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ABSTRACT

Almost all sandstone beds occurring in the Upper 
Miocene formations of the Los Angeles basin were deposited 
by turbidity currents. Primary textures and structures in
dicative of turbidites occur in fair abundance throughout 
all three Upper Miocene formations.

All accessible outcrops of the Puente, Modelo, and 
Upper Miocene portions of the Monterey and Capistrano For
mations were scrutinized for sandstone beds containing 
primary sedimentary structures. Through study of these 
structures, the direction of current movement was deter
mined. The pattern of current movement displayed reveals 
that sediment was being transported into the Los Angeles 
basin from all sides.

Current directions and mineralogic studies indi
cate that essentially three source areas were supplying 
sediment into the basin. These source areas are 1) the 
San Gabriel Mountains, 2) an area to the east of the Santa 
Ana Mountains, and 3) a ridge of metamorphic rock parallel
ing the present coast line. The majority of sediment was 
derived from an area in the San Gabriel Mountains located 
northeast of the basin. This is evidenced by the fact that 
the thickness, grain size, and total sand content of the Up
per Miocene units decrease southwestward across the basin.

viii



INTRODUCTION

Location and Accessibility

The Los Angeles basin is a northwest-trending allu
viated lowland plain about $0 miles long and 20 miles wide 
on the coast of southern California. It lies approximately 
between lat. 33°30' and 3^0N. and long. 1 1 7 ° and 118°30'W 
(Fig. 1). This thesis deals predominantly with Upper Mio
cene formations exposed in the hills rimming the basin.
The formations studied include the Modelo Formation ex
posed on the south flank of the Santa Monica Mountains, the 
Puente Formation, and portions of the Capistrano and Monte
rey Formations.

Except for a few coastal areas, all of the land un
der investigation is privately owned. Obtaining entrance 
to land in the Puente Hills and Santa Ana Mountains was 
particularly difficult. Portions of the Santa Ana Moun
tains and San Joaquin Hills remain unstudied due to the un
cooperative nature of the Irvine Company.

Purpose of the Investigation

It has been known for several years that the majori
ty of sediments filling the Los Angeles basin were emplaced 
by turbidity currents. Sediments deposited by turbidity

1
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currents characteristically contain textures and structures 
oriented with respect to the current at the time of deposi
tion. It is the primary objective of this report to deter
mine the directions of sediment transport into the basin 
through study of current oriented features. Source areas 
can be delineated by means of paleocurrent directions, but 
in order to work out a more detailed paleogeography, miner- 
alogic data is also required. Therefore, the secondary ob
jective of this investigation is to determine rock types 
that were present at source areas through petrographic 
work.

Because of the tight security placed on data con
cerning the Upper Miocene formations by the oil companies, 
any detailed subsurface work was impossible. Stratigraphic 
details and relationships such as changes in grain size and 
thicknesses observed in the outcrop were only noted casual
ly, since previous investigators have already covered these 
areas of study to some extent. Work previously accom
plished by other investigators was supplemented but not 
duplicated.

Previous Work

Very little work of the nature undertaken in this 
investigation has been done previously in the Los Angeles 
basin. That work which has been performed is only of a 
very local nature. J. H. Spotts (I96I4.) did a very detailed



paleocurrent analysis of Middle-Upper Miocene strata of the 
Monterey Formation at Point Fermin on the Palos Verdes Pen
insula. Durham and Yerkes (1961j.) made a few random meas
urements of directional sedimentary features in the San 
Juan tunnel during its construction but did no other work 
on surface exposures. Yerkes and others (1965) reported 
that D. L. Lamar had made a study of directional features 
in the Elysian Hills, but the data remains unpublished.

Methods of Investigation

Innumerable workers have mapped and remapped the 
areal geology of the Los Angeles basin making it unneces
sary to spend time on that aspect of the problem. There
fore the efforts put forth for this study were primarily 
confined to determining the orientation of sedimentary 
structures. Although these structures are ubiquitous, they 
are quite inconspicuous, and a great deal of time was spent 
searching for them. Aside from a brunton compass, other 
useful equipment includes a broad putty knife, brush or 
whisk broom, and a jug of water— used for splashing on the 
outcrop to heighten color contrasts.

The majority of the outcrops studied are along city 
streets and highways and on new urban areas. Therefore it 
was not practical to undertake the amount of excavation 
work required to obtain numerous measurements at one out
crop. In most cases the directional measurement recorded
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at an individual outcrop is the average of several read
ings, although in several cases only one directional struc
ture was observed.

Although the strata are not horizontal in all areas 
studied, corrections for tilt were reduced to a minimum.
As the soft nature of the rock allowed oriented slabs to be 
broken out of the outcrops, the orientation of the cross
bedding could be easily seen. The dip of the cross-bedding 
was first marked on the slab, the slab reoriented with re
spect to a north arrow drawn on the nearest horizontal sur
face, and the current direction was then readily determined. 
This technique was learned from H. H. Sullwold (oral commu
nication) .

It has been shown that the azimuth of a linear 
structure is altered less than 3 degrees in beds tilted up 
to 25 degrees (Potter and PettiJohn, 1963, p. 26l). There
fore where linear structures were involved, the tilt was 
not corrected for unless it was greater than 25 degrees.

Field work was conducted during the months of June, 
July, and August 1966 and approximately one additional 
month was spent in the lab. On the whole the field work 
was rather hazardous. Not only did the usual dangers have 
to be contended with but also miscellaneous flying objects 
— courtesy of passing motorists.



GENERAL GEOLOGY

The present-day Los Angeles basin is an alluviated 
lowland bounded on the north by the Santa Monica Mountains 
and the Elysian, Repetto, and Puente Hills, on the east and 
southeast by the Santa Ana Mountains and San Joaquin Hills, 
and on the southwest by the Palos Verdes Hills. A struc
tural basin underlies the Los Angeles physiographic basin 
comprising a site of continuous subsidence and primarily 
marine deposition since Middle Miocene time. Parts of the 
basin, however, have been receiving sediment since Late 
Cretaceous time.

Most of the sedimentary rock units display pro
nounced lateral variations in lithology and thickness due 
to marked differences in rate and amount of subsidence. 
Contemporaneous folding, faulting, and local erosion re
sulted in numerous regional and local disconformities, un
conformities, and stratigraphic discontinuities across 
faults (Yerkes and others, 1965)•

Underlying the sedimentary units is a heterogeneous 
assemblage of metamorphosed sediments and volcanics. These 
basement rocks are pre-Late Cretaceous in age and are di
vided into two physically separate and genetically distinct 
groups, the western basement complex of the southwest

6



portion of the basin and the eastern basement complex of 
the remainder of the basin.

During Middle and Late Miocene time, the Los 
Angeles basin was far more extensive than at present. The 
sedimentary rocks of Late Miocene age crop out in all of 
the hills surrounding the basin and are present nearly ev
erywhere in the subsurface. The maximum thickness for this 
group of sediments is 11,000 feet. It was in Late Miocene 
time, during the phase of accelerated subsidence and deposi
tion, that the present form and structural relief of the 
Los Angeles basin was formed.

7



EVIDENCE OF TURBIDITY CURRENTS

Interpretations from foraminiferal ecology and re
gional paleogeography provide an estimate of depth of wa
ter at the time of Upper Miocene sedimentation at l600 feet 
or greater. In accordance with studies conducted in the 
Ventura basin it is very probable that the submarine topog
raphy during Upper Miocene time was similar to that occur
ring offshore at present. Along the coast deep basins 
receive sediment from shore, with coarse material passing 
primarily through submarine canyons. These modern basins 
are characterized by steep marginal slopes which are fairly 
irregular in plan, and have deep and nearly flat or very 
gently sloping floors (Emery, i960, p. 50)• Sediments are 
brought into these basins in three ways: first, by set
tling of organic and chemical debris at an approximately 
uniform rate over the entire basin; second, by settling of 
detritus from plumes of fresh water extending seaward from 
land streams as overflows, by diffusion outward from land, 
and by wind transport; and third, by turbidity currents 
(Crowell, 1966, p. 9)•

It is the consensus of opinion among previous work
ers in the Los Angeles basin that practically all the 
Miocene and Pliocene oil sands are turbidites. This inves
tigator concurs with that opinion, but adds that there are

8
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areas in the northern and eastern Puente Hills where shal
low water, near-shore deposits accumulated.

