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ABSTRACT

This report is an attempt to unravel the structure of
the very complicated western portion of the Puente Hills
known as the Whittier Hills. The only comprehensive pub-
lished study of it was made by BEnglish in 1926. 0f the
Whittier Hills portion he said, "The whittier Hills, com-
prising the area west of La Habra Canyon, show some of the
most complicated structure to be found within this dis-
trict. Steep irregular dips, numerouvs faults, unconfor-
mities, and lithologic variations in the different forma-
tions and members make the structure, as well as the strati-
graphy, difficult to work out."2.

The mode of approach has been that of a very detailed
examination in which every attitude available has bsen re-
corded. The petrographic interests have been sacrificed
to permit a closer structural analysis of a larger area.
-Some semblance of order has thus been obtained for most of
the area.

The situation briefly is this: a section of upper
Puente shale and part of the Repetto siltstone and conglo-
merate have been folded and faulted into apparently unre-
lated blocks. Included in these structures are one hundred
mappable lithologic units, twenty-five difierent faults,
and nine ma jor folds. The most westerly portion of the
#hittier Pauvlt disappears in the area, and thereby presents

the problem of determining its westward extension. The

1. BEnglish, wWalter A., Geology and 0il Resocurces of the Puente
Hills Region, 50. 0alif., UeSeGeSe Bulletin 768 1926

2« 1Ibid, p.58




area has two distinet oil-producing fields and has been mapped
by many o0il companies in exploration for others. The folds

mapped may thus be of interest from an economic point of view.



INTRODUCTION

Purpose of Investigation

The work done is in partisl fulfillment of field courses
required for a Bachelor's and liaster's degree in the Geology
Department of the California Institute of Technology. Fifty
units have besn registered for, amounting to a total of five
hundred hours spent both in the field and in other preparation.
Twenty-five of the units may be considered as a Bachelor's
Thesis, leaving another twenty-five to apply towards the Lias-
ter's requirements. At least four hundred hours have been
spent in the field during June, July, August, and September
of 1939, leaving only one hundred hours for supplementary pre-

paration.

Maethod of Investigation

U.S.G.5. maps of the area on a scale of 1/24,000 and
having 25 feet contours have proven satisfactory though a
trifle small for greatest accuracy. Locations were made by
topography and Brunton compass. Attitudes were taken where-

ver practical.
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ted the area as an intersesting structurel problem in which
there has been much speculation as to its pogsibls o0il con-
tent. His familiarity with the region as a result of a pro-
fessional survey enabled him to make valuable suggestions and
criticism. Comment and criticism by the late Dr. Reed of
the same company was likewise gratefully received. Lir. Smith
also secured the services of the company's micropaleontology
department for determining the age of variovus units. Lr.
Hamill and lLir. Boris Laiming of that department graciously
eooperéted in washing, mounting, and determining the age of
thirty-one foram samples as reported elsewhere.

Dre J. He. kaxson of the Institute has been in active
supervision of this work throvghout the suvmmer. He has given
suggestions where needed and corrected this thesis before
final presentation. He accompanied the writer in the field

to help interpret difficult siruvctural relations.

Previous Publications

Walter i. English's paper on the Puente Hills has been
of great value in giving a generalized idea of the region.
His report was most interesting and forms the basis for many
of the interpretations to follow. 4 number of previous re-
ports concerned with the existing oil fields have been pub-
lished, but the writer has omitted a complete survey of pre-
vious publications in order to devote more time to field map-
ping. 4 pre-1926 list is given in Nnglish's bulletin. A
llaster's Thesis by iir. krickson of Caltech was concerned main-

ly with some faults of the area.
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GEZ0GRATHY

Location and size

The Whittier Hills may be considered the west portion of
the Puente Hills lying north of the town of whittier and ex~
tending eastward for about four miles to the La Habra Canyon
through which the Hudson Road crosses the hills. This report
covers the western two~thirds of the Whittier Hills whose south-
eastern boundary is a long canyon, parallel to and two miles
S$& of Turnbull Canyon. The boundary of the area on the other
sides is wheré the bedrock disappears under the surrounding
alluvium. The location with respect to the c¢ity of wWhittier
is clearly shown on the map. The road map on the following
page shows the general location and the trend of the Puente
HEills. The mapped portion covers about twelve square miles,

exclusive of salluvium.

Relief and elevations

The relief is moderate. Complete dissection suggests
maturity in the cycle of erosion. (Fig.l is s general view.)
The average height of ridge tops above alluvial plains is
900'. The lowest border elevation of 250'is found along the
northwest. The highest elevation, Workman Hill near the head
of Turnbull Cenyon, is 1387'. The cultivated alluvial fans
to the east of this highest point are nearly 600' in eleva-
tion. Conglomerate beds in some localities form cliffs as

high as 100' (Fig.2) but slopes are generally gradual and



valley floors flattened.

Drainage

The drainage system is dominated by three main southwest-
flowing valleys which extend about two-thirds across the ares
and discharge along the southwest flank of the hills. They are
sycamore Canyon to the northwest, Turnbull Canyon in the mid-
dle, and the boundary canyon at the extreme southesst. Smaller

canyons run into thess from the sides at nsarly right angles

:B“iig e 1L
reneral view of topographye.
Looking east along the Whittier fault
from ridge west of Turnbull Canyon

and likewise lead to the bordering plains. The seasonal rains
are mostly absorbed by the low hills, leaving only excessive
precipitation to flow into the San Jose Creek to the norithe.
Both this CUreesk and Sycamors Canyon lead to the San Gabriel
River west of the area. The southwest drainage is absorbed by
the thick cultivated alluvium of Whittier and fast Whittier.

Sycamore and Tournbull Creeks remain barely wet through the sum-



mer from local sespage.

4 large part of the ares ig covered with grass and 1s used
for grazing. The underlying rock of such portions is generally

shale or siltstone. The conglomerste and sandstone members ps-

Hig. 2
Cliff where Puente and Repetto
conglomerate beds meet along Fault 4

ually support heavier brush, low shrubs and trees, with 1little

grass8. Fig. & shows the brush along several separated conglo-

merate beds. The steeper slopes likewise are brush covsered.

In the larger valleys Sycamore frees are common and the smaller
valleys have thickets of poison ocake. 4Avocado and orange groves
thrive near the edges of the area, espscially in the more rug-

ged portion neortheast of Workman Hill.



aogk exXposures

Roeck expospres are genserally available on uncultivated
ridges, but the valleys and canyon flocrs are hidden by gen=-
eral aggradation. The siltstons is the most difficult rock
type in which to obitain attitudes becavse it is massively
bedded. Some conglomerates are likewise massive. 0Often
large areas of grasg-covered silt or shale are devold of ex~

POSUTres.

P s (74

& 1%. L)
Showing heavy brush growing on two steeply-
dipping conglomerate beds. On west slope of
ridge %o the north of Sycamore Canyon.
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The time range represernted is part of Upper Liocene
(Puents) and Lower Pliocens (Repetto). The only major age
division then is the lLiiocene-Pliocene contact, as the upper-

most Repetto and the lowest Puente are not within the area.
Puente Formation (Upper liiocens)

The name of Puente Fm was given the upper and middle
Iiiocene beds of the Puente Hills and Los Angeles district by
Arnold and Eldridge in U.S.G.S. Bulletin 309-1907. The for-
mation corresponds to the licdelo Fr in other parts of the Los
Angeles Basin. The upper Puente which is represented in this
area is composed of finely laminated silicious shale beds re-~

sembling the lionterey Fm.

Aresal distribution

The Puente Fm occupies a mile-wide strip beginning north
of Whittier and extending southeast along the north side of
the Whittier favlt. The northeastern boundary is & criss-cross
of truncated faults. Favlts A, A', C, and the Turnbull Canyon
fawlt are responsible for the contacts.

The boundary to the extreme east of the Puente strip is
apparently the valley alluvium although there is some possi-
bility that the conglomerate bed is Repetto. This bed is li-
thologically and stratigraphically similar to the conglomerate

bed to be described as part of the upper Puente series. This



evidence leads the author to place it in the FPuente.

The southwest limit from Turnbull Canyon east is the
Whittier fault and the doubtful fault H. Turnbull Canyon
and the alluvium of Whittier form the remaining boundary as
far as the questionable Puente-Repetto depositional contect.
This contact, meking the northwest boundary of the Puente,
lies along one of the nearly east-west striking beds of con-
glomerate. The exact location involves a careful study of the

natore of the iiiocene-Pliocene contact.

Yature of Puente-Repetto contact

English locates this contact along the base of the closest
conglomerate bed to Turnbull Canyon. This conglomerate bed con~-
stitutes the central bed in a series including shale below, then
sandstone, conglomerate, sandstone again, and shale. His rea-
sons for so locating the contact are that (1) elsewhere in the
Puente Hills to the east the Fuente has a sandstone top member,
and (2) that an abrupt break is present between this sandstone
and the conglomerate bed.

