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ABSTRACT .

A’ small area in the Central Santa Meniea Meuntains
was mapped. Twe fermatiens, a series of interbedded basalts
and pyreeclasties of Tepanga age ani seme Medele shales and
sanistenes, were mapfed ani an angular uneenfermity was feund
between them, The regien is ene of bread felds with axes

trending generally east-west,
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INTRODUCTION,

Seminele Juairangle lies just west of Calabasas, Cali-
fornia, on the east side of the Central Sanrts Monica lieuntains.
(8ee iniex map,) Seminole Het Springs a-d Malibu Lake are beth
lacatal in this gquadrangle., The ares mappel, abeut twelve sguare
miles, is bounied by Vertura Beulevard (north), Meiea Creek
(west), Latituie 34 6' S, (south), =ani Las Virgenes Creek
(east)., The region is in the mature stage of the eresisnal
eycle ani censists mainly of rolling, brush-cmvered hills and
breal, zlluvium-filled valleys. The msximwa relief is about
1,000 feet. Outcrops are plentiful in the smaller valleys and
¢an occasioenally be found on the hillsidies. The soil cever is
thin. ‘e brush is very thick in thie basalt and sanistone but
tinins out in the pyroclastics »nil snale,

The base msp is a ohotographic erlargaient {(x2) of
the 1932 eiition of the U,.S8.G,3. Smineole juadrangle iap. The
toposraphvy wos surveyed bv C, W, H, Nesslar in 1929, The
gaologic mapping was 1one by Bruntor Compass srl was canpletesl

in Liav 1940.
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_STRATIGRAPHY ,

Besiies the Quaternary alluvium in the larger stream
vallevs enly twe fermatiens are present in the area mapped.
The elder, the Tepanga fermatien, is a series eof basalt flews
snd interbeddedi pyreelasties. The Tepanga is noncomfonmaﬁly
overliin by the seecendi fermatien, the Mediele Shale, The
thiekness ef these twe fermatiens tetals ever 6,000 feet, The
Tepanga Veleanees were depesited in middle Tepanga time and'
~the Medele Shale in upper Medele time. These ages were deter-
mined by H. W, Hoqtel and E. K. Seper?, whe werked in this
reéipn.- :
| 2&3 ngangé formétion eccupies the westgrn part eof
the area. It is divided inte twe parts: the basalt flews and
the Meiea Creek Pyreclasties, The basali flews vary in thiek-
ness from a few feel to several hundred fest, Altheugh these
are called flews, there may be and prebadbly are silles and
- dikes in the series; én ascurate e¢heek was net maie. Inter-
bedded with the basalt are thé Medea Creek Pyreclasties,

The Medea Creek Pyrielastica were named by Fredrie
Od erd. They eansist ef veleanie agglemerates and tuffs,
sedimentary oongiamcrate.s and sanistenes, and gradations

between these. The agglemerates are rare. The tuffs and

1— Hoots. H W.. Geology cf the Eastern Part of the Santa Monica

Meuntaine, Les Angeles Coeunty, Califernia:
, U.8.G.8., P.P., 165-C, 1931,

2« Seper, B.K., Geelegy ef the Central Santa Meniea Meuntains,
Les Angeles Coeunty: Cal. Jeur. Mines and Geelegy,
vel. 134, ne, 2, 1938,

3~ Oder, F.C.E., Geelegy of a Pertien of the Saminolc Quadrangle:
Senier Thesis ne, 2, Calif.Inst.ef Teesh., 1940,
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sanistenes consti#uto abeut half ef the Medea Creek fermatien,
are diffisult te diatinguish frem eaeh ether, and are often
intermixed. The tuffs and sandstenes graie up inte the sen-
glemerates whieh eonstitube the ether half of the form#tion.
The eenglemerages are sempesed of eobbles of lava ranging frem
oﬁo ineh te tem imehes in diameter. The eebbles are well
reunded and lie in a greundmass ef ash and sand.

During Tepanga time the Seminele Quadrangle was
'Mcovere@ by a shallew sea of fluetuating depth. A near-dby
sougci'of veleanie aetiiity was supplying the area with vele
eanie material at the same time that erdinary criaiom
preeesses iero supplying th; area with seiiments frem near-by -
meuntains. Thus pyreslastis and sedimentary materials were
beth interbedded with eseh ether and depesited simultaneeusly.