A turbidity current is a relatively thin layer of 
turbid water and sediment which moves down the steep mar
gins of the basin, or out from the mouth of a submarine 
canyon, and across the flat floor of the basin where even
tually it loses its energy and deposits the suspended mate
rial. The mechanism for placing the material into suspension 
could be heavily loaded flood waters or a submarine slump 
in unconsolidated sediments at the edge of the continental 
shelf or delta or at the head of a submarine canyon. The 
trigger action causing the slump could be an unusually se
vere storm, excess local deposition by other sorts of 
currents, submarine seeps, or an earthquake. Once the sed
iments begin to slump they mix with the surrounding water, 
and the resulting turbid mixture, because of its increased 
density, can move as a unit down the slope (Sullwold, 196l,
p. 61}.).

The majority of the sandstone beds contain most of 
the characteristics typical of turbidity currents listed by 
Kuenen and Carrozzi (1953)• These diagnostic features are 
discussed as follows.

Oriented Features

Numerous types of oriented sedimentary structures 
were observed to determine paleocurrent directions.



10
Cross-bedding, groove casts, flute casts, ripple marks, 
load casts, and small sand channels comprise the majority 
of oriented features occurring in the outcrops studied. In 
examining the outcrops for these features, it was seldom 
that more than two of these features occurred together at 
one outcrop. At places three features were present in a 
single outcrop, and less frequently only one feature would 
be developed to an extent where its orientation could be 
measured. The latter circumstance occurred at several lo
calities in the northern Puente Hills where oriented fea
tures of any description were at a premium.

Due to the fact that any one type of sedimentary 
structure was not present at all outcrops studied, and 
since the quality of those structures varied considerably 
from outcrop to outcrop, a true statistical treatment of 
the problem was not attempted. Also outcrops are not even
ly spaced, and the majority of them are along city streets 
and on private residence embankments where conspicuous geo
logic digging is frowned upon. Hence, the problem was 
treated in a normal geological manner similar to the proce
dure used by Sullwold in dealing with the Tarzana Fan.

Because of the time element involved, numerous 
readings could not be taken at each outcrop. Therefore, 
depending on the types and quality of structures present, 
usually three or four readings were made per outcrop. Oc
casionally readings taken from different structures would
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exhibit a marked divergence, or the readings from one 
structure would group around two maxima. When such a situ
ation occurred, two or more arrows are marked on the map at 
one location. Otherwise only one arrow per outcrop, repre
senting the average of all readings taken at that particu
lar outcrop, is displayed on figure 15.

For a specific formation in a given area, the cur
rent directions show a definite uniformity. This phenomenon 
would be in keeping with the supposed mode of deposition; a 
rather smooth, blanketlike spreading out of sediment during 
emplacement by turbidity currents.

As the oriented structures exhibit various degrees 
of development and therefore are more clearly displayed at 
some outcrops as compared to others, the accuracy of the 
readings can also be expected to vary. Thus readings were 
rated as to whether they were good, fair, or poor. Good 
readings are accurate up to ± 15° or better. Readings 
rated as fair are accurate from ± 15° - * 30°, and poor 
readings have a tolerance between ±30°- t 4-5°. In graphi
cal representation of these current directions no attempt 
was made to weight the measurements as to reliability, be
cause such a diversity of features were used. Also some 
features are better indicators of bottom slope than current 
direction— load casts in particular. The data collected 
has been presented in Appendix A to enable future workers 
to evaluate the situation in whatever manner so desired.
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Cross-bedding is the most reliable and easiest fea

ture to work with. As these features occur in beds common
ly 3 inches or less in thickness, slabs of cross-bedded 
sandstone were broken out of the outcrop, allowing the 
cross-bedding to be viewed in three dimensions (see Fig. 2). 
Cross-laminae in most cases exhibit color changes due to an 
abundance of biotite along the fore-set layers rather than 
as grain size changes.

Commonly the cross-bedded layers are located at the 
top of a typical turbidite or may be disconnected from the 
thick graded bed. With few exceptions the cross-bedded 
sandstones are finer grained than the average turbidite.
This fact and the small scale of the cross-bedding is as
cribed to traction transportation during the dying stages 
of the current after most of its load has been dumped 
(Sullwold, i960).

Ripple marks in general are associated with cross- 
bedded sandstone layers, but also occur on the top surface 
of some of the1 more massive sandstone beds. The sense of 
travel of current flow is often impossible to determine 
using ripple marks, since the majority encountered are only 
slightly asymmetric, having long wavelengths and short am
plitudes. However, because the strike of the ripples is 
known to be perpendicular to the current, the current di
rection can be determined if used in conjunction with near
by cross-bedding.



Figure 2. Small-scale cross-stratification, shown be
low pencil, exhibited by fine grained sandstone bed 
lir inches thick— typical of the Yorba Member in the 
Elysian Hills. Current is from left to right, paral
lel to pencil.
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Figure 2



Groove casts and flute casts are present at the 
base of most sandstone beds to a varying degree. These 
features are quite difficult to work with, as a good deal 
of digging is normally required to expose them adequately 
(see Pig. 3). Often the sandstone and underlying shale ad
here along the contact making the task of separation quite 
tedious.

Flute casts are now generally believed to be the 
product of filling of scour pits generated by current ed
dies. They compare very favorably with cross-bedding as 
being a useful guide in determining direction of current 
flow (see Fig. if). Unfortunately there was a paucity of 
flute casts in the outcrops investigated.

Unlike flute casts, groove casts do not yield the 
sense of travel of current flow and are found in fair abun
dance throughout the entire basin. It is now generally- 
conceded that the grooves are current produced. Probably 
they are formed by some unknown "engraving tool" carried 
in a traction current moving under laminar flow. Groove 
casts were only used when cross-bedding, ripple marks, or 
flute casts were unavailable, and load casts were examined 
only as a last resort.

Load casts are common at the base of sandstone beds 
and can be observed throughout the entire area. The major
ity of load casts noted were linear and in cross-section 
appeared as asymmetric flame structures, as shown in Fig. 5»



Figure 3. Load casts parallel to current at base of a 
sandstone bed of the Soquel Member in the Elysian 
Hills. Current as determined from nearby cross-bed
ding is from left to right, parallel to the linear 
sole features.

Figure Ij.. Flute cast bordering on a load cast is 
located just above putty knife, bulbous end being 
just above handle. Current is from right to left, 
parallel to the putty knife.
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Figure l|.



Figure 5* Cross-section of a load cast showing 
very common flame structure (shown by arrow). 
Current is from right to left.
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Figure 5
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A problem arises in using load casts for obtaining current 
directions since linear load casts can occur both parallel 
with and at right angles to the current. Differentiating 
the two types is quite difficult and primarily is accom
plished by intuition. If load casts are the only feature 
present, then current direction determined from nearby out
crops has to be projected in order to determine the sense 
of current travel.

Non-oriented Features

Non-oriented features indicative of turbidites in- . 
elude slump structures, interbedding of sandstone and 
shale, graded bedding, poor sorting, convolute bedding, 
shale inclusions, continuity of sandstone beds throughout 
the extent of outcrops, and the sharp basal contact of 
sandstone beds. Fossils and shallow-water features such as 
mud cracks, large-scale channel scour, and clean well 
sorted sand are missing from the exposures studied, except 
for a few sandstone beds of the Monterey Formation.

Poor sorting is one common characteristic in almost 
all sandstone beds studied. This feature is a clear indi
cation that the sand has been dumped in.place and has 
undergone little or no winnowing or reworking. Graded bed
ding is almost ubiquitous, but some beds are not graded, 
and a few even exhibit reverse grading. One other feature 
displayed by most beds is that of character individuality.



If a bed displays one feature such as cross-bedding or load 
casting, then it usually displays that feature throughout 
its exposure.

In conjunction with graded bedding, it was noted 
that the largest grain size is directly proportional to bed 
thickness. This occurrence has also been observed by work
ers in other areas, notably Crowell (1966), Schwarzacher 
(1953), and Kirk (igip. in Pettijohn,~1957, p. l6l).

18



BASEMENT ROCKS

Basement rocks of the Los Angeles basin have been 
divided into western and eastern complexes on the basis of 
contrasting lithology and mineralogy (Woodford, 1925).
These basement rocks, believed to be of essentially similar 
composition to those exposed during the Upper Miocene, are 
discussed below.

