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ORIGIN OF SOME OF THE SILICEQUS MIOCENE ROCKS OF CALIFCORNIA
Chapter I
INTRODUCTION

The upper Miocene marine section in California is
characterized in many places by the presence of unusually

larze amounts of highly siliceous rocks. These can be rouzhly
divided into two classes: the lithified chert~like beds
which are cheracteristic of, and generally largely confined
to, the lower part of the section, and the unconsolidated
diatomites and diatomaceous and radiclarian silts which are
commonly found overlying them. The clert-like beds have
been referred to in California geological literature by a
variety of names, including cherty shales, platy shales,
siliceous shales and cherts. The merits of these, and some
other designations are discussed in the section on ncmen-
clature and it will suffice to say here that the writer
has decided to use only the terms chert and cherty shalé.
In addition to the siliceous rocks the lower part of the
Upper Miocene or the immediately underlying part of the
section frequently contains considerable amounts of wolcanie
material, both extrusive and intrusive in nature.
Congiderable petrologic work has been done on the

siliceous rocks and several different theories have been



-2*

advanced to account for their origin. Some of these consider
the contemporaneous or immediately preceeding volcanism to

have been an important factor in their development. These

theories will be discussed in deteil farther on, and it will
suffice to say here that there is little agreement among them
and that most of them do not explain all the observable facts
quite satisfactorily. HHost of these theories were formulated

as the result of reconnaissance studies covering the rocks
of a very considerable area, and although it is possible that

before the origin of all the varieties of these siliceous de-
posits can be satisfactorily explained, state wide studies
will have to be made, it nevertheless seemed likely that an
intensive study of a limited area might lead to some fairly
definite conclusions regarding the origin of some of them.
With this idea in mind, the writer undertook to study one
particular area in fairly great detail.

The area chosen forthis study lies in the south
western part of the present Los Angeles Basin ani includes
the Palos Verdes or San Pedro Hills. This region seemed
particularly suitable because, aslthough structural complie
cations added some difficulties to the problem; these were
more than offset by the fact that both types of siliceous
rocks ere more abundant and more diversified than in many
other localitiese.

Some less complete investigations were also carried
out in other parts of the state, especially in the Santa
Barbara district and in the region in Ventura County drained
by Piru Creek and its tributaries. The relevant data obtained

in these areas havealso been incorporated in this paper.



Maps and reports covering the general geology of these
lagst two regions have been published} However, no compre-
hensive report on the geology of the Palos Verdes Hills
has been published at this date, (January, 1934) anmd for
that reason & short resume of the general structure and
stratigraphy and a geologic map will be included here.

The writer wishes to express his thanks to the
members of the geological divisions of the California
Institute of Technology and of the Texas Company of
California for many helpful suggestions during the course
of this study. Acknowledgment is especially due to Dr.

Ian Campbell of the California Institute and Dr. R. D.

Reed of the Texas Company for their criticisms and advice,
and to Mr. Boris Laiming and Mr. Frank Bell for their
agssistance in foraminiferal work, and in the identification
of diatoms and radioclaria. Dr. W, P. Woodring of the United
States Geological Survey assisted greatly in establishing
the stratigraphic sequence in the San Pedro Hills, especially
in the differentiation of the Pleistocene units there. Mr,
% Ne Bramlette of the United States Geological Survey also
made several helpful suggestions. To these and many others
the writer i1s deeply indebted.

lKew, We Se¢ We, Geology and 0il Resources of a Portion of
Los Angeles and Ventura Counties, California., U.S. G. S.
Mlp 753:

Arnold end Anderson, U. S. G. S. Bull, #517

irnold, Ralph, Geology amd 0il Resources of Summerland Dist.
U. S. G. S. Bull. 921, 1907.
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Chapter II
GENERAL GEOLOGY OF THE PALOS VERDES HILIS

The index map, ¥Fig. I, shows the location of the
Palogs Verdes Hills with respect to better known parts of
the Los Angeles Basin. Plate I is & geologic map of this
area, modified from & map made by Dr. E. XK. Soper and the
writer for the Texas Company in 1931. The work was done
in a more detailed manner than is shown on Plate I and many
of the structural complications are omitted from this plate,
whose purpose is merely to show the distribution of the

larger stratigraphie units and the major structural features,

Stratigrephy

JURASSIC?

The oldest rocks in this region are a series of
metamorphics commonly referred to the Jurasssic and correlated
with the Franciscan formation of central California, They
have been described in some detail by Woodford® end consist
of quartzites and quartz-albite~sericite schists, both of
which nearly always contain important amounts of either
glaucophane, crossite, or actinolite. The exposed area of
these old rocks is quite small, about one third of a square
mile nearthe center of the hills, but the structure is such
that a fairly good section of them is visible,

2 . ol ~ 3 :
Woodford, A. Oe, The San Onofre Breccia, its natuve and origin.
Univ. Calif. Pub., Nol 7, 1925,
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MIOCENE:

Wherever the contact is visible the Franciscan is
unconformably overlain by a series of Miocene sediments and
volcanics, part of which are the subject of the detailed
study to be presented later. On the basis of lithology,
the sediments can be divided into three distinet members: the
lowest of these is quite variable in thickness, contains
several types of rocks, including sandstone, tuff, limestone,
silt and cherty beds, and shows considerable lateral varia-
tion; the middle member consists largely of diatomite and
diatomaceous silts with minor amounts of limestone and chert
and shows relatively little lateral variastion; the upper
member consists almost entirely of radioclarian-diatomaceous
silts. There is considerable controversy among geologists
who have worked in this area as to the stratigraphic value
of these lithologic units, and the wiiter does not care to
enter inio the argument at this time. It should be empha~
sized, however, that whether or not the above mentioned
members have a strict stratigraphic significance, they always
have the same general stratigraphie relation to one another.
Thet is, the diatomite member always overlies the chert-sand-
stone~-tuff member, and the radiolarian silts always overly
the diatomite. Foraminifera from these members indicate that
they all belong in the upper half of the Miocene. (See Plate III)

Intercalated with the sediments of the lowest
menber of this series are some bodies of basaltic rock.