Seme of the basalt flews gontain»pillow strueture
and were prebably depesited under water. Othﬁr basalt flews,
that shew ne jillow strueture and are highly vesisulated en
their upper surfases, were prebably laid dewn en land. This
alternatien of subarial and submarine eonditiens of depesitien
was probablj taking plase during the depesitien of the Medea
Creek Pyreelasties as well as during the depesitien ef the
basalt flews.,
| In this quadrangle the basalts and pyreelasties may
atfain a th%éinesl of ever 5.560 feot, alth.ugh'the aetual
‘thiekness ﬂgblnot determined lincerthe strueture is ineempletely

_knlwn. (éeo “Strueture in the Tepanga" p. 6,)
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The basalt eredes mush faster than the pyreelasties
and as a result the pyreclasties tg,‘nv the leng, sharp ridges
eharaeteristie of the nerthern and southezen paris eof the area.
The Medea Creek Pyruiiatiu de net unpporjﬁ a heavy grewth of
brush like the ,bar.sal't 4d ees. Thercfo’rc.” in maﬁy eases where
1t was almest in,ouible te traee a Medea Creek and Basalt
eoantaet by walking it, the contact sould be trased quite
accurately by geing te a near-dy hill and mapping the ehange
“in drush,.

Ihe Medele Shale. Fellewing the depesitien T the
Tepanga "'hlcaaiu. the Seminele regien was subjected teo eone
jrouion. uplift, eresien, and au‘bsidcnu. The eresien left
an"f irregular surfaee (etidenee frem trend of uﬁ'tacta) on
whieh the Medele Shale was depesited nonconformably. Parts of
tho Medelo Shale were dopoutod with an 1n1tia1 dip due to tho ’
:I.rregularity of the surfaee on whieh they were dqoaited.

The Medele Shale is made up of seft shales,
diatemaseeus shales, and esherty shales. Thd formatien eentains
@ middle member of abeut 400 feet of semi-arkesie sandstenes,

' :Lntorbcddcd shales, and lenses of eonglemerate,

Abeut 1.800 feet of Medele is expesed in th‘e, area
mapped, but this is net a cunplet§ seetion ginéde the top of
the Medele dees net lie within the area mapjped. -
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GEOLOGIC STRUCTURE.

The deninant struetures in heth the Topanéa and
Medelo formatiens of the Seminele Quadrangle are feolds. The |
strike of the axes of the felds is N, 70° W. The felds in the
TOpangi fermatien have been mere lovordly flexed than the
felds in the overlying Medele fermatien and, theref§re. the
Tepanga felds have been subjested teo sn earlier defermatien.
te whieh the Medeleo foldg were net subjeeted. The struetures -
'in the Tepanga fermatien have, therefore, had a different .
histery than the struetures in the Medele and will be/tﬂﬁ-
sidered separately. |

Struetures in the Tepanga fermatien, The Tepanga
basalts and pyreelasties are expesed aleng the western side
of the mapped area. The expesure was mapped in detail areund
Malibu Lake (in the seuth) and areund Ventura Beulevard (in
the nerth) but the area between these twe was enly dene by
reodﬁnaiaaanbo. Mueh of the strueture in the Tepanga is,
therefere, inferred. |

Areund Malibu Lake and areund Ventura Beulevard the
Topﬁnga strikes N, 70° W. and dips 40°-60° N, 1If this dip amd
strike were eonstant ever the whele expesure of the Tepanga
frem Malibu Lake te Ventura Beulevard, the Tepanga veleanies
weuld have apthicknosé of ever 12,000 feet. Hewever, Seper?
feund A,OOQ;feot of veleanies in the area east of Seminolé

and Kollyéffound 4,000 feet of veleanies in the area west of‘

4~ Seper, E, K., op. e¢it,
5- Kelly, V.C.; Master's Thesis: Calif.Inst. ef Teeh.