At station 1 there is visible at the head of the canyon
in an isolated exposure an abrupt contact with apparently no
aradation. However, only & élight disconformity or diastem
e¢onld be present and the possibility of more conclomerate in
the sandstone below the exposure cannot be ascertained. A4 much
better exposure of the entire sequence from shale to conglomer-
ate is available aldng & road on top of the ridge and adjacent
t0 the cross fault. Here a distinet gradation through the three

members is visible. Sandstone beds are prominent in the lower



conglomerate, and a few conglomeraite stringers lie in the sand-
gtone. HFig. 4 shows the most prominent division between the
gandstone and conglomerate which could easily be mistaken for
an abruapt contact in an isolated exposure. A4crosg the saddle
at station 3 can also be seen the gradational sequence from

shals, sandstone, conglomerste, sandstone, and back 4o shale.

Fige 4

Showing a localized sandstone-conglomerate
contact in the Puente Im along Fault A

The auvuthor has carsiully traced the conglomerate beds and
found that they have several lenses which grade into the sand-
gtone above and below and form no continuoue bede It fhus
geems improbables that the rather normal successgion of shale,
gsandstone, conglomserate, sgandstone, and shale should be bro-
ken by an imporiant epoch division.

In the writer's opinion the division more probably lies

betwesn the shale and conglomsraite beds where indicated on %the



10

map. At locality 2 this contact changes abruptly from a fine
bedded shale to a coarse conglomerate with no intermixing of
shale and conglomerate. Although no evidence of a hiatus is
visible, this type of contact is more apt to mark the end of
an epoch than the sandstone-conglomerate gradation. It muost
be noted, however, that the iiiocene~Pliocene division at many
rlaces represents a period of constant deposition with no lost
interval. lir. Laiming has observed this situation in much of
his micropaleontology work on the base of the Repetto. He has
generally found that the transition favna of this shale-sand-
stone-conglomerate series above the iiiocene contains a ma jor-
ity of Puente forms and is inclined to place the contact above
it at the base of the overlying donglomerate—shale geries.
This Repetto~-FPuente division is thus localized on meagre evi-
dence and can only be definitely located within a half-mile

strip of parallel beds.

Lithology and thickness

The typical Puente formation exclusive of the uppermost
sandstone and conglomerate beds is a finely bedded, light-
colored, variegated shale with thin cherty layers and thick
sandstone beds. All of these beds contaln good bedding planes
which made attitudes easy to take at outcrops and exposurase.
The color varies through black, gray, orange, yellow, and
white, but is generally light gray. Secondary gypsum layers
up to an inch thick are common. The orange chert layers vary

from 1 inch to 5 feet in thickness, are resistant to erosion,
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tifiable silicious matter. The chert grades into fine gili=-
cious shals on through fine shale to sandy shale and sandstone.

d
“he sandstone is orange to tan and although up to 100

feet thick within the formation, it is no% persistent to any
extent. It lenses out and grades into sandy shale within very

short lateral distances. Sandstone is g
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0 be common. 4an area Irom a few feet to fifty
feet wide may break loose from the manitle and slide down the

gloove as Ifar as one hundred feet (Fig. 5), leaving a jumbled

masg at the bobtonme Such slides are more commoen where the
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suorface creep in “wye%ta giltstone.
ViE corner oXf secthtion 15
Height of ridge 100 fest

coincides with ths dip of the beds, but they occcur slse-

L]
ot
o
=
[

$0. They average three Ifset desp often forming expo-

{»J

&
il
o
:
*
@

&



ot
e

sures along their sides and slopes. Attitudes taken on the
exposures have proven to be vnreliable. Similar creeping and
gslumping has certainly happened many vlaces where no evidence

¢ now apparent. For that reason many of the attitudes taken

[

at isolated sexposures are undoubtedly erroneous. This element,
added to the structural complexity of these typically incom=-
petent beds, makes most of the Puente of this area appear 1o
be a Jjomble impossible to interpret.

Although the thiclkmess of the Puente is undoubtedly great,
it can only be gusssed because of the structurasl complexity
and boundary limitations by fauvliting. The only wniform struc-
ture liss immedisztely 4o the west of Turnbull Canyon. There

the thickness can be scaled and figured from the average dip at

joe

2000'e 7This figuore represents the minimum and offers no clus

to the maximum, Though it must be sevseral times that amount.

the Tish scslass and forams are proof of marine origin.

The presencs of sandstone lenses, and the great thickness in-
dicate a fairly shallow water deposition though at some dis-
tance from shore in order %o have the very good stratification

and fine bedding. The silicioue poritions and cherts may in

Trangition Puente Beds

The transition portion of the Puente northwest of Tornbull
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Canyon is & gradational sequence of shale, sandstone, conglo-
nerate, sandgtone, and shale as previocusly nmen
solute boundariss between them can be loealized. The divi-
siong a8 located on the map show where approximately fifty
percent of each of the two rock types is present. The sand-
stone has & varied character. It is usuvally of rounded quartz
fragments but grades into the products of decomposed granite
nesr the conglomerate. Ite composition then is mostly quartsz,
both angular and rounded, with lesser amounts of feldspar and

small gquantities of dark minersls. It is cream in color and

well banded through sorting by sizes. There is 1little cemen~
tation, making samples continually cruwble by handling The

thickness varies along the stike but the maximum, as scaled

from surfsce outcrop and approximate dip, is 360 feet below

and 200 feet above the conglomerate. RBecause of variation

23

feute

in dip and uvncertain boundaries, the accuracy of measurement

is no greater than 30%. Near the Whittier alluvium the total
thickness of both sandstone members and the included conglo-

nerate ig only about 400 feet.

The conglomerate bed in the upper Fuente series is a very
coarse, unsortsed aggregate of sub-angular to rounded particles
of decomposed granite. The matrix is of the same composition
and constitutes one-third of the volume. Roulders three feet
in diameter and all sizes down to pea gravel are mixed in about
sgual prépgrt2638e Very irreguolar coarse sandstone lenses are
abundant near the Hop and bottome Some apnlite and gneissic
roclk types are revregsented. The one bed that persists later-

ally from the faolt at the northeast to the vhittier alluvium



fred
1A

®

averages 8L fset thick and has & maximuom of 200. QOther len-~
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are present, nons over foriy feet thick and are of a simi-
lar texture and composition as +the described bed. At the west
end the series changes into a larger number of conglomerate
lenses in the sandstone, making the sandstone-conglomerate
divisions largely arbitrary.

'he shals at the uvppermost of the Puente along this sane

series i well-bandsed, compact, silty bed about 270°
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average thickness. It has no chert layers and closely resem=~
bles the Repetto siltstone excent Lor its distinct fine Dband-
ing. te lower contact grades into the sandstone and its opper
contact 18 the abrupt change to conglomerate that I have inter-
preted as the FPuente-Repetto contacte.

The Puente conglomerate bed at the east end of the area

is very similar to the conglomerate beds described in the upper

Fuente series. 4bove and below 1%t is fouvnd an irregular thick-
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ness of sandsione which grades into %
conglomerste bed is nearly 200% thick at its east end but com-
pletely lenses out towards the west. The exposures sare so rare

only the presence of the sandstone can be
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in the vieinity tha

no reliable thickness possible. The contor=-
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agcertaine
tion of the beds adds to tre wncertainty of thicknesse.

ure of the conglomerate is the samse coarse un=-
base cut by irregular sandstone lesnses. The
main difference is that more dark gneissic boulders are inclo-

ded with a slightly higher degres of rounding common. Fins

3

bedded silty shale similar to that of the uppermost Puente
shale member previocuvusly mentioned is present whsre the 66 degree



dip is shown. Because of ﬁhl similarity in struocture, tex-

EN

sequence 1o that of the upper Fuente

-~

ture, composition, and

geriss northwest of Turnball Canyvon, the writer includes this

e

portion with the Puente. The conglomerate forms low cliffs
along & minor wash and its resistance t0 erosion enables it

& ¥

to form a small ridge across the normal drainasge into the

valleyve

The vppermost Puente member obviocugly shows a different
depogitional process from the uvnderlying veds. The lack of
gorting, limited rounding, and the vniform composition make
& beach deposit unlikelye A large delta deposit would be
more likely to have the obgserved features. The vrocess could
be as follows: & gradual tipping of the land along the coast,
gSlow at first but accelerating in its rate; the normal erosion
of this final high topography would form the later series of
conglomerate, sandstone, to sghale again. The lateral irregu-
larity and the lensing structure represent the varied current

aation on and near the delta.
Repetto Formation {Lower Pliocens)

The Repsetto I'm was named by Re Do Heed in 19&2. The typ
locality ig along the west side of Atlantic Blvd. near Fremont
The formation consists of siltstone, sandstone, and con-
glomerates which overlie the Puente im and are conformably

3

overlain by the Pico Fm. A€ Reed considered the beds in this

aresa as Repetto, that name will be wpsed in this report.
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ATeal distribution

The areal surface not occupied by the Fuente Im is pro-
bably of Repetto age. IForam correlations, lithologic nature,
and stratigraphic position insure this age for the large un-
favlted portions. The other fault blocks are included in this
age only through similarity in lithologic form. ZFrom the wri-
ter's observation alone the age determinsation is inadequats,
forcin% him to accepnt inglish's ideas resulting from a famili-
arity with the rock types throughout the Fuente HEills. These
uncertain sreas include the faulted zones east of the head of
Turnbull Canyon and the triangular portion north of the east
end of the whittier favlt. ZGspecially questionable is the
conglomerate area east of the curved favlt 6. Bxposures over
mueh of the Repretio areas are good because of differential
erosion betwesen the siltstone and ccnglomerate. The topography
is correspondingly more rugged. The large areas of siltstone

in which stratification is poor sometimes oiffer little or no

chance of obtaining attitudes.