These are generally nearly concordant with the bedding,
but are believed to be largely intrusive in



PLATE

v

GUNERALIZED STRATIGRAPHY OF THE SAN PEDRC HILLS

Sedimentary Rocks
Palos Verdes Palos Verdes Formation 501
Formation QePevie A
PLEISTOCEN
Lower San Pedro Formation - sand .
Sepulveda 100 o
Group “Timm's Polint Ld s11% ,
Qo8 100t
Lomita ™ calcarenyte _100ty
LOWER Repetto Foramini feral Siltstones 1004,
PLIOCCENE Formation
(Tr.)
Upper MembeJ Radiolarian Silts
Tum Bolivina seminuda 500 Us
Middle Diatomite
Mem ber Bolivina hughesi 100
UPPER Tmm 000k
MIOCERE Monterey
Formation
Cherty shale cherty shales,
Division - tuffs, lime-
Lower stones, silts
Kember Valvulineria
Tim Califor-
nica 500tk
Bentonite Tuffs-bentonite
Division gilts
"Gould shale"
fauna zm
Sandstone Sendstone
Division 500"
==
JURASSIC Franciscan - -
P aria ¥4 an Ouartz-albite~glaucophane schists ami
If. quartzites
Igneous Rocks
|
UFPTR
MIOCENE Tba Basalt ani diabase, probably mostly

intrusive
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nature. Further details of the stratigraphy of this epoch
will be given later.

PLIOCENE:

The uppermost Miocene member is overlain with no
visible unconformity by a series of foraminiferel siltstones
of lower Pliocene age. These siltstones are superficially
quite similar to the underlying Miocene sediments, but differ
markedly on closer inspection: for, whereas the Miocene silts
are very fine grained, slightly miczceous, and contain abun-
dant siliceous organisms and very few foraminifera, the Pliocene
silts are coarse-grained, guite micaceous, and contain very
few siliceous organisms and abundant foraminifera, MNoreover,
the lower part of the Pliocene silts always containsabundant
Zlauconite grains, which are rare or sbsent in the underlying
Miocene. These features enable one to distinguish the two
formations without di fficulty in the field. The maximum
thickness of Pliocene which can be observed is only 100 feet,
but well data indicates that a greet deal of the upper part
of the section is concealed by the overlap of the Pleistocene.

Foramirifera from these rocks indicate that they
are of lower Pliocene age and can be correlated with the
Repetto formetion of the Los Angeles Basin. The lowest
Pliocene frunule discovered, however, which is 50' or less
above the base of the formation, correlates with a faunule
2000 faét or more above the base of this formation a few
miles to the north in the Dominguez 0il field.s Whether
this is due to thinning or overlap is uncert-in, but the
abundant glauconite grains and the sharp change in litho-
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logy lead the writer to believe that the latter is more
probably the case.

PLEISTOCENE:

The Pleistocene formations of this area have been
made classic by the work of Ralph Armold®, C. N. Crickmay,?
Alex Clark®, and others, =nd althouzh they are extremely
interesting both petrologically and ypalecvn.clogieally, no
attempt will be made to describe them in detail here., Plate.
IV shows the lithologic nature ani thickness of the different
unitse Neither of these characters is uniform throushout the
area and it is even possible that a considerable part of the
Lonita and Timm's Point formeations are equivelent in age and
merely represent ecologic facies. The Lower San Pedro is
generally a sand deposit erd relatively poor in fossils, so
that its recognition in isolated outcrops is also liable to.
certain inaccuracies.

The three lower formations have sll suffered con-
siderable folding and dips in them may amount to 709,
although this is only locally true and 200-30° is a wore
common fizure. Since their differentiation is not signi-
ficant from the standpoint of this paper they have been
grouped on the mep as one unit and ¢alled the Sepulveda group.
They are exposed as a nearly continuous band along the east
and north flanks of the hills.

In contrast to the disturbed condition of the lower
Pleistocene beds the Palos Verdes formation is generally a

nearly flat lying terrace deposit. Occasionally, however,



PLATE IV

GENERALIZED PLEISTOCENE STRATIGRAPHY OF THE SAN PEDRO HILLS

Palos Verdes Non marine earthy
UPPER PLEISTOCENE| Formetion silts = _ _ _ | Ter-
(Upper San Pedro) Warine fossili= race
ferous sands and Depo
gravels sor gits
Lower San Pedro clean, cross dips
Format ion bedded sands. up t
Some silt near to
base. A few 45°
2] molluses and
o ostraco&sso-zoo,
LOWER @
PLEISTOCENE |3 Silts
s Timms Point abund ant
— Formation molluses
B and foramini-
. fera 0-200" dips
, e wp
to
Lomita Calcarenite, 70°
Format ion marls, sands,
some cgl. very
abundant
foreminl £882500
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it is gently folded. The lower part of these terrace de-
posits generally contains autochthonous merine molluses,
but the upper part is generally an earthy non-marine sandy
silt. The terraces on which these deposits lie are very
extensive, although discontinuous. In many cases thin
veneers of the Palos Verdes formation have been ignored

when making the geologic map.
Structure

Ag mentioned above, the structure of this region
is quite complicated, and & discussion of its intricacies
does not seem pertinent to this paper. Flate I contains
enouzh details to show the distribution of the major strati-
grephic units, snd to enable one to anticipate to a certain
extent the types of rock that may be studied in a given area.
This is sufficient for the purpose of this paper.

o
Arnold, Ralph, The Paleontology and Stratigraphy of the lMarine

Pliocene and Pleistocene of San Pedro,Calif. Calif. Acad. Seci.
Mem. 3 1903.