Western Complex

Basement rocks characteristic of the western com
plex are known to be exposed at present on Santa Catalina 
Island and in a small area on the north slope of the Palos 
Verdes Hills. Similar rocks have been discovered at the 
bottom of wells immediately north of the Palos Verdes 
Hills. These rocks have been assigned to the Catalina 
Schist by Schoellhamer and Woodford (I95l)«

The schist exposed on Santa Catalina Island, be
lieved to have been part of a large eroding land mass in 
Upper Miocene time, is similar in composition to that ex
posed on the mainland. Characteristically this complex in
cludes a glaucophane or lawsonite bearing schist which also 
contains epidote or zoisite; an actinolite-bearing schist, 
a garnet muscovite-chlorite-quartz schist; massive rocks

19
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that consist largely of carbonate or serpentine; and meta- 
volcanic rocks. On the island the schist is associated with 
a thick section of slightly metamorphosed graywacke, shale, 
chert, conglomerate, metavolcanic rocks, and serpentine 
bodies. This section is intruded in the south part of the 
island by a large body of dacite porphyry and is overlain 
by extrusive andesitic and basaltic rocks of Late (?) Mio
cene age (Yerkes and others, 1965)•

Because of their similarity, the glaucophane-bear
ing rocks of southern California are correlated with the 
Franciscan Formation of coastal central California (Wood
ford, 192^). Like the Franciscan Formation the glauco
phane -bearing rocks of southern California are nowhere 
intruded by plutonic rocks of the Southern California bath- 
olith, have no known base, and are bounded by faults. Fos
sils have been found only in the Franciscan of central 
California, and these range in age from Late Jurassic to 
Early Late Cretaceous (Yerkes and others, 1964.).

Eastern Complex

The basement rocks of the eastern complex are pri
marily composed of granitoid plutonic rocks of the Southern 
California batholith. The preponderance of these rocks are 
composed of biotite quartz diorite and granodiorite. In 
upper Miocene time these rocks were exposed throughout the 
length of the San Gabriel Mountains, in the eastern Santa
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Ana Mountains, and in the Perris block to the east. The 
plutonic rocks are the youngest basement rocks in the Los 
Angeles basin and contributed detritus to marine Upper Cre
taceous strata exposed in the Santa Ana Mountains.

In the northern Santa Ana Mountains the complex 
includes the Bedford Canyon Formation and Santiago Peak 
Volcanics. The Bedford Canyon Formation consists of 
slightly metamorphosed dark well-bedded sandstone and silt- 
stone of graywacke composition, containing minor limestone 
and pebble conglomerate. Fossils contained in the forma
tion indicate a Jurassic age. Rocks of similar age and 
composition occur in the Peninsular Ranges south and east 
of the Santa Ana Mountains (Woodford, i960, p. IfOlj.).

The Santiago Peak Volcanics are exposed in a belt 
along the southwest flank of the northern Santa Ana Moun
tains where they overlie the Bedford Canyon Formation. The 
volcanics are composed of andesitic breccias, flows, ag
glomerates, and tuffs.

Small schist areas are spotted through the mass of 
granitic rocks in the eastern Santa Ana Mountains. The 
schists are composed primarily of biotite muscovite 
schists, amphibole schists with green hornblende and actin- 
olite, with some interbedded quartzite present.



PUENTE FORMATION

The Puente Formation is exposed across the north
eastern edge of the Los Angeles basin from the northern 
Santa Ana Mountains westward to the Elysian Hills. It has 
been divided into four members ranging from the lowermost 
La Vida Member, through the Soquel and Yorba Members, to 
the uppermost Sycamore Canyon Member. Foraminifera are 
generally scarce in the formation. Those species which are 
present belong to both the Mohnian and the Delmontian (?) 
stages of Kleinpell (1938). Considering just the age of 
the Puente Formation, it is the local equivalent of the 
Upper Miocene part of the more extensive Monterey Shale. 
However, the two formations are distinctly different litho
logically and in depositional environment.

The Puente Formation has a composite maximum thick
ness of about 13,000 feet in the eastern Puente Hills. It 
is considerably thinner to the south in the Santa Ana Moun
tains and to the north in the San Jose Hills (Durham and 
Yerkes, 196^).

La Vida Member

The La Vida Member is composed of interbedded clas
tic rocks consisting of soft gray micaceous siltstone, hard

22
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platy locally laminated calcareous siltstone, and gray, 
commonly silty medium grained feldspathic sandstone. Sand
stone beds within the formation are very sparce and exhibit 
very few directional features.

Near the central part of the Puente Hills, the La 
Vida Member attains a maximum thickness of 3,800 feet. It 
thins appreciably toward the southeastern Puente Hills, and 
pinches out entirely at the northeastern edge of the hills.

Foraminifera are quite scarce in the La Vida Mem
ber,. but the upper part of the unit in the Puente Hills has 
yielded faunas placing this section in the lower part of 
Kleinpell’s Mohnian stage of Upper Miocene time. Fauna in
dicate that the La Vida Member is entirely of marine origin 
(Durham and Yerkes, 1961̂ .).

The La Vida Member overlies the Topanga Formation 
of Early Miocene age with an angular discordance of 30° be
tween the two units. The upper contact between the La Vida 
Member and the Soquel Member of the Puente Formation is 
conformable and gradational.

Puente Hills

The predominant syngenetic sedimentary structure 
observed in the La Vida Member in the Puente and San Jose 
Hills are load casts oriented perpendicular to the direc
tion of current flow. In most cases only one or two load 
casts were found occurring at any given outcrop which makes
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the orientation data obtained rather questionable. Direc
tional measurements which were obtained indicate a current 
that flowed approximately Sl^W in the San Jose Hills as 
shown in Pig. 15* To the south in the Puente Hills the 
prevailing current direction was almost due west (Pig. 6).

Data obtained solely from sedimentary structures in 
the La Vida Member points to a source area located east- 
northeast of the Puente Hills. One other line of evidence 
substantiates such a source area location. Conglomerate in 
the La Vida Member at the north end of the San Jose Hills 
contains rock types that suggest a source area in the 
southeastern part of the San Gabriel Mountains (Woodford 
and others, 19^6, p. 553)•

Peralta Hills

In the Peralta Hills the La Vida Member is of the 
same age and of similar composition as that portion of the 
member located in the Puente and San Jose Hills. However, 
the sandstone and siltstone interbedded with it are perhaps 
thicker than the shale. Eastward along Burruel Ridge the 
La Vida Member is a platy and porcelaneous shale possibly 
indicative of a deeper water environment (Richmond, 1952). 
This is the first indication of a possible channel oriented 
due north along the western edge of the Santa Ana Mountains.

Exposures of the La Vida Member are very poor along 
Burruel Ridge. Consequently no directional features were
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Figure 6. Current directions in the La Vida Member of the 
Puente Formation— Puente Hills



found at this locality. At the west end of the ridge, the 
base of the unit is marked by a white limestone breccia 
containing many large cobbles of purple porphyritic volcan
ic rocks in a matrix, of clear shiny very angular quartz 
clasts, as well as some larger pieces of hard, dark-gray, 
fine grained sandstone. Rock types similar to this materi
al are known to occur in the eastern Santa Ana Mountains, 
possibly indicating a source area in that vicinity.

Soquel Member

The La Vida Member grades upward into massive, lo
cally thick-bedded concretionary feldspathic, sandstone 
that contains interbedded clayey siltstone and pebble con
glomerate. The sandstone beds in the Soquel Member range 
in thickness from several inches to several feet, and ordi
narily are separated by thin beds or partings of siltstone. 
Beds one foot thick or less are commonly graded. In the 
northernmost areas of exposures the sandstone is massive 
and almost structureless.

The sandstone is composed of quartz, plagioclase, 
varying amounts of biotite, and. minor amounts of accessory 
minerals such as garnet, apatite, zircon, and magnetite—  
all in a clayey matrix. -In a thin section of this sand- 
stone the grains are subangular to subrounded and range in 
size from 0.05 to 0.61}. mm in longest dimension. The rock 
consists of about 50 per cent andesine, 23 per cent quartz.
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13 per cent biotite, 5 per cent orthoclase, Ij. per cent py- 
rite, 3 per cent chlorite, 1 per cent muscovite, and 1 per 
cent calcite and unidentified matrix (Durham and Yerkes, 
1964.). All four members of the Puente Formation exhibit 
approximately the same composition, but percentages of 
quartz, andesine, and biotite fluctuate considerably even 
within one member.

Fossil remains are scarce in the Soquel Member, but 
those foraminifera that were found are indicative of the 
Upper Mohnian stage of Late Miocene time. At least part of 
the member is of marine origin as is indicated by fossils. 
Turbidity currents undoubtedly played a role in the deposi
tion of the Soquel Member, since most if not all of the 
features diagnostic of turbidity currents are present.
Near the top of the formation large boulders are found em
bedded in fine grained sediment which further suggests 
that turbidity currents were present. Near the north edge 
of the Puente Hills and in the San Jose Hills the massive 
nature of the bedding and the coarse nature of the deposits 
indicate shallow water deposition.

The Soquel Member is exposed continuously from the 
Elysian Hills eastward along the western edge of the Santa 
Ana Mountains. Sedimentary structures indicate the possi
bility of at least three and possibly four separate chan- 
nelways through which the Soquel sands entered the Los 
Angeles basin. These various channels are discussed below.