Lithology and thickness

The typical Repetto formation is a series of conglomer-
ates and giltstones which have abrupt contacts below the con-
glomerate and a slight degree of gradation throuvgh sandstone
above. The conglomerate is tycically stainzsd a brownish color
by limonite. The particles are well rounded and are mostly
granites and syenites with lesser anounts of dariier intrusives,

gneisses, and shale. The sorting is good with sandcstone and

some s8ilt layers maiing attitudes available. fhe matrix is a
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well cementod sandstone nmaking the conglomerate resistent to
erosion. Average size of constituents is 1% inch with sizes
ve to 4 inches fairly common. The size of the partieles is
the main variable of the beds. S5lightly less rounding is
observed in theg¢lowest beds along the Fuente contact, and some-
what less sorting is found. These conglomerate beds ocour us-
vally in parallel groups of small thickness. Three of these
groups are found, one at the north striking almost eastwest,
another below it striking about N60° 3, and a third apparently
below this striking nearly north~socuti. The beds vary greatly
in thickness and some entirely lense out within short distan-
ces. This lensing tendency 1is especially vprominent in the
sguthern portion below the whittier fault where sandstone oc-
cupies & large area.

The most notable exception to the tynical conglomerate is
the large mass of conglomerate to the east of the long curving
fault G near the northeast corner of the area. It is very
goarse, unsorted, with a few very irregular sandstone lenses.
It is 20% granite (or adamelliite) with mostly a decomposed
granite matrix., The largs cobbles are sub-~angular and the
smaller ones rounded. It resembles the upper Fuente conglo-
merate more thar the tyoical Repetto though somewhat different
from each. Its nearness to the Repetto foram samvle at loca-
tion 58 indicates that it is probably of that age, being per-
haps one of the lowest beds. The lower Repetto bods tend to
be thicker than the higher onss.

4 form of silty shale or siltstone is the most extensively

outerovping rock typre. It is generally white or cream with
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occagional brown streaks showing stratification. hen the
streaks are absent, attitudes are hard 4o get in isolated out-
crops. The material® has little cementation and breaks easily.
It resembles clay in some places and grades into & very fine
sandstone at others. In the lower part of the Repetto it has
a better sorting of sizes and forms better stratification. It
then resembles more the Puente shale and sandstone. The ab-~
sence of stratification, chert beds, and silicious organisms
are its distinguishing features from the Puente ghales.

The siltstone also contains poorly preserved, powdery
megafossils at several localities. wseveral different forms
of pelecypods and gastropods could be observed although they
ere not satisfactory for further classification. Korams are
much more abundant and well opreserved than in the Puente. The
giltetone forms rolling :ills and supwvorts grassed areas use-
ful for grazing. Large masses of it lie between the three con-
glomerate series in the northern part of the area. Slumping
and mass movement is couwmon throughoute.

The large Zepetto area below the wWhittier fault is quite
different from the northern'portion and was probably laid down
far to the southeast of its present position. Ilear the mouth
0of Turnbull Canyon the beds lying between the typical Renetto
conglomerate are massive, medium grained, light yellow sand-
stone with many silt layers and fair stretification. The sand-
stone grades laterally to the sast into the tynical poorly
stratified siltstone in which flat concretions are found. One
concretion at foram locslity 86 had innumerable tiny (maximum

gsize 1/3 inch) megafossils in its center. This evidence tends
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to indicate that organic remains may be critical to the origin
of fhe concretion. All the conglomerate beds lense out with
the approadb to the more 8ilty sandstone except possibly one.
The one uppermost conglomerate bed may be faintly traced by

the observance of pebbles in the mantle to where it branches
out into & thicker mass near the Whittier fault and the valley
boundary line. This mass is considerably contorted and its
connection with the above mentioned bed is not certaine. «Jith-~
out further tracing to the east of the area, the relation of
this bed must remain doubtful. The uppermost bed of this sec-
tion is a thick siltstone of the usual Repetto type. This roeck
type occupies a l:urge area in the east beyond where the conglo-
mefate beds lense.out. It grades into the sandstone laterally
to the west by in:umerable lenses which may persist as beds a
few inches thick in the sandstone. NFor that reason no boun-
daries may be established and the convenient method of dotting
the sandstone is used to advantage.

The writer feels that a description of every conglomerate
and siltstone bed with the thickness of each would be of little
significance and not worth the space required. The lateral
variation is so great and the tendency tv lense out prevents
any typical cross-section from being described. Instead he
will refer the reader to the sections accompanying the aresl
map which will as accurately as possible show the correct width
of each bed at the indicated localities. (nly a generalized
succession will be given. The lowest portion of the northern
gegion of the Repetto lying in apparent conformity above the

uppermost Puente shale is composed of two conglouersate beds
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about 200" thick between which lies a silty shale of about the
same thickness. 7The louer of the two conglomerates is coarse,
poorly sorted, and not so well rounded as the higher one. They
each have transition sandstone beds of only two or three feet
above them, but sharp contmcts below. To the west of the low-
est bed this sandstone transition thickens into a mappable unit.

The next series of conglomerate beds is separated Lrom the

&

b 2

first by geveral hundred feet of ty»ical siltstone. The lower
contact with the siltstone is & discconformity. 4t the east end
near the reservoir this break can be observed. The conglomer-
ate series beging as a so0lid conglomerate mass with a few silt-
stone lenses at the west end and divides towards the east into
five beds. These five gradvally lense out eastward until only
two persgist to be cut off by a favlt. The thicikness of the con-
glomerate and interbedded siltstone and sandstone beds varies.
a4t a central position where the extra conglomerate layer occurs

above the series the thicknesses from the base vn is as follows:

Conglomerate 15
Siltstone 1007
Conglomerate . 20!
WWhite shale 60"
Conglomerste 25!
shale 15
Sandy conglomerats 25!
Fine white sandstone 10!
Conglomerate 401
S5andy shale 15
Typical Repetto conglomerate 60!

Tear the eastern limit there are only two beds fifty feet thick
with a 15 foot siltstone bed between. Some of the interbedded
siltstones have good bedding planes and are thus nearer to the

shale than the siltstone classification.
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Between the middle and the upoper conglomerate series is
a great thickness of siltstone wkich contains excellent for-
ans. It is divided in the west by two conglomerate beds,
one of which divides and finally dies out after persisting
for a mile and a half. Fig. 3 shows the heavier brush which
grows on these two beds than on the surrounding siltstonse.
The uvpper bed is 30' and the lower 15' thick. The other bed
which lensesg out Below this divided strip is up to 100 feet
thick at one place. It has almost no clay or silt in its
matrix and has consequently been used for concrete aggregate.

The upprermcst series begins in the extreme west as a thin
15 foot bed. It thickens eastward and probably extends tnrough
the alluviuvm as suggested by the dotted lines. Only a few peb-
bles and cobbles in the thick mantle are the basis for this
continuation. The bed divides, thickens, and acquires new
members as it continues eastward. 3ZxXposures across valleys
are sometines so poor that the beds must be connected large-~
1y by the judgment of the observer. liear the east there are
gix definite beds that cover 2000' with their included silt-
stone meubsrs. The beds aré similar in most respects and
closely agree with the typical Repetto conglomerate previous-
ly described. The continnation to the east margin of the
uppermost two conglomerate beds through heavy brush and thick
mantle is most uncertain.

Another series of conglomerate beds is present extending
north of the head of Turnbull Canyon and striking almost north-
south. They begin &long the arcing fault & in the north and

extend southward, the upper one separating into four members.
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The five beds continuve with a fairly low dip, Lorming vpeculiar
shapes with the topographic features that they cross. Before
the beds separate, their thicknesses are as follows:

Upper conglomerate 200°

iiddle siltstone go?
wer conglomerate 1007

After increasing to five beds, the lowser two are about 1007
each (shown in Fig. 6) with 80' of siltstone between. The
upper three conglomerate members are from 25 fto 40 fest in
maximum thickness with similar amounts of siltstone between.
The contacts are gradational through a foot or less and ars

clearly depositional.

ﬁxi%‘ge 5
Dipping meyeﬁtc geries of conglomerate
and siltstone beds. 4alsgo fault F visible.
Ridge located along section uF

The fauylted areas at Workman Hill and to the east and
of it have thick beds of conglomerate with correspondingly
thick siltstone and shale beds. The complex fault pattern
prohibits any succession from being established, but many con=-

tacts are well exposed. A4 contact of conglomerate above silt-

Stoné along Turnbull Canyon road 800' Wy of workmen Hill shows
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the typical abrupt change from siltstone to conglomeraie

& & - il

2 large slab of the lower silt-

&g
[
~
g
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At this exrvosure (Fig

stone eight inches thick and twelve feet long may bs ssen

fo

five feet above the contact in the conglomerate. The wrie

ter interprets this as showing that some erocsion of the

Fige 7
Abrupt siltstone-conglomerats contact.
Silitstone slab vzsﬁale 5 above contact.
Tornboll Canyon road, 800" ¥ of Jorkman Hill.

lower member took place at the same time that the conglomerzte

1=

oo

was devogitede 4 definite disconformity is thus indicated

though no certainty could be established by observation of the

[~

owe another of the abrupt contacts

3]
[
o
)

contact itself. Fig.
within fthe highly faulted zone. The conglomerates of the faupl-
ted blocks agree very c¢losely with the typical type described
previocuslye.

