GEOLOGY (F THE CENTRAL PORTION OF THE }MOUNT PINOS QUADRANGLE

VENTURA AND KERN COUNTIES, SOUTHERN CALIFORNIA

Thesis by

C. Lewis Gazin

In Partial Fulfillment of the Requirements

for the Degree of Doctor of Philosophy,

Calif ornia Institute of Technology,

Pasadena, California

1930



GEGI.GGI‘;T OF THE CENTRAL PORTION (F THE MOUNT PINOS (UATRANGLE,
VEETURA AND EERN COURTIES, SOUTHERN CALIFCRNIA
By C. lewis Gasin

CORTENTS

Abstract

Intreduction

Previcus Studtes of the Regien
Geography

Stratigraphy

Gencral faatures

Crystalline rocks

Oretaceous{?) and Eocene rocks

¥iocsns rocks
General stistemant
Skaulfer basalt
Norih Pork mambeax
Pato red momber
Dry Cunyon memder
tuatal sandstone
Lockwood clay
Corral sandestone
Castle sandstons
Apsche momber
Potrero Seco member

aaternary depoanits

Somnary of stratigraphy

Structure
General features
¥oatern basin
Esstern basin
Sumasry and conclueions

62888 SUBIBENEREEEESone & n N W &



CONTENTS (contimmed)

Geomorphology .
Terraces snd mesas
Stream features
Badlands
Pault 1line scarpe and fault searps
Sommary of Physiographic history

Geolegic Bistory
Sedimentstion
Disstrophion

mwa Resources

Literature Cited

FEETTY

57
57



LIST OF ILLUSTRATIONS

Page
Figore 1. Panorama of leckwood Valley and Moant
Pinos from the southwest end of the walley. 4a
Pigore 2. View west alomg the southern margin of
the Cuyama basin from San Guillermc Peek. 42

Pigure 3, Eoscens and eretmi?) strata {n the
basin of Gagon Road Creek. 8a

Pigure 4, Eveene or Cretaceocus shale with thin
limestone beds. mm&:&umammm

fault east of Dry Canyen. 8a
Pigure 5. Granite arkose and conglomsrate one mile
above mouth of Nerth Pork. 8%

Figure 6, Wetmverkmmtofm
mounth of the FNorth Pork Canyon, lia

Figare 7. TViev west across badlands of North Fork
and Dry Canyen menbers from the divide detween lLockwood Yalley

and Wagon Road Canyom, | 19
Figure 8, Nicoens strata exposed on west side of

Dry Canyom. i 1%

, Figure 9. View northwest asross westward plunging

snticling in Dry Canyom, 17a
Figure 16, Quatel sandstous exhiditing character-

istic badlands in northeastern part of ipache Canyon, 18a
Pigere 11, Quatal sandstoms at the vertedrate

fossil locality in Quatal Canyem, 16a
Figure 12, Cantle sandstone az exposed on the

west side of Dry Canyon. 25a
Plgure 15. Coarse sandsionc or gravel in the

upper part of the Santa Hargarita nmear Apseche Canyon, £ba
Pigure 14, Terraces at the head of Berges Canyon

between Apache and Quatal Canyons. 2%

Pigure 15. Coarse granite dedbris on the peak west
of Horth Fork. 2%9a



LIST OF ILLUSTRATIONS (contirmed)

Page

Figure 16, Fault zone along north side of

quatal Canyon. 3éa
Pigure 17. Broad anticline in Quatal sandstone

striking northwesterly asross upper end of Apache Canyon. 36a
Figure 18, COimla Vista fault at hesd of lower

North Pork Canyon. 5%9a
Pigure 19, Falls at granite contact (Clmla , '

Vista fault] in Bitier Creek Canyen. 39
Pilgure 20, Thrust at head of Quatal Canyon on

west end of Mount Pinos, 42a
Figure 21. View northwest over basin of Wagon

Roal Creek from San Guillermo Peak, 46a
Pigure 2E£. HMesa surface south of Lockwood Valley

from south side of San Cuillermo Peak. 46a
Figure 25. PFrasier borax mine {abandonsd] on :

north side of Letkwood Valley. éla
Pigure 24. BEussell dorax mine {abandoned) on

Seymour Creek. . 6ia
Figure 25. 011 derrick recently erected in

lockwood Valley just south of the mouth of Middie Fork

Canyon. 62a
Figures 26 and 27. Clay mine at sast end of

Lockwood Vaelley. 62a

Geologic Map of the Mount Pinos Region,
Sonthern California. In Pocket

Geologic Ssctions of tle Upper Cuyama and
Lockwood Basins, In Pocket



ABSTRACT

The central portion ¢f the MHount FPinos guadrangle lies
principally in northern Veatura County and inecludes a small
district in the adjacent part of xarn County. The rocks within
the area mapped are of pre~Cretsacecus, Cretacecus{?], Eocene,
Miccens, and Quatermary ages. |

The oldest rocks consist of metamorphesed sediments,
prineipally ealcareous; qmty’lmih porphyrys and grenitic
guneiss and schist, The Cretasecus{?) and Eocene have not deem
difter,enti;m and only the lﬁtgrhl; been definitely recognized;
the combinsd thickness expoasd am-mhu 15,000 feet, The Miocene
recks are mmmxymm west of the @ammm, bt to the
east a very thick section of Mmtziai daposits has mmlam.
extending inte Lockwood Basin, and perhaps farther., These straia are
strikingly colored asnd glve rise ﬁc‘m extensive area e‘t badlands, |

The sirusture of the western part of the srea is character-
ized by mumercus folds and oceasional faults; both have reughly a
H.¥.W. trend. In the eastern portion or Lockwood Basin the deformation
iz more acuie and famlting has played s larger part. The majority of
the strustural features in this eastern regien strike northeasterly
and are of a sompressional stm, altheugh normal faultiag also occure.
Transvarse to the prevalent strike in lockwood Valley, and at least in
part of later origin, is a grouvp of famlis which have had dominantly
horizontal movemsnt., The mm Rift, sxtending acrems the north-
sastern corser of the ares, 13 the major feature in the latter group.

