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INTRODUCTION,

Bluff Cove is situatel on the west sidle of the San
Pedro Hills ard lies about twerty miles south-west of Les
Arngeles. The area mapped incluies Flat Reock Poeint to the
nerth eof Bluff Ceve and Recky Point to the seuth, a distance
of about twe @ one-hslf miles (pl. 1), Only the ses cliffs
were mapped, the hepe being that from these cliffs the inland
structures could be extrapolated.

I am indebted to Mr., D. J. Varnes, who worked with
me constantly beth in the field and in the office, and offered
many valuable suggestions; and to my instructor, Dr. F.D.Bede.

The map is of the north half of the area, It is a
hand drawn erlargement (x4) taken frem the 1932 reprint ef
1928 editien of the U,S.G.S., teopographic map of the San Pedre
Hills Quadrangle., The Geologic mapping was dene by Brunten
compess in 1939-40,

The tepography of the area is ene of relling hills
sloping to the ocean, The present ses cliffs, to which the
mapping was confined, average abeut 150 feet high srd safferd
good exposures, Hewever, the lower parts of the cliffs are

usually masked by landsliding.
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STRATIGRAPHY .

GENERAL:

The regienal stratigraphy is inecempletely known
because enly a small area was mappedi. The area contsins
rocks of twe periois, midile Tertiary (Miecene) rocks and
qQuaternary rocks, The period between the Tertiary ardi the
uaternary rocks is representsol by a prefound angular
uncornformity. The Tertiary rocks are divided into three
formations: the Green Breccia, the Altamira Shale, ari the
Basalt. 7The yuatarnary rocks consist of Pleistocene tarrsce

gravels, Recernt landslide moterisals, ani Recert alluvium,

THRTIARY (MIOCEIE):

The Green Breccia consists of sngular cobbles of

quartzite, hari gréeﬂ greiss, and glaucophane schist; smaller,
less =angulsr pebbles of 3 dark hasic rock; s a grounrdmass of
5 fine preen silt or mod., Becsuse of the angular character
and green conlor of most of the rocks in the formatien I have
named the fermation the Green 3reccia. The “ormation shows

no bedding or stratification, The enly outcrop of this breccia
is at Bluff Cove. Here the outcrop is abeut 250 feet square
and has very irregular margins. The stratigraphic relations
of this formation are very doubtful and are discussed in
detail under "The Breccia Problem” (p.7 ). In the discussien
I have concludeid that the Green Breccia is prebably eof middle

Miaecene age,
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The Altomira Shale was named by W. P. Weodringlwhen
he differentisated the liiocene rocks of the San Pedro Hills,
Fram paleentolegical evidence he determined the age of the
Altamira as lewer lienterey. In the Bluff Ceve area the
Altamirs censists of fine-grained, soft, thin-bedded shale.
The shale is a light eream color and often highly diatemaceeous.
Interbedded in this seft shale is cherty shale, porcel &neous
shale, phesphatie shale, diatemite, tuff, sanistene and a
Iittle limestone, As the ares mapped Aees not include either
the bottem or the tep of the fermation and because of the
difficulty of serrelation acress the Green Breeeia, the
thieckness of the Altamira fermstien can net be determined. In
the area mapped, 1500 feet of Altamira is expesed. The thick-
ness of the Altamira may be less than this since there may be
dupliestien of beds, (See Breccia Problem, p../.) Weodring,
Bramlette, and Kleinpell2 give 1045 feet as the thickness ef
the Altamira at the {ype lecality and ssy that the base is
cencealed.

The relatienship eof the Altamira 8hale to the Green
Breceia is net knewn. In the discussioen of the Green Breeéisa
Preblem (p.7 ) I have concluded that the Altemiras is probadly
younger than the Brececia. Ne late Tertiary fermatiens are
;- We;drin;, W.;.. S;n Pe;re Hzlls:-lnte;nat.—Geelt Con;.. )

Guidebeek 15, 1933,
2« Weedring, Bramlette, Kleinpell, Miecene Stratigraphy and

Paleentelogy of Pales Verdes Hills, Calif,:
Bull, A,A.P.G,, vo0l.,20, pp.1l25-149, 1936,
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presert in the Bluff Ceve area., The Pleistecene terrace
gravels lie with 1érge angular unéonformity en the Altamiras,

Ihe Basalt. Sills ef basalt are intruded into the
Altamira Shale. The basalt is generally messive and eredes
easily, preoducing a fine red or yellow pewler. The basalt
eontoins small amygdales of quartz and caleite, The basalt
formed 28 a 8ill ad net as s flew since the shales above
it are métamorph@sed and contain apephyses of basalt up te
five feet leng. |

The hase andi the top of the Basalt formatien is
a bighly brecciatel zone cemented with calcite. This brecciated
zone is resistant to erosion andi forms rocky points where it
strikes the sea. Plat Reck Point (see pls, 4-5) was formed
in this manner. Maedbnalds, working three miles south of
Bluff Cove 2t Can Vicernte, described a similar Fermati@n as
an intrusive Peperite intruded inte a thin layer of uncon-
aelidated Altemira sedimentis while th<y were ceollecting on a
shallow sea floer, If Macdenald's conclusien is true, and
the evidence he presents is juite convineing, then the basalt

is contemperaneous with the Altamirs Shale and of lienterey Age.