27
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Channels

Elyslan and Repetto Hills
One narrow channel Is exposed immediately north of 

downtown Los Angeles, paralleling the Los Angeles River.
An abundance of sedimentary structures show a consistent 
current orientation of Slj.0oE indicating a source area to 
the northwest in the San Gabriel Mountains (Fig. 7).

Lithologically the Mohnian section of the Model© 
Formation exposed in the Santa Ana Mountains is the exact 
equivalent of the Soquel Member exposed in the Elysian and 
Repetto Hills. In terms of Gilbert's 195^ classification, 
both units would be classified as arkosic wacke. Both 
units are characterized by high feldspar content, fine 
grain size,, poor sorting, interbedded silt and shale beds, 
graded bedding, and an abundance of syngenetic sedimentary 
structures. Pale©current directions at the eastern end of 
Sullwold's Tarzana Fan are oriented about Slj.f>0E which line 
up perfectly with the directional measurements made in the 
Soquel Member in the vicinity of the Los Angeles River. On 
the southern side of the Santa Monica Mountains in the vi
cinity of Sepulveda and Sunset Boulevards the average cur
rent orientation in the Modelo Formation is about S35°E. 
Again this orientation lines up quite well with that 
of the Soquel Member to the north. Undoubtedly these 
exposures are remnants of the southern portion of the
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Figure 7• Current directions in the Soquel Member of the 
Puente Formation— Elysian and Repetto Hills



Tarzana Fan, the missing intervening section to the north 
having been removed by erosion when the Santa Monica Moun
tains were uplifted.

It seems quite probable that the sands of the 
Sequel Member in the Elysian and Repetto Hills could have 
been the easternmost extension of the Tarzana Fan. Sand 
from the eastern end of the fan was more than likely fed 
into the northeastern corner of the Los Angeles basin by 
the previously described channel.

It is quite possible that the axis of this particu
lar channel parailed the west or southwestern edge of the 
present outcrop. Exposures along Sunset Boulevard and 
along Lyric Drive west of Silver Lake are very massive al
most entirely lacking in shale, and are composed of coarse 
to very coarse sandstone. The outcrops exposed northeast 
of the Los Angeles River are comprised of approximately 50 
per cent shale and 50 per cent sand, indicating that only 
the northeastern half of the channel remains. This argu
ment assumes that sediment becomes finer grained toward the 
edge of the channel.

It has been known from geomorphic evidence that the 
Los Angeles River is antecedent, having been active prior 
to the uplift of the Santa Monica Mountains in Pliocene 
time. Paleocurrent data confirm this fact, indicating that 
the river channel, submergent during Upper Miocene time, 
fed prodigious amounts of sediment into the basin.
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Puente Hills

At least two very broad channelways are located in 
the Puente Hills, both having axes trending approximately 
Slj.50W. The axis of the western-most channel lies essen
tially parallel to Brea Canyon. A second channel has an 
axis which parallels Carbon Canyon. The two channels are 
separated by a low ridge of unknown length which extends 
southwest parallel to the two channels. North of latitude 
3i|.o00» N. the Soquel Member contains many large boulders of 
granitic rock. Durham and Yerkes (1964.) report finding 
boulders in this area with longest dimension ranging up to 
15 feet. Undoubtedly one source for these boulders was the 
granitic mass located immediately southwest of Pomona.

The Soquel Member was observed to coarsen north
eastward along Brea Canyon, and the same is partially true 
in Carbon Canyon. However an exceptionally large amount of 
siltstone occurs at the head of Carbon Canyon. Prom litho
logic and mineralogic data it appears that both channels 
received their supply of sediment from a plutonic body lo
cated north and northeast of Pomona.

Sedimentary structures are extremely sparce in the 
Puente Hills. Due to the proximity of the foothills of the 
San Gabriel Mountains to the Puente Hills, to the massive 
nature of the deposits in the northern portion of the area, 
and due to size and great abundance of the boulders pres
ent, it is believed that the majority of the sediments were
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deposited under a shallow water, near-shore environment. 
Therefore syngenetic sedimentary structures typical of tur
bidity currents would not be expected to occur. Those di
rectional features that were found consisted chiefly of 
flame structures which at the best are only accurate to 
±30°. Gross-bedding was seldom noted within the Soquel 
Member, at least in the outcrops studied.

Directional features along Carbon Canyon showed the 
current had flowed Sl|.50W. At the northeast end of the 
Puente Hills directional features indicate that the current 
flowed directly from the north. In the vicinity of the 
Brea Canyon Cutoff directional measurements define a cur
rent which flowed S50°E-due south. All of these direc
tional structures point to a source area located north of 
the Puente Hills (Fig. 8).

San Jose Hills
Features showing flow direction were not measured 

in the San Jose Hills, as the majority of the outcrops are 
on inaccessible private land. Those few that were accessi
ble are too deeply weathered to yield any distinguishable 
directional features. However, sediments appear to have 
streamed off a high area to the northeast.

The sandstone is similar in composition to that of 
the Soquel Member elsewhere. It consists of subangular to 
subrounded grains of quartz, feldspar, biotite, and
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Figure 8. Current directions in the Soqu'el Member of the 
Puente Formation— Puente Hills
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muscovite and is medium grained occurring in massive beds. 
It attains a maximum thickness of about 900 feet at the 
eastern end of the San Jose Hills. This sandstone grades 
northeastward into granule conglomerate with boulders up to 
three feet scattered throughout. Some of the larger boul
ders are composed of an unusual tourmaline-actinolite 
quartz plutonite and a purplish-red vesicular andesite or 
basalt (Olmsted, 1950)*

Peralta Hills
A fourth channelway which contributed sediment to 

the Soquel Member entered the basin at the northeastern 
edge of the Santa Ana Mountains. It is seen partially ex
posed along Burruel Ridge in the Peralta Hills. In this 
area the Soquel Member is massive white to yellow coarse
grained to conglomeratic arkosic sandstone that lies con
formably above the La Vida Member. The sand thickens with 
great rapidity to the east, but averages about 1200 feet. 
Two shale lenses about 50 feet thick are found contained 
within the sand at Burruel Point. Both lenses thin and 
disappear eastward within the distance of one mile. The 
main sand body of the formation coarsens eastward, and 
grades into a pebbly sandstone. Thin lenses of poorly 
sorted conglomerate become coarser and more angular to the 
east. Common constituents of the conglomerates include 
quartzite, coarse quartz-rich plutonites, plus some large
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angular slabs of blue-gray schists (Richmond, 1952).

Directional measurements made to determine the 
paleocurrent direction were almost all taken from small 
scale cross-bedding which was quite abundant throughout the 
entire area. Seven outcrops yielded current directions 
ranging from Nl50W-N75°W. The average current direction is 
Mip.°W, indicating that the source area was located to the 
southeast or possibly even due south (Fig. 9)•

The presence of blue-gray schist in the Soquel 
Member suggests a source area to the southeast of Burruel 
Ridge in the Santa Ana Mountains or further south, as such 
a rock type has not been known to occur northeast or east 
of the ridge. Heavy mineral analysis of the sands has dis
closed the presence of a trace of glaucophane, representa
tive of the Franciscan metamorphic facies. This mineral 
has not previously been recorded occurring in the Soquel 
sands or in any other area of the Santa Ana Mountains. 
Possibly a few patches of Catalina Schist were present at 
one time in the eastern Santa Ana Mountains but subsequent
ly have been eroded away.

Although minerals characteristic of the Franciscan 
metamorphics are present in all Upper Miocene sands south 
of Santa Ana Canyon, these minerals are entirely absent 
north of the canyon. Aside from suggesting a southerly 
source area for those sediments to the south, this occur
rence indicates that possibly the Santa Ana Canyon was the
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Figure 9» Current directions in the Sequel Member of the 
Puente Formation— Northern Santa Ana Mountains

/
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site of an active channel in Late Miocene time which kept 
the two rock types from mixing in that area. Evidence that 
the Santa Ana River was acting as a distributary during 
Late Miocene time is clearly displayed in the overlying 
Yorba and Sycamore Canyon Members. The river was previous
ly known to antecede the uplift of the Santa Ana Mountains 
during the Pleistocene, but an estimate as to the length of 
time that it had been active was lacking. Evidence for its 
being active prior to Late Miocene time though is presently 
unavailable.