Prom an economic standpoint this area is of historic interest,
a8 one of the early discoveries of gold in Californis was made in or near
San Guillerme Creek, and the colemanite deposits in Leckwood Valley
played an important part in the early borax mining of the State,



IFRODUCTIOR

The present study 1s concerned primarily with the structure,
strﬁtigram, and history of one of the most interesting districts
ié the mtm coast ranges of California. The area mapped in the
course of the investigation covers about 350 square miles and lies
h:‘ the northern portion of Ventura County, extending intoe southe
western Kern County. It is just south of the southern extremity
of vSm Jaﬁqain Valley, and includes e large portion of the region
Dre Be L. Clark has designated as the "kmot.” The liount Pinos
Quadrangle, published by the U. S. Geclogical Surwvey, was enlarged
for use n‘s basg map in the fisld work.

The writer's interest in this prodlem foellowed as the
result of an esrlier imvestigation of the oucurrence of Niocene
vertebrate remains ia the upper Cuysma drainage hasis. The P—
study was encouraged dy Dr. Chester Stook, The sudsequent investi-
gation of the geoloegie n}atim has been carried on under the
supervision of Ir. J. P. Buwalda.

PREVIOUS STUDIES OF TEE REGION

During the period 1854-55, follewing the explorations
of Premont, the Cuyama Vallsy was visited by ome of the Pacific
Railrosd Survey parties and the geelsgim featiures of the reglon
were described by Thomas Antisell (1857, pp. 53«57}, Possils
collected by this survey in Grapevine Canyon to the northeast of



¥eount Pinos were described by Comrad in 1858, Fairbanks (1894,

. ppe 493-526) made a recemnaissance survey of the northern vart

of Ventura and of several occunties o the west and northwest,

and later (1895, pp. 275-300] described an analcite diadase oa

the northern side of Cuyame Valley. Ths report by A. C. Lawson
{1908, pp. 28, 42} on the California earthguake of 1306 includes

a discussion of the prineipal physiographic features of the area,
In the same publication Fairdanks descrided the Sen Andress

Rift, which traverses the morthern parkef the écgion,‘ In studies
relating to the cecurrence ¢f borax deposits N, S. Gale (1934;,

PP. 434-456) discussed the geology of the basin of m« Valley.
¥, A. English (1916, pp. 191-215) pudliished a detailed description
of the geology of %;mu Yalley, including a map of the faﬁatiene
involved in the structure of the basias to the northwest of the
area considered in this paper, The region north ef the San
Andreas Rift adjoining the southern end of the San Jeacuin Valley
has been deserided dy H. W. Pack (1920, pp. 13-61}, and later a

/ portion of it near San Emigdic Hountain was considered by

C. M. Wagner and K. H. Schilling (1925, pp. 236-276). W. 5. ¥. Kew
{1919, pp. 1=21) and R, N, Nelson (1925, pp. 32?32;;) investigated
the geelogy of pertions of the upper Santa Yoes drainage basin
lying to the southwest of Cuyama Valley. A recent paper by H. V.
Hoots {(1930) on the oi) rescurces slong the southern border of the
San Jeacuin VYalley is devoted primarily to a study of the stratigrapby
and strusture of the formations present morih of ihe erystalline



mass and between Santisge Creek and the Tejor Hills, This
pablication contains the most recent data awvaillable on the adjacent
region $0 the north of the San Andreas Rift. The writer (1930)

in a paper on the occurrence of fomsil vertebrates in Cuysma
Yalley considored briefly the geologic seqguence,

CECGRAPHY

The lMoant Pimos tarritory is a rugged upland area with
considerable relief, Elevetions vary from sbout 3500 feet in.
Cuyeme Valley to a 1ittle less than %000 feet at the top of
Y¥ount Pinos. This peak {(see FPig. 1) 1s the highest in the region
and bolds & unicue position in the mountain system. It lies
within the coast ranges and at the same time may bde considered
to form o part of the southwestwerd extension of the Sierra Hewvada
range, It furthermore forms the apex of aﬁ four-way drainage
pattern, The mouthesnst and southwest slopes drain toward the
ocean by separate hydrographic systems, The north and northeast
flanks are tributary to inland lakes; namely, Buena Vista lLake
in the San Joacuin Vallsy ani Castac Lske at the head of Grapevine
Canyon.

For descriptive purposes the aree is divided into two
partss tha uam d Cuysma mzn, only the southeastern part of
which in rmemtca in the aru: md the Lockwood depression te
the ms, These basins ars roughly bounded by the higher lying
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Plee Lo Poanorsma of Lockwood Valley and Mowunt Plnos

from the southwest end of the valley. Frazler Mountain can be

seen im the background on the extrems righb.

Fiz. 2. View west along the southern margin of the

Cuyams basin from San fuilllermo Peak. & portion of an old mess
remnant iz visible in the Toreground. Pine Mountaln ls the highest

ridzge in the left background.



masses of older rocks but are mot isolated from one amother,
Mount Pinos in the north is situated as a wedge in separating |
the basins, and the Pine XNountain mass (Pig., 2) in ite eﬁtmtg
forms a southern boundary for the depressions. ILeckwood Valley
is 1limited on the east and mthmt by Frazier Mountain and a
northwest extension of the Alame mmmks.

The climate of the region, as in ﬁﬁt parts of tha
coast ranges of sonthern Cslifornia, is semi~arid. The area -is
subiwet-to frequent rains in winter as well as 1ight snow storms,
and mt of the higher peaks, as for example MHount Pinos, earry
s small snow cap on thelr morth sides during this uason.‘ In
sumner occasional ‘eiwébursts oscur which have a very prmed
effect on the finer details of the topography. Many of the §tream

“beds draining toward Cuymma Valley are dry except after rains.
During perriaas”éf pmigitstien broad shallow streams of mddy
water are formed, meking travel im the valley difficult. Springs
are few in mumsber in the Cuyoma basin except along the margin of
the salient masses, In the eastern and socuthern part of the ares,

where the relief is greater, water is somevhat more plentiful,



STRATICGRAPHY
General Features

The stratigraphic sequence in the area includes the
extensively exposed crystalline rocks of Jurassic or earlier
age, and the still older metemorphosed sediments. The oldest
group of unsltered strata are the Eocene and possibly Cretaceous
rocks exposed in the aguthern part of the area, The Miocene
rocks consist of a thick acowmmlation of terrestrial deposits and
a series of marine strata., The beds of marine origin occur in
upper parte of the group. This middle Tertlary sequence has bgen
divided into ten 1ithologiec units in order to more clearly il-
lustrate the structure. The uaternary deposits c¢onsist of mesa

and terrace materials and valley alluvium,.