4Crickmay, Ce Ne, Anomalous Stratigraphy of Deadman's Island,
Jour. Geol. vol. 27, 1929,

5
Clark, Alex, The Cool Water Timm's Point Pleistocene Horizon

at San Pedro, Calif, Trans. San Diego Soc. Nat. Hist. vol. 4,
1951 5 PQ 25-42-
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PLATE III

VERDES HILLS AND SAKTA BARBARA

Lower Kember

800’

Palos Verdes Santa Barbare Zone | Charasiteristic spgaminirera
Hills
Upper Member |Diatomaceous 1 Bolvina seminuda, B, aff.dpissa,
and B. sinuata
Radiolarian Radiolarian Bulmina (Globobulimina)erushed
Silt Silts Uvigerina fractocostata, U. aff,
canariensis
1600° Pulvinulinella bradyina
500" Arenaceocus foraminifera - chiefy
Haplophragmoides
Hiddle liember | Diatomite Boliving €SI, B, yDe
500" 2 beyrichi, B. diliteta, B. plicat
Distomite Buliminella brevior
800" Uvigerina aff., flintii
Virgulina californiensis
Cassidulina crassa
TssIng? TIIT and ) Buliming (UVigerinella) SD.
limestone and Bolivina califoranica
3007 4 Baggina califcrnica
Bulimina affinis
Casgsidulina crasse
Valvulineria cancriformis
Chervy Che: -ty Lyiomeling ammonoides
Shale . Shale and 3] Bolivina advena var.,
Division péntonite striatella
550" Pullenia miocenica
500! Siphogenerina collomi
Valvulineria californica
Bentonite and | siltstone © B 29 o
Sandstone (%) 350° and Buliminella subfusiformis
division of 7 Nodosaria koina

Nonion costifera

Robulus spe(large umbonate)
Siphogenerima bramneri, S.
hugesi

Velvulineria miocenica, V.
ornata
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Chapter III
MIOCENE STRATIGRAPHY

In the preceding chapter it wes noted that the
Miocene of the Palos Verdes Hills is divisible into four
ma jor stratigraphic units. In this chapter these units
will be described in more detail and their stratigraphic
position with respect to some other Miocene sections will
be givens Plate I1I gives the microfsunal zones of the
upper Hiocene 'in the Santa Barbara districtand their corre-
lations with the Palos Verdes sectiones This zoning is based
on foraminifera, end is the work of Mr. Boris laiming. *
It will be noted that the term "Monterey is used to include
all of the.Palos Verdes sections The merits of this desiz-
nation of the upper part of the Miocene have been discussed
by R. D. Reed in his "Geology of California" Sand will not
be repeated here, Whether or not the term is Justifiable,
the foraminiferal zones shown in Plate III are nearly always
present in complete sections throughout the state, and are
generally believed to represent stratigraphic anmd not ecolozic
unitse. They serve, therefore, as an excellent means of
correlating this section with some others which are more
generally knowns Whether or not the lowermost part of the
column should be called Temblor and the uppermost pert Sante
Margarita 1s not important to this discussion,

*Micropaleontologist for The Texas Company, Los Angeles, Calif.

Ralph D. Reed-Geology of California, 1953, publication of the -
Americen Association of Petroleum Geologists.
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LOWER MEMBTR:  (Sandstones, Tuffs, and Cherty Shales)

This member shows a great deal of lithologic var-
iation both vertically and laterally, as well as great
differences in thickness, so that a generalized section is
of little use for the purpose of stratigraphie correlation,
unless it is used very cautiously. There are, however,
certain rock types which are almost or entirely confined
to this member, and 2 certain genersl sequence in the order
of their occurrence, which should be emphasized., The rock
types characteristic of this member are sandstones, benton-
ites, tuffs, and the so-celled cherty or platy shales.

The order of their appearance in the column will be dis-
cussed presently, but first it seems advisable to describe
one nearly complete and very thick section, after which it
will be pointed out how this section compares with other
equivalent strata.

Section A: (Txposed along and sdjacent to the line A-A?)
o (PlatesTII and V). '

A large part of this section is exposed along the
coast highway between San Pedro and Redondo in S15, T5S,
R14W, in the southeast quarter of the San Pedro Hills
(uadrangle. The remainder is exposed in adjacent road cuts
and  ravines.

Due to the fact that good exposures arb not suffi-
ciently continuous along any one line to permit the rocks to

be desecribed along such & line, it was necessary to make



)l

several offsets in the traverse when examining this section.
Fortunately, it was possible to tie in most of the offsets
to each other by tracing beds between them, and in other
cases to correlate them with little probable error by dips
and strikese Due to the necessity of makine offsets, it
did not seem advisable to draw an actuel creoss section along
some mean traverse line, and so only 2 columnar section is
given. However, most of the loeality numbers are given on
both the columnayr section and on the mep so that correlations
can be made between the two if desireds It was found that
this particular section could be divided into three litho-
lozgie units which are shown in Plate 'V ani in more detail
on Plate Il« On the basgis of their most characteristic

rock types they are celled the sandstone division, the
bentonite division, ani the cherty sﬁalo division.

Sandstone Division

The lowest 400 feet of this section is rather
poorly exposed, but certainly consiste largely of coarse
to medium grained sandstones contéining & high percentage
of Franciscan schist fragments. &0 2 ~f these sandstones
are highly cemented with caleium carbonate, some are un-
consolidated. In sddition, this part of this division also
containg some thin beds of arenaceous limestone, snd a'raw
thin beds of tuff. Near its base it containg a body of
basalt which may be extrusive in nature, but is not certainly
80, The contact with the Franciscan is unconformable and is



Fige. 2

Rhythmically interbedded tuffaceous silts
and sandstone near top of sandstone division
of lower member,

Fig. o

Middle part of diastomite member at Cabrillo
Beach showing rather unusual concentration of
limestone and chert. See page 26.



marked by a thin limestone bed containing sbundant schist
fragments. The thickness of this part of the section is
based on dips and strikes available and cannot be meagured
directly, but is probably correct within tem to fifteen
percent .

