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Introduction

Area Covered

The ares of 1/.3 sguare milesvdegcribed in this theeis
lies to the northeasgt of the town of Whittier in the smouth-
east corner of los Angeles County, California.

It ie bounded by the Alluvium which surrounds the area
on all sides except in l1a Habra Canyon where Hudson Road
has been taken as the boundary. Tre form thus outlined is
somewhat elongated in a northwest-smoutheast direction. Ite

maximum length is about six and a half miles.

Furpose of the Ixamination

The.work described in thie paper wae done in partial
fulfillment of the regquirements for the degree of 'amter of
fcience. The area was choesen as One which would afford a
large amount of practice in field methods and at the same
time familiarize the writer with certain phases of Califor-

nian geology.

Character and Xethod of Field Vork

The field work was done during the college year of 1932-
1933, in which time the writer =pent about iten hours per week
in the field. United States Geological Survey topographic
maps on a scale of one twehty-four thousandth were used a8 a
'baae upon which points were located, usually by reference to
ihe yopography or in a few cases by Brunton gights to promi-

nent points,
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Topography and Drainage

ihe area may be separated into two divisione on the
baeis of topography. The firet, which lies to the north of
Turnbull Canyon, is characterized by northeast-southwert
trending ridges, whbse northern slopes are c=teep and often
concave upvard. 1he intervening canyons are from two to
three hundred feet deep. A larée part of the drainage is
into the fan Jose Creek, which in turn flowe into the fan
Gabriel River.

The eecond diviesion lies to the south of Turnbull Can-
yon. It dieplays a topography of very irregular pattern,
and with no definite trend. For the most part, the forms
are more rounded andlihe slopes almost all convex upward,
altho it ie# in this part of the hille, just south of the
head of Turnbull Canyon, that the highest point in the ares,
Yorkman Hill, is found. It has an altitude of 1,307 feet
above sea level, and therefore stands about 1,000 feet ahove
the alluvial plain surrounding the area. Yost of the inter-
mittent eitreams draining thie part of the hills lose them=
selves in the alluvium.

Climate

Due to the prbximity of the rea, there are no extremes
of temperature either in winter or rummer. iIxcept for a few
fainy daye, the writer was ablé to carry on field work during

the entire winter without the slightest inconvenience.



Tre average annual rainfall at Anaheim, a few miles to
the gouth of the Whittier Fille, has been 1l.5 inches for -
number of years. The rainfall in the Hills is probably close
to thie figure since their relief is hardly sufficient to
alter their climate.

The rounded hille of eshale support litile else than
grase, which is, however, enough to greatly reduce the velo-
city of erosion. On the sandetone and conglomerate outcrops
there is uesually a fairly dense underbrush, which consider-
ably impedee geological investigation. 1In many of the =srall

canyons there ie an abundance of Rhus diversilobag, or

"Toimon Oak.® Thie ie especially troublesome in the early
epring. In some of the large canyone, euch as Sycamore Car-
yon and Turnbull Canyon, there are a few fairly large trees.
In general the rather sparse vegetation is that typical of =a
semi-arid climate.

Definition of Geographic YFame

Standard O0il Canyon

The canyon extending to the north from the Standard 0il
camp, 1.95 milees southeast of Whittier, will be referred to
several times in discussing the etructure of the area. It
will therefore be convenient to call it the Standard 0il Cane

yon hereafter.



Stratigraggx

Bnglish, in his report on the Puente ¥Fills (U,f.5.°5
Rull. 768), recognized the following etratigraphic unite in
the region described in thie theeis: The ¥iddle and Uvper
Yiocene FPuente formation of which only the upper sandstone
member, the upper shale member, and the middle sandstone
occur in the ¥hittier Ville, and the Pernando Group of Flio-
cene age. Yo igneoum rocks were found.

Altho a good denl of shale is interbedded with the uv-
per sandstione member of the Puente formation, and a sood
deal of sandstone with the upper shale member, still the
units are sufficiently distinct that there ie no difficulty
in following the contactis. Since this division of the Fuente
formation givee a sequence of beds useful in interpreting
the structure, it has beer retained without change in this
thesis.