Crystalline Rocks

The oldest rocks in the area are probadbly the mets~
morphesed limestone and shale in the eryetalline aggregate aleng
the nertheast side of the San Andreas Bift, in Cuddy Valley and
at the head of San Emigdio Canyon. 7The limestone is cosrsely
crystalline and cccurs in masses surrounded and intruded by
granite. Patches of cherty hornfels also occur in the aggregate.

Gnarts dlorite porphyry mskes up a large part of
Pragier Mountain and cutcrops over a relatively large ares south

of it¢ It 1s well expoased along Lockwood Creek. It varies from



an unchanged quartz diorite porphyry at the north end of the
gargé through gneiss to schist with sugen structure near the
south end where the siream joins Piru Creek. Roef pendants

of this reck in granite were observed near Piru snd Alamo (reeks.
The rock is dark but its ground mass containe considerable quarts
in addition to plagicclase and femic minerals such as hornblends
and biotite., The feldspar phenccrysts are rather large, commonly
an inch or more in length, and light gray colored on weathered
gurfaces, The age of the guarts diorite porphyry relative to -
that of the altered limestone 13 indefinite., The rock is clearly
older than the granite of the district.

Granite, vhich intrudes these earlier rocks, ceccurs
along the north side of the rift and south of the quartsz diorite
porphyry masa betwoen San Guillerme Creek and Alamo Peak. Mount
Pinos is essentially granitic, and a few fault inliers of granite
are fw.n& to the west in the Cuyama basine. In the southerm part
of ¥Yount Pines the rock is coarsely crystalline and to a certain
extent porphyritic, with orthoclase phenvorysts. A large part
of the mass is gneissic and ale#g the rift to the north and nsar

the thrust feult on the wost side the rock is schistosme.

Cretacecus{?) snd Eocens Rocks

7 me  pre-Miocene sandstones, shales and conglomerates are

exposed :lnwtiu;' southern part of the area and to the northwest in the



San Rafael range. A band also extends along the south flank of
Yount Pinos. The beds are essentially yellow to brown sandstones
and dark gray clay shales. The lower beds present to the west
of San Guillermo Peak (Figs. 3 and 4) are predominantly shale,
but the younger strata between Reyes Poak and Cuyama River are
freguently sandstone. The upturned edges of alternaté’f;aiﬁck
sandstone members and softer shales are in a large part responsible
for the rugged jkepography in the region of Pine lountain (Fig. 2).
The light celered sandstones occasionally carry rather coarse
conglomerate, In the upper part of the series exposed bdetween ’
Lockwood Valley and Mount Pines twé very well indurated beds of
grenitie #rkeae occur (Fige. 5). The material in these two beds
is similar to that in the crystalline part of Mount Pinos. At
thiz locality the sirata are standing nearly vertical and erosion
has left the arkosic members projecting as prominent parallel
ridges. |

An abundance of Hocene fossils, probably of Tejon age,
were found mear the top of the formation in Reyes and Beartrap
Crescks., The older sirata ;aro apparently unfossiliferouns., Fossils
woare alzo found in the Eecene beds along Nerth Fork Creek near
Mount Pinos. The invertebrate collections obiained from these
beds have not been analyzed. The fauna is rather large and might
well receive separate treatment by someone making 8 more compre-

hensive study of the Eocene. Drs. ¥. P. Woodring and R. B. Stewart
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Fige 5. Hocens and Cretececus(?) strata in the basin

of Wagon Road Creek, San Guillermo Peak iz in the geniter backeround

to the sast.

Pige. 4. Focene or Cretaceocus shale with thin limestone

beds. Lower part of series as exposed near Coyama fault east of Dry
Canyons. Canyon on the laft fellows the fault lime. Hlosens sitrata

in left background.
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upon examining some of the specinens b@ﬁgﬁﬁa?eﬁ %E@i? age to -be

ione Of especially common ocourvence in the fgaﬁa iz the

=5t PN

form Tarritells uwvass

The total thickness of the recks is not kwown, but a
cross=section {(Seetion P=3] $aken just west of San Guillerme
Peak, from the upper part of VYagon Hoad Canyon southeast %o the
first synclinal axis, sbhows & thiciness of about 15,000 feet.
The total thickness is @%ﬁ%&%ﬁg‘g%ﬁ% grester and undoubtedly
inclndes sirala of Cretaceocus age. Nelither the upper now lower
1inits of ihe sequence sre éxpteed in the southern sawt of the
ares, but near Hount Plvos Mocene beds rest with sppearent
conformity on pre-itllccene strate. The two groups, however, ars
separated by lave flovs.

Bo medimenite of flizvecene aze have been recogniszed in
the sres. The loeality in Yorth Fork Oresk vhore Hoeerne fosslls
were found is sppverimetely five hundred feet south of the contevt
betwesn shaele and grenlite. Theve still remsirs 5 considersble
thickness, porhaps several thousand feet, of shale, sandstone,

Yiovene lavs Tlows,. The sirvets in 4his

and arkose below the
interval sve badly crumpled snd no sepaveation sesned pracitisable.
Howsver, there iz no reason why some of these beds may not be of
Oligoeons age., Directly north in San Emigdic Canyen 3800 feet of

strats h@%& f iﬁ%&% ified a5 Bop Lorvenso, bui aiw&% miles to the

enst ﬁ? %Mﬁfﬁ @%& formation is entirely a%ﬁ@ﬁ%5 ci%% Yagueroes

rocks resting v% Qéggﬁa Fhis condition hes been atlribubtesd 4o
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progressive overlap by the lower Miccene Vagqueres (Hoois, H.¥e.,
1980, pe 256). In the absence of positive evidence for the
Oligocene age of any of the beds south of Iount Pinos it seems
more satisfactory do group tentatively the wppermost sirata

%%};fw the lavs with the Hncenc.