The 120 foot section overlying the 400 feet just
desceribed is well-exposed znd consists of about 85 percent
soft, gray, well bedded, medium grained sand, very rich in
glaucophane; about 10 percemt tuff; and about & percent
limestone and silt. Thaf§ are four beds of nearly pure
béntanite. The lowsrmost three are in the lowest 3N feet
of the section and are each one inch thiek. The upper bed
is one foot thick amd is at the top of this division, This
120 foot section can well be included with the lowest 400
feet in the sandstone division. It is described separately
because of the difference in the quality of the exposures
and the consequent di fférence in the value of the descerip-

tione
Bentonite Livision

Overlying the lower sandstone division is a
section 575 feet in thickness consisting of spproximately
38 percent basalt, 30 percent silt and tuffaceous silt, 19
percent bent'onite, 10 percent sandstone, and minor amounts
of c¢herty shale end diatomite. The thickness given is
al=nst evrtainly 2 minimum, since small normal faulte have

probably cut out part of the section.
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Basalt.,
Exposures of the contacts of the basalt bodies in

this particular section are too limited to permit a definite
statement concerning their nature. However, where they are
exposed the contacts are parallel to the bedding and no apo-
physes or xenoliths were noted, so there is some suggestion
that the igneous rocks are extrusive. On the other hand, at
the upper contact of the thickest basalt body the overlying
sediments are considerably silicified and apparently baked.
This suggests an intrusive origin, although the phenomena
might be explained otherwise. At any rate the basalt bodies
are not very extensive anmd it is necessary to subtract their
thickness from this part of the section when comparing it
with other equivalent strata. All three bodies of igneous
rock are too badly weathered to permit a reliable classifi-
cation, but comparison with other igneous masses in the area

suggests that they are either basalts or diabases. See page

29.

The silt is a compact, tan colored, fairly well
laminated rock containing abundant fish scales, and a few
diatoms, radiolaria,sponge spicules, and silico-flagellates.
It is often gquite tuffaceous, and in fact some of it might
be called silty tuff rather than tuffaceous silt. In places
it contains abundant casts of globigerina tests, but the

actual shells of these organisms were never found.
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Bentonite.

Bentonite occurs in three beds: one 45 foot bed 50
feet above the base of this division; one 9 foot bed 20 feet
higher; and one 55 foot bed at the top of the division. The
lower two bentonites are very similar and disintegrated

samples have approximately the following physical composition:

Clay mineral (montmorillonite) 80%
(1,2 1.4854.005; *,=1.510%.005)

cuartz (feldspar ?) angular grains 10%

Voleanic glass (1 1.497) 5%

Siliceous organisms 5%

(sponge spicules, diatoms,
silico-flagellates)

A chemieczl analysis® of a sample from the top of
the lower bentonite which had the meclsnical composition

given above,gave the following results:

A1205 17.37
Cal 2465
Nazo Kzo 1.04
ESO Se46
Fel 2,01
Fezo3 «90
SO3 « 08
Cl +05

Ignition 14,27
TOTAL 100,056

% The analysis was performed by Mr. ©d Eisenhauer, Jr.
Assayer and Chemist, So. Spring St. Los Angeles.
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Agsuming that the volcanic glass is & rhyolitic
glass, to which catezory its index would assign it accord-
ing to Tilley? and assuming that such a glass consists of
65% alkali feldspar, 55% of the total alkalies in the above
analysis can be assigned to volcanie glass. "hether the
remainder would be combined with Si0pto form some of thé
doubtful feldspar grains or combined in the clay mineral
cannot be stated definitely. At any rate its assignment
is a matter of little importance considering its amount,
and ihe possible errors in the physical analysis. Assuming
that it is present in the form of alkali feldspar greains
and deducting the silica present in these, plus that
present as quartz and siliceous orgenisms from the total
Si0; in the above chemical analysis, °
the clay can be calculated to have approximately the
following formula:

Ca0.2Mg0.4A1 O;.163103.20H20
The indices of refraction of the clay mineral places it in
the beidellite-montmorillonite group of Ross®ana Kerr9 and
the composition'élso agrees with what can be expected in
this series. The above authors give:

HpO+Hg0 o Alp0g « 6510y Aq for beidellite

| HpO+H,0 « Fe,0,. 3510, Aq for nontronite

278

HoO4HoO & (H 0 » Cal eth) Ale -53102 for
udliile & morhRrort) Lont 8

Vgilley, Ce Bsy Density, Refractivity, and composition Rela-
tions of some Natural Glasses. Mineralogical Magazine, Vol.
+. No. 96, 1922,
Ross and Kerr, Paul, Jour. Sed. Pet. Vol. I, 71, 1931.
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and consider that there is a continuous isomorphous series
between these minersls and that the indices vary with the
composition between 1,480 and 1.60,.

The occurrence of siliceous orgeanisms is perhaps
noteworthy, since they are a common constituent of most of
the bentonite beds of this area, and moreover are common
above them, but are very rare in the underlying section.

This is interesting in view of the fact that several authorsg‘lo
have considered that the abundant occurrence of diatoms is
directly connected with voleanie outburstis.

The upper bentonite differs from the two lower
ones only in containing a higher percentage of volcanic glass

and clastic quartz.

Sandstone.

The ssndstone of this division is generally coarse
grained, brown, well cemented by caleium carbonate, sometimes
tuffaceous and characteristically contains much less amounts
of the Franciscan amphiboles than do the rocks of the under-

lying sandstone division.

Cherty Shales.

The petrologic characters of these rocks will be
discussed later, but it is desirable here to emphasize the
location of their lowest occurrence in the section, which
is in the middle of the lowest bentonite of this division.
They also occur Jjust above this bentonite, and in the

distomite near the center of the division. (See Plate II)

9Taliaferro, N. L., Relation of Volcanism to Diatomaceous
and Associated Siliceous Sediments. Univ. Cal., Publ, vol.
23, 1933.

104nitne , J. De, On the Fresh "ater Infusorial Deposits of the
Pacific Coast, etc. Proe. Calif, Acad. SCi. pp, 319-24.
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Diatomite.

A 10 foot bed of highly diatomeceous silt or
diatomite occurs sbout 380 feet above the bagse of this
division., Opaline frustules are perfectly preserved in
a matrix of slightly compacted tuffaceous silt.

4 few diatoms were noted in some of the silts below
this bed eand they are fairly common in some beds above 1it,
but this is the only abundant occurrence of these organisms
in the lower member. T2 position of this bed is believed
to be important because some workers have contended that the
che rty shales to be discussed later represent metamorphosed
dietomites snd that the chief agent of metamorphism was the
pressure of super incumbent strata, The presence of this
diatomite bed well below the mein body of che rty shales
suzgests that this explanation is very unlikely.