The most uncertain correlation of the entire area occcurs
in the ftriangular portion to the extreme east lying betwsen
the dhittier fault and fauldt H. The rock type below the con-

>lomerste stringers is & sandy siltstone nmuch like that occur-
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ring across fthe Thittiler fault. Above it in a nornsl cone

i

tact with some sandstone near the contact is a conglomerate
bed which begins in the west only 10 feet wide and extends
eagtward, thickening %o 2 maximum of 507, 4 15' bsad occurs
below it in the east portion, separatsd by approximately 100
feet of siltstone. The conglomerste is brown stained, poor-
ly sortesd, compact, mostly granitic, with very little matrix
and no bedding visible. The sizes vary from 6 inches %0 pea

gravel in nearly equal proportions, and are roundsd to sub-

:ngae 8
Abrupt siltstone- GSﬂﬂEGﬁ@?uﬁb contach
n privat e road 2300' directly west of
eint I in section GHI

angular. There are some shale cobbles present. The upper

in the saste.

&)

contact ig sandstone in the west and siliston
The thick, fairly wniformly dipoing rock above cannoct be
ag either Fvente or Hepetic. Jandstone

one laterally and vertically in ir-
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regular fashion. Some masgive siltstone 1s present and a

large area gives no ovterons. No digtinet difference Ifrom
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the sandy Puente across the fault is observed. The author's
main reason for the Repetto correlation is the presence of
gilt cobbles in the conglomerate beds. Such silt inclusions
have not been found in the Puente counglomerate. The general
color is suvggestive of the Repetto. In the absense of more
conclusive evidence the writer must accept the more extensive
experience of iir. English, who classed it as Repetto.

The total thickness of the Repetto in the north is about
4600 feet and that in the south about 5400 as scaled from the
map using approximate dips. Its upper limit in both parts of
the area is the valley alluviume The lower limit in the north
portion is a questionable location along an abrupt shale- con-
glomerate contact at the base of the second nearly eastiest
striking conglomerate bed to the northwest of Turnbull Canyon.
The remaining contacts are a criss-cross of faults between it
and the Puente. The base of the south portion is not exposed.
The writer has without certaint¥y located it along the lower
end of Tornbull Canyon. The remaining contacts lie a&long the

Whittier and the By fault ag shown on the map.

Origin

The mode of deposition for the opposite rock types of
conglomerate and siltstone offers a difficult problem. The
forams and megafossils insure a marine origin, and the sabun~
dance of conglomerate beds suggest stages of high relie’,
sorting and rounding is not well enocugh developed to Jjustify

a beach deposit, and the thick sections of massively strati-~



fied siltstones likewise oppose this hypothesis. The abrupt
change on the lower side of the conglomerate bcds with a bet-
ter transition above could indicate a sudden uplift with sub-
sequent devosition of conglomerate at first with the siltstone
following after some time of deposition. The lack of bedding
in the siltstone indicates the long continuation of very uni-
form land conditions. The conclusion is that the Repetto ma-
terial was carried in by rivers and deposited at some distance
from shore, perhaps in an inland sea such as the Gulf of Calif-
ornia. Sudden uplifts of land may have caused some erosion on
the deposited silt. One such disconformity is apparent below

the middle conglomerate series where fault A is covered by it.

—

The presence of siltstone cobbles in the overlying conglomer-
ate beds perhaps indicates that some erosion took place on the
lower giltstones. Rotational uplift of the land rather than

horizontally uplifted blocks may account for the limited ero=-

sion on the siltstones with no evidence of angular unconformity.

Age determinations

foram material is sbundant in the Repetto and sparsely
represented in the Puente. Samples were collected and cor-
relations were made by the Texas Company. The determinations
with their locations on the areal map are given below. L.r.
Laiming of the company's Paleontology Department has gone to
especial trouble to give the specific names of some of the
important forams and is responsible for making as complete a

a report as this possible.



0f thirty-one samples collected only fourteen had
well~pressrved species to enable age determinations to
Localities 35, 36, 37, 28, 51, 52, 53, 56, b7, 58, 81,
were of Repetto age. The best sample was ¥o. 81 which
good variety and several distinctive Repetto speciss.
Ho. 81, 58, and Z6 were near the middle of the Repetto
The distinctive Repetto svecies found are given below.
species having longer age ranges are not included hers.

Bolivina cochei Cushman and adams (Sample 36)

Bolivina aff. rostrata Brady (Sample 36)

a7

enough
be nmade.
and 86
had a
Samples
in age.

Gther

Bolivina supbadvena var. sulferensis Cushman and idams

(3ample 36)

Bulimina inflata Seguenza (Sample 81)
Bulimina subacumenata Stewart

Cibicides mckanni Galloway and Jissler
(Small size only is distinctive of Repetto)

Nodogenerina antilea (sSample 37)

Nonion pormpillioides Fiechteu and [oll (Sample 81)

Plectofrondicularia californica Cushman and Stewart
(Sample 81)

Uvigerina (Repetto spsecies)

Sanmple 74 was Puente in age. Its distinctive species are

given below.
Valvulineria aff. araucana (d'0rbigny)
Distinctive species of Bolivins
Solivina californicus Cushman (one specimen only)
Bolivina tumida Cushman

Radiolaria (common)

The remaining sypecimen, 1io. 69, is probably uvpper lLiocene.

Its only typical speciss was Bolivina obliqua Barbat and John-
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Son which is common in uvpper iiiocene and not found in the Re-
petto. 4 species of Uvigerina vresent in the fauna is common
both in the lLiioccene and Zepetto. Radiolaria were found in the
Fuente shales.

) r. Laiming cautioned the author against too much certain-
ty in the above stated information as many of the species can-
not be positively identified.

An attewpt was made to use sharks' teeth, fish scales,
and fish skeletons in determining the age. Some larger scales
from locality 4 have been identified by liiss David of Verte-
brate Paleontology Department at the Institute as a species
of Ganolytes which has been found so far only in the ..iocene.
A smaller scale of the JSparicea family was placed by iiiss David
as probably l.iocene. 170 attempt was made to use in correla-
tions the few poorly preserved megafossils of the Repetto.

Careful work on them by an expert might give some information.
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GEZ0LOGIC STRUCTURE

folds

Evidence of major and minor folding may be seen through-
out the entire area. Even in the most uvniformly dipping series
of messive sandstone and conglomerate in the soutiu Repetto sec-
tion the strikes and dips vary greatly with several reverse
dips present. The other extreme is the central Puente shale
section where consistent attitudes are almost absent. The
evidence of complex contortion and minor folding may be seen
on the good exposures of the Puente IFm along the Turnbull Can-
yon road. On the basis of dips and strikes several small folds
could be drawn in, only one of which is shown on the map. ¥ig.
9 shows a drag fold in a chert layer just south of the indica-~
ted anticline. The fact that such a tiny fold should have dis-
tinct drag folds as shown will give some idea of the small sig-
nificance of isolated outcrops. The writer has adopted a short
wavy line t0 indicate some of the plainly visible contortions
where an attitude would be meaningless. On the basis of & few
localized dips, a great many doubtful folds could be shown in
the area. The writer has drawn in dnly the ones having a large
number of dips or othsr good evidence to substantiate their
existence.

Section CD shows the only fold heving an anticline and a
syncline. Here the dips obtained are good, but are not defin-
ite evidence of the folds. The upper 1limit of the conglomer-
ate can be traced throughout most of its length except for a

nundred feet where it crosses the canyon branching to the south



of 3ycamore Canyon (Black Canvon). Unfortunately, the al-
luvium in Black Canyon covers the other two contacts cros-

ging 1i%, baﬁ*thei? positions are localized on each gide. 4

Pig. 9
.L_s..gs

Drag fold in Puente Fm on flank of a small anticli

On Tornbull Canyon road 3000' west of Workman Hill.

good view of the entire structure in which the folds may be
vispalized can be had from the high ridge about 900+ sast of
station £Z. The only other possible explanation of the dips
and struocture would be that of a fault at about the position
of the syncline which would exert an extraocrdinary drag force.
However, the same conditions of crushing would be present near
the axis of a fold. A4t the location mentioned sast of station
2 one can see evidence of glipping and contortion of the shale

uet

jon

along the shale-conglomerate contact. It is probably a prod

T

‘.

of the compression that caused the fold. At etation 2 can also



be seen the gbrupt depositional contact which is asssumed 1o
mark the ruente-Repetto boundary.

saction GHI shows the next three most imvortant folds,

all of them individual anticlines. The one souvth of the

inittier fauvlt probably has little bearing on the production
of o0ll throughout the area. It is located almost entirsly

by the etrikes and dins taken in the Repetto siltstone. The

=

onceertain reliability of lipg dis evident Ifrom their var-

igtion and the contorted loealities. Drag folds and posgsible
fault action may be sesn at many of the indicsted spots. Hear
the east end of the axis where the short fauvlt (Pig. 10) is

shown, a good exposvre of & tiny anticlins axis occurs on the

Pige 10
Fault outerop dipping 45° Worthe

On mountainops road 700' south af dhittier fault

and 1000°% sast of sectlion GHI

C

(FPige 11}« The beds dip away from it on both sides,
locating the axis at that point. A one Loot sandstone layer
formeg a good cutline of the anticline in the picture. Che

shale at sach sids of the anticline at a distance of about &
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That

Qa

hundred yards is, however, not very certainly correlated
to the south is of a sandy nature while that to the north is

more compact, and fins grained.