Hiocene Hooks

General sialement.- Perhaps the most interesting

fealure of the ares, aside from its structurs, is the Hioccens
seoumalation. It was & shudy of ese rocks in comeotion wilh

518 that led o the lnvestiszae

the collecting of fossil land wm

tian of the resliovn. The majer vorition of this series is of

terrestrial origin, but west of Coyams Valley, in the/region
studied by W. A. English, the formations are predominsntly
maring.

In the investigation of the geology of Cuyama Valley
Bnglish recognized three primsry divisions of the Hiccens rockss

the Vagueros formatlion, Faricops sheles, aud Sania Hargarita.

?&mi lists weve 25@%@* a sapport of the use of these names.

Sy

in ?&i"%’;ﬁ of the valley the formestions were further subdivided
into members on the basis of 1itholegy. In his classification
of the rocks he uwsed the ters Morsedey as 2 group nawme, imsluding
snder this description the Vaucperes sud Ysricoss formsibions.

In the eastersn part of Cuyuss Velley adjacent % ihe sres deseribed



in the present report the serics was divided into two parts,
The lower strata English comnsidered to be roughly equivalent
49 the Monterey group as recognized farther %o the west. The
upper portion was correlated with the Santa llargarits. No
feunal evidence was cited in support of these correlations,
?’he structure of the basin and the distribution and contimity
of the fermations illustrated by his wap favors the age as=
signments made,

In the present investigation the earlier separation
of the Mioccene rocks into the two groups Monterey and Santa
Mopgarita {in the broad sense) was used as a starting point.
The wshole series was further divided into eight consscutive
members on the basis of lithology and colofition, The exact

\pa;nt of separation for thze two groups was indefinite but is

here arbitrarily placed at thes bottom of the Lockwood elay.

‘The reason for this aeleetian is dismaed 1n the descriptien
of the Leckwood clay.
Stanuffer basalt.~ i1 the base of the Honterey

group on the north side of Loakwoed Valley a seriea of thin
basalt flows rest on Docene{?} beds, but are cémiéered to 'ﬁa
a part of the Hiocene sequence, The lava does not exhibit
columnar structure but is vesicular and scoriaceous, the
1’8316\113&!' portions being frequently amyg;daloi&al. Interbedded
with the lava flows are lenticular layers of limestones which

é?i;rgj%elmnite. The borax deposits were described by
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H., 5. Gale in 1914, Colemanite has been shown by ¥, F. Poshag
to be an altoration from ulexite, which in turn is a product of
degiccation from saline lakes in volcanic regions. This evidence
for a terreatrial origin of the limestone and basalt favors the
Placing of the Stauffer basalt with the overlying section rather
than with the marine Eocene. The thickmess of the Aember is
prodably not greater than 600 feet near Stauffer, and is oniy
about 200 feet thick farther west,

The exposures of this member are restrieted to the
south flank of Mount Pinos from the divide between Nerth Fork
and Try Canyon to Cuddy Valley. Te the west the flows are
steeply dipping and give rise to & prominent ridge perallel teo
the ridges of arkose in the Eocene{?) below. Between Seymour
and Bitter Crecks the lava thw@; ﬁolded is less steeply inclined
and conforms more nearly ¢o tlm g:;x;:;'faae.

Basalt and andesitie ‘aggiomemtea, flows, and tuffs
are interdedded with lower Vagueros rocks along the south border
of the San Joaquin Valley from San Hmigdio Canyon to Tunis Creek.
In the vicinity of Tecuya Creek the volcanic series consists of
50 to 100 feet of light bluish-gray andesite agglomerate in the
lower part and 0 to 150 feet of dark red and browm basalt flows
and agglomerate above. Intercalated in the sequence are layers
of light sandstones, red clay, and green bentonitic clay. Farther
east andesits is inconspicuouns or adbsent and the basalt exposures
show thicknesses of 50 to 1200 feet, Between Pastoria and Tunis
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Creeks basalt is underlain by 50 feet of cream colored rhyolite
agglomerate.

In the volcanic accunmlation along the north side of
lockwood Valley none of the more acidic lavas have been recognized.
The rock is & very dark, brownish to greenish black basalt,
intercalated with limestone and colemanite. The evidence for a
marine origin of the lava north of the rift (Heots, H.w., 1930,
PPe 262-263) does not apply to the Stauffer basalt and evidence
for a terresirial origin has been eited above. However, the
following evidence taken collectively indicates contemporaneous
activity ir the two areas: 1] The sitratigraphic position as-
signed to the Stauffer basalt is the same as that occupied by
the lavas and agglomerates along the south border of the San
Joaguin Valley, and was arrived at from independent consideration
previous to an understanding of the stratisraphic relstions north
of the rift. 2) The voleanic rocks immediately %o the north are
distrituted along the valley border for about twenty miles in
an east~west direction and the Stauffer besalt is exposed nine
miles or less to the south of the outcrops near Salt Croek.

3) Basic flows occur at only one other horizen in the region,
near the top of the lMNonterey group in the area mapped by . A.
English. Tre flows in theas later sirata do not centimwe south-
east beyond a point on the north side of OQuatal Canyon.

North Fork member.~ Confomably overlying the Stauffer

basalt is & series of sandstones, shales and conglomerates. The
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bottom portion i3 composed of relatively fine gray and white
sandstone and sandy shale grading upward into cosrser red ang
gray sandstone near the top (Figs. 6 and 7). Conglomerate
phases are more cormon ln upper levels. The reddish horizons
resemble red beds in the watal sandstone higher in the group,
but are somewhat more sandy and show better siratification.
The total thickness of this member fs QAifficult to determine
but is estimated at 3000 feet,

The Horih Fork memnber is unfossiliferous but is
probably ecuivalent to the Vagueros west of Cuyama Valley,
Its position relative to the dbasalt is sinilar to that of the
magsive sandstone and shale of the Vagueros Immedistely to the
north in San Joaquin Valley.