Limestone,
A few beds of quite pure limestone occur throughout
the section, but are of very minor importance. Several of

them contain considerable numbers of opaline diatom frustules.

Cherty Shale Division

The thickness of this division is believed to be about
975 feet, of which the lower 300 feet is excellently exposed,
the middle 250 feet is poorly exposed and the upper 405 feet
is feirly well exposed. Better exposures in the upper part
mizht lead to a different estimate of the thickness, @nd to
variations in the estimated percentages of the different
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rock types, but could scarcely change either very radically.
The division is estimated to consist of 35% tuff, 25% tuffa-
ceous silt, 20% cherty shale and 20% limestone and tuffaceous

limestone.

Tuffs and Tuffaceous Silts.
liost of the tuffs are light gray to pale bluish

white beds with irregular limonitic stainings. They are
very soft and generally appeer unleminated to the naked eye,
although when allowed to thoroughly dry a certain amount of
lamination is apparent. They almost always have a weak,
wéxy luster and with a hand lens appear to consist of an
aggregate of minute spheres., This texture is especially
characteristie, thouzh hard to explain. On soaking in
water the rocks break down into particles much smaller than
the apperent sphere size. Microscopically, they can be seen
to consist of 10-25% of very angular quartz grains, plus
25-30% of an altered appearing isotropic material of very
low index (N=1.480.,005) which is believed to be somewhat
altered volcenic glass. The remainder of these rocks con-
sists of a bentonitic cley minersl similar to that mentioned
in the discusgsion of the bentonites of the bentonite-division
and of shards of fresh volcanic glass. A few grains of
glaucophane or crossite are generally also present.

Tests of foraminifera are sometimes abundant in
the silts and are frequently very well preserved. In the
tuffs, on the other hand, the only indication ¢of:the former
existence of these orgenisms is the presence of moulds
and casts. Diatoms end sponge spicules are never abundant,

but are quite frequently present in small numbers.
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Cherty Shales.

These rocks are much more abundant in this division
then in any other part of the entire lilocene section. They
are particularly common in the lowest 175' where they make
up 50=-55% of the section. They will be more fully described
later, but it might be mentioned here that they are commonly
light gray or ten in coclor, generally, but not always bended,
the bands averaging 1/10 inch in thickness, and that they
élways occur in regular beds of uniform thickness, not in
nodules or irregular masses, 28 do some ¢f the siliceous
rocks which will be described later., Individual beds vary
from 4 inch to 10 inches in thickness and average about
four inches. Their hariness® varies considerably, there
being & complete gradation from slightly indursted cherty
shales which are only a 1little harder then a finger nail,
to very well indurated cherty shales which are neerly as
hard as quartz. Most of them, however, are just inferior

to a knife in hardnesse. (Aboﬁt 5)e

Linestoness

Limestones are of much greater importance in this
part of the section than in the underlying divisions. They
can be divided into three types: (a) rather soft, often
crumbly, tuffaceous limestones containing 60-60% ealeium
carbonate; and seldom if ever containing any orzanie remains;
{(b) leminated limestones generally containing abundant

dietoms and often quite well silicified by blebs of chalcedony;

*Except in the softer verieties of these rocks it is believed
that the quality measured is really hardness and not nerely
the state of aggregation of the constituent parts. in the

softest rocks it is likely that the quality measured is a
function of the state of agzregation.

e e i SRR SRS SRS, SRV SRRSO ST
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(Fige 4) and (¢) cream to dark buff limestones generally
showing no lamination and no silicification. These last

rocks sometimes contain diatom casts and foraminifera.
Ag far as the writer knows the laminated lime-

st ones and tuffaceous limestones are confined to this part
of the section. They have never been noticed in either of
the overlying members, nor in the underlying divisions of
this member, although the presence of tuffaceous limestones
in the latter would not be surprising.
Summary of lLithology of Section "A" of the lower lember

This member can be divided into three divisions.
The lowest division, 520 feet thick, consists chiefly of sand-
stones derived from Franciscan schists with very minor amounts
of tuffaceous and bentonitic material, The middle division,
575 feet thick, consists largely of tuffaceous and bentonitie
material, silt and basalt, with very minor amounts of cherty
shales. The upper division, 975 feet thick, consists largely
of tuffaceous material ani cherty shales and, in addition,
contains considerable eamounts of limestone.

It may be significant that diatoms start to be
fairly common as soon as tuffaceous material becomes abundant,
and also that minor amounts of fairly incoherent diatomite
exist so low in the section. It may also be significant that
che rty shales first sppear in the section a2t the samé place

where tuffaceous material starts to be abundant.

LAge of Section A of Lower Member:

The lowest foraminiferal faunule discovered in



Fig. 4.

Siliceous Limestone Upper-
division of Lower member.

The irregular white area
in the upper part of the
picture is chalcedony.

The dark areas are calcite.
Note diatoms filled with
chalcedony in center of
picture.

Spl. 590 X from S.W., % of
S15, T5S, R14W.

Fig. 5 (See also Figs. 43 and 49)

General View of intraformational conglomerate in upper
division of member. NW}, S21, T5S, Rl4w,
The matrix of the conglomerate is very soft fine grained silt

cobbles and cherty shale limestone and silt. Note a
shale cobble in overlying limestone bed. N Ry et

’
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this section was not collected by the writer but was found
by Dr. Robert Xleinpell.* It occurs 100 fecet below the
top of the sandstone division and contains forms which he
correlated with the "Gould-shele"™ fauna ci Chico-llartinez
Creek west of Bakersfield. According to lir. Laiming and
Dre Kleinpell the Gould shale fauna correlates with zones
6-.7 of the Miocene column shown in FPlate III.

