro
Wrangell, Alacgke to Liletz

Oregon

Bering Sea to Lower Calif.

bay,

Zxtinct.

Bering Sea to Oregon

Alaska to Coronado Islands
Sante Barbara to San ILiego
Bering Sea to San Piego
Bering Sea to Gulf of Calif.
Crescent City to Lower Calif.
Alasksa to Coronado lslands

Santa Barbara to lLower Calif.
Santa Barbaras to San Diego
Bodega Bay to Lower Calif.
Daulinas Bay, Callif. to San Diego
Alaska to vante bBarbara

Alaska to Carmel Bay, Calif.

Alaska to Yiajuana _

Vancouver Is. to San Luentin
Lower Calif.

Bering sea to Victoria, B. C.

Straite of fuca to Zan Prancisco

Arctic Ocean to Fuget Sound
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"PLIOCENE"™ FAUNAL LIST (Continued)

GASTROPODA
Range
Acmees incessa Hinds Trinidad, Calif. to llagdalens Lay,
Lower Calif,
Acteocina eximia (Baird) Kodisk Is. to Puget Sound
Alectreon cooperi (Forbes) Puget Sound to San Diego
Antiplanes perversa (Gabb) Alaska to San Diego
Anachis sp. ¢f. A, minima Arnold Bxtinct
Bittium asperum Gabdb bxtinect

Calliostoma canaliculatum liartyn Alasks to San Diego
Calyptraea sp.

Chlorostoma montereyi Kiener Baulinas cay to banta barbara
Conus californicus Hinds Parallones Is. to lower Calif.
Heilprinia barbarensis (Llrask) Oregon to san Diego

Neptunea tablatus (Baird) British Columbia to wan Diego

Oenovpota sp. a.

Oenopota sp. b.

0Olivells biplicata Sowerby Vancouver Is. to liagdalensa Zay,
Lower Californisa

Pseudomelatoma sp. a.

Pseudomelatoma sp. b.

Turritella cooperi Carpenter monterey to San Liego

Tfurritella jewetti Carpenter Santa Barbara to Salina Cruz, kiexico
Columbella gausapata aould slaska to van Diego

Turcica caffea Gabb san Pedro to Cape San lucas
Margarita pupilla Gould Bering Sea 10 Lan Pedro-~-pan biego

_ in deep water.
Astraea inequalis lartyn Vancouver Is. to San Pedro
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PORALILIFERA PROM LOWERLIOST SAUGUS BEDS--UILIL'S POINT

Collected by Frank Bell

Biloculina bradyi Schlumberger

Bulimina

Cassidulina several species--undeternined
Cibicides lobatus (d'Orbvigny)

Cibicides fletcheri salloway and liissler
Cibicides tenuimargo Brady

Cibicides sp.

fMissurina sp.

Globergerina sp.

Globorotalia grandis valloway and wissler
Lagena sp.

Nonion incisa Cushman

Nonion scapha (Pitchel and Moll)

Nonion sp.

lionionella auris d'Orvigny

Orbulina universa 4'Orbigny
Polymorphina sp.

Quinguiloculina vulgaris d'Orbigny
Quingquiloculina skneriana d'Orbigny
guinguiloculina sp.

Rotalia subtenera Salloway and liissler
Sigmoilina sp.

Textullaria barettii Jones and Parker
Textullaria gramen &'Orbigny

Themeon crispus (Linne') ,
Triloculina several species--undetermined
Uvigerine farinosa Hankten i
Uvigerina peregrina Cushman

Virgulina sp.

Several other undetermined genera and species
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CROSS SECTION OF DEAD MAN'S
ISLAND ;

Showing section containing
entire succession of beds in
the San Pedro Hllls Area.

Scale:

©
woa 9
e ey

GENERALIZED CROSS SECTION

Showing succession of beds 1in the
vicinity of San Pedro,Californila.

Scale - 1000
feet equals 1 1in.ff

DETAILED CROSES SECTION
Showing relations between
Upper and Lower San Pedro beds.

i

Scale - 100 feet equals 1 in.

I

B e R T

LEGEND: -

Miocene lNodello
sandstones
limegtones
cherts
glliceous shale
mud shale
diatomaceous shale

Pliocene(?) Saugus
clayey sandstone

Plelstocene

Lower San Pedro
gandstones
clayey sands

Pleistocene

Upper San Pedro
sands

. coguina
go0il

RECEE T e R R
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GENERALIZED CROSS SECTION
Showing structure of Modello shales
and intrusive relations.

Scale 2000 feet equals 1 inch.

LEGEND: -

Mliocene Modello Shales
(Lower series)

Miocene lModello Intrusives




3l. PLATE III

CROSS SwWCTIONS SHOWING SILLS
In Intrusive Dolerite

Sectlon of most westérly Intrusive exposure

Section of most northerly exposure on FPalos Verdes Coast Road

LEGEND: =

Intrusive

Modello ,
gediments
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COLUMNAR SWCTION -~ SAN PRDRO HILLS ARRA - CALIFORNIA

Formation Symbol Section Thickness Age
Alluviam el Qe k
Upper San Pedro UsPk §58) s

Gbu Quaternary
Lower San Pedro 1LSP 500 £

Saugus PSg 500°t Pliocene ?

By

3000%— Wiocene

=
|te

Modello MMo
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Pu@i;i
Flg 1. Intrusive Gontact with baked lodello Shales
Palos Verdes Coast Road

Fig. 2. Intrusive contact with Modello Limestone
Showing included masses and dikes
Palos Verdes Coast Road near San Pedro
Golf Course



gandstones .

Fig. 2. Same as above
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Fig. 1 . 0ld erosional surface of Upper San Pedro
Now covered by Quaternary Alluviam.

Fig. 2. Large sandstone boulder from
lodello, showing large frag

the Point Firmin

sment of schlst near head
Of geology hammer.