The origin of the materisls composing this membder

,« p ,{
is not as clear as far some of the later strats. ™e lower

A
levels vary considerably from east to west, bnt are rather
shaly and hetter sorted than: in the higher harizons. Parts of
the formation mey be of marine origin, but thke shale phases do
not reserble the rmarine strasta below the lava. The increase
in coarserness in the umpper parts of the member sugrestes grester
relief at this locality. The younger beds are also much coarser,
show'brighter coleration, ard weather into badlands, A terw
restrial origin is mﬁ;e evident. Furthcrmare, there 18 no

i{ndication that the underlying basalt contriuted material to

these beds., The source of the lower sediments may well have
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Pipe 6. ZExpomure of Horth Fork wmesmber west of the mouth

of the Forth Fork Canyon. strata are sandstone, shaly sandstone,
and conglomerate. The pesk in the left background is the high point

on the LockwoodeCuyama divide {elev. 6678 fi.].
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been from the Ecoene and Cretaseous rocks or stil) earlier
granite. The upper strata sontain both granitic and cuarts
diorite porphyry boulders as in the overlying Dry Canyon member
but the latter material is not as plentiful,

Pato red member.~ In the lowest part of the Mioceme

sequence in Justal Canyon is a series of brick-red sandy clays
and conglomerates. These beds are recognized as belonging to
the Pato red memdber of the Vequeros. The lithology is nearly
identical to the equivalent strata in Pato and Santa Barbara
Canyons on the west side of Cuysma Valley. The most unique
Teature is the peculiar red color which ig entirely different
from the browmish red beds in other parts of the area. Two kinds
of conglomerate are included in the formation. One is a lecal
sccummlation of small weathered pekbleé of granitic material in
an arkosic ground mass. m pther i3 more gogéraily distributed,
being rgcognized alsc in Santa Barbara Canyon, and consists of
flat worn boulders of a very basie, greenish schist. In some
piaces the basic conglomerate is essentially a breccia, The
sandstone and clay were undoubdbtedly derived from the same material
as that composing the bdoulders., The thickness of the Pato red
mexber in this iegion is unknown, as only the upper few bundred
feet are sxposed at the head of Ouatal Canyon.

The Pato red member ocounpies a stratigraphie position
close to that of the Worth Fork member nesr lLockwood Valley and

may be in part contemporaneous; however, the 1lithology of the
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strata in the twe cases is entirely different. The clay and
conglemerate composing the Pato red beds were derived essentially
from 2 highly ferromagnesian schist, the source of which may have
heen the Franciscan formaticn. PFranciscan is present in the ranges
farther to the weat. Furthermore, the brilliant coloration, lack
of soriing, and the badland physiography developed in this member
are indicative of a terrestrial origin,

The Pato red beds resemble to & marked degree similar
beds in the Sespe Fformation. The coloration, composition, originm,
and erosional features typlical of this member make 1%t seem highly
probable that strata which have ‘elsevhere been called Seape may
in & nuwber of cases be of Vagueros age. However, this is not
meant to imply that Sespe is confined to a terrestrial phase of
the Vaqueros, as beds in the Santa Tnez range referred teo the
Sespe have been showm to be of Sen Lorensze age. lYoreover, an
Oligocene age is recognized for & part of the Sesps beds south
of the Santa Clara Valley on evidence furnished by veriebrate
remains,

The thickness of the Pate red memder in this region
is unknown, as ;enly the upper few hundred feel are exposed at
the head of (uatal Canyon.

Iry Canyon member.~ This formation 1ies stratigreaphieally

above the Y¥orth Fork mewber. The separation of the two is rather
arhitmry and depends upon coloration and coarseness, The higher

nenber is typically exposed between Dry Canyon and Lockwood Valley
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{Figs. 7 and 8) and shows the greatest lateral variation in
lithology among any of the formations in the region. In Quatal
Canyon it has not been recognised separate from the overlying
Quatal sandstone. In the northern part of Dry Canyon the beds
are a dull gray or blue-green coler and composed of thick bed-
ded to massive sandy clay or mudstone. In the upper part they
grade into alternate red and white layers (Fig. Bl.— Farther
south on the east side of the canyon the beds change to a coarse
white sandstone with an occasional pinkish cast. The sandy
phases contain a small amount of well weathered lava detritus,
particularly bluish andesite, as well az more coarsely crystal-
1ine pebbles, Toward Lockwood Valley the material decomes
extremely ¢oarse and rather dark diuve-gray in color, By far
the largest component of the conglomerate phase is quarts
dforite porphyry. Granitic boulders make up a smaller per-
centage of the material. The dark porphyry is ummistakably
the same ss that oceurring in place near Lockwood Creck and on
Frazier Mountain at least ten milem to the east. The boulders
are commonly & foot or two in dismeter and often mmch larger.
The origin of ithis material was probably closer than the site
of Frasier Mountaln as whown by the coarseness of the conglomerate,
The lateral gradhticn in coarseness of the materisl iz guch as
to indicste its daiivation from the east, possibly from the
site of Mount Pinos to the northeast. A% the present time

Mount Pinos is furnishing only granitic debris. The 0l&
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terrace gravels around its base are also free from quartsz diorite
porvhyry except in places farther away where it was evidently
derived from the onderlying Hiocene,

The Dry Canyon member has a thickness of sabout 4,000 feet
in a section taken across the upper end of Dry Canyom. This
thiekness incliudes the upper few hundred feet of the group
which have been re‘ferraﬁ to the (uatal sandstone. The bulk of
the member belongs in the upper part of the Monterey group as
recognized in this region. However, a Vaguerosz age for the lower
levels is not excluded inmsmmch as the separation of this member
from the underlying North Fork beds was rather arbitrary,.

A terrestrial erigin for this member is evident from
the extremely poor soriing and massive bedding of the materisl,
in addition to the characteristic badland features developed dy
erosion.

tnatal sandstone .~ The (unatal member is a thick

accumlation of alternate red clayey mudsione and coarse white
sandstone, %herever this terrestrial member cutereps, as in
‘matal and Dry Canyons, it gives rise to a very picturesque
landscape of brightly colored badlande (Figs., 8, 10, and 11].
In Dry Canyon (Figz. 8} this formation and the members above
and below present a remerkable display of colors over a very
extensive érea.