Directional measurements were not made by the au
thor in the exposures of the Soquel and La Vida Members 
along the western edge of the Santa Ana Mountains. A few 
outcrops just south of Irvine Lake were left unexplored due 
to the lack of cooperation on the part of the Irvine Com
pany. Work done by Yerkes and associates indicates that 
the typically sandy lower members of the Puente Formation 
grade southward into shale and siltstone of the Monterey 
Formation. This evidence indicates that the Soquel and La 
Vida Members in the unexplored area were probably derived 
from a source area in the Santa Ana Mountains by streams 
flowing either south or southeast.

Yorba Member

The Yorba Member of the Puente Formation consists 
of platy thin-betided siltstone and minor amounts of
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interbedded sandstone and pebble conglomerate (Durham and 
Yerkes, 1964-). Sandstone Is present in the Yorba Member as 
fairly thick beds in siltstone units and as thin beds sep
arated by siltstone laminae.

Poraminifera are characteristic of the Upper 
Mohnian stage and indicate that the Yorba Member was de
posited in a marine environment with water depths ranging 
up to 2,000 feet or more. Turbidity currents are the most 
likely agents by which the widespread graded sand beds were 
carried into the basin. Shallow water features are absent 
from the unit.

Sedimentation was continuous between the Soquel 
Member and the Yorba Member. Contacts between the two for
mations are everywhere gradational as well as between the 
Yorba Member and the overlying Sycamore Canyon Member. Ev
idently the Yorba Member represents a time of relative sta
bility, at least in the region of the source areas. This 
belief is substantiated by the very high proportion of 
shale to sand and conglomerate in the Yorba Member. The 
maximum thickness of the Yorba Member, approximately 3,000 
feet, equals that of the Soquel Member. This thickness was 
attained in the south central portion of the Puente Hills.

Elysian and Repetto Hills
Approximately the same channelways that had been 

active during the time of deposition of the Soquel Member



were also transporting sediment to the Yorba Member. How
ever, the source area for the Yorba Member was located far
ther east than that supplying material to the Sequel.
Other than a slight change in the accessory minerals, the 
sandstone composition of the two units is identical.

Directional measurements made in the northern 
Repetto Hills indicate that currents were flowing due 
south from a granitic mass in the San Gabriel Mountains. 
Further to the south in the same hills a few due south 
measurements were also recorded, but the majority of sedi
mentary structures indicate that the current was flowing 
west-southwest. In the Elysian Hills the current, as shown 
by very good small scale cross-bedding, was flowing almost 
due west. Thus evidence points to approximately a i|-5-90o 
shift in current direction from that which deposited the 
Soquel Member (Fig. 10).

San Jose and Puente Hills
In the San Jose and Puente Hills the prevailing 

current direction in the Yorba Member was to the west- 
southwest. Conglomerates of Upper Miocene age, assigned to 
the Yorba Member, have been discovered in the San Jose 
Hills. These conglomerates are well sorted and have uni
form thickness. Exposures of the conglomerates occur only 
along the north side of the San Jose Hills and extend west
ward. Conglomeratic material is entirely absent from the
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Figure 10, Current; directions in the Yorba Member of the 
Puente Formation— Elysiari and Repetto Hills
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southernmost part of the San Jose Hills. Numerous cobbles 
and boulders of hard, pale green and lavender tourmaline- 
actinolite granite or quartz monzonite occur in the Yorba 
Member indicating that it shared the same source area as 
the Soquel Member. Several of the boulders have diameters 
as large as four feet (Olmsted, 19i>0).

In the eastern San Jose Hills the predominant cur
rent direction was almost due south whereas at the south
western end of the hills the current had shifted to about 
S45°W. One current measurement in the western Puente Hills 
showed the current had flowed due west. Directional fea
tures in the eastern Puente Hills yield a consistent south
westerly current (Fig. 11). Durham and Yerkes found that 
directional sedimentary features in the San Juan Tunnel in
dicated a general southwesterly slope of the sea bottom on 
which the deposits accumulated (Durham and Yerkes, 196^, p.
59).

On the north side of Santa Ana Canyon and south of 
the Bryant Ranch fault, the Yorba Member contains an un
usually large amount of sandstone for this unit. This 
sandstone is similar to that found in the Los Angeles area 
and even to that of the Soquel Member. It is massive, 
coarse, and thickly bedded. Directional measurements made 
in the Yorba Member along both sides of Santa Ana Canyon 
show that the current was flowing due west, on the average, 
parallel to the Santa Ana River. Undoubtedly the source
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Figure 11. Current directions in the Yorba Member of the 
Puente Formation— Puente Hills



area was a granitic plutonic mass located to the east or 
northeast of Santa Ana Canyon. Here the Santa Ana River 
was definitely a distributary.

Peralta Hills

The northwest oriented channel exposed along 
Burruel Ridge may again have been transporting sediment in
to the Santa Ana Canyon area. Shale of the Yorba Member 
was observed to thicken eastward along the ridge from i}.00 
feet in the west to 800 feet in the east. Eastern expo
sures exhibit several short but thick lenses of coarse 
sandstone. As previously mentioned, a bed of thin cross- 
bedded sandstone at the western end of the ridge indicates 
that the current was flowing slightly south of west.

Sycamore Canyon Member

The Sycamore Canyon Member of the Puente Formation 
consists of intertongued micaceous siltstone and coarse
grained sandstone that contains as much as 30 per cent in- 
terbedded conglomerate. The most extensive exposure of the 
Sycamore Canyon Member occurs in the eastern Puente Hills 
with minor exposures in the northeastern corner of the same 
hills and along the south side of Santa Ana Canyon. The 
unit forms a large wedge with the greatest thickness of 
3,600 feet in the southeastern corner of the Puente Hills. 
The member thins to the west, pinching out along a line



trending n60°W near the central portion of the hills. No
where in the eastern Puente Hills is a complete section of 
the unit present.

Foraminifera from the Sycamore Canyon Member are of 
the Late Mohnian and Delmontian stages in the eastern 
Puente Hills. The contact between the Sycamore Canyon and 
Yorba Members are gradational (Durham and Yerkes, 1961}.).

In the eastern Puente Hills the Sycamore Canyon 
Member is believed to be entirely of marine origin. How
ever, in the southeastern corner of the hills, near Prado 
Dam, the white pebbly sandstone was probably deposited at 
or near the shoreline. Large-scale channel scour and the 
massive nature of the bedding point to shallow water depo
sition. Near the western edge of the exposures of the 
Sycamore Canyon Member, foraminiferal fauna suggest water 
depths of greater than 2,000 feet. Although some of the 
unit was transported by simple stream flow, the majority of 
the sandstone was transported by turbidity currents. All 
of the features indicative of turbidity currents are pres
ent to some extent.

The Sycamore Canyon Member increased in grain size 
eastward and northward, indicating a northeastern source 
area. Sedimentary structures substantiate this previously 
held belief. Numerous directional measurements were made 
in the area and fall within the southwestern quadrant with 
extremes ranging from S20oE-N80°W (Fig. 12). Paleocurrent



45
>

N

Figure 12. Current directions in the Sycamore Canyon
Member of the Puente Formation— Puente Hills 
and Northern Santa Ana Mountains



orientations in the northern three-fourths of the exposures 
showed that the current flowed almost due south. On the 
north side of Santa Ana Canyon, within a zone less than two 
miles wide, directional measurements were consistently ori
ented west-N80°W. Again the Santa Ana River appears to 
have been a distributary which points to an easterly or 
northeasterly source area. At the western edge of the ex
posures in the San Juan Tunnel, Durham and Yerkes (1961j., p. 
23) discovered that bedding features in the Sycamore Canyon 
Member suggest a northeastern source.

Conglomerates in the western Puente Hills are nat
urally lacking in syngenetic sedimentary structures, but a 
few small-scale cross-beds showed the current to have been 
flowing about S30°W. Woodford and others (I9l}.6, p. 556) 
concluded that these conglomerates of the Sycamore Canyon 
Member could have been derived from a wide arc of land area 
to the north and east including the southeastern San Gabri
el Mountains which were the source of a distinctive mylo- 
nite gneiss found in these conglomerates.

Peralta Hills

On the south side of Santa Ana Canyon small-scale 
cross-bedding defines a current which flowed north-northwest 
Like the Soquel and Yorba Members, the Sycamore Canyon 
Member thickens from west to east along Burrue1 Ridge. The 
source area for these sediments still appears to be an area
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to the southeast in the Santa Ana Mountains. A pebble- 
count showed 4-8 per cent plutonic, 30 per cent metamorphic, 
9 per cent sedimentary, and 12 per cent volcanic rock types 
(Richmond, 1950). As metamorphic rocks other than gneisses 
are not known to occur north of Santa Ana Canyon, the only 
possible source area would be to the southeast.