«la

Slminflo. Therefere, it is assumed that there is repetitien
of the Tepangsa veleanies by either folding er faultiﬁgs

Thofeiia seme direct'evidence for felding, but nene
for faulting. First, the Medeleo Shale whieh was depesited
after the Tepanga veleanies has been felded inte a bread syn-
clinc,\Thercfore. the ildor Tepanga veicanics must alse have
been folded. Secoend, under the werd “Meniea" of "Santa Menies
Meuntains" is a small east-west valley. In this valley are
several seuth-dipping pyreclastie beds., If a syneline and an
aniieline are assumed in the veleanies between Mailbu Lake
aﬁdﬁVentura Beulevard, then these seuth-dipping pyreeléstie
‘bedavwould‘form the nerth 1imb ef the syncline ani the seuth
limb ef the antieline. Third, if ene stands en Cernell Read,
néai the werds "Cernell® en the map, and leeks westward aleng
the}axis of the assumed syneline, one is leeking up a valley
whiih,appears te be fermed by dip slepes in the veleanies,
The nerth sidé of the valley is a seuth-dipping dip slepe and
the souih aﬁe is a'north-dipping dip elepe. Therefere, frem
the abeve evidenee, I eenelude that a syneline and an antieline
(with dxesgatriking abeut N. 70° W) exist in the Topanga,:nl;
ganies between Malibu Lake and Ventura Beulevard.

There are twe miner faults in the pyreclasties abeve
Ageura, The reaultanﬁ displacement is net knlwn.hbu;,fram
mapping the;fault'plane is feund te strike abeut N,45° E. and
dip 72° SQ; The north sides have meved either up er narth-
east (or,%oth). The stratigraphie displacement of the eastern
fault is abeut 150 feet and of the westefn fault abeut 120 feet.



Structure in the liojels Shale. The Medelo shales

are very incompetent beds and as a result the Tormatien cen-
tains many very complex minor structures. The dips and strikes
on the map, although indicating complex structure, are actually
a simplification of the existing structures since mest of the
1ips anl strikes were plettei to show general trends rather
than avery minor structure, A few of the more importént minor
structures are shown on the map, but these are only a few of
the large »umher setually in the aras,

The only major structure involving the liolelo is
the bread, east-west syncline nesr the San Bernariine Base
Line, The evidiemee for this structure was ierived frem the
outerops of the more competent sanistome beis ani frem the
Topanga=ilolelo contact. This syncline has a 16 degree plunge

tn the esst. (Dats from mwap and structure section A - A'.)
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GZOLOGIC HISTORY ,

(1) Middle Tepangs Yeposition of basalt flows and
leden Creek Pyroclasties in
a2 shsllow sea of variable

depth.
(2) Upper Topanga teo Uplift »f region ani first
middle lioielo ieformation of Tepanga vel-
: eanies, Subsequert erosien,
Subnergence,
(3) Upper Molelo Yepesition of the '"olelo shales

and sandstones,

(4) Post-loielo Uplift of region andi defermation

‘ of the seiiments. The folds in

the Topanga were tightened. A
bread syncline was formed in
the Molelo ani many miner folds
and faults were formei on the
flanks of the synclire,

(5) After the second uplift XEresion of the mountains and
to Recent vallevs and depositien of
quaternary alluvium in the

valleys,
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GEOLOGY OF A PART OF TEE SEMINOLE QUADRANGLE
10S ANGELXES COUNTY, CALIFCRNIA

risammsrpanst:

By D. H. Kupfer and D. J. Varnes

Abstract

A small area on the northern slopes of the central part of the
Santa lonice NMountains was mapped during Aoril and kay of 1940. Nid-
Gle Miocene Topangsa basalts, pyroclastics, and conglomerates are
overlain unconformably by upper Miocene llodelo shales and sandstones.
Both formations have beenm folded into broad snticlines and synclines

trending WNW-ESE.

Introduction

‘The mapping of this ares was undertaken as a problem in field
geology by the author and his co-worker, D. H. Kupfer, from April
to late May, 1940. lapping was done with Brunton compass on a 2x
enlargement of a part of the U.S.G.S. topographic map of the Seminole
Quadrangle.

The author wishes to acknowledge indebtedness to Dr. F. D. Bode
of Cgltech for his suggestions =nd criticisms concerning the work,
and to Mr. Oder, also of Caltech, for suggestions concerning the

area mapped.



Geography

The region mapped is roughly sqguare shaped and about 12 square
miles in size. It lies south of the mairn Los Angeles-Ventura High-
way about 30 miles west of Los Angeles. It is bounded on the north
by Ventura Blvd.; onm the east by Las Virgenes Valley; on the south
by latitude Eé_degrees 6 minutes North; and on the west by longitube
118 degrees 46 ninutes VWest.