The coarse white sandstones of this member are composed

of grains, pebbles, and boulders, unsorted and exhiditing every



Figs 10. tuatal sandsione exhibiting characterisiie
badlands in northesstern pari of Apache Tanyon. Guaternmary moss
depoeits resting wnconformadbly on ‘natal sandsione can be seen

on the canyon rine.

Pilge. 1l. ‘matel sandsions st the verlebrats fossil

lseality in “ualtal Cenyone The peak ln the distance is lount Plnos.
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variation in size. The graing are angular and include a munber
of different minerals, cuartz being by far the most abundant.

The boulders are more rounded and consiet of a large assortment

of rock t&peaq Granite and granitic gneisses and schistz pre-
dominate with less frequent quartsite, andesite, diorite, diabase,
and basalt., The most noteworthy feature is absence of the dark
guartz diorite porphyry, so characteristic of lower horizons
between Dry Canyon and Lockwood Valley. The reddish brown or
ocher colored beds are nassive, thick bedded, uniform sandy clayse.
The cementing substance is relatively soluble as indicated by

the physiographic expression of this member. The thickness of

the white beds varies from a few feet to twenty or thirty, ten
feet being an average., The brownish beds are gensrally thicker
and range from five or six to thirty or more feet. The total
thickness of the formstion in (uatal Canyon is about 4,000 feet,
but in Dry Canyon only the upper 200-300 feet are recognized as
representing this mermber,

The upper part of the formation has ruch the same
appesrance throughout the area but lower strata are not as
constant in character. As stated sbove the digsimilarity in
lithology of these lower beds has resulted in their being mapped
as a separate unit in Dry Canyon and to the east. It is a
noticeable fact that the lateral variation in lithology for
members in this group is progressively greater in the earlier

strata. The conclusion drawn from this is that different parts
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of the area were recciving deposits from markedly different
sources in the earlicr stages and that later some sources were
eliminated and the basins of deposition more completely coalesced.
The tmatal sandstone is of & decidedly consistent character
through the greater part of its thickness in (matal Canyon, and
the source for these strata contributed the material in the later
coalescing of the basins,

4 terrestrial corigin for the Quatal sandstone is evident
from a consideration of the following points: 1) The beds are
rassive and do not show clean cut lines of stratification ai ahy
place in the series. The attitude of the strats can often dbe
determined only by observation of the differently colored layers
from & 11ttls distance, 2) The material composing the beds
is of a heterogeneous nature, varying from an earthy argillacecus
mudstone to a coarse or conglomeratic sandstone., 3) The beds
are brightly colored. A typical section shows alternate bands
of white and light reddish brown strata (Figs. 9 and 10}.

4) Badlands are developed where this member is exposed. The
occurrence of this type of topography is dependent not entirely
upon the climate of the region in which the sirata are being
eroded, but rather upon the conditions under which the beds were
depogited. This evidence will be more fully treated in the
geomorphology of the ares. 5) Bone fragments of land vertebrates
are rather plentifully distributed in upper levels from Apache
Canyon to the north side of (matal Canyon. No marine fossils

were found.



The ége of the (uatal sandstene has been previously
determined (Cazin, 1930) by the vertebrate fauna. The evidence
from this source indicatcs a stage In the liiocene comparable
to the Barstow horizon in the Mohave Desert region. According
to the time scale set up by vertebrate paleontolozists for
Teréiary formations of the west, the Barstow-Santa Fe stage
is upper Miocene and equivalent to Sansan in the Furopean
sequences. The stratigraphic position of ‘uatal sandstone is
equivalent to the upper part of the fonterey group or laricopa
shales according to the wap and sactions-given by English. This
rosition is further substaniiated by the occurrence of a basic
lava flow in the upper part of the formation, near the‘sama
horizon in which the bone fragments occur., Basic (diabvase
deseribed from here by Pairbanks, 1895) intrusions and £lows
are common in the Haricopa shales of the Calienie Range a short
distance to the norithwest. ILvidence for an upper age limit to
the wmember im seen in the scanty invertebrate fauna from marine
atratas in the overlying group in imaitml Canyon. The forms

recognized, Ostrea titan and Pecten crassicardo,are also found

together in the Santa iargarita formation southwest of the Cuyama
Valley. UOorrelation with the marine laricopa shéles demonstrates
a middle .Jiccene age for the inatal sandsitone. The discrepancy
between this age snd thé upper liocene stage shwwn by the verte-
brate fauna suggesis an inconrplete adjustment between invertebrate

sné terrestrial veriebrate chronologic scales,



Locizwood elaye~ The Santa lnrgerita series (desipnated

ez the San Pablo group(%) in legend of the map and sections) has
been divided into four consecutive mevbers. The basal mewber or
Lockwood clay is a thin, dark olive~browm, gypsiferous clay, which
on the east side of Lockwood Valley is being wined for rotary mud.
The bed is readily discriminated from the overlying and underlying
material and is very persistent; lLence it has been useful as a

key horizon in field work (see Fige S). The mewber has & uniform
thicikness of about 75 feet in Iry Canyon.

The inclusion of the Lockwood clay in the overlying
sante argsrita formation is open to question, but certain evidence
cited below favors a separation from the strata referred to the
Honterey groupt 1} The clay member marks an important change
in lithology from the series of rmdstones, sandstones, and
conglomerates of the underlying groun. 2} The remarkable
persistence of the clay bed between tle extremes of the area
(see map} excludes the possibility of an erosional interval
between this horizon and overlying beds. 3) A low angular
unconformity or overlap exists beiween Lockwogd clay and tunatal
gandstone in the Dry Canyon basin (Fig. 9).