MONTEREY FORMATION

San Joaquin Hills

The Monterey Formation consists predominantly of 
light-gray to gray-brown siliceous shale and siltstone, 
diatomaceous shale, and radiolarian mudstone. Throughout a 
large part of the area, the lower portion of the Monterey 
Shale contains sharply bounded beds of coarser sediments. 
Immediately above the San Onofre Facies these beds are com
monly gray quartz-feldspar sandstone with an occasional 
schist flake, and sometimes fine schist breccia with sandy 
limey matrix, or even coarse breccia with gray earthy ma
trix. At Newport Bay, Aliso Creek, and at a few other 
locations the hard sandstone and limey breccia are unmis
takably interbedded with the shale (Woodford, 1925)•

As is the case with all of the Upper Miocene sands 
in the Los Angeles basin, the sandstones of the Monterey 
Shale (Middle-Late Miocene) are composed of very angular 
grains and contain varying amounts of feldspar. However, 
the basal sand unit does not appear to qualify as a turbid
ity type deposit. Megafossils were found in an outcrop of 
sandstone on the Moulton Ranch which are characteristic of 
a shallow water environment at the time of deposition. The 
overlying shale though contains fossils indicative of a
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water depth of 2,000 feet or more. The sorting of these 
sands, although not excellent, is far better than any 
other sands in the basin. Graded bedding was not ob
served, nor were any other features diagnostic of turbidity 
currents present, although cross-bedding is present in a 
few of the thin interbedded sandstones.

The sands and breccias present at Newport Bay ap
pear primarily to be massive alluvial deposits, although 
farther inland some cross-bedded sandstone beds occur in 
that area. Turbidity currents seem to have been present in 
the area though, since work done by Ingle (1962) found that 
increasing percentage of displaced benthonic foraminifera 
indicate that frequency of turbidites increased in the Up
per Mohnian stage of the Newport area.

Directional sedimentary structures in this sand, as 
already implied, are very sparce and extremely difficult to 
determinate due to the thoroughly cemented nature of the 
sandstone. The directional features that were measured 
show the transporting currents coming in from the southwest 
and southeast, converging in the central part of the Cap
istrano Embayment south of the city of Santa Ana (see Fig.
13). Measurements taken in the eastern San Joaquin Hills

"and western Santa Ana Mountains show the paleocurrents flow
ing n60°W on the average. Three fairly good directional 
measurements taken in coarse sandstone beds in the Newport 
Bay area delineate a current orientation of N6l°E. The
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Figure 13• Current directions in the Monterey Formation—  
San Joaquin Hills and Western Santa Ana Mountains
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Monterey Formation in the western half of the area most 
definitely received sediment from Catalinia. Probably the 
sediment supply in the eastern half of the area came from 
the southeast from the Santa Ana Mountains or also from 
Catalinia. Further evidence supporting the directional 
readings is shown by a study of foraminifera conducted in 
the Capistrano embayment by Smith (i960). He concluded 
that the change in age of the fauna, from older to younger 
in the base of the Monterey and Puente Formations, is a re
sult of progressive onlap in those directions.

Palos Verdes Hills

The only sand beds of Upper (?) Miocene age occur
ring in the Palos Verdes Hills are found in the Altamira 
Shale Member of the Monterey Formation. A particularly 
thick sequence of blue-schist conglomerate sandstone and 
interbedded brecciated shale is located at Point Fermin. A 
few other exposures of thin layered fine-grained blue- 
schist sandstone and diatomaceous silt are located in the 
northern part of the hills. Foraminifera collected near 
Point Fermin assign the sandstone to the Mohnian stage of 
the Upper Miocene. The faunal assemblages are indicative 
of deep, cold, relatively clear waters of the outer shelf 
environments. Sand was brought in by turbidity currents as 
is evidenced by the fact that all of the features normally 
associated with turbidity currents are present.
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Compared to other areas in the basin, directional 

sedimentary structures are quite sparce. Excluding Point 
Fermin, only three accessible outcrops of sandstone were 
found, making directional measurements within the hills 
quite small in number. Those obtained yielded an average 
current orientation of El|.0oW. Work on grain orientation in 
the blue-schist sandstone at Point Fermin by J. H. Spotts 
(1961|.) showed an overall northwest current orientation.
The regional mean current direction discovered by using 
grain orientation is N39°W. Spotts discovered an angular 
discordance of ij.7 degrees between east-west linear sole 
features and northwest-southeast grain orientations. He 
attributed this discordance to different directions of flow 
of erosional and depositional turbidity currents. This in
vestigator’s average current orientation is in close agree
ment to that of Spott’s, since directional measurements 
were made using features formed by the depositing current 
— namely ripple marks and load casts.

A source area located offshore to the south and 
east is indicated not only by directional measurements but 
also by general stratigraphic relationships and lithology! 
Thickness of individual sandstone beds along with grain 
size decreases to the north and west of Point Fermin with 
the sand pinching out into phosphatic and porcelaneous 
shales. The sandstone consists predominantly of grains of 
low grade metamorphic rock fragments derived from



glaucophane and lawsonite schists of the Catalina Schist 
Facies of the Franciscan.



CAPISTRANO FORMATION

The Capistrano Formation is exposed in the western 
Santa Ana Mountains and San Joaquin Hills. It is composed 
almost entirely of sandy siltstone and mudstone of Late 
Miocene and Early Pliocene Age. Between Arroyo Trabuco and 
Borrego Canyon, rocks of typical Capistrano lithology grade 
laterally southward into white sandstone. This distinctive 
sandstone unit has been named the Oso Member of the Cap
istrano Formation (Vedder and others, 195>7)» The Oso Mem
ber consists of white friable coarse-grained feldspathic 
sandstone and grit. It is higher in quartz content than 
any of the sandstones of the Puente Formation. Between Oso 
Creek and Arroyo Trabuco the Oso Member rests conformably 
on the Monterey Formation and is overlain by and inter
tongues with the typical lithology of the Capistrano Forma
tion. The Oso Sands attain a thickness of about 1$00 feet 
along Serrano Creek.

Because of the massive nature of the deposit, lack 
of bedding, and no interbedded shale, the Oso Member is 
classified as an alluvial or shallow water deposit. Di
rectional features are virtually nonexistent in the Oso 
Member. However, three areas of very obscure small scale 
cross-bedding yielded an average current direction of
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Nl50W. Probably this finding should be neglected, since 
the directional measurements are extremely poor.

Neglecting directional measurements, the lithology 
of the Oso Member points to a nearby granitic igneous mass 
for a source area. Probably this source area was located 
to the east or northeast of the exposures, since an area to 
the east of the embayment is thought to have supplied sedi
ment for the underlying Vaqueros and Topanga Formations 
since Early Miocene time. It is also thought that an east
ern source area contributed some debris to the San Onofre 
Breccia (Woodford, 1925).

At approximately the same time that coarse sand and 
debris was flowing into the Newport area, turbidity cur
rents were pouring considerable thicknesses of breccia and 
arkosic sands into the Dana Point-Capistrano area. These 
sands intertongue with typical mudstone of the Capistrano 
Formation. Foraminifera contained in the mudstone indicate 
a deep water environment of 900-6500 feet depth (Ingle, 
1962).

The sandstone in the Dana Point area is composed of 
quartz, feldspar, blue schist fragments, minor amounts of 
biotite, and opaque minerals. Breccia is composed of 
clasts of glaucophane schist, metasedimentary rock, 
quartzite, and silicified shale. The size of some of the 
boulders range up to two feet in diameter.
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Directional sedimentary structures in the Dana 

Point area vary in orientation from N50oW-N15°E averaging 
close to due north. Small scale cross-bedding in quartzose 
sands of the Newport area give a good indication of a 
northeasterly flowing current, ranging between due north- 
N35°E (Pig. ll|.). These measurements coupled with the li
thology and the fact that these coarse elastics thin and 
spread north and eastward indicate a definite source area 
to the south and west. Probably this source area was a 
remnant of Woodford’s Catalinia which supplied debris to 
the San Onofre Breccia (Fig. l6).
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N

Figure ll*.. Current directions in the Capistrano Formation 
— San Joaquin Hills



HEAVY MINERALS

As all of the Upper Miocene sands contain soda pla- 
gioclase, orthoclase, and quartz, and no major differences 
in percentages readily observable, heavy minerals were stud
ied to differentiate source areas* Fortunately the accessory 
minerals of the individual source areas are quite diagnostic 
and easily identifiable* For example the presence of only 
one mineral, glaucophane, is needed to identify the Fran
ciscan metamorphic facies*

The task of differentiating sediment derived from 
the metamorphic terrane and that derived from the Southern 
California batholith is made quite simple by noting either 
the presence or absence of glaucophane. However, the 
presence of glaucophane only indicates that metamorphic 
rock supplied some debris. Unfortunately the degree of in
termixing of sediments from the two source areas cannot be 
determined. The task of delineating separate source rocks 
within the Southern California batholith is also rather 
difficult. Nearly all of the four members of the Puente 
Formation were derived from slightly different source areas 
and yet all contain nearly the same heavy mineral suite. 
Unfortunately percentages of the various heavy minerals 
differ as radically within a given member in different 
areas as they do between members. Hence determining heavy
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mineral percentages was not considered worthwhile.