Relief is about 800 feet and the topography mature. Lhe valleys
run‘north and south, draining southward. ‘the ridges, when of shale,
usuelly trend N-S; when of conglomerate of the underlying formation,
they are dip-slopes trending WHW. Vegetation is sparse in the broad-
er valleys. OBrush is often thick on the ridges and in tpe ravines,

and is controlled in part by the rock types. sxposures are fair.

Stratigraphy

iwo main stratigraphic units occur in this region. <Yhe older
is a series of basalt flows, pyroclastics, conglomerates, snd sand-
stones. ‘Yhe younger is a series of shales and sandstones which over-
ly the basalts with a high angle unconformity.

By & comparison of the rock types and relationships in this
ares with those inm the erea mapved by iH. W. Hoots (1) in the eastern
Sante Monica lountains, the sge of the basalt is placed as middle
¥iocene Topanga, and that of the overlying shale as equivalent to
the lower }Modelo of the upper Miocene.

The shales and sendstones, together with the underlying basalts
and pyroclastiés, have been folded into broad synclines and anticlines

trending WNW-ESE, and gently plunging ESX.
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1. Basalts and associated rocks.

Age, Middle liocene Topanga.

Distribution end tremd. This conformasble series of basalts,

tuffs, agglonerates, conglomerates, énd sandstones is widely exposed
in the western part of the area mapped, but is covered by shales and
sandstones in most of the region east of Cornell LKoad. lMapping of
the basalts and associated rocks was confined largely to the far
northern asnd to the far southern parts of the srea in whiech these
rocks outecron. In both regions the series dips about 50 degrees
north with a strike of north 60-70 degrees west. Dips are varisble
and uncertain in the region between the far northern outerops just
south of Ventura Blvé. and the far souvthern outerops around kalibu
Lake. ZLack of time prevented working out the detalled structure of

this middle section.

‘thickness. The total thickness of the basalt and associated
rocks is unknown. Thicknesges of the individual members of the bas-
alt, pyroclastic, and conglomerate geries are varigble. Usually the
tuff beds are less than ten feet thick; the sandstone beds are ten
or twenty feet thick; while the conglomerates and agglomerates may

attain thicknessegs of three or four hundred feet.

Lithology. The basalt members are flows, usually vesicular,
and quite offten amygdaloidal. Kaﬁblite anygdules up to the size
of one inch are locally common, while infillings of chalcedony (agate)
and crystalline quartz are very common in the western part of the
arca mapoped. Fresh basalt is very rare; usually the outerops ere

weathered to a deep red or brown. ITocally, pillow structure is shown,
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suggesting extrusion under water.

The conglomerates are well cemented and usually composed of
rounded bésalt cobbles up to seversl inehes in dismeter imbedded in
a matrix of sand or ash. Sandstone beds are common within the eon-
glomerate.

Agglomerates composed of angular lava fragmentis are also common.
In some, the fragments are only .1 or .2 inches in diameter and cemen-
ted by ash. Other agglomerates contain angular blocks a foot or so
in diemeter. Tuffs outerop sporadically and ususlly in narrow beds
less than 10 feet thick. They are often lighter than the surrounding
rock in color, and contrast with the red basalt and gray-brown con-

glomerate.

lfap symbols. The gymbol "IDbY" has been used to represent the

basalt flows on the map. Yo the pyroclastics and sediments inter-
bedded with the basalt, Ir.Oder has applied the name "Medea Creek
Formation", from the type locality in lledea Creek valley just south
of Ventura Blvd. Since they occur so abundantly throughout the bas-
alt, the writer will not refer them to a formstion but will reserve
the symbol "Tme" as s convieﬁt indicator for this material on the

maps and structure sections.

2. Hodelo Shsle.

Age. TUpper Miocene. As mentioned before, the age of this form-
ation has been only tentatively placed on the basis of comparison

with the Kodelo»éhale deseribed by H. W. Hoots (1).

Distribution. The entire central and eastern part of the area

mapvred is composed of shales with interbedded sandstones.
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Lithology. Shales of the region are either soft or hard and
siliceous. The usual colors are brown, tén, or white, but small patches
of black shale are vresent on the southeast slopes of hill 14%6.

The shale is thin-bedded with laminae a fraction of an inech to two
or three inches thick. The hard white siliceous shale bresks into
rectangular plates.

A zone of interbedded sandstone and shale has been recognized
within the main body of the shale, and its boundaries have been partly
mapped (see map). At the bottom of this zone there are massive beds
of white sandstone which have a total thickness of about 125 feet.
This massive white sandstone lies 650 feet stratigrephically above

the basalt.