Puente Formation: According to #nglish, the Fuente for-

mationkis probably equivalent to the %aéélo formation of
Ventﬁra_and western loe Angeles couﬁties, and also to the
Salinaa shale and Yaricopa gshale in the central part of the
state. The formation deriver ite name from the Fuente Ville,
where it is part;cnlarly well expoeed. English, lacking
foaeil evidenee.,deﬁerminod ite age on the basis of ite
stratigraphie position hetween the ¥iddle Yioczne Topange
f@rmation and the Fliocene Fernando bede., In the Whittier
¥ille, the only evidence pertaining to ite age im that it

underlies the Fernando group. “nglish's age determination
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ie therefore accepted as beirg the most satisfactory one
under the circumstances,

Puente Formation

¥iddle Sandstone member: The only occurrence is a

small triangular patch about 3,000 feet long lying just
north of the Whittier fault a little more than a mile west
of Fudson road, It is a red to buff, fairly coarse-grained
sandstone containing numerous thin shale beds. the bedding,
thanke io the shale, is quite distinct. For the most part
the roek is very friable. Yo crossbedding was observed.
It closely resembles the uvper sandetone member except that
no hard concretionary bede with plant remains were found in
it. &ince it conformably underlies 930 feet of diatomaceous
shale, which in turn underlies Fernando conglomerate, ite
stratigraphic porition is in no doubt. Altho there seems
to be a good deal of disturbance at ite cortact with the uv-
per fhale memter, there is certainly ne faulting and the
dipe and strikes ahove and helow the contact are in fairly
good accord. The thickness exposed is about 1,120 feet.

gpgg;_ggglg ¥ember: The best exposures occur south of
the Turnbull Canyon road, and north of the Thittier Fault,
extending in an irregular snd somewhat broken belt from a
point just north of the town of Yhittier to the southenst
as far as the bouﬁdary of the area at Vudeon road.

The northern exposures slong Turntrull Canyon show a
fissilg, rather thin bedded shnle with many irtercalated

eandetone hede, generally no more than two or three feet



thick, tho rarely as ruch am ten feet thick. "here freshly
exposed by road cuts, these sandstore beds have 2 peculiar
violet tini. The normal color of the shale ir gray or huff
but in many places there are numerous whitevbeds only =a
few millimeters thick. The white color is not due to the
presence of diatome however. 8Some of the white materinl is
impure chalk which dissolves resdily in acid; elmewhere it
apvears to be a clayey material. Fardly more tran tracees
of diatome are to be found in Turnbull Csnyon, altho fish
scaler aﬁd hones are not very rare. Gypsum occurring in
the bedding planer and along joints ir quite ahundant thrue
out the rhzale.

These northern shale exposures are characterized by
the presence of many buff colored, very limey beds, from
two to three feet thick, rshowing very fine heddinz but with
little fiseility. Their drittlenese is evident from the
fact that where the ordinary shaleg above and below have
yielded to folding, the limey bede have been hirhly brecciatesd.
Gypsum, emall quartz cryetale, milky chalcedony, =nd rarely
asphnlt, are present in the cavitier of there breccias. In
the northefn part of the fault bhlock south of Workman Fill,
the limey beds form almost the only outcrope, the cofter
shale wanifentinz‘itself only as emwall whitish chins ecnt-
tefed thru the esoil wantle. Yowever, moest of theee outcrons
are of no value as indicatione of strncture, since most are
compoged of rock =o thoroly hrecciated that there js no poe-

aibility of obtaining reliable dins and strikes. When the



writer first came acrore these outcrorns, e was convinced
that they gave evidence of faulting. Further inveetisation
rhowe that they are probably due to folding fairly near to
the surface. Jf they are due to faulting, they cught to oc
cur alorg definite lines, bhut as a matter of fact they occur
pretty much all over the northern part of the fault block.
In addition, eimilar bhrecciar are exposed in many of the
road cute in Turnbull Canyon, where there has been much
folding btut no faulting. In the southern part of the area
the brittle limey Beds are abeent.

At the head of Standerd il Canyén, ard erpecially jurt
horth of the Whittier Fault on the wesiern side of the can-
yon, ihére are some hichly diatomaceous ehnle beds, corntaine
ing 1éyere geveral centimeters thick wvhich are almozt wholly
composed of diatom teete and sponge spiculee. Among the .

diatome the genue Coscinodiscug is rprominent. Associated

with the dirtomite are light groy, rather indistirctly hedded,
cyoeiferour ehnles, which are gquite free from diatome., 'ere
and there tre shale containe thin layere of sandetone ghowing
miniature cross=bedding. Similar diatomaceous shale ie
fourd ahout a mile to the east on hoth limbe of the syncline
to the north of the ¥hittier Fault. Fish scaler are plenti-
ful in the diatomaceous beds.