The possibility was previously submitted that the 
Soquel Member exposed in the Elysian Hills could possibly 
be the easternmost extent of the Tarzana Fan. Hence, the 
Soquel Member of the Puente Formation and the Modelo For
mation should be mineralogically identical. As shown in 
Appendix B, the Soquel Member and the Modelo Formation con
tain the same heavy minerals. Therefore, it appears that a 
clastic material entered the basin parallel to the present 
Los Angeles River channel.

Across the northern half of the basin in the 
Elysian, Repetto, and Puente Hills, magnetite, apatite, 
zircon, and epidote were abundant, especially magnetite. 
Magnetite was not commonly observed in sands derived from 
the Franciscan metaraorphics. Actinolite and chlorite are 
found throughout the Puente Hills.

As was mentioned previously, glaucophane is present 
in small quantities in the Puente Formation south of Santa 
Ana Canyon, in most of the Capistrano Formation, and in all 
exposures of the Monterey Formation, except at Newport Bay. 
The main sand zone within the Monterey Formation shows evi
dence of mixing, which agrees with current indicators, 
since minerals diagnostic of both the western and eastern 
bedrock complexes are present. This is also true of the 
Oso Sands and Puente Formation which would support the 
source location in the eastern or southern Santa Ana
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Mountains with some small contribution from Catalinia.

Since the clastic debris in the Monterey Formation 
at Newport Bay is rather high in quartz and lacking in 
glaucophane, it possibly is second cycle material derived 
from slightly metamorphosed graywacke or conglomerate simi
lar to that which is presently found on Santa Catalina 
Island. The sands appear to be more mature than those lo
cated elsewhere in the basin, since zircon and tourmaline 
are quite abundant and minor amounts of rutile are present. 
Apatite is quite abundant in these sands also, and has not 
previously been reported occurring in any quantity in 
Franciscan debris.

The quartzose sands of the Capistrano (?) Formation 
at Newport Bay are also composed of a rather peculiar suite 
of heavy minerals, also lacking in glaucophane. This suite 
is more characteristic of the Franciscan metamorphics, be
cause garnet and apatite are absent.

Minerals characteristic of the Southern California
batholith or the eastern bedrock complex include;

Actinolite
Apatite
Chlorite
Epidote
Garnet
Magnetite
Rutile
Sphene
Tourmaline
Zircon
Zoisite



Minerals commonly associated with the Franciscan
Metamorphics or western bedrock complex include;

Actinolite 
Apatite (rare)
Chlorite.
Epidote .
Garnet
Glaucophane
Hornblende
Lawsonite
Sphene
Zircon (rare)



CONCLUSIONS

It was believed by several individuals associated 
with this investigation that syngenetic sedimentary struc
tures did not constitute a thoroughly reliable indication 
of current direction. This study has shown that through
out the basin, current directions indicated by sedimentary 
structures are in close agreement with direction of trans
port as indicated by mineralogic, lithologic, stratigraph
ic, and paleontologic evidence. Hence it is concluded 
that syngenetic structures do not require supporting evi
dence in delineating direction of current flow. Of course 
mineralogic data are required to work out a detailed paleo- 
geography.

To prove more conclusively the reliability of these 
directional features in displaying current flow, the rela
tionship between these features and grain orientation 
should be investigated. This data should then be related 
to overall geometry and variation in lithology of individu
al turbidites. Work of this nature would allow the direc
tion of current flow to be determined in the subsurface 
where it would be of most value.

Although most of the source areas were recognized 
prior to this study, the complexity of the situation was 
not evident. For example, the Soquel Member of the Puente
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Formation received sediment by at least five separate 
channelways. In the northwestern half of the basin, a 90 
degree shift in current direction occurred between that 
current which deposited the Soquel Member and that which 
deposited the Yorba Member.

Even though current indicators display evidence 
that some structural activity occurred in the area during 
the Upper Miocene, the paleogeography of the Upper Miocene 
very closely resembled the present landscape. Current di
rections point to a granitic plutonic landmass located 
along the length of the present San Gabriel Mountains. An
other landmass of similar composition was located along the 
length of the present eastern Santa Ana Mountains, while 
yet a third source area of metamorphic rocks was located 
offshore (Fig. l6).

Strong evidence indicates that most major rivers 
and streams in the present Los Angeles basin constituted 
distributaries during Late Miocene time. Sedimentary 
structures line up parallel to the canyons of the Los 
Angeles and Santa Ana Rivers and parallel Brea and Carbon 
Canyons in the Puente Hills. All of these rivers and 
streams are known to be antecedent from topographic and re
lated evidence, but the length of time over which these 
channels had prevailed was not known. Whether the chan
nels in the Upper Miocene rocks continued to exist through 
the Pliocene it is not known, as Pliocene rocks are not



exposed at the surface. Subsurface work done by Conrey 
(195>8) indicates that if these channels were present during 
the Pliocene, they did not contribute much material to the 
basin.

It appears that the Los Angeles River may have sup
plied clastic debris when the Soquel Member of the Puente 
Formation was being deposited. There is good evidence that 
it also was flowing when the Yorba Member was being depos
ited. Although the San Gabriel River is antecedent, evi
dence that it was flowing during Late Miocene time is only 
vaguely shown in some of the nearby current orientations in 
the Yorba Member.

Using Crowell's (1966) terminology it is concluded 
that the majority of sandstone beds occurring in the Los 
Angeles basin were deposited by underflows. It is thought 
that most beds were laid down by a combination of traction 
and turbidity currents since most beds commonly exhibit 
linear sole features and cross-bedding— sole features be
ing attributed to traction currents.

The western and southwestern orientations exhibited 
by directional features in the thin sandstone beds of the 
La Vida and Yorba Members of the Puente Formation could 
possibly be explained by a counterclockwise gyre of the sea 
water filling the Late Miocene basin. Sediment moving 
downslope into the basin would theoretically be deflected 
to some extent depending on the relative velocities of the



currents. Counterclockwise gyres occur in several of the 
basins present off the southern California coast today 
(Emery, i960).
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APPENDIX A

MEASUREMENTS OF DIRECTIONAL STRUCTURES

Formation Location Obser- Quality of Current Movements Type of
yation • observation ... sedimentary feature

as a Direction Sense of
directional . only travel 
indicator

PUENTE 
La Vida M. Puente H. i G N80W Groove casts

it IS 3A P. N80W Flute casts
it IS 9 p S80W Pebble Alignment
ti is 11 ■ p S80W Load casts
ft is 34- G West Groove casts
ft ft 35 G s^ow Load casts
it S.J. Hills •14- P South Load casts
it it 15 G S20E Groove casts
IS is 16 . P s6ow Load casts
IS ft 17 G S30W Ripple marks
IS ii 18 F s4-ow Load casts



Sequel M

SlfOE

S30E
s55e

S25E
S30E

South
S10W
South
South

s5ow
S4-0W
SI4.5W
S20E

S18E
S30E
SIDE
S0.-SI4.OW

S15E

Ripple marks 
Flame structures 
Groove casts 
Cross-bedding 
Load casts 
Flute casts 
Load casts 
Ripple marks 
Load casts 
Channeling 
Flame structures 
Cross-bedding 
Cross-bedding 
Flame structures 
Groove casts 
Load casts 
Load casts 
Groove casts



GSequel Me S.A, Mts. 67
ti it "
it tt 69
ft ft tl
if ft 70
if ft tt
ft ft 71
w if 72
tl ft 75
if if 7̂ -
it il 86
tl E.&R. He- 123
if it 125
if M 129
if If tt
ft It 131
it If 132.
ft If 134

G
G
G
G
G
G
G
G
G
P
G
G
G
G
F
F
P

N75W Groove casts
West Groove casts

n55w Cross-bedding
N55W Groove casts

n55w Cross-bedding
n55w Groove casts

Nl^W Cross-bedding
N20W Cross-bedding

■ N20W Cross-bedding
N55W Cross-bedding
N37W Cross-bedding

Slt-OE Groove casts
S30E Convolute bedding
SltfE Groove casts

S4.5E Cross-bedding
Sî OE Groove casts
S35e Groove casts
... si5w Flame structures