Devosition. The Molelo shale was probsbly laid down in a shallow

sea near the coast, where currents were stealdy enough to sori the
material well and allow undisturbed deposition. OCccasional sandstone
beds and rere conglomerate indicate times of more rapid deposition,

but these too are well sorted.

Fosgsils. TFosgil fish and leaves are rather common in some

localities.

Geologic Structures

Folds.

Zvidence given by dips ané strikes, trends of marker beds, and
by the benavoir of the basalt-shale contact was all used in an attempt
to work out the‘structure of fhe shale.

In the central part of the area mapped the trend of the folds

ig WKW with the anticlines and synclines plunging gently to the ESK,

(See structure section). The major synecline shown in the structure
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section A-A' and represented on the map by the synelinal axis ﬁ-S‘,
plunges ESE at an angle of 14 degrees. Anticline F-E plunges &#SE

a2t an angle of 17 degrees as computed from structure section A-AT -
ané the position of the iava-shale contact at the prolongation of the
antielinal axis.

Sufficient outcrops are lacking in Liberty Canyon and eastward
to work out the structure, but the trend on the west side of Liberty
Canyon seems to be N~-S rather than ZESE.

Minor folds are common throughout the ghale. Some of these
have been indicsted by short axial lines on the map.

Scattered observations indicate that dips are variasble in the
basalt of the west central part of the area, and that it has been
deformed to some degree. Also, if one stands on Cornell Koad where
#Cornell™ is printed on the map and looks westward, .at sunset, there
appears to be a prolongation of the syncline with dip-slopes in the
basalt northward on the south side of the depression, and southward

on the north side.

Faults.

Only t%o faults were found in the area. Both occur im the ridge
of conglomerate a quarter of a mile south of Venturs Blvd.. Both
ere very steep and both strike NE. In each case the west side hes
moved northeastward relative to the east side. The conglomerate
has been displaeed horizontally about forty feet by the western fault,

and about eighty feet by the eastern fault.

Unconformity.

A high-angle unconformity exists between the Topanga bassalts

and the overlying fodelo shales. It revresents the period of time
ving
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involving the deformation and erosion of the Topangas basalt and the

subsequent subsidence preceeiing the deposition of the lodelo shale.
Geologically speaking, the unconformity does not represent a

long period of time -- only the interval between middle lliocene

Topenga and upper lliocene Ilodelo. It does represent a relatively

short period of strong deformation and erosion.

Geologic liistory

1. zixtrusion of basalt, with contem-
17iddle Ifiocene poraneous Gepogition of tuff and

conglomerate,
2. Deformation and uplift/With erosion
3. Subgidence
Upper liocene 4, Deposition of ilodelo shale

5., Violent deformation and uplift;

Late Pliocene (1) crunpling of the shales in many places

endé further deformation of the basalt.

Late Tliocene to 6. Lrosion. ZFroceeding now with den-

the present osition of alluvium in the valleys.

Fote:-
lany of the valleys are partially covered with Quaternary al-

luvium. %his has been left unmapped.
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Heonomie Consicerations

There is an abandoned oil well in Liberty Canyon which shows
A v o (3

a trace of o0il and gas at the top of the casing. It was drilled to

a depth of 750 feet but never gave any »roduction of oil. “he cas-

ing is now filled with water. Aside from this well, no indications

of 0il were found in the area mapped.

(1).

Respectfully submitted,
Ajkbu¢;’ 2r.494bowu40

Dgvid J. Varnes

Reference

Hoots, H. W.
Geology of the Zastern Part of the Sants lonica llountains
Los Angeles County, Californie

U.S.G.5. Professional Paver 165-C
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CHOLOGY OF THE BLUFT COVE REGION

PALCS VARDES SOUTHERN CALIFORNIA

By D. H. Kupfer and D. J. Varnes

Abstract

-

About two miles of sea cliffs were examined at the west end of
the Palos Verdes Hills, in southerm California. 1liddle and lower
unver liocene breccisa, Sandstone, an@d shale have been intruded by
sills of basalt. Faulting and minor folding have taken place since
the intrusion. Successive terraces indicate repeated upnlift in

Pleistocene time.