A foraminiferal faunule from a point about 300
feet below the top of the upper division contained the
following species:

Valvulineria californica

Baggina californica

Siphogenerina branneri

Uvigerinella californica

Bulimina ovata (odula)

These forms are characteristic of Zone 5 of the same column,

It appears then that most of the lower member
can be correlated with the lower part of the Monterey stage
of the Miocene., Whether or not the sandstones underlying
the first mentioned faunule belong in the Temblor stage of
the Miocene cannot be stated at the present time.

It should be noted that the top of the section
Just described is not marked by the base of the diatomite
member. This may be because the stratigraphic equivalent
of the latter is represented by a portion of the upper
part of the lower member and the diatomite lithologie
facies is missing. Such is not believed to be the case,
however, because the highest foraminiferal faunule of this

section, although 300 fest below its top, is comnsiderably

*Tonsulting geologistend micropaleontologist, Bakersfield,
California.




clder than any known faunule in the diatomite.

Other Sections Through the Lower liember

Strata Corresponding to Upper Division of Section A,

Unfortunately most other sections through the lower
member are either less well exposed than the one Jjust described
or else structural complications meke it difficult to be
certain that the entire section is present. For this reason
no complete section from the diatomite member to the basal
sanistone was described. In many cases, however, several
hunired feet of strata immediately underlying a well-exposed
di atomite-lower member contact could be readily exsmined.
This is true of the beds below the diatomite in the Rocky
Point Syncline, and slong the north flank of the hills., In
both cases these strata are lithologically comparable to
the upper division of the lower member, thatiis they contain
cherty shales, limestones, tuffs and silts and all gradations
between them. The percentages of these rocks in the section
vary and as & general rule there secems to be less tuff and
more silt and limestone than were present in Section A.
Whether this is due to the fact that these stratea are really
somewhat higher in the section, or to lateral variation is
not known for certain, but the latter is believed to be the
case, and the top of the cherty shale division of section
A is believed to be nearly as high as the base of the
diatomite member, |

There is one locality at which the rocks of the

upper division differ markedly from the general constituents
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of this part of the section. This is at Point FPermin. The
strata exposed on the beach st the axis of the Point Fermin
Anticline contain abundant foraminifera which seem to be

the equivalent of those collected 00 feet below the top of
the lower member, (Section A) The rocks in which they occur
are siltstones containing a few cherty shale beds. They are
overlain by 50 feet of coarse sandy tuffs and cherty shales
and then by 100 feet of very coarse glaucophane schistesand-
stone breccia. Thig is the only known important occurrence
of coarse sandistone so high in the section. kioreover, the
contact as exposed on the west side of Point Fermin looks
like an unconformity, and on the south end of the point

there are certainly some irregularities along the contacte.
This possible unconformity and sudden change in litholozy

is mentioned here because it may help to explain the apparent
hiatus, which, Jjudging from the foraminifera, seems to exist
somewhere in this part of thewpolumn.

Before leaving this discussion, the presence of an
intra-formational con:lomerate containing cobbles of very
hard cherty shale, limestone, and siltstone should be
mentioned. This conzlomerate is well exposed at low tide
at the station marked 615-A, which is about three guarters
of a mile east and one quarter of a mile south of Inspiration
Point. (Plate I), Its stratigraphic position compered to
Section A is given in Section B, Plate II, the correlation
being made on the upper-bentonite bed of the bentonite
division. The conglomerate bed is about two feet thick and



-l

consists of about 25% cobbles in a matrix of soft silt.
(Figs. 5 and 48)., Some of the cobbles are quite soft shale
and are well rounded, but all of the cherty shale and lime-
stone cobbles are subangular. This conzlomerate is believed
to be significant when considering the origin of the cherty
gshales. The softness of the silt metrix and the fact that
there is no cemented transition zone between the cherty
shale cobbles and the surrounding silt seems to preclude

the possibility of the cobbles having been silicified sub-
sequent to their deposition in the conglomerate., Since their
angularity,considered in conjunction with their size,seems
to indicate that they could not have been transported very
far, and since they are petrozraphically identical with some
cherty shales in the immediately underlying 200 feet of
section, and since finally,cherty shales are not known to
occur in any adjoiniﬁé area at & point more than 380 feet
below the conglomerate, it seems likely that they were de~
rived from en uplifted part of the underlying 200-400 feet
of section.

Since the intraformational conglomerate is a very
locel festure and since according to the foraminiferal evi-
dence there is no hiatus in this part of the section, it
seems necessary to conclude that the cherty shales of the
section underlying the conglomerate attained their present
indurated state before more than 400 feet of sediments were

deposited upon thenm.



-2 S

Strata Corresponding to the Lower Two Divisions of Section A

Field work throughout the San Pedro Hills indi-
cates that the lithologic types described as typical of the
lower pert of section A are fairly persistents In some cases
there seem to be great variations in thickness. For example,
Just north of the Franciscan area the total apparent thick-
ness of the lower member is 400 feet or less, but here, as
often elsewhere, one cannot be certain that this apparent
thinning is not lergely due to faulting. At any rate, the
lower part of the lower member nearly always consists of
coarse sandstone derived from Franciscan schist and is over-
lain by sediments rich in tuffaceous material. loreover,
as far as is known cherty shales do not exist below the

point in the section where tuff is abundant.

Summa ry

It is believed that althougzh section A shown
on Plate II is probably somewhat thicker than its strati-
graphic equivalents elsewhere in the area, it nevertheless
containsg the lithologic types typical of this member in approx-
imately the same percentages that exist elsewhere, and in the
same stratigraphic sequence. In other words, the lower member,
with some local exceptions, consists of a basﬁl division con-
sisting largely of sandstone, & middle division consisting
largely of bentonite, tuff and silt, and an upper division
consisting largely of tuffs, cherty shalc¢s, limestones

and silts. Scattered foraminiferal samples indicate
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that the lithologic divisions of this member correspond
approximetely to stratigraphic divisions, but these samples
are too few in number to permit this to be considered a

proven facte

MIDDLE MEMBTR OR DIATOMITE HEMBER

In contrast to the lower member, the middle member
is remarkadbly uniform in lithologic charascter asnd is fairly
uniform in thickness. There are, to be sure, s2veral ox-
ceptions to its uniformity which will be mentioned later,
but by far the greater number of the sections which were
examined consists of the following types of rocks:

Diatomite, or very hizhly diatomaceous silts - 70-95%

Limestone , 5-20%
Black chert 2-10%
Vitric tuffs 1%

In addition to these rocks, this member except-
ionally contains diatomaceous glaucophane sands and breccias,
slightly diatomaceous silts, and cherty shales, these last
being similer to the che rty shales described in the lower
member, and quite different from the black chert mentioned
above.