:&‘figa 11
anticlinal axig of socuthern fold of section GEI.
Where anticline crosses maintenance road 1000°
sast of section GHI

*he short fault shown on the map within 100Y of the anti=-
cline undoubtedly accounts for the condition. This fault pro-
bably indicated a glipping movement occurring nearly in the

axis of the folde The steep sides of the anticline show that

the compression forces may have caused reverse faulting after
fold

the fold was closed. Such faulting in the axis of a clege,is
to be expected. Although the £o0ld hypothesis fo
ture 2t thisg locality seems the most probable to the wri
two other interpretations may be mentioned. Since the sides
of the fold are very steep even in the immedis

the pogsibility of overturning is noticed. II tioe
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#hittier fault is a reverse fault in this locality as sugges-
ted by Or. Buwalda, a drag effect could explain the condition

as shown below.

Posgible drag effect along whittier fault

The photographed small anticline and the nearby fault may be
secondary adjustment features in the process. It is intsres-
ting to note that the dips indicated at the north'side of the
diagram are excellently shown where the Whittier fault crosses
the Turnbull Canyon road. The third possible interpretation
of the area will be mentioned later in conneetion with the
W7hittier fault.

Juet to the east of this above discussed fold are irregu-
lar dips indicating & possible small anticline and syncline,
but the outcrops are so scarce that nothing certain can be lo-
cated. The locality may indicate an extension of the fold
structure at the east in that direction rather than curving as
shown on the map.

The anticline within the Puente shale north of the Whit-
tier favlt has been located entirely by the observed dips on
the map, Itg direction of pitch, if any, the dip of the axial
plans, and its possible continuvation to depth is unknown.

The third fold in section CDE lies within the fault block

about 2000' east of Workman Hill. The axis lies along & con-



torted sandy shale bed with similar conglomerate beds dip-
ving away on seach gide. (nly %wo reliable dips wsre avail-
able on thse southwest side because of heavy brush. The cer-
tainty of the presence of this anticline is thus somewhat
lessened.

The presence of the anticline extending north from the
head of Turnbull Canyon is indicated by a large number of
attitudes. The vncertainty as to its existencs lies in the
large number of faults of unknown magnitude and length which

are found right near it. Fig. 12 shows an exposure of the

C.‘:‘Q

fanlt to the west of it. The two faults to the east and the

Fige. 12
Fault exposurs.
On ridge 2500 easgt of fault B
and 800" north of Turnbull Canyon fault

one on the north dip towards it. 4any of these faults may
have & large enough displacement to cause the observed op-

posite dipse.



The short syncline 4o the west of the last menitioned
aniiciimebig one of the most certain structurss of the area.
The shale across which the axis is shown on the map is only

a 10" layer above the conglomerate. This layer may be plain-
1y seen from the Turnbuell Canyon road and clsearly shows the

ilable dips add to its

8

umergus ava

g
¥

syneline {Fig. 13). The
certainty. This shallow syncline has no structuoral signi-
ficance other than its tendency %o increase the possibiliity
of the previously described anticline 0 be & trus anticlinal

gtructure. The presence of a synceline with an almost parallsl

axis to another structure believed to be an anticline shows
that the proper forces for folding are at least present.

shallow syncline.
2000 HW of vWorkman Hill

located along

}MJ
on

The remaining fold of the area

e

northwseet alloviom boundary in some of the highest siltstons

™
,f

of the Repetto. It 1g & flat aniticline whose gides dip simi=-
larly to the last mentionsd syncline. The evidence for it is

iverging attitudes. It would have been omit-
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ted as lacking in evidence had not the writer noticed in the

[ T B L P 2 = g o1 ER
pointed o three nprodocing oil wells in

field that i1ts axis

é’ﬁ

the alloviuvm along the Union rFacific Railrocad line. The hy-
pothesis may be given that this anticline extends under the
>h to form a favorable sitrne-
tore.

4 few noticeable variationsg in dip that cannot be ignorsd

the sres sonth of

will be considered. At the extreme wes

the mouth of Sycamore Canyon are

the vertical siltstone beds cccourring as maried s

dige. 14
Vertical 511@ tone beds.
p.outh of Sycamore Canyon



of sycsmore Canyon. The other steep dips nearby lessen the
possibility of an anticline and indicate the possibility of

& fan fola. The beds show no curving as in the folds a little
over a mile to the east, and few shallow dips are present.

The overturned condition probably resulted from the contor-
tion of beds which were already dipping steeply.

The south dipping sandstone along the upper Puente con-
glomerate bed at the east end of the area is probably also
overturned. ‘The steep-dipping thick conglomerate at the east
end was thick enough to resist the contortion occurring in the
rvente. ZEXut the western end, as it became thinner, also be-
came weak enough to be twisted and overturned, perhaps by the
drag of the &% fault C Jjust north of it.

Very noticeable also is the different strike and dip ob-
gerved across Tornbull Canyon. There is distinctly an opposite
trend in the dip although consistency in dip and strike on the
southeast side is somewhat lacking. There would be consgider-
able difficulty in placing an appropriate axis for an anti-
cline. Thig anticlinal possibility must be kept in mind al-

though the evidence for a faplt is more convincing.

raplts

There are a large number of major and minor faunlts trace-
able in the area and undoubtediy many which are not evident.
The writer has extended them only as fur as evidence is found
and has not tried to connect distant favlts which have a simi-

lar strike. wany of the faults shown may actually be much longer
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a4t the Turnbull Canyon road the Jhittisr fault is accu-
rately located by contorted and overturned beds on the north
gide. (n the south side saturated silt beds dip in confor-
mity with the overlying Repetto beds. o the west of Turn-
bull Canyon, however, no direct evidence of it may be found.
That the Puente shale is highly contorted is evidence that
some type of deforming force has acted. HFarther west than
the shale a series of sandstones, cornglomerates, and shales
are apnarently unbroken although possibly bent and contorted.
The Whittier fault must thus be diverted into the alluvium to
the south before it reaches these beds. One possibility is
that it corves souwthward after crossing Turnbull Canyon and
reaches the alluvium through the Puente shale as shown. JSup-
porting this theory is the fact that the conglomerate and
sandstone beds appear to be compressed and pushed to the north-
west by a buttressing‘action as would exist along the curve of
a strike-slip fault. However, the field evidence that the Whit-
tier fault has a predomingntly strike-slip movement is small.
Only its straight course east of Turnboll Cényon suggests ite.
English on page 57 of his bulletin mentions the fact that it
has an opposite throw along its coursse. Vertical movement a-
lone, dropping the Repetto beds, could not account for the op-
posite dips in the Repetto of the north and south sections.
The lithologic nature and the established successions of beds
in the fWo sections are entirely different. 4 large anticline
striking almost east-west would have to beestablished in the
Fuente shale.

The localized evidence of the overturning of chert beds

at the Turnbull Canyon locality of the fault suvggests that the
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fault plane dips at least 80 degrees to the north. Crushing
and folding evidence of compression 8dd to the vrobability of
a reverse movement. The writer concludes then that the south
Repetto section was moved to the northwest along the fault and
downward in an oblique-slip reverse movement. The horizontal
component is necessary to bring nearly together the Revetto

section having such a different structure, litholdgy, and
succession. Such a suggested movementﬁfits well with the cur-
ved position of the trace, resulting in compressing and bend-
ing of the shale, sandstone, and conglémerate beds previously
mentioned.

The other hypothesis as to the disappearance of the ihit-
tier fault at Turnbull Canyon is that the indicated fault up
the canyon displaced it out into the alluvium. An appropriate
amount and direction of displacement for this shifting may be
seen on the Turnbull fauvlt up the canyon where it apparently
offesets fault 4-A'. The continuvation of the Turnbull fault
westward along the canyon could mark the contact between the
Repetto sandstone and Puente shale. However, the previously
mentioned outerop of 0il shale just south of the whittier
fault is about four hundred feet to the southeast of the pro-
posed fault contact, It shows that the position of the contact
probably Jjust happens to be near the canyon and is not the re-
sult of faulting.