Introduction

This area was mapved as a problem in field gcology by the author
and his co-worker D. H. ¥Xupfer, both of Caltech, during January and
February of 1940. The area is located on the coast of southern Gal-
ifornia about twenty miles southwest of Los Angeles, where the west
slopes of the Falog Verdes Hills meet the sca. Iapping was done with
Zrunton compass on & U.3.G.5. topograrhic map, and confined largely
to the sea cliffs. The cliffs were mapped for a distance of one and
two-thirds miles, beginning about one-fourth of s mile northeast of
rlat Roek Point and extending southward snd westward along the shore.

ihe author wishes to acknowledge the work of his partner lir. Kupfer



whose contributions to this »roblem more than equal his owvm. He
also acknowledges indebtedness to Dr. F. D. Bode of Calteeh for his

suggestions and criticisms as the work progressed.

Topogranhy

The west coast of the Palos Verdes Hills trends generally south-
westward in this region, and is indented occasionally by small bays
extending un to half a mile inland. On the slopes of the hills ter-
races have been cut. The lowest and broadest of these ends abruptly
at the sea with a steep slope two or three hundred feet high. ‘he
upper part of this slope is often a sheer cliff twenty to a hundred
feet high which gives excellent exposures, while the lower part of
the slope is often covered with talus or landslide material. In some
Pleces the waves have produced din-slope reefs which jut out from the
shore. (See Fhoto. 5). These give geologie information only at low

tide.

Stratigraphy

The sequence of rocks exposed in the ares,in order of decreasing

age,is as follows:

1. The Green Breccia middle liocene?
2. Altamira shales and sandstones lower upper Yiocene
with basalt sills. see(l)
3. Terrace cover Fleistocene see (1)
and (2)

1. The Green Breccisa

This is thought to be the oldest exposed rock in the area,



but its position relative to the other strata is uncertain. It hes
but one outerop 400-175 feet wide, runmning down the ¢liff »nerpendic-
nlar %o tﬁe shore at the southeast corner of Bluff Cove. Its boun-
daries on either sile are obscured by talus and landslide, while =&
terrace truncates its ton surface and beach rubble hides its foot.

The breccia is bluish green and conposed of boulders of glau-
cophane shist and gnéiss up to several feet in diameter, together
with smaller fragments of quartzite, all embedded in a soft, green,
silty matrix. Fragments are usually angular and show no gign of
sorting.

A possible source of the material would be the Ffranciscan shist
within the Pelos Verdes Hills. Perhaps, more probably, its sourece
was an offshore highland to the west of the basin in whieh the brec-
cia was deposited, similar to the source postulated for the very
similar San Onofre Breceia. (3).

The thickness of the breccia could not be measured. Sandstones
and shales o0 the north showsconsiderable varistion in divp, while
slickensides end slunping within the breccia indicate internal move-
ment. See Photo. 3.

Woodring, Branlette, and Kleinpell (1) refer the breccia to the

iziocene
base of the Altamira shale snd thus to mid&lenor lower upper Miocene
age.

The writer believes that the breeccia has been brought to the

surface by faulting or folding or both.

2 Altamira Shale

This formation makes up much of the sea c¢liff and, if minor
folds are neglected, it generally dins at low angles SSE into a cliff
running SW.

The shale is gray, buff, or brown, and is siliceous, silty,

sandy, or diatomaceous. Woodring (1) reports phosphatic shale in
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some localities. Bedding ranges from a fraction of an inch to a Tew
Tfeet inm the case of the interbedded sandstones.

ihe total thickness of the shale is uninown, for neither the top
nor bottom is exposed in the area studied. A thickness of 138 feet,
plus or minus 5 feet, was measured for the shale member between the
upper and lower bvasalts at Flat Rock Point.

According to Woodring (1), foram assemblages from the lower
part of the Altamira are of shallow to medium depth types. He found
the Altamira to be at least 1045 feet thick in Altamira Canyon on
the south slope of the Palog Verdes Hills, but there also its lower
limit was not exposed.