Along Vudeon rcad at the southeasterr boundary of the
area there are rome magnificent exposures of the unper shale

member. ‘the facie= ﬁere i® rather deceptive. At a little
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distance parte of the member appear tc be highly diatomacecus.
Cloger inepection shows such beds to be really composed of
fine white sand containing only extremely thin beds of din-
toms, most of which are beautifully preserved »nd are vlainly
vieible with a ten-power‘lene. The esand bede are gererally
thin, from a few millimeters to two or three centimeters,

but they are #0 numerous# thati some cutcrope are more s£and
than shale.

$evéral 0il seeps occur in outerops of this member.

The most important are closre to the ¥hittier Fault on thre
north eide Ard arout 1,200 feet weet of Vudeon road, Another
is on the overturned limb of the syrcline eact of Stzndard
Cil Canyon.

There are about 930 feet of this shale on the southern
limb of the fyncline just mentiored. On account of faulting
and complex folding this is the only section,that can be
measured with any degree of accuracy.

-gnﬂgg;ggpdztogg ¥ember: Thies member outcrops along

tvo belts, one of which ie 1.3 miles long and lies rorth of
and parallel to Turnbull Canyon, while the other exterdes from
a point seven-tenthe of a mile south of Workman Will to the
east for 1.3 wilesm.

Althe the rock probably doer not contain sufficient
feldspar Lo be cnlled an arkese, it certainly contairs enoush
to be clasped.ae'an arkosic sandetone. In addition to thre

feldanar some Yede contain an abundance of dark mica. The



Hudson Road in

o

of



12
gand graine are for the most part fairly coarse, and ever
become conglomeratic towardes the top of the member. In many
pléces the beddinz ie g0 indietinct that it i difficult to
take dipe and etrikes. On the other hsnd scme outcrope have
very dietinct bhedding, due to the prerence of very thin shale
hedsr, There rhale bede are perhaps evidence of temporary
climatic changes during the deposition of the sandetone which
vermitied the kaolinization of the feldmpar. ¥o crose-hedding
wae observed. The ordinary color is red or buff. There are,
however, & few)beds containing calcareoue concretions up to
one foot in diameter, whick are light gray or even slightly
greenish in color. Ae such heds are replete with fragments of
leaves, plant stems, aéd bits of charcoal, it eeeme reason-
able t¢ suppose thet the change of color is due to a reduction
of iron by the organic material.

The thickness norih of Turnbull Canyon is abkout 400 feet.

Fernando Group Undifferentiated: The roeks of thie

group are bert reprerented north of Turnbull Canysn‘an& the
Yorth Vhittier Boulevard. They are also well exposed south
of the Thittier fault and to the east of the town of Thittier.

¥orth of Turnbull Cenyon the Fernando heds rert conforme-
a8bly on the unper eendetone member of the Fuente formation.
Alorg Vudeon road rorth of the Yhittier fault there are rome
Yernando beds that reet conformﬁhly on Fuente upner'shales.
On the oiher hand, on ihe overturned limb of the syncline

east of ftandard ©il Canyon, a short erosion interval fol-
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lowirg the deposition of the "iocene shaler 1 shown in the
presence of a thin basal conglomerate of shale fragments
alorg ihe contact. At the head of ftandard Gil Canyon just
Lo the north of the “hittier fault the FXerrnando reste on

the eroded and rteeprly dipping shales of the Fuente formation
with 2 foot or two of conglomerate composed of partly roun&ed
fragmente of diatomaceous shale at its hase.