4n improbable alternative for locating the shown anti-
¢line in the south Repetto portion along the Whittier fault
is worth mentioning. The area roughly between the anticline
axis and the fault as shown in section GHI may be an under-

thrusted wedge 1ifted along the fault trace by compression



42

and tangential forces.

soeh underthrusting along the San aindreas fault has been poin-
ted out by Dr. Buwalda of the Institute. The only evidence
for it here is the fault outcrop (Fig. 10) occurring about =
hondred feet soutn of the anticlinal axis and dipping toward
the hittier fault at & 45 degree angle. That such a struc-
toure conld exist in these incompetent shales and siltstones
is unlikely and ig not suggestsd for serious consideration.

another possible difference from the mapped location
may be suggested at the esast end of the fault. The fault may
split and trend to each side of the thick conglomerate bed at
that locality. As previously stated, the connection of this
bed to the west is not certain. Its dips are almost at right
angles to the usual Repetto divs at the west. It is even pos-
sible that it may be a horse of Puente conglomerate, as its
gstructure and composition are too unsorted and granitic to
agree closely with the typical Repetto type. L.ore tracing of
the beds and the fault outside the area would be required be-
fors a definite conclusion could be reached.

The gouge along the exposures of the fault seem to show
a vertical div. The tendency of valleys and saddles to out-
line the trace of the fault (Fig. 1) 1is undoubtedly due to

the easier erosion along the contorted and gouged material



rather than to recent movement. The total displacement of
the fault is unknown bot must be at least & mile horizon-
tally with considerable uplift of the Puente shsle to the
north.

The "doubtful Turnbull Canyon fault is one of the next
mogt imvortant breaks in the area. It lies along the bot-
tom of the canyon, crosses the ridge at the top, and des-
cends in the HW canyon of the other side. It is nowhere ex-
posed, produces no slickensides, and shows no obvious struc-
tural terminations as most of the other faults of the area
dos It yields no local evidence at the head of Turnbull Can-
yon which is the only locality where valley alluvium does not
cover it. Its presence is Justified by the contortion of the
Fuente shale, the termination of several cross faults, the
limiting of structural features, and the abrupt disappearance
of shale beds into it.

along Turnbull Canyon the attitudes in the Puente to the
west of the fault are quite wniform, striking nearly &7 and
dipoing north. On the east of the canyon the attitudes are
irregular and show definiteAfolding and crushing. 4aAn I/ trend
of the strikes may be detected but the dip is south. That an
anticline is present is improbable because the dividing line
runs 1TE-3W across the edges ol the strikes. The only other
alternative ig a fault st this location.

Farther up the canyon where it curves eastward and on to
the east, several faults arpear to be disnlaced or terminated
by the Turnbull fault. The first two faults, 4 and 4', en-

countered on opposite sides of the canyon have similar strikes
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and apparently large displacements. That these two faults
are disvlaced purts of the same one is probable. The im-~
portant fanlt Z, apparently ending at the Turnbull trace,
cuts across the main highway just beyond the head of Turn-
bull Canyon. It cannot be located to the north of the tracs.
The presence of a pair of parallel short faults striking simi-
larly to the terminated fault & on the south may be seen to
the north of the Turnbull trasce. <They are offset almost a
thousand feet west--about the same amount of displacement
coﬁsidered on the last mentioned faults. The dins, however,
are opposite and somewhat lessen the possibility oi their
rensresenting & single fault. several other short dotted
faults are shown, none of which can be traced across the
Turnbull fault.

The termination of & shallow syncline and an anticline
is apparent. <The dips locating the axes of these structures
are not present south of the fanlt. 4 fairly uniform dip to
the north is there present.

The remaining evidence for the presence of the Turnbuoll
fault is the termination of several shale beds. The shale is
present to the south of the fault canyon but cannot be found
to the north on the well exposed canyon wall. The actual con-
tacts and thelr immediate vicinity are covered with alluvium,
so that their exact locations are doubtful. This evidence, as
is the case with each 0f the other tyoes mentioned, is not
sufficient in itself to justify the fault. But the accumulated
"eircumstantial" evidence makes its presence probszblee. The

movement on the fault appears to have a strike-slip of sbout
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a théusand feet and probably some vertical movement, the eust
side moving NE and east. The same buttressing action, as evi-
denced in the west end of the Jhittier fault is vossidble where
the Turnbull fault curves. The anticline and synceline to the
WE of the curve lie in the position where compression would be
greatest. Though the folds are broad and not likely to be
caused by local compression, their location agrees with the
strike-slip hypothesis.

The other very doubtful fault of the area, labeled H,
strikes 347 along the SE corner of the long Puente shale region.
It forms a rough triangle of Zepetto northezst of the Whit-
tier fanlt. The main evidence is the curving and overturn-
ing of the narrow conglomerate bed at its west end. ¥ig. 17
shows the narrowed bed in & vertical dip at the spot thus
markzed on the mape It would be difficult to explain how the
dhittier fault could cause this result. The EW fault might
cause 1t by a horizontal movement. here the fault E crosses
the saddle near its middle, an indistinct division of sand-
stone on the nérth and siltstone on the south may be seen.

The différence in rock tyres all along the two sides of the
favlt is, however, not readily apparent. The trace also makes
a structural division, & regular dip on the south being re-
placed by contorted and folded beds on the north. HEither the
downthrow side is on the south, or the movenent is nesarly
strike-slip.

There are eight or ten other faults in the ares which
have excellent evidence, though only in isolated spots in
some cases. The long UwW-38 fault a-Ai', shown displaced by

Turnbull Canyon, has excellent evidence. rig. 18, taken along
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posing the L.iocene beds through erosion. Zither a throw of
at least 150' or an undeterminable amount of strike-slip
would be required to eanse the high angle contact of conglo-
merate and siltstone visible in rige. 18. 4n estimated dip
of 85° to the NE was taken.

The XS faplt, labeled B, which meets the last mentioned
fault at Turnbull Canyon also has obvious evidence. It marks
a conglomerate~siltstone contact on top of two ridges and ter-
minated two thin layere of conglomerate. The conglomerzte
layers are present on one side of a gully and absent on the
other, being cut across their ends. The conglomerate at the
top of both major ridges stands out as & resistant knc with
the giltstone at the sast forming a saddle, The distant high
nill of Fig. 13 is the scuthern knob. The fanlt dips 70° to
the east and is probably a normal favlt. osmall folds in the
giltstone forming & drag syncline show that the east side
slipred down along the din. The presence of any strike-slip
is not evideneéd, but & minimum throw or dip-slip of 100' can
be seen on the northern of the two ridges that it crosses.
(S5ee Figse. 20 andé 21). The north end of the fault is lost in
the massive Repetto siltstone.

un the tiny ridge between the two large ridges the fea~
tures of a landslide may be seen (Figs. 20 and 21). The three-
foot bank of resistant conglomerate which marked the conglo-
merate-siltstone fault contact has slid down the slope to a
new position about 20U' to the west. The fault trace is also
twisted to & L3 trend. The two pictures srow the nature of

the movement and the amount. 2he picture was ta.en Lrom &



point on the true tra £ the favlte The resistant ridge
vigible to the left of Fig. 21 and at the center of Pig. 2
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ﬁéig « 21
sbutment of conglomerate and siltstone beds along fault B.
Photograph tsken on fault trace.
randslide in foreground.
At dntersection of fault B = o

A4 8lightly W of X 2000

to the east of faplt B along sesction H¥F. 1t cuts through
onglomerate entirely sexzmcept on twe ridges where it forms

giltstone~-conglomerats contacte. Un the small ridge near its
north end it probably sevarsites conglomerate above from silt-
gtone belowe The resistant eengismef@be formed a 40" cliff,
but it could be entirely an erosional feature. On the higher
ridge near the middle of the fault, the top of a siltstone
bed to the west is fruncated by conglomsrate in the east (Fig.6).
On the ridge at its southern end fault ¥ is located by slicken-
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gideg visgible in the conglomerate. 7The two ends of the fault
carnot be traced. The north end disappears in a canyon and
the southern end is lost within the conglomerate. Excellent
evidence concerning the movement of this fault was found on

a slickenside surface where it crosses the middle long ridge.
An oval, veftical section of slickensides on conglomerate
gouge showed not only grooves but two small pebbles which
were dragged along the surface, leaving a cavity behind them.

The following drawing shows the evidence:

Strike N23°W
Vert. Dip
Shale Cyl.

The actual specimen may be seen in the geological museum at
Caltech.

These features are good evidence that a strike-slip
movement is possible within the area. In this case the west
side moved north and slightly downward at a 15° angle. The
vieible displacement of the siltstone is fifteen feet which
is only the minimum. 48 the strike of the beds 1is parallel
to the fault strike, the minimum strike-slip can easgily be
figured from the fiftsen foot throw at 5o feet. The slip is
&t least 58 feet.

The next fawlt to the east, named &, 1s a long, curving
break separating twe distinct conglomerate types at its south-
ern end and truncating conglomerste beds by siltstone masses

in the north. At the northernmost ridge where 1t crosses
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through & saddle the conglomerate bed is visibly truncated,
although the fauvlt plane is not exposed. Its location north
of this point is unimown except that the conglomerste beds
there are apparently continuovs. It may curve out into the
alluvium or less probably dies out or lies under a discon-
formity. The pair of beds shown cut by it & little to the
south are not with certainty located. Only a few pebbles in
thick mantle and alluvium suggested tneir continuance along
the dotted portion.

The next conglonierate bed to the south (1500' 5w of
foram locality 58) oifers the best evidence for fault G.