The shale is intruded at two or more levels by basalt. Ixten-
sive brecciation with deposition of gquartz and calcite stringers
in the breccis accoméanied the intrusion. ‘he extensive brecciation
suggests that ﬁhe rock was not well consolidated at the time of in-
trusion.

ihe age of the Altamira, based on micropaleontology, has been
placed tentatively by VWoodring at lower upper Xiocene (1). XNo mega-
fosggsils were found by the writer in the Altamira formation except

a gingle small cast of a mollusc at x’

3. Basalt

Three main outerops of basalt oceur in the region (see map),
the southernmost of which may represent an extension of either of the
others.

aZvidences thalt the basalts are sills are: hardening, blackening,
brecciation, and mineralization of the‘surroun&ing shale, together
with the presence of large angular xenoliths of shale within basalt

flows. These xenoliths are well shown in the deep roadcut on the
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the main highway at the southeast corner of 3luff Cove.
The basalt is more resistant to marine erbsion than is the shale,
and forms promintories where it outcrops on the shore. See Photos
1 and 2. On the other hand, weathering has affected the basalt more
than the shale so that the basalt has been reduced to a red, tan, or
nearly colorless powder in many places.
The thicknesses of the basalt sills are:
(a). Lower member, Flat Rock Yoint ------ 130 feet
(b). Upper member, Flat Rock Point ------ 150 feet

(e¢). Basalt member, "Sea Bowl"
one-nalf mile SW of Bluff love ~-=-- 107 feet

These thicknesses were measured hy'clinometer.

he basalt is fine +to medium graiﬁed with visible feldspar laths
sometimes séveral millimeters long. A fresh surface is blue-gray.
Amygdules filled with gquartz and calcite are rather common and are
not confined to particular horizoms. fTheir average diameter is that

of a pea.

4, Yerrace cover

A series of remarksbly well developed terraces have been eut
on the slopes baek of the sea cliff, and the sea is at present cutting
into the lowest and most prominent of these. A% least eleven dis-
tinect terraeces have been recognized in the Palos Verdes Hills (2),
but only two or three are represented in the area mapped.

Fairly well sorted sub-anguler to rounded pebbles and boulders,
interbedded with lenses of pure sand, make up the terrace deposits.
The boulders range up to eight or ten inches in,diameter, but are
usually much smaller. (See FPhoto 4).

The thickness of the terrace deposits varys from a foot or two

t0 = maximum of 45 feet in the cliff east of Bluff Cove. The terrace
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material is waste which was depositeld near shore as the sea cut back
into the hills at each uplift of the land. Shale, basalt, and breceia
are gll o%erlainAunconformably by the terrace deposits. lThe lower
layers of the deposits aﬁ Bluff Cove are richly fossiliferous. Wood-
ring and others, (1) and (2), have placed the age of the terrace
deposits as Pleistocene on the basis of faunal assemblages. Lucin-

acea are sbundant at X where aiso a complete set of plates of a large

3
chiton was found. uastropods are very common at X,

Landslide
A large landslide involving ten or eleven acres and move-
ments up to one or two hundred feet has covered many of the contaets
(see map and Photos 1 and 2). Since the landslide prevented the tra-
cing of marker beds, the suthor was obliged to comstruct the structure
‘section on the basis of dins and strikesvalone. For this reason the

strueture section is likely to be inaccurate.

Geologic Structure

(see also siructure section)

Folding

The regional dip of the shale is gentle and 1o the»SSE. In
addition.to this major structure, there are many smaller anticlines
and synclines whiceh were probably formed at the same time that the
regional dip was given to the area. Around Bluff Cove, and especial-
ly near the breceia, the folding is more intense than it is farther

to the south. In the southern pert of the region mapped,the folds

are small and only a small stratigraphic range is exposed in the sea
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cliffs. Photo & shows ome of these small anticlines.
¥aulting |
Aside from the movement on the landslide, vertical displacément

hes probably oceurred on a'fault forming the northern boundary of
the ureen Breecia. If faulting has occurred, the south side has
gone up relative to the north side. In this way the uUreem Breccis,
which is older than the shales on either side (1), has been brought
to the surface. HBelow is tabulated the evidence for this fault.

1l.Abrupt change in lithology.

2. Slickensides within the ureen Breccia.

%, Intense folding of the shale to the north.

4, Presence of breccia compcséd of shale alone 50 yards

.north of the wreen Breccilsa.

5. the strueture section indicsates displacement.

Geologic History

l.kSubmergenee

2. Deposition of shales and sandstones --- lower upper Miocene
in shallow seas.

3. Intrusion of basalt --- upper kiocene?

4. Deformation --=~ post intrusion

5, Intermittent uplifts contimued from
late Miocene? until the present with
cutting of terraces and deposition of
terrace sands and gravels.

Respectfully submitted,

Ag,uuk;/23~4{7990~u¢4

Devid 4. Varnes
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