3= Maedonald, G,, An intrusive Peperite at San Pedro ilill:
U. »f C., Pub., vel.24, ne. 12, 1939,
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QUATERNARY :

Pleistecene. The Pleistecene is represented by a

series of discontinuous marine terrace ieposits. The area
mapped centains feur terraces. The feur terraces are prebably
not eentemporansous as they lie at 4ifferent lavels., The
terraces are coverel by thirty to ferty feet of sediments.
The base of the formatien is a beulder conglemerate (1} ft.
thiek) which centains abunjant Pleistecene molluscs. Abeve
the conglaomerate is a feur feoot bei eof sand (alse fossilif-
erous), Above the sandi is another conglemerate bed and ﬁhen
interbediel sands ani gravels to the top of the formatien (pl.6).
Recent, There is 2 larges landslide on the north
sidie of Bluff Ceve. It covers abeut eleven acres. Alse many
small landislides occur at the base of the sea c¢liffs in the
area., A thin cover of Recernt alluvium is presert on the

torraces anl flatter slopes of tne mapped areas,
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GEOLOGIC SIRUCTURE,

My purpose in mapping the Bluff Ceve area was te
map the sea ¢liffs and frean them te extrapelate the structures
further inland, Hewever, due to several complicating facters,
several structures in the ses cliffs themselves could het be
delineatel ard, therefors, no attempt has been maie to extra-
pelste,

| On the basis of contacts, dips and strikes, and
outereps; seversl structural features of the area have been
discoversi, Many structures of varying size (pl.e and the
map) are present. These structures are mainly folds with
their axes striking N,70°W.in the north part eof the ares and
East-west in the seuth part. Hewever, mest of these sitruetures
are miner and the region as a whole is one of relatively flat-
lying beds. Starting at Recky Poaint te the south ani geing
north (pl.9) th=s genersal structure is a broad, flat syncline
(strike EeW) merging northward inte an antieline at Bluff
Cove (strike N,80°RA). The anticline is asymmetricnsl with its
steeper siie north. XNerth ef this (Flat Rock Peint) is a
syncline with a strike of N, 70°E, Supsrimpossd on the flank
of the Bluff Cove antieline is a small, minor syneline and

antieline. (See pl. 2)
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THE GREZN BRECCIA PROBLEM,

In the sea cliff at Bluff Cove is a small outerep of
brececia, (See map.) Becsuses of its lithelogy (p. 2) I have
callal it the Green Breccia. The Green Breccia is very similar
litholsgically te the San Onofre Breccial ef the San Onefre
Hills, San Diego Coeunty. It has been suggesteid by sev=ral
authers that the San Onofre Breccla was derived fram the west
frem 2 former meuntain mass that was locatel abeut at the
positien of the present Santa Catalina Islandi. The fragments
in the Green Brececia are of the same peculiar cempositien and
ofthe same peculiar shape as the fragments in the Sen Onefre
Breccia. Therefore, as it is not likely that the unusual con-
1itiens necessary for the fermatien of these breccias (what
these conditiens were is not known) weuld be repeated twice
in the geologic histery of Seuthern California, I assume that
the Creen Breccia, like the San Onefre Breccia (dated by Ellis

ard Lee®) is of midile Miecene age.

4- FEllis, A.J., ani Lee, C.H,, Geology and greuniwaters of the
Western Part of San Diege County, Califernia:
U.S.G.S., W.S.P. 446, p.57, 1919.
Weodferd, A.0., The San Onofre Breccia: U,ef C, Bull.,
vel.l5, ne. 7, pps. 182-205, 1926.

H=- Ellis and Lee, idem,
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The auterep of the Green Breecia is abeut 250 feet
square. It is expesed 3s shewn in figure aene.. .Plate six shews
the contact between the Green Breccia ani the terrace gravels,
Plate seven shows thz contzet batween the Creen Breccia and the

Altamira Shale to the north, The Altamira Shale meats the

ey T = - - —
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Fig. 1. BSea Cliff at Bluff Ceve.

Green Breccia in a distinet angular unecenformity at beth cen-
tacts, The Altamira bels, where visible, strike inte the
contact with angles up te 90 degrees., The Altamirs beds en the
nerth side of the Green Breccia are highly 1eformed and the
dips and strikes are vary ifregular anl apparently without any
struetural centrel (pl.7).

The present pasitien of the Green Breccia presents
several unsolved stratigraphic and atruétural preblems, In
erdier te solve these problems twe theories have been put for-
ward: the fault thesry and the antieline theor&.

6

The Anticline Theory. Weoiring, etc.® sugcest that

the breccia might be the lowest exposed bed ¢f the antieline
that runs threugh Bluff (Cleve (pl.9). BHvidence in the favor

of the antieline theery:-

6- Weolring, Bramlette, and Kleinpell, op. eit.
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(1) There is an antielinal structure threugh
this area, (See p.6, pl.9, and map)

(2) The Green Breccia is probably middle
Miecane and eldier than the Altamira
Shele (see p.7.