The bed igs abruptly ended as it lies along the side and top
of & ridge. The saddle in the ridge mariks the position of

a highly contorted and brolien zone. ‘Ghe conglomerate is bent
and broken for 400 feet to the west. osmall blocks of silt-
stone and conglomerate are mixed togetner aud numerous large
slickensices suriasces may be seen. 7The slickersices have
various strikes, mostly with a Io trend. The scratches show
& horizontal movement. One large piece of polished surface
strikes ¥52°%, but its oosition may be secondary. The sad-
dle resulted from the easy ercsion of the truncated zZone.

The continuance of the favult souvuthward is shown by the
difference in conglomerate types and the isolation of a sec-
tion of siltstone within conglomerate. The lack of exposures
on the north side of any of the ridges maiies much of the silt-
gstone-conglomerate contact questionable. The presence of tue
isolated siltstone chord, however, accurately locates the fault.

The sopthward extension is only aporoximately located by poor
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outerops of varied conglomerate. The saddle on thse southern
ridge somewhat influences the location as mapped. The south end
of the fauplt is lost in the complex struciure of the vieinity.

An E# fault may occur in this locality (as shown by ing-
lish) and cut across this and fault F to the west, but the au~
thor could find no evidence for it. The movement along fault &
is approximately horizontal but the relative direction of each
side can only be inferred. Its most probable dirsction would
be to conform with that determined on the parallel fault ¥ to
the west. That the faults are parallel and have approximately
horizontal movement would tend +0 indicate that the acting
foreces wers the sams. In which case, the east side of this
fault would have gone south and possibly & bit upward.

The remaining two mejor faults are located south of the
sast poriion of the Turnbull favlt. PFault B, crossing the
highway in a NS direction, has an excellent visible contact

on the road (Fig. 22). The fault separates conglomerate at

Pig. 22
o} rengided surface of fault E
On highway 1500' NE of workman Hill Point

«

lic
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the west from siltstone on the east, cutting almost at right
angles across the strikes. Unly the smoothed suriace on the
conglomerate is visible and ofiers no scratching evidence Ior
the tyre of movement. Further south it forms the contact of
conglomerate at the east with shale on the west. It is pro-
bably cut off by the I fault C at its scuth and the Tornbull
fault at its north. The nature of the movement is uninown
but the amount is probably in the hundreds of Ieet. The dip
is 81° to the east.

The BW fault C, cutting fault 3 at the south, but itself
ending along fault A' to the west, is based uron the frunca-
tion of beds only. It clearly extends across the ricdge socuth
of Joriman Hill, mariing & shale-conglouerate contact for se-
veral hundred fset. The next conglomerate mass to the west is
likewise displaced for a short distance. The normal giltstone~
conglomerate contact appeared to stop before reaching fauvlt 4,
naking the aporoximate location of fault C possible. <he thin-
ning conglomerate bed of the east fanlt block is apparently
cut by the fault. It cannot be traced south of the fault line.
The only statement concerning the movement of the fault is that
the lower Puente beds to the south probably rose considerably
in order to expose theimsgelves.

Besides the ten more imwortant faults just described,
there are thirteen other distinct ones which have positive
evidence for their existence. Other than the short one in
the far east of the area near the wWhittier fault and the one
crossing Turnbull road into Jorkman Hill, they all occur in

the highly faulted zonc north of the east end of Turnbull
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fault; Generally a single road cut exposure will locate them
and offser & strike and div. Beyond that they cannot be traced
and disappear. LThe many avocado orchards, private homes, and
heavy brush prevent the trascing of beds and add to the confu-
gion of the complicatsd structures already visible. Lany of
the contacts away from the roads are located with insufficient
evidence and must not be accepted as fact.

A great deal of time could be spent in this small area
in an attempt to unravel the complexities. The general struc-
ture seems to be that a series of thin, low-dipging beds have
been intricately faulted and contorted by & set of aprroximate-
ly i breaks. Mige. 12 shows the one occurring between the anti-~
cline and syncline near the head of Turnbull Canyon. 7The one
lying between the north ends of faults B and ¥ shows at least
twenty-five feet of disvlacement betwseen a siltstone and con-
glomerate bed, but it cannot be traced to the north and south
even though exvosures are fairly good. <he one crossing Lurn-
bull Road 1000' Xy of .Jorxman ill forms the siltstone and con-
glomerate contact for a short ways and likewise is logt on
Jorkman Hill where exposureé are good. The short fault ofif-
setting the two conglomerzte beds at the east end of the Jhit-

tier fault shows gouge and breccia, dipeing 56° X3 and gives

N

a c¢lear picture of the amount of movement. 4 etrike-slin of
a hundred and fifty fset, a dip~-slip oZ about a hundred and
twenty féet, or a smaller oblique-slip movement would be ne-
cegsary to mateh the offset beds. Lhe I'E side would move re-
latively i and up with respect to the other side. This fault

is uvnique to the area as 1t is the only one that permits cor-
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relation of beds on its two sides. Yo even probable cor-
relation can be made elsewhere. The conclusion is that

movement on mogt of the area's faults is much greater than
the observed minimum. The pronounced lateral variation in
the Repetto undoubtedly adds to the difficulty of matching

definits beds,

Unconformities

There are no visible angular unconiormities in the area.
4t many localities, however, may orobable disconformities be
geen. Jig. 7 is characteristic of them. 7They mark many of
the contacts of conglonerate over siltstone in the Repetto or-
nation. iigse. 8 and 25 are other examples. The siltstone or
shaele is abruptly ended and the unifor: conglomerate is de-
posited above. That a hiatus occurs is not definite. 'The
occurrence of shale blocks or slabs as in :ig 7 near the base
of the conglomerate is the best indication that erosion could
have taken place between devosition stages. The upper contacts
of the conglomerate generally have narrow zones of transition
sandstone and do not change abrontly. The abrunt contacts oc-
cur at the base of the six Renetto conglomerate beds in section
4B

The lower contact of the middle conglomerate series along
syeamore Canyon has a proncunced break. A considerable ero-~
sion period must have occurred there in order to have leveled
off the topograrhical results of activity on fault A before
deposition of the series. ieveral localities along the road

cuts of the faulted zone north of the east end of Turnbull



56

fault have these apparent disconformities, and are well ex-
posed. Lany of the Repetto beds in the southern position
show the same features. The author could not in most cases
decide whether any erosion period at all took place and can-
not veuture to locate them definitely as emh disconforaities.,
These contacts reflect the manner of deposition vreviously

gonsidered.
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GAULOGIC HISTURY

As the time intsrvsl revresented in the acea is only part
of two ages, probably the lower two-thirds %o one-half 0F the
Repetto and the upver one-third or the rFuente; the history will
accordingly be limited. The structural development and geomor-
phology will be combined with the history.

The upper FPuente shale complex was first deposited in a
slowly sinking basin, probably a fairly deep inland sea compar-
able to the Gulf of .iexico. The climate was probably warm with
congiderable seasonal rainfall. #ish, diatoms, and other small
sea animals thrived. ild periodic rains may have supplied the
source rivers with material of varied coarseness to cause some
of the extremely fine bedding. Current action probably accoun-
ted for some of the sorting and especially for the sandstone
lenses, Long periods of almost no denosition would pernit lay-
ers of silicious skeletons and fishk remains to accumulage and to
consolidate into chert beds. The land forms aporoached the stage
of a peneplain towards the end of the period, supplying less rock
material and permitting a higher percentage of organic remains to
be mixed with the sediments. The shallower deposits near land
which sup»orted larger littorsl organisms such as molluses, echi-
noderms, etc., are not represented in this area.

after the long period of quiet crustal conditions though
varied seasonal precipitation, the land began to rise siowly.
Coarser sediments were carried into the basin, alternating with

still coarser ones as the land roce. The uplift increased in



58

rate until coarse conglomerste and boulders wsre dumped over
the depvosits in the £illing basgsin. The pre-upliit peneplain-
ation had stripped the land of sediments and exposed the gra-
nitic and gneissic mountain cores to weathering. This decom~
posed basement rock was no% the material of deposition, form-
ing the coarse, sub-angular, unsorted, lensed conglomerate of
decomposed granite that forms the upper ruente conglomerate.

This ranid though not necessarily great upliit then stop-
ped and either subsided somewhat or continued with normal ero-
gsione. fHiner sediments were laid down in the again sinking sea-
way until laminated shales resultsd. The abundant life pre-
viodsly developed by the long quiet period had been consider-
ably killed off. 4 few new species better adapted to the change
were developed and some of the highly specialized ones were ex-
terminated. “he deposition cycle, however, was gradual enough
that only a few species were lost and the life was still pre-
dominantly that of the Puente age. The total quantity of life
was greatly reduced and offerred little organic material for
sceumulation in the new shale. Consequently chert beds are ab-
sent, and in the uppermost Puente shale fossil remains do not
comnose their previons large vercent of the total mass.