Diatomite and Highly Diatomaceous Silts

These rocks asre dead white to buff colored when

dry and considerably darker when wet. They are composed of

from 50-85% or more of siliceous organisms, and from 15-509

of clay or silt. Diastoms are the most common siliceous

organisms, but radiolaria, sponge spicules, and silico



flagellates are nearly always present and occasionally make
up 20-30% of the rock by weight. In numbers they are, how-
ever, always of much less importance. (Fig. 6)

A microscopic examination of a disintegrated
sample of diatomite from the Decolite quarry south of Harbor

City showed that it consisted of:

+240 mesh (0,65 mm.) 2%
Rediolaria

—-240 mesh
Diatoms 75%
Radiolaria 1%
Sponge spicules 7-8%
Silico-flagellates 1%
Bentoniti~ oley 15%
Detcies) quarts - less than 1%
Volecanic glass less than 1p

The density of this roék was 0,43
Another sample of buff colored diatomaceous silt
from Malaga Cove had the following camposition:
+240 mesh (.065 mm.) - 15%

Diatoms 3%
Radiolaria | 47
Sponge spicules 57
Cuartz 3%
- 240 mesh - 85% ,
Yellow isotropic material (clay or altered volecanic-25%
glass)
Diatoms 35%
Radiolaria 5%
Sponge spicules 5%
Silico-flagellates 5%
Cuartz amd feldspar (very anzular) 10%

Volecanic glass (N 1.480 - 1.525) « present
The latter specimen probably has about the averagze
clastic constituent, organic constituent ratio. The ratio of
the amounts of different types of siliceous organisms varies
a great deal but diatoms are always the most important. It
should be noted that most of the siliceous organisms are quite

small, and in fact of those below .065 mm. in diameter, prob=-



Diatoms, sponge spicules and radiolaria from coarse concen-
trate of silty diatomite (+ 240 mesh)

Fige. 7

The banding is nearly horizontal, note dark colored transi-
tion band between di?to?fte on left amd chert on right.

b o
Secondary chert from diatomite - Cabrillo Beach.
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ably 60% by weight are below .02 mm.

The volcanie glass content is very characteristic.
Of several dozen specimens examined not one was devoid of
this constituent. The bentonitic clay content may be more
variable, althouzh all the specimens which did not contain
typical birefringent shreds of this mineral did contain some
nearly isotropic material of approximately the same indices

which may be a clay mineral,

Limestone.

L few thin beds of limestone (4-18 inches thick)
are found in nearly every section of diatomite, and in some
exceptional ceses, they are so abundant that they make up
30-40% of 2 50 foot section through the member. Such oceur-
renceg are not usually persistent, however, for more than a
few hundred yards along the strike.

Most of these limestones are compact, cream to
buff colored rocks with few signs of lamination, and are
generally devoid of fossils of any sort. Foraminifera are
sometimes present, but stra:tely enough diatoms are seldom
present in appreciable numbefs. L COp determination of a

spceimen from Malaga Cove s-.wed 82% Cacoaf

Black Chert.
Black glassy cherts with a conchoidal fracture and

a hardness of 6«7, occur in the diatomite member in three ways:
l. 43 beds, generzlly about & inches thick and
sometimes continuous for several hundred feet with no great

variations in thickness or stratigraphic position, but showing,

nevertheless, slight nodular swellings at irregular intervals.

*E qualitetive enalysis sho '
tha 'CO2 was calculbied as Cagog ¥ ° UFece of magnesium, so all




-2 -

2. As nodules of irregulsar shape, bul generally
more or less ellipsoidal, varying in long diameter from a
few inches to a foot or more ard in short diameter from .25
inches to about € inches.

e 48 veins cutting across several feet of strata.

£11 of these cherts are discontinuous, although
some of those occur.ing as beds are fairly persistent and
unless exposures arée good their discontinuous nature might
be overlooked. ¥%hen they end they always do so in the same
way, very sherply and suddenly. (See fig. 7) The petrology
and origin of these cherts will be discussed later, but their
distinetion from the cherty shales in mode of occurrence
should be emphasized here snd it should be remembered that
the cherty shales occur as reguler stratigraphically limited
beds, whereas these cheris occur in more or less irregular bodies,

Vitric Tuffs

beds one half inch or less in thickness and con-

sisting almost entirely of fresh sherds of volcanic glass
oceur at intervals throushout the diatomite member, The
index of refraction of the glass varies from 1.480 to 1.525.

Some of these beds contain abundant foraminifera.

Vertical Variatione.

The following observations on the stratigraphic
position of the above described rock types may be importent: (a)
Vitric tuffs end limestones seem to be particularly abundant
in the lower part of most sections. (b) The percentage of
admixed silt is greater in the upper part of most sectioms.

{¢) Black cherts do not oceur in the uppermost part of most
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ILateral Variztione.

It was meuntioned above that, exceptionally, some
types of rock, other then those Just described, occur in
the diatomite member. This veriation occurs chiefly at
two pleces: in the southwestern part of the town of San
Pedro, and along the northern flank of the hills south and
a little east of the town of Waltheria.

Varistion in San Pedro Area

A glance at the geologic map, Plate I, shows an
uncolored area in the southern pert of the town of San Pedro.
Thig area is partially bounded by known faults, but to the
northwest the rocks included in it, (sandstones, cherty shales
and tuffaceous silts) seem to grade along the strike into
quite pure diatomite. Unfortumately, exposures are not good
enough to preclude the possibility of this apparent lateral
gradation being due to fauitinz, ari for this reason nc
such gradation has been assumed in the consideration of the
genesis of any of the rocks, This discussion is merely in-
serted here to explain the geologic map.