Objeetions te antieline theeory:-

(1) The centact between the Altamira Shsale
and the Greern Breccia is not of the type
that would be expectel if the antiecline
theory were true., The presumably yeunger
Altamira beds abutAthe Green Breecia st
large angles, (See p.8.)

(2) The contacts between the Altamira Shale
and the Green Breccia 4ip inte the
postulated antiel inal axis instead of
away frem the axis as is normsl feor
antielines, (See map and fig. 1,)

(3) Two basalt sills are exposed on the north
siie of the postulated antieline and enly
one on the south side. (See msn) The
articline theory 1928 not account feor the
absence of 3 second basalt sill en the
south side,

The Faulit Theorv. If a high-angle fsult is pestu-

lated on the nortn side of the Green Breccia, several of the
preblems involved are solvsedi. <The north side of the fault is
~ Altamira shale which is yoeunger than the Green Breccia osn the
South siie of the fault. Therefore, the sidie with the olier
bels {the south siie) must have moved up. ZIvidence in favor
6f the fault theoryv:-

(1) The north part of the Green Breccia consists
af 2 finer, more powlery masterial than the
rest of the formatio~. This material msy
be gouge. (See right Ralf of plave seven,

(2) The Altamira bels on the north siie of the
Grean Breccia are varv severelv contorted,.

(See p1.7.) Such contortion may he con-
tributel to movemert on the fault,
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(3) If the narth contact of the Green Breccia
and the Altamirs is a fault contact, this
faoct might explain the irregulsr menner
in which the contact cuts across the Alta-
nira beds. (See p.8 snd fig.l.

(4) The presence of two hasalt sills on the
north side of the breccia ani of only one
on the south side is not an anemaly if a
fault is present in the Green Breeccia.

(5) The syncline "a" in the structure ssction
(p1.2) con be considerei us o Araz feld.
Asswae th=at the faulting occurred safter
the Aaformation of the regior into the
symelines and anticlines shown in plate
nine, Assume thst anticline "b" (pl.2)
is the s»me snticline as shown in plate
nine, Then the movement along the
postuated foult dAraggel the formerly
south-dipping beis (on the south 1limb of
anticline "b") up until they dipped
north, Thus syncline "a" (pl.2) was
formed .,

Objections to the fuult theory:-

(1) The minimwn displacauent on the fault (as
.calculated fram the structure section,
pl.2) permitting correlation of the beds
on opposite sidles of the fault is abeut
1500 feet. ©Guch a lzrge displacement
would usually produce a wider gouge zone
than is present in the Creen Breccia.
Howav er, this objection is very weak as
many large faults have very narrew gouge
zones,

(2) The fault thesry offers no explanation of
the direction of dip of the south contact
of Green Breccia ani Altamira Shale. Nor-
nally this contact would dip south as shown
in plate two, but actually it 4dips north.
(See map.,)
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GEOLOGIC HISTORY,

Assuming a fault in the Green Breccia (pps.7-10),
the follewing is an eutline of the geeologic history of the
Bluff Cove area. The accuracy of this history is subject to
21l restrictions mentioned in the foregoing report. All

deubtful steps are preceled by a question mark (?).

STEP TINE BVENT
1l- Submergence,
2« ? Hiddle Mioecene, Depnsition of Sar Onofre Breecia.
3= | Upper Miecene, Deposition of Altamira Shale and

contenpesrameous intrusion of
basalt sills,

4w Pliecene or early Uplift of area and folding of
Pleistocene, Tertiary sediments. Hresien,
Be ? After step 4 and Faulting aleng Green Breceia
: bzfore step 6. fault.
6 Before stép 7. Frosion of part of the Altamira
Shale,
7- Pleistocene . Sporsdie uplift and cutting of

marine terraces. Deposition
of fTerrsce gravels on these

terraces,
8- Recenrt, - Cutting of present sea cliffs
» ' by waves and larisliding of

parts of th=se cliffs,
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PLATE FOUR: Looking N6CE acrogs Bluff Cove toward Flat
Rock Point. Note the large landslide area in the center
- of the picture. The terrace sloping gently seaward ha g
dropped until it now glopes steeply landward.

PIATE PIVE:
Four. Hote

A_cloge up of the landslided block of Plate
how the basalt beds form rogky reefs and points
where -they strike the ocean.

Thig view ghowg one in the
foreground

and a gecond (Flat Rock Point) in the background.



PLATE 8IX: About 25 feet of horizontal terrace gravels
overlying the Green Breccia Formation. The bagal conglome

3

erate 1s highly fosgsiliferous.

The north contact of the Green Breccia. The
g

PLATE SEVEN

Altamira 8hale member to the left ghows a gharp fold. Drag?
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L rHT 11ff 1000 feet nerth ¢©f Rocky Foint
(Looking N25E). The picture shows the complex minor
gtructures of the Altamira Shale and at the game time
illustrates the general horizontal character of the
region ag a whole. Sandgtone beds gtriking out into
the water and dipping north can been geen on the lef
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