The origin of the clay is not known for a certainty

but several features of its occurrence are highly suggestive of

a volcanie source. The clzy is remarkably pure, aquite free of

grit and sand, yet lies within a series of several thousand



Teet of sandy to conzlomeratic strata. This recuires a sudden
change of source for a series of repidly accumlating strata
without an admixture of detritus in the clay. The material is
presumably not marine as indicated by the hizh percentage of
gypsum it contains. It is astonislingly uniform in thickness
in all parte of the srea for a terresirial depesit uniess of
volcanie or bentonitic origin. In appearance it strongly
resenbles the finer part of soil derived from weathered

bagalt, both in coloration and composition. In fact at one

place g badly decomposed outcrop ef basalt observed at a short
distance was mistsken for Lockwood clay. Volcanic extrusions

of a basic nature at this horizon would account for the abrupt
chance in lithology. This would also account for the uniferm
conmosition of the clay over a large area. Deposition in & playa
lake would explain ithe gypsum countent and possibly the fineness

of the materisl.

The stratigraphic position of the Lockwood clay above
the basic lava flows in the top part of the luatal sandsione is
not conclusive. 7The assignment of the clay bed to the Santa

Harcarita formation on the basis of evidence cited above sug-

gests this relation. At the locality in ‘watal Canyon where the
lava is exposed the relation between clay and lava i3 obscured

in a crushed and faulted zonec. However, the possibility of their
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being contemporareous is not disproven. Turthermore, if = volcanie
orizin of the clay be accepted strong evidence is afforded the
correlation of the lava and clay unless another period of volcanism
be considered. In viev of the latter possibilil, and of evidence
previously cited favoring the seperation of the elay from older
strata a Santa largarita sge 1s retained.

Corral sandatione e~ The Corral mewber is as widely

distributed as Lockwood clay but is nol as consistent lithologically.
Its recognition in different parts of the area 1s based rather on
its stratigraphic position between Lockwood clay and the over-
lying Castle Canyon member than on any unicue characters possessed
by the member. It is easily separated from Lockwood clay, bui
sonmewnat less readily from the overlying material, 1In the Cuyama
basin the section consists rather uniformly of a fine, white or
lisht yellow sand low in clay, showing fairly good stratification
in places (Pigs. 9 and 12). Farther easi, in the southwestern
part of Lockwood Valley and at the head of Wagon Road Canyon,

the member shows a rather high percentage of clay and is psle
green to buff in colore. In the eastern part of Lockwood Valley
4he sandstone is principally white and sospwhat stratified, bud
cosrser than in the Cuyama basine The thickness of the Corral
member averages about 150 feet, probably more than this in the

vicinity of Frasier llountain.



The evidence Tov a lerrestrial oricin of thig
penber is not conclusive. The stratification in most places
is zood, and the sandstone 1s frecuently clear. The bads
exhibit better sortins than is common in the Montorey group.
In “uatal Canyon, however, the beddins~ is somevhat more
massive and badlznds ave developed throurh the erosion of these
strata. It is possible that the sendstone is of marine orinin
in the sowvthern parts of ths basins and terresirial in the
norths Tumerous small fragaents of petrified wood were found
in the Corral sandstone in the northwesiern nart of Lockwood
Valley which ig suggestive of 2 continental orizin for thal
area, Other then vetrified wood no organic remains were
discovered in the merber. -

Castle sandstone.= Thie Castle member is well

roprosented in both Cuyana (Fiz. 12) and Lockwood basins,

It is distribnted along the east, south and west sides of
Lockwood Valley and is exposed in the north and south limbs
of the Cuyama syncline., The material ranges from a sandy
clay‘to ) rathe} coarse clayey sandstone. 7The bedding is
massive and the stratification indistinet. It is similar in
this respect to the ‘matal sandstone., The lithology of the
member also is similar to that of the .matal sandstone.
However, a noticeable difference exists between the two
formations. The Castle sandstone does not show the frecuent

alternations from coarse white sand to red sandy clay



Pigs 12, Castle sandstone as exposed on the west side

of Dry Canyon. The wpper and lower contacis with lighter sandsions

af Apeche ard Corral mesbers are elearly shown. Compare mode of

weathering with thet of Yusbal sandstowne, {lgures 10 and 1l.

Figs 18, Conrse sandsions or gravel in the uwpper pard

ES

roarita nesr Apasche Canyon.




characteristic of the Unatal member, dut in most places consiste
of a rather uniformly tan or tuff colored sandstone having a
compositien which might easily be ohtained through a reworking of
the (uatal beds. In addition the sirata contain a larger proportion
of basaltic detritus than do the Ouatal beds. Furthermore, erosion
does not affect the two deposites in the same way. Weathering
usually develops smooth slopes and obscures the stratification
in the younger deds, Thia type of topography 1s in marked contraast
to the badlands forwmed In lonterey strata.

In the region betlween the wpper part of ipache Canyon
and Cuatal Canyon the Uastle amember resembles the Lockwood clay
in composition and appearance bui 1z somewhat lighier brown
in color and mach thicker. In the early stages of the mapping
the two menbers were confused but subsequent and more detailed
mapping demonstrated the presence of two distinet beds of clay
geparated by the white Corral sandatone. Farther south in the
Cuyama basin the Castle member is coarser and sandier, and shows
an indistiset banding of light and dark shades of brown. Coarse
phases are scattered through the beds and occasionally occur as
channel f£illings within the member. To the east in the vicinity
of Frazier lountain the coarser texture of the sandstons and the
badland topography developed make the rocognition of the member
diffienlt. The reference of a part of the sandstone on the weat
gide of Frazier lountain to the Casile member is based on the
conclusion that they are stratigraphically above the Lockwood

clay.
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The source for the materials in the Castle sandsione
as suggested above may be in part the older Jjuatal gandsitone in
some adjacent region. The presence of basalt fragments in {he
accummlation Zurther supporis such a conclusion. The materisl in
the norithwest pari of the area may have had an origin simllar %o
Lockwood clay or was perhaps derived from the latter,

A terrsstrisl origin seems evident for this mewber in
parts of Lockwmod Valley ag Indicated by the coarse and poorly
sorted character of the beds. Im the lower part of .pache
Canyon tie beds are mmch betler viretified zmad more closely
rosenble purine strata. The beds are probably of marine origin
over a major part of the area althoogh no fossils were fonnd;

The Castle sandstone thickens a litile toward the
southern part of the Cuymma basin but an average measure in
Dry Canyon is about 500 feet.