There are two types of rocks in the San Pedro area,
however, which &re unusual for this member, These are:

l. Diatomaceous glaucophane sands and silts, which
occur jJust east of the Cabrillo Beach fault between 10th Street
and 21st Street. These rocks vary from glaucophane sand-
stones and silts with 10-15% of siliceous orgenisms to dia=-
tomites with 10-15% of fairly coarse glaucophane schist detritus.
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2 Cherty shales. These rocks closely resemble
the cherty shales of the lower member, and differ from them
only in the fact that they contain sufficienﬁ detrital
zlaucophane to give them a bluish green tint. They differ
from the black cherts characteristic of the diatomite in
thet their boundaries are strictly stratigraphic and their

hardness is generally somewhat inferior to the latter,

Variation in the Waltheris Area

In thig area a lens 50-75 feet thick composed
largely of cherty shales and tuffaceous silts is interbedded
with the diatomite, These rocks are in e2ll respects similar
to the cherty shales amd tuffs of the lower member ,and the
cherty sheles show no similsrities in mode of occurrence

with the black cherts of the diatomite.

Thickness of the iiddle kember

Unfortunately, minor faulting makes an accurate
m-asurement of the thickness of this nember difficult or
impossible in many cases.

A section measured on the northwest side of the
hills in & small canyon which runs slightly east of north,
Just west of the line between 533 and S34, TSN, R14W, gave
a thickness of 825 feet for this member. HNo faults were
observed in thig section, but exposures are not sufficiently
cont inuous to preclude the possibility of their existence.

Another section measured just west of Hilltop

tuerry, S11, T4N, R14W was 900 feet thick. The top of the
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section is not exposed, due to overlap of the Lower
Pleistocene and the bottom is cut out by faulting, so the
true thickness probably exceeds this figure,

A gection measured from the Cabrillo Beach fault
along and adjacent to the line l-M in the town of San Pedro
had a thickness of 1200 feet, but there is certainly con-
siderable minor feulting across this line. It is believed,
however, that the section in this area is at least 1200
feet thick because most of the faults seem to be normal and
would decrease rather than increase the apparent thickness.

It appears, therefore, that the thickness of the
diatomite member may vary from 1200 feet or more to 800 feet,
the thickness becoming less along the northern face of the
hills, This variation is not surprising considering the
greater amount of clastic material mixed in with the diatoms

in the San Pedro town area.

Nature of the Diatomite Lower lMember Contact

In all localities where the contact is well exposed
between these two members, it is very sharp and apparently
perfectly conformable. It has already been noted that in
some places certain rocck types, more characteristic of the
lower member than the diatomite member, do occur in the latter.
It was also noted that diatomite occurs sparingly in the lower
member. For this reason, it would not be surprising if the
contact between these two lithologic units were not always a
strictly stratigraphic one. However, the writer wishes to
emphasize the fact that while the rocks typical of the lower
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member are more compact and more dense than the diatomites,
there is no gradual increase in compactness or denisty as

one goes downward in the diatomite section. Wherever the
contact between the typical lower member rocks and dia-
tomite is visible, this contact is a very sharp one, whether
the cherty shales and tuffs are interbedded with the diatomite
(north side of the hills) or underlying it, as they much more
generally are, This sharpness of the contact is beautifully
seen along the sea c¢liff just south of Roecky Point ard on

the southeastward plunging nose of a small anticline near

the west end of 7th Street, San Pedros The nature of this
contact is emphasized here because, as was mentioned before,
several investigators have advanced the theory that the
cherty shales are essentially highly compacted diatomites.
Considering the sharpness of the contact between punky dia-
tomites and cherty shales and the absence of any transitional

types near the contact, this hypothesis seems untenable,

Age of the Diatomite Member.

It often happens in California that foraminifera
are only locally abundant in highly diatomaceous beds and the
diatomites of this area are no exception. For this reason
the age of the diatomite throughout its entire extent cannot
be stated with certainty.

Foraminifera from the member Jtst north of the
breakwater at Cabrillo Beach indicate a definite Zone 2 age.

Conformably underlying cherty shales are also of the same age,
but it is not certain that these cherty shales are not a lens
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in the diatomite member,

Around the nose f the anticline near 7th Street,
mentioned above, the foreminifera from 50 feet above the base
of the diatomite indicate a Zone 2 age. Those from the under-
lying cherty shales indicate a Zone 5 age. The contact here
is almost certainly a depositional one. Vhether the apparent
hiatus is due to an unconformity, to non-deposition of Zones
S and 4, or to the fact that ecologic conditions were unfavor-
able to the growth of foraminifera, cannot be said with cer-
tainty; but since the contact between the diatomite and the
lower member always appears perfectly conformable ,and since
Zones 3 and 4 were not discovered anywhere in this area, the
writer believes that one of the last two alternatives is the
more likely,and probably the last one., In all cases the
foramiﬁiferal faunules collected from the top of the diatomite

are charecteristic of the top of Zone 2.

Summary of Description of Distomite.
(Middle Vember)

l. This member is essentially a deposit of sili-
ceous organisms, conteining verying amounts of silt, benton-
itic clay, and vitric tuff.

2, The black cherts of this member are discontin-
uous bodies oceurring as irregular masses not confimed by
bedding planes, and differ sharply in this respect from the
cherty shales characteristic of the lower member,

Ss ILenses of cherty shales and other rock types
typical of the lower member sometimes oceur within the dia-

tomite member, When this ocours, their contacts with dia-

tomite both above and below are sharp,
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UPPER MEMBER (Rediolarian Siltstone).

This member consists almost entirely of one type
of sediment, a siltstone very rich in radiolarian testis, and
containing in addition, considerable numbers of diatoms and
sponge spicules and & few silico~flagellates. In addition
to the siltstbne there are a few rather gilty limestones,
generally in discontinuous lenses, and some thin beds of

vitric tuff.
Siltstone.

This rock is generally grayish tan to pinkish tan
in color, very poorly stratified or not stratified at all,
and possesses & charactebristic conchoidsl fracture.
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