The next uplift at the beginning of the Renetto was a ra-
vid one at the very start. The last boulder-carrying streams |
caused sea currents to cut locally into the soft shale contem-
pora:eous with deposition, forming at places a disconformity.
Although the source material was probably the same, though pos-
sibly more distant, the basement complexes had not been subject

to such a long period of weathering. ixisting talus slopes and
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local material from the previous uplift would ve fairly abun-
dante. The new conglomerate then was of & less decompossed na-
ture. The greater rounding and sorting in the Repetto means
either that the source of material was farther away or that
current action was more eifficacious. The varied rock types
represented tend to suporort the theory of a distant sourcs.
The remaining especially adapted animal species (for gquiet wa-
ter and fine sediment denosition) could not stand the sudden
change and were largely exterminated. Species variations that
happened to suit the conditions formed a new fauna and iepetto
species were added to the hardy, urspecialized, long range ty-
pes. A very few of the Fuente forms survived a while to com-
plete a transition between the two life periods.

The new period was characterized either by a high relief
of the land or by unstable dynamic conditions. eather cycles
nay have loaded the streams with products of corrasion. Sud-
den uplifts may account for the abrupt appearance of conglo-
merate beds. Before the middle conglouerate series was depo-
gited, faulting cut the Repetto deposits. Probably the faults
were themselves part of an unstable stage of crustal adjust-
ment. The faults were levelled off by an uplifted erosion
period and further sedimentation fed the basin. The siltstones
were deposited in deep water as a result of large rivers with
low grade or by very rapid devosition irn which there was no
time for sorting. 4 minimum of current action is also essen-
tial for the formation of massive siltstone. The large areas
of unstratified shale were probably formed by & combinatioq of

these raquisites. lu0lluscs and forsms thrived duvring the per-



iod. Their remains are abundant above the middle conglo-
merate series. Local uplifts deposited conglomerate beds
that would not persist far from their source. The soorce of
the lower Repetto conglomerates aprears to be from the weste
The beds are thicker there and die out sastward. The upper
beds where represented seem tc have originated in the east
although the evicdence is meagre. Before devogition of the
upper series, the strike-slip faulting in the central east
portion may have occurred. It is more probable, however,
that the movement was at least post-Repetto.

The structure of the area offers little basis upon which
to poétulate an orderly set of deforming forces. Obviously
more than one period of deformation occurred and at least
five are indicated on the map. The earliest movements occur-
red in early Repetto-post-Puente time. Three faults repre-
senting three age relationships are confined within this limit
because a&ll cut Repetto beds but are older than the middle
conglomerate series. This conclusion is based on the assump-
tions that (1) the middle Repetto conglomerate series covers
the central XS fault 4 (2) that this fault is oiffset to the
gast by the Turnbull Canyon fault, and (3) that its south por-
tion A' is later than the other two short faults ¢ and ¥ in
the vicinity. The further conclusion can then be drawn that
any Pliocene beds cut by these Ifaults must be lower Repstto

favult blocks
and that the twoaaround and to the east of Jorkman Hill are
of this age. Suvueh inductive reasoning is then reenforced by
the reflection that these beds do greatly resemble the lower-

most Repetto section. The blocks contain two thick conglo-



merate beds and the associated silts which lithologically
agree with the thick lowernost conglomerctes of the tyniecal
gsection. The absence of forams is good negative evidence
since they do not occur in the lower Repetto of this area,

The folding in the lower Repetto and some contortion of
the Puente probably occurred at this time. It seems unlikely
that the middle conglonmerate series of the Repetto could have
withstood some deformation if it were present when the acute
folding a few hundred feet below it took place. The topogra-
phic exvression of the folds must have been eroded away be-
fore the subsequent devosition.

‘The time relations of the tangled mass of faults in the
middle east portion cannot be readily ascertained and are not
important nor accurate enough to merit consideration. The
longer strike-slip faults are certainly younger than lower
Repetto but by how much is problematical. Their ends are lost
in a lack of evidencee.

“he most recent faulting is that of the whittier fault.
Ite age 1limits in this area are pre-guaternary allumivm and
post-Renetto. Farther to the east Znglish has shown 1t cutting
Pleistocens terraces. (ne may safely say then that it is fair-
1y recent and has had movement after the Pasadenan Zevolution.
¥o topographic expression can be found to indicate recent ac-
tivity. It is undovubtedly associated with the dilastrophism
which so minutely contorted the Puente shale and which caused
the steep tipving of the Repetto. I believe the fault to be
part of the Pasadenan Reveolution wihich 1is probably responsible

for the uplift of the entire ruente Hills. The nearly mature
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topography is evidence of a considerable erosion period.
lany of the hill tops are at an elevation of about 1100,

but common variations of 200' above and below it limit +the
p088ibility of visvalizing an o0ld land surface. 7The present
high position of the hills was probably & result of folding
and compression fauvlting rather than vplifit as a unit. In

general, conglomercte beds are more resistant to erosion,

but no distinetive land forms result from them in this area.



ZCONOLIIC CONSIDERATIONS

Since there are two producing oil fields within the area
and several others in the vicinity, the 0il proauction possi-
bilities of the Jhittier Hills shouvuld be considered. Znglish
discusses at some length the original source of oil%. He con~
cludes that the Puente is 7he probably source, but the lower
Hdepetto must not be entirely eliminated.

The numerous interbedded conglomerste, shale, and sand-
stone beds provide the means of capping and storing oil.
Therefore discoveries of structures which may form traps are
wortﬁy of eonsideration.

The most interesting anticline from the standpoint of
location is the one just south of the whittier fault cut by
section GHI. although the fold occurs in & producing oil
field, its probably close association with the Whittier fault
makes it of 1little importance t0 the general structure of the
area. The unknown nature of the fold's ends as well as the
doubt that the whole structure really is an anticline makes
any conclusions as to its significance in tue producing fields
nearly worthless. <he producing fields to the east and west
probably have different conditions for trapsing the oil. To
the west it seems probably that the Jhittier Zault cuts oif a
horwocline, and in an unusual manner forms & limit to the mi-
gration of o0il. 4n 0il seepage Ifound at the 32 degree dip
south of the intersection of the whittier and Turnbull faults
strengthens this theory. The writer must add that the apparent

seepage could be merely escaped oil from & producing well on

5. 1bid, pp. 69-753
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top of the ridge. To comment on the underground structure of
established fields any more than is justified by surface geo-
logy is not within the scope of this revort. Inglish gives a
good explanation of the Jhittier rield on pages 77 and 78 of
Bulletin 7v8.

The questionable anticline cutting section GHI north of
the whittier fault is a very poor nrospvect for oil. The only
chance of finding o0il along this position is that the oil-
impregnated middle sandstone member of the Puente (described
by English) is similarly folded, suitably capped, and at a
practical depth directly below the assumed fold.

The remaining anticline in section GHI lies in the fault
block 2000' east of Jorkman Hill. Since the presence of the
structure itseli 18 based uvon meagre evidence, its chances
of producing o0il are indeed small. savlt £ divs under it,
and the fauvlts to its north and south would cause leakage
from whatever trap could be formed.

The doubtful anticline surrounded by faults &t the head
of Turnbull Canyon holds very little possibility of oil. The
nearby faults would either cut off the gtructure at depth or
allow any migrating oil to escape along their contacts. Une
wildcat well to the esst of the scuthern end was unsuccessiul.

an anticline and syncline have been mapped in the middle
of section CD. The possibility of trapping oil in this struvc-
ture ig poor. The anticline nzsg a fairly steep viteh to the
west and flattens to the east, 1aéking a structural trap.
assuming that the rfuente shale to be the 0il source, the upper

Fuente sandstone to be a reservoir, and the upper suale to be

a cap, the depth to the contact would be in tre nature of 1000
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feet if the axial plans were vertical. 1f the plane dipped
ginilarly to the dip of the beds on each gside as shown in
the section, the depth would be much grester. {thers have
probably intervret:-d the folas as I have and have drilled
wells to the north, east, and souvuth as shown on the map in
the hope that a favorable change in pitch occurred at denth.
The wells were not productive and little hope may be held
for the success of other or deeper wells.

A shallow westward plunging anticline near the i1ill
District School along the & boundary of the area is worth
a few words ofi discussione. 1its questionable occurence, as
indicéted by its dashed axis, reflecte the small number of
dips uvwon which it is based. The interesting feature is
that three producing wells are present about 2000' ouvt in
the valley alluvium directly in line with the axis. It might
be advisable for the owners of the property to utilize what
inZormation they have on the wells as & basis for deciding irf
gecophysical prospecting ferther out in the valley is justi-

fiable.



COLUMNAR SECTION

Epoch FormaTion Tﬁ‘(‘;“}}’;:;S Section SbYOT- Character
Nearly massive
1300 + Test buff siltstone
'o. Treg Well rounded ¢ act
350+ Trst ompac
2oziennranny Treg brown conglemerate
12004 ] Test
Pliocene Repetto
30x nr
100t Trst
301 Treg
750+ | Trst
T
4204 Ve
Trst .
Unconformity-
500+ ¢ Trst
200+ Treg
150t |- Trst
1801t Tre . .
2001 - Tpsi Disconformity
250¢ Tpss
_ P Angular decompesed
150t Tpeg granife conglomerate
250%f Tpss| Fine yellow sandsfone
Miocene Puente _
Fine bedded while
1580+ Tpsh to yellow siliceous
organic shale
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