Apache membere~ The Apache raember is the najor
portion of the Sants Margarita formation and is well exposed
in the Cuyams basin. Its distribution is from a point just
east of ﬁry Canyon northwestward across the central part of the
Cuyama pasine It ocours as the core of ihe Cuyams syncline,

In the vicinity of Apache Canyon the member consists of a series
of coarse, rather well sorted and thin-bedded sandstones, shales,
and gra;els, reacning e thickness of perhaps 4,000 feei, The
series thickens noticeably to the north as indicated by the

north and south limbs of the synciine (see seciion 0O=P),



The color on weatliered surfaces varies from gray to white and
CIeallie

This nember is probebly ecuivalent %o a part of the
Senta Margarita as rccognized to the west of Cuyama Valleye. Fos=-

gils are very scarce but Pecten crassicarde and Ustrea titan have

been identified from these beds as mentioned in the discussion
of iuatal sendstone. The coarseness of the materials composing
this member {Fig. 13) indicates a near shore facies of Santa
Margarita. The bede are less Gistinctly stratified in the southe
east part of the basin and may have graded eastward into a
terresirial deposit in Lockwood Valley, which if present has not
been discriminated from ths Castle sandstone in that region.

The erosion of this member is similar o that of the
underlying Castle sandstone but does not yield as readily. It
frequently composes high, clean-cut bluffs overlooking more su't;dm
features in the Castle sandstone. Northwest of Apache Canyon the
exposures are remarkably fresh and bold.

Potirero 5eco momber .~ At the west end of Pine

Hountain, south of the d4ivide, is a series of gray and white
gandstornes and shales which is designated as the Potrero Seco
member, These beds are probably ecuivalent to a part of the
Apache nmember in Cuyame basin north of the dividg. A fossiliferous
horizon yielding pectens, oysters, and echinoderms was fom:{xd

in the beds. The spedimens were examined by Tr. ¥W. P. Voodring

\

and considered to be of Santa Eiargari‘ta 220,



maternary Deposits

The Fleistocene and Recent acoumnnlations include the
terrace and potrero sands and gravels, and the valley alluvium.
The mesa deposits are distributed over remnants of old erosion
surfaces, batwem canyons and around the margins of some of the
larger ﬁmuntaims masses,

North of ‘uatal Canyorn {see map) an 0ld mesa surface
known as Apache Potrere extends from the west end of Mount
Pinos aleong the divide between Cuyama Valley and Ssn Joaguin
Valley to a point beyond Pattiway FPostoffice, several miles te
the northwest of the area mapped, The deposit on this surface
iz made up almost entireiy of material redsposited from the
underlying Miocens strata, except near Mouni Pinos and San
Tmigdio Mountain where the accummlstion is compesed of detritus
from cr:ystanine’mcks.

The mesa at the head of Apache Canvon ls covered with
material derived largely from Mouwnt Pinos. This extensive
surface is largely undissected spd is still receliving sediments
close 4$o the crysialline mass, A discrimination bvetween older
and later Cuaternary deposits here has not been made on the mmp,
The peuinsular shaped swrface extending from {the norihern
extremity of this mesa along the divide between Apache and ‘matal
Canyons é&rries on the other hand only redeposited lliocene
material (Fige 10}. The terraces in Berges Canyon (Piz, 14)

and those in the vicinity of Ozena are simileriy covered with
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deporits frowm underlying stratu. South of Cuyame River the
‘sediment was derived from Pine Liountain.

The highest peak {clove G6C75 feei) between Locikvwood
Yalley and Ury Canyon Las a cap 600 feet thick of soarse
granitic gravel (Fige 15) from Iount Tinos. The gravels scate
tered from this point southwest down iate Dry fanyon are
esgentially granitic with some redeposited Miocene material,
Deposits of & simllur mature occur farther east along the south
flank of Jount Pinos north of the basalt exposures. Tue low
terraces south of the basalt exteanding oni iato Lockwood Valley
are provably of lster age. The material on ithe surfuces of
these terraces consists of a mixture of detritus from zranite,
basalt, and earlier sediseniary material.

The surface on the granlte, Zocene and ¥iocene rocks
south of Lockwood Valley carries principally granitic material
apparently derived from tha crystalline ridges projecting above
the surface and, to & less extent, material from Hocene and
Cretaceous rocks, Occasiongl fragments of quarts dicrite
porpLyry may have come from the IDry Canyon formation several
miles to the noriuwesi or from the crystalline basement neer
Lockwood Creek.

The sourée of the grester part of the deposits slong
the rorthwest end of Pragzier Xountaln is not clearly vnderstood.
A poriion of the accumletion, apparenily tlLe more recent sediments,

uncuestionably came from Praziey iountain. The latter deposits



are coarse and consist principally of quartz diorite porphyry
ant grenite bowlders and gravel. 4 large auount of the older
material is coarse brown clayey sand to derk reddish~brown sandy
claye. The beds lie uncoxformably on the somevhat coarser and
brighter coloreld lidocene rocks ard o¢r the crystalline basement.
To the scutheast of the pass Petween Locikwod and Cuddy Valleys
the daposit wmay be as thick as 5CC feel. Toverent hus taken
place on the feult bounding the vest end of Prasler lountain
cincs these deposilts were laild down, as showm by drag folding
in i@ beds at the wost westerly point of the Fragier bLiocke
furthermore & dip of &9 mach &3 23 degrees was observed at one
locality (see maple A Pliocene age for this deposit is not

improbable but cannot be preven by the above evidence.

Summary of Siratigraphy

The bagenant complex of the arem is composed of ald
metamorphosed sediments along the north side of the 3an Andreas
nift, quartz diorite porphyry in Fraszier ountain and to the
south, and granite which intrudes the foregoing rocks. Granite
oceurs in many parts of the area but is o3t extensively exposed
on “ount Pincs. Unaltered sediments of Rocene and Cretaceous{?)
age are gfesent in %4e southsrna psrt of the areca Srom the vicindty
of Zan Millerme Peak westward bevond Pine Mountain, The thickness

rrobably exceeds 15,000 feet, These early sedirenis are marine



and principally lighi brown to yellow ssndstones and durlk: aray
shales. A bznd of early Pertiary sirats along the souiheast
border of “