The rocks of the Fernando group conmist of rchales, sand-
stoner, and conglomerates., The commonest type of shale ie n
eray sendy clay shale, very poorly bedded, ard usually eo
roft that it can be crumbled in the fingers., Ite slicht re-
sistance to erosion, its tendency to slump, and lack of hed-
dirg make the taking of reliable dipe and strikes difficult.
The orly mineral distinguishable with a hand lerns is a dark
mica. In many localities the shale containe ahundant and
vell preserved foraminifera. A few outcrope carry a fauna
of oysters, pectens, bryozos, dentalia, 9olens,‘arcas, coni-
cellarias, and varjous other small pelecypods and gastiropods.
However, the pelecyrod shelles are urually =0 much disecolved
and crushed ar to bhe very difficult to collect. Cne of the
best foessil localities is at the extreme northeast corner of
the area, where the Union Facific Railroad maker & cut in
there shaler, Another ie nine-terthe of a mile southeast
of the certer of "hittier in a road cut on fixth Fireet,
Farther south in the vicinity of Ia Habra Canyon foseils are

to be found in a number of horizones ir the shalea. Yot far



14

above the base of the formation there are sowme well bhedded
harder ghaler urually intercalated with thim e-<ndy layere.
ihe wandetone beds of the Fernando greup are gquite
variable in character. ‘There are all rradations betveen
8ilt hede little remeved from clays in texture, and coarrce-
rrained etoree on the horder line hetween mandestiorer and
conglomerater. The common colore are huff =snd red, altho
some of the fine-grained rocke are greoy or almoet white.
There are a few thin heds that are firmly bound with ¢ale
careouskéement. but for the most part the 3andstbnes, like
almoet all the resi of the Fernando group, are very slightly
consolidated., Some of the gearse-grained stones on weather-
ing yield hard lenticular cencretions as much as two feet in
diameter. Al only one point near the mouth of Standard Oil
Canyon was some rather oObseure cross beddirg observed.

Yeavy conglomerater of great heterogeneity hoth as to
size and kind of constituents make up an important part of
the Fernando bede, “he well rounded pebbles and hounlders up
to two feet in diameter are predominately compoeed of granite,
gneier, eschist, and quarizite. 1In the vicinity of faulte
and in a wery few thin heds elsewhere’the'matrix-of fine eand
may be =0 well conrolidated that the rock treake acroes the
contained pebhlee, Generaliy;}however, the hedsg are no more
éoneolidated that the asrociated sandstoners.

The most strikinz feature of the Fernando beds is their

abrupt lateral and vertical variation. Vertically, thin



15

tedded shales nlternate with conglomerates contsining large
boulders within a few feet, while horizontnlly, conclomerates
lense out ~nd give place 1o shales within a few tens of feet.
Feedless to eay the working out of structure is considerably
more difficult on this account.

The Fernando beds are approximately 5,500 feet thick
northwest of Turnbull Canyon.

‘he ¥iddle Fliocere age of these beds wae determined thy
English(l) from a 1lirt of foemile collected by Hldridge in
the vicinity of T™rea and 0linda Canyone.

ierrace Deposits: These beds are well developed in the

goutheastern part of the area, esvecinlly in the vicinity of
the “urphy Ranch about two an& three«quarter miles from
¥hittier. The stream on the eartern side of the Ftandard 0il
Camp ie flowing in a chanuelAtwenty-five feet helow the top
of horizontal beds composed of gravel washed down from the
Fernando conglomerates to the north.

~In la Fabra Canyon at the southeast boundary of the area
there are more terrace deposite, altho these are not so strie
kingly shown on the topographic sheet as those near the
¥urphy Ranch. At the mouth of Sycamore Canyon and alro along
the fan Jos=e Creekvah the northern margin of the arcanre s=ome

terraces of limited extent.

(1) Walter A, RBnglish,
“eolopy and 01d Resources of the Puente ¥ill "egion, )
“outhern California. 1, 8. Geological furvey Rulletin 76&
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Fone of these beds has been distinpuirvred from the
recent valley fill with which they merge as they =re followed
away from tre hills.

Etructure

The Whittier Hills may be divided into the following
three structursal divieions: (1) 7The region of Pernando
beds north of the Turnbull Canyon road, (2} The Fernando
region south of the ¥Yhittier fault, and (3) an intermediate
region rorth of the Thittier fault extending from Turnbull
{apyon to 1a Habra Canyon. |

T"he firel of these divisione i emsentizlly a monocline
having an average sirike of F60°W and a dip of about 3507,
South of the mouth of Eycamore Canyon, however, the structure
ism complicated'by vertical and even overtiurned beds dipping
steeply to the south. fome folding has also taken place
along the eastern margin of the region, and also in the area
to the north and noriheast cf ¥orkman Hill. Juest to the
north of Vorkmarn Hill Turnbull Canyon cutg at right angler
acroes the axes of a small syncline and somewhati larger anti-
cline. <4hese structures pitch a litile west of north.at an
angle of ahout 200,

The fault which crorres Turndbull Canyon west of the syre
cline ir well marked by the-change from thin hedded rhale
tp heavy conglomerate as one gcees enei along the Turnbull Can-
yon road, Farther to thé Torthwesi where it crosree the ridre

to the south of Sycamore Canyon the fault plane is fairly



Plate IV

A. Small syncline to the north of Workman Hill
in Turnbull Janyon

B. Conglomerute faulted against shale in the Fernando
bads 1 mile N 55°W from Workman Hill

18
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well exposed sand eshows a slight hade to the east., The ap-
vareni verticnl dieplacement at thie voint is not lese thran
20C feet judgine from tre thickneeses of a shale bed on thre
eart cide which has moved down with respect tc econclomerstes
on the wecst.

0f the two other faulte shown in this region, the one
to the west is hardly traceable in its séuthern part where
it paeses thru rhale. Fowever; it is véry well exprersed
farther to the north. Rather indistinct drag indicates that
the upthrow side ie to the eamt. The hade iz emall and to
the enst. The plane of the other fault about 2 thous~nd feet
to the eart is practically vertieal., Accordine to the drag
the upthrow eide ie to the weet. Tvidently the *rlock be-
tween the faulte ie a small horst.

The esecord structural region is dominated hy the ¥Yhittier
feult. Accordirg to “nglish's report the total length of
thie féult is 32 milem. To the southesst it joins the “lsi-
nore.fault, wvhile to the northweert it diesappeare under the
alluvium about a mile and a half northwest of the town of
¥hittier. Actually the true Whittier fault meems to die out
about three quartere of n mile east of Turnbull Canyon, and
another fault &pnraxjmately_l,ooe feet to the north takers un
the dieplacement. ‘It i~ poesibhle that the true Thittier f-oult
curver t0 the north and joine the northern fauli. Fowever,
the faulte ar mapred accord strictly with the evidence ob-

taired in the field, and aince this ertaile no structural
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Block Diagrams.fllustrating Faulting in the

Yieinity of Standard Oil Canyon

4_,—”’//,
1////"7

Before Erosion

-

After Zrosion
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Plate VII

Trace of the Whitiier Fault exposed in
a road-cut on the western side of Stand-
ard 0il Canyon. On the left is gray
shale of the Fernando group and on the
right, diutomaceous shale of the Puente
formation
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imposeibility, it is probably bhetter to leave the mav free
of any unnecereary arsumption.

About midway tetweenrn the faults and mome 600 feet north-
west of the Yiocene-Fernando depositienalhcontact there ie,
therke to active erosion, a small "window® in which the hirtly
noncorformable contact rearpears. Thim "window® is nearly
125 feet lower topographically than the southeasterr outcron
of the contact, which indicates that the contact ie dippines
to tre northweet, Thie lendr mome support to the idea thrat
the structure is what might be called a ®siratigraphic fault
ramp” rather than a fault block between two branches of the
¥hittier fault; The accompanying block disgram will make any
further explanation ﬁnnecessary.

From an inspection of the map it is evident that the
direction of throw on the“northeru fault of the iwo juet dis-
cusged reverser as the fault is followed across Turnbull
Canyon. Hast of the c¢snyon the older formation lies to the
north of the fault, while weet of Turnbull Canyon the opposite
is true. Farther west the disvlscement avnears to die out
rapidly until it becomes almost impossible to trace the fault.

The plane of the true Whittier fault ies expomed on hoth
sider of the Ftandard 01l Canyon. On the western ride the
expoeure ig in a roed cut. fince the hade, which is very
slight, ie¢ to the northesst, and the older formation ies to
the rorth, the f-ult ie reverse. 1The Ferrando beds here con-

eirt of rather poorly bedded gray gypsiferour shales which
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contrast well with the finely bedded diatomacecus *iocere
ehale., There ir remarkably little goure prerent in the
fault. The eastern exporure ie in » cut made to accommodnte
the iron tuilding of = pumping engine. It ig vractically
the eame = the weetern exposure. |

A very rough estimate of ihe vertical diapiacement on
this part of the fault may be made hy taking the average din,
45%g, of the Fernando monacliﬁe to the south of the fault,
and measufing the distance pexéendiaular te the Fernando
etrike, from the depositional contact at the mouth of Turn-
bull Canyen to 8 line drawn pnarallel to the strike ard thru
the depositianal contact on the “fault ramp® north of thre
fault. Thie method pivee a vertical displacement cf‘about
4,000 feet.

Generally speakirng, the region south of thé ¥hittier
fault and ite weetern exteneion ie simple in structure. 7To
the west of Turnbull Canyon there ie 2 narrow etrip of Vioe
cene gh=ale shout three quarters of a mile long. The contacts
at roth endes of the ririp are nsprearertly depositiornal. The
structure may therefore be interpreted as that of an anti-
cline atéep}y ritching to the southwert and truncated to the
north by faulting.

To the southeast of the mouth of Turnbull Canyon as far
ag 1a Habra Canyon the ¥hititier frult is flanked by s monocline
of Fernando bede. Torthwest of the Standsrd 0il Canyon the

etrike is eastewect and the dip about 50°¢, Juet east of the
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Plats VIII

Some complicated structure in the Puente shales exposed
in a road-cut in La Habra Canyon four-tenths of a mile
north of the Whittier Fault.
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eame canyon some miror faults ére exposed, n~rnd thre dips and
strikers of the bedes in ithe southern part cf the crnyon ~ur-
gest an anticlinal nose. The fault planes are practically
verticnl, Al least one of there faultes showe excellent
slickensides which dip down teo the south at an angle of 73°,
¥o doubt this faulting and folding ies a continuatiorn routhe
ward of the disturbance which produced tre faulting rnorih of
the head of the "tandard 01l Canyon.

toward the southeastern end of this Fermando belt the
ﬁtrike of the monocline more nearly parallels the Thittier
favlt.

The third region includes dractically all of the Yiocene
expozures, In spite of conriderable confusion in the stiruc-
ture of the Yrede immedinately to the southeast of Turnbull Can-
yon, it is possible to discern a general dip to the south.

On the other hand the dip is to the northwesi on the other

ride of tre cznyon, and conforme fairly clowely to that of

tre Fernando hedes. This rev:sreanl of dip togsther with the

minor faulting and contortion of the shales along the Turn-
"tull Canyon road suggestes faulting. Unfortunately no other
evidence was found te confirm this.

' The f-ult extendirg from the head of ftandard 041 Canyon
haé already bheen éufficiently described in dealirg with the
structure of thc rorthern Fernandc monocline. To the east
of this f=ult and south of "orkmar YWill there ir an irresu-

larly rhaped fault block. The fault forming its north and



27

northeasterr houndary is rot well exposed ir the vicinity

¢f Yorkman Hill, and could only be followed anproximately.
Fowever, to the southeasti where it parsmes clore to the ale-
luvial contact it is well defired =rnd the Fernandec conglor-
ernter dinpire 70°f, are truncated alonz the sirike in such
a way arc to preclude all possibility of 2 depesitional cone
tacti. Several small springe oecur along the trace of thie
fault, much to the advartage of the nearby cheep raimers.
The water is probably carried by sandstone beds intercalated
with ihe Yjocene shales.

ihe aou;hern edge of the hlock is bounded by a rather
obecure east-west trending fault, whiéh haé dropped the
Upper “andstone member of the Puenie formation azain&tféiato~
maceous rhales lying te the south. +“vidence in support of
faultirg lies in the oblique truncation of the Pernando bheds
near ihe western end of the contsct, in the cuttine off of
the Fefnando~”iocene contact souih of the fault ~nd 1,400
fect from the frult'e western end, arnd in the rather steeply
south dipping (50°-40°) sandstone hede along the eastern half
of the fault,

A hall mile squth of Yorkman ¥ill in this same fault
block there is alneeuliar undraineé deprercion some thirty
feet deep, ard 1,000 feet long, It ie rather diificult to
se¢ how this depression could be due to landeliding. It
appears mbr& likxely that it ie the rerult of very recent

movementi on a fault whick hranchee from the main fault forming
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Plate IX

Depressed area at the head of Standard 0il Canyon
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the western margin of the block. This fault is well marked
rnear the weciern end of the deprescion where shale to the
wert has heen faulted up asainst the overlying sardstone to
vhe east, arnd again a shorsg disnance to the south where »
thin srale bed overlying the eandstone ic cut off =long the
fault. Before the faulting the depressed area probably
drained 0 the couth into the Standard 011 Canyon. Teep
trenching of hillsicdes by drainage channels and the prerence
of miniature terrsces in many of the small valleys in the
vicinity of the depression is further evidence of recert
movement. A thousand feet northeast of the depression there
ig a #=mall anticline ovarturned to the south, whieh has a
low argie thrust fault slong ites creri.

To the south of the previously dereribed fnult bloek
there is another roupstly triangular hrlock hounded {o the
soulthweat by the Wﬁitzier fault arnd to the enrti hy a ratrer
sinuocus fault extendirg f{rom ihe alluvium on the north,
aouthward to ithe %“hittier fault. The bleck is eomentially
a closely folded syncline, the northern limbk of which ie
overturned.v ite axie, which plunges to khe weet ie rather
glrongly concmve tp‘the north. The two limbs dip at nearly
ithe seme angle, a fact vhich probably lead %w. A. Znglieh,
in hiz reporti on éhe IhenteAHIlls, tc map the hlock as =
eimple monocline dipping to the rorth. The evidence for a
ayncline, however, appears 10 be quite conclumive. In the

firet place the fault definineg the eamterr margir of the
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block does not truncate the Fernando conslomerates at the
eastern end. On the contrary there beds ¢nn he followed
completely arocund the gyncliral how. It is aleo 40 be ree
marked that the bede of the northerr limb are practieally
vertical for a eshort dietarce just before curvirg around the
bow. A rimple Daper model will show that in the c¢nee of
such =2 curved rurface ne the conglomerate probsbly repre-
eents the point at which the surface muntvbeceme verticnl

ie about vhere trhe riecep dips eare maprped.

slong the north limb gooéd exposures of the contact be-
tweer ithe “iocene rhale ard the conglomerate leave no doubt
thet the contzet is depesitionsl. Yo foreils were found in
the'conglomerate, but in phyeicsal éh&raeterrit differe in no
way from typical Fernando conglomerate. The eshalesz to the
norih are certzinly Yiocere gince they are composed of al-
rmost pqre'diatomite a rhert distarce from the coniact and
cortain numerous fish eceles and hones,

Rut the beset evidence thst the underlying cornslomerate
ie younger than the shale ir found ir the presence of a thin
baenal conglomerate compored of angular frasgments of s shale
gimilar to thst vhich outereps immediately north of the cone
tact. Since there ir ne shale ir the conelomeraie to the
south which might have eupplied_theﬁe fragmente i1 ie
réasonable to conclude that the basal conglomerate was de-

hoeited on the shale Yede which new lie to the north.
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There are several esmall faulte cuttins acroses the cone
tact 2long the northern limh, but the apparert horizontal
displacement of all excepting one is too small to ploﬁ on a
map of the scale used,

To thé aoutheant of this synclinal fault block there is
A large area of Yiocene srhale flanked to the northeaat by
conglomerates and shalee of typical Fernande character. The
¥iocene shales show a much confused structure where they are
expored in‘cutg along Fudeon road, The general dip is to
the north. The Wiocene-Fernando contact, which is well ex-
poeed in a cut, im depositional and mirjctly conformabhle,
For some dirtance north of the contact the Fernando bhede
congiet of shalees and randstones which are almost as much
contorted se the ¥iocene heds. There is nevertheless a
gradusl diminution in the disturbance until nesr the allu-
vium the beds are tilted hut little folded.

Fear the northwestern end of the ¥Yernando-¥Yiocene con-
tact exposures are poor, %hat dips and strikee could bve
taken near the contact show that there oo considerable fold-
ing and overturning ham taken nlace since the deporition of
the lower Yernando bede,

Mysjography

In the northern Fernando region the drainage te a large

extent has followed the more earily eroded shale and =and-
stone beds exposed by the recional dip to the northweet. A

few glightly better conselidated conclomerate bede determine
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hogbacke trending parallel to the regionnl strike. O0f there
the best developed is norih of Eycomore Canyon. The northern
glopre of this ridee, 25 well asr thal of the majority eof
ridges in the region, if gentle, while the southern slopé

ir eteen and even vertical in some places,

Ir the two southern stiructural regione very little re-
lntior betveen topography and siructure aprears, This inr
strikirgly the care with the WVhittier fault, which hasg no
reticenble topographic expression at any point along ite
trace within the area mapped.

Frhyejographicslly the moet interesiing part of the arez
ig pouth of Yorkman Hill, where re cernt uplift snd faulting
ar¢c shown by the small depression dercribed under Structure,
and the very active erosion which 1& cutting deepr chsnnels
in the soil mantle.

€111l fariher sgouth in the vicinily of the Ciandard Gil
Carmp and the Yurphy Ranch there is beautiful evidence of
recent uplift in the well developed terracds, vkhich are well
shown on the United States Ceologic Survey topographic sheet
of the area. |

The 1nmst uplift i® indicated hy the vertically walled
channels 25 to 30 feet deer cut by intermittent stireame in
horizontally hedded terract.mataiial. These channe3é ’re

beat shown north of the Yurphy Ranch.
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A. Looking east along the Whittier Fault with the mouth
of Turnbull Canyon in the foreground. The well-rounded
hills on the left are composed of Puente shale, while the

bush-covered hill to the right is composed of Pliocene
sandstones and conglomerates.

B. Typical topography in the Pliocene region nofth of
Turnoull Canyon
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The Whittier 0il Field
Logation: From the northern end of the field, which is about
half a mile souﬁﬁ of the mouth of Sycamore canycn, thes field
extends along the routhern pide of the Yhittier fault for
about four miles in a S.65°8. direction. The greatest width,
about three-quarters of & mile, i in the vicinity of £tandard
011 Canyon.

Ocecurrerce of 0il: Commercial production ie practically con-

——— N—

fined to the ¥Yernando Series. According to ome theory the

0il oririnnted in the Yiocene diatomaceous shaler, while the
other theory maintnine that the o0il origin=ted in clay shale
bede of trhe lower part of the Fernarde group.

| Iindoubtedly the Miocene shralee contained a large quan-
tity of oreenic mrterizl =t ore time, ar is evidenced not only
by the diatom tesis, hut aleo by the vlentiful fish bones in
ceriain horizons. It reeme therefore entirely provzble that
such eil =¢ occures in there shnles ie indirensus to them.
Fowever, itre migration of the 0il into the Pernando bhede
appeare somewhatl doubtful when one takem into consideration
the nonconformity in the region ahout the head of Standard il
Canyon. Cbviously here thc diatomaceocus shales were folded
and ercded before the depesition of the Fernando beds, It
gecems réa&onable ia suppors that the 0il, which they no doubt
céntained, migratéd irto the éniiclinee and wae loet in

great measure vhen these gtruciuree were planed off by erosion,
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rather than that it remained in the folded shales, 2nd only
misrated after the Fliocene beds were ready 1o receive it.

To believe that the o0il is indigenous to the Fliocene
beds in spite of their escanty tracee of orgmnieme is not
difficult since there are many forme of life, which would
leave no record of themselves mince they lack any kind of
skeleton., In fact, that such nonskeleton zanimals have cone
trihuted to the organic material of certain formatione is
the moei setisfactory explanation for the 0il occurrences
in the Rocky ¥ountain and eastern 0il] fields.

Therefore, while admitiing that there ir no very corent
evidence for either theery, the writer inclines te think
that the 0il originated in ire lower pert of the ¥Fernando
£Toup.

Eiructure: 1he 01l occurs thruout a thicknere of 3,00C feet
of the lower pari of Lre Yerrandoe according to V. A, 3Inrlish
(U & G;‘S. Bull. 766). ‘fihere are five productive zones.
‘the lowest, which has a thicknees of about 1,000 feet, lier
in the west end of the field, while the hishest zone, which
ie of 1little importance zs s producer, ies found only in the
esstern part of the fielde 9%he mecond zone lier from 500 to
60C feet below the top of the first ard ie noi over 300 feet
thick. f5he thirc is 600 to‘7GQ feet below the recond ard hae
é thickners oi 1G0 to 250 feet, ard the fourih zone liee

nearly 1000 ¥eet helow the third.
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Apparently these horizone are devendent upon tre con-
tact of the various =andy and conglomeratic hede of the
Fernando with the relatively impervious rhales of the Fuente
formation north of the fault, and the steep south dip of
the Fernando beds up wﬁich the 0il has migrated.

o8t of the wells producing oil in commercial quantities
have been locanted far enough south of the fault to tap the
0il strata at depths ranging from B00 to 2,500 feet, where
0il of from 159 to 22° B, is obtained. CFeveral wells have
been drilled north of the faulit. There obtained a little oil
from the sandetone beds in the Puente meries, but they have

now been abandoned.,
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