Sequel Me
it

ft

ft

ft

it

ft

ft

M
ft

It
ft

ft

ft

it

ft

E.&Re He
It

it

ft

it

it

ft

ft

ft

it

it

it

ft

it

it

ft

135
136 
137B 
137A 
138" 

139 
ll|.0

1^2
14.3
144
345
14-5A
14.6
14-7

» " 148
" " 183

G
G
G
G
G
G
G
G
G
G
G
F
F
G
P
G
G
F

S70E Groove casts
Sl̂ -OE Groove casts
S20E Groove casts
s65s Convolute bedding

S15E Cross-bedding
Slj.OE Convolute bedding

S20-50E Flame structures 
Groove casts

S35e Cross-bedding
S35e Cross-bedding
S5w Cross-bedding
S25E Cross-bedding

S68E Groove casts
S25E Groove casts
S12E Groove casts
S25E Groove casts
East Groove casts
- S30E Flame structures

S20E Load casts
IX)



rS

Sequel M. E.ocR. H. 188 F
n " ' 189 P
fi • " 190 P
fi S.J™ Hills 184- G

Yorba M.
it

tt
>1

?i
rl
A
ft
M
fl

Puente H.
it
ft
ft
it
ft
it
ft
fl

8A
10A
13
19
38
59 
76
60
tt

S.J. Hills 20
tt ' 21
" 22
" 2i|.

P
P
P
Gr
P
G
G
G
G
G
P
G
P

S4.0W Cross-bedding
South Load casts
S50W Load casts
S80E Cross-bedding

S4-0W Grove casts
S75W Cross-bedding
S10W Load casts

S10E Cross-bedding
West Load casts

South Cross-bedding
n6ow Cross-bedding
S35w Cross-bedding
S45W Load cast
Slow Cross-bedding
S20-50W Cross-bedding
S10-30E Cross-bedding

West Load casts
V)



Yorba M. S.J. Hills 26
it * tt 27
ft it 28
it tt

k z

it it ft
ft it t3
it S*A« Mts. 68
it E.&R,,"H. 116
it 117
it it 118
it it 119
* ft 120
it it 121
it ft 122
it M 12k
it If 126
it it 127
it ft 128

F
G
G
G
G
G
G
G
G
G
G
F
P
G
G
P
G
G

Flute casts

S60W

S15W

S45-60W
Sl|.5W Flute and/or

groove casts 
Groove casts

Slf̂ E Cross-bedding
Si].5W Cross-bedding

Groove casts
Cross-bedding 

S 2 $ W Cross-bedding
Sl̂ 5W Cross-bedding
S60W Ripple marks
S85W Cross-bedding
So.-Sl5W Cross-bedding
S50W Cross-bedding

Groove casts 
S60W Cross-bedding
South Cross-bedding
S35E Ripple marks
S0.-S3OE Cross-bedding 
Sl^E Load casts -<]



Yorba M. 
n
rl
it

tl
it
it

ft
ft

E.ScR. H.
it
ft
ft
ft
ft
it
ft
ft

130
133
349
150
151
152
185
186 
187

F
G
F
G
G
G
F
P
G

Sycamore
.Canyon M. Puente H. 36

it 11 29
" « 1|4
fi if it
it ii ft

.1 45
" 5 46
ft ft 11

G
P
F
F
G
P
G
G

South Load casts
S5W Load casts
South Cross-bedding
S20W Cross-bedding
S75W Cross-bedding
S25W Cross-bedding
S80E Cross-bedding
W.-S7OW Cross-bedding
s!j.o-5ow Cross-bedding

S35w Cross-bedding
% o w Cross-bedding
Slow Cross-bedding
S10E Cross-bedding
Slow Flame structures

S10W-S30E Cross-bedding
S25W Cross-bedding
South Ripple marks ^



Sycamore
Canyon M. Puente H# ^7

11
it
il
n

it
ft
it

ti
ft

ii
ft
ft
ft
it
if
ii
ft

k-Q

k s

50
51
52
53
54
56
57
58
61
62

G
G
P
P
P
P
P
P
P
P
G
P
P
P
F
F
G
G

s45w

S 801/7 
S80W

S10E

s6ow
South

S10W-S10E
S10E
s45w

S55W
S35-40W

W.-S30W

s25-4ow
S10E

S80W
S65W
West
S25W

Cross-bedding 
Load casts 
Channelways 
Load casts 
Cross-bedding 
Cross-bedding 
Ripple marks 
Cross-bedding 
Load casts 
Cross-bedding 
Groove casts 
Cross-bedding 
Cross-bedding 
Convolute bedding 
Cross-bedding 
Flame structures 
Cross-bedding 
Flute casts



Sycamore
Canyon M. Puente E.

rt

r!

ti
il

n
fi

it

ii
tt

fi
ft

S.A. MtSe
-  it

ft

ft

77
78
79
80
81
11
82
83
81*.
85
6k.

65
66

G
G
G
G
G
G
G
G
P
G
P
P
G
F
G

N80W
S85W
s45w
South

s6ow
South

slfO-6ow
n?5w
N80W
n65w

N80W
S80W
N17W
n6ow

N10E-N5W

Groove casts 
PIame s truetures 
Cross-bedding 
Cross-bedding 
Groove casts 
Cross-bedding 
Cross-bedding 
Cross-bedding 
Cross-bedding 
Cross-bedding 
Groove casts 
Flame structures 
Cross-bedding 
Cross-bedding 
PIame s tructures

-j-j



MODELO

it
it

»
it

it

ii

ii

ii
»

iMs Mts • 156
ir 157
ft 158
it 159
tl 160

A. Mts, 160
* it 161
if 162
it 163
it 16k.
if 165
if 166
ii 168
ft if

P
P
P
G
G
G
F
F
G
F
P
P
F
F

MONTEREY
11

SeAe MtS •
It

87
n

ii If 90

P
P
G

SIDE Flame structures
Sl|.OE Load casts
S20E Load casts
Sli-OE Groove casts

' East Cros s-bedding
S4.5E Cross-bedding

S50E Groove casts
S30E Groove casts

Load casts
S30E Load casts
S5E" Cross-bedding

S20W Load casts
s6oe Groove casts
S25E Load casts
S50E Groove casts

N30W Groove casts
West Groove casts

N80W Cross-bedding



MONTEREY S.A. Mts. 93 G N58W Cross-betiding
it Newport 153 P N58E Load casts
ft it 154 P n65e Groove casts
ft ft 155 G N50E Cross-bedding
if Palos V. 10? P % 5 w Ripple marks
if tt 108 P N35W Ripple marks
if it 109 P N30E Flame structures
ft ft 111 P N80W Flame structures
ft tt If P n6ow Flame structures

CAPISTRANO S.A. Mts. 89 P N15W Cross-bedding
it “tt 91 F South Ripple marks
ii S • Jcj • He 94 P N10E Cross-bedding
it Dana Pt. 95 G N50W Flame structures
ft tt 96 G N24W Load casts
it ft 97 G ni5e Load casts
ft it 98 G mow Load casts
if if tt G N25W Load casts



CAPISTRANO Dana Pt. lll{. G

G— Good; P— Fair; P— Poor

No.-Ni{.5E Cross-bedding



APPENDIX B
HEAVY MINERAL DISTRIBUTION

Formation Location Sample

Modelo S.M.Mts. S-79 X X X X X X X
tf If S-82 X X X X X X X

La Vida M. S.J. Hills S-12 X X . X X X T X
tl It S-ll X X X X X X T T

Soquel M. E.&R.Hills S—8 X X X X X X X X
If II 8-74. X X X X X X X
if Puente H. P-17 X X X X X X T
fr S.A. Mts. S-32 T x X T X X T X X
u 11 S-30 T X X X X X X X

Yorba M. E.&R.Hills S-67 X X X X X
if ii 8-75 X X X X X X

if S.J. Hills S-22 X X X T X T X X
tt H S-17 , X X X X T x T

Sycamore W. Puente H,. S-20 X X X X X X X X X
Canyon M.it 11 S-19 X T X X X X

u Puente H. P-26 X X T X X X X X X T X
u i i S-25 X X X X X X X X

Monterey Newport B. S-78 X X X X X X
ti ii 8-77 X X X X X T X
it S.Jq. Hills S-60 X X X X T T T T X . T
ii i i DF-93 T x X X X T T T

Capistrano Dana Pt. s-50 X  X X T X X
it Newport B. S-lj.0 X T X T T T X X T T

Oso M, S.A. Mts. 8-4-5 X X X X T X X T T X X
n ii s-4.1 X X X X X X X

x— mineral is present in fair abundance
T— five grains or less occur in slide

x

x

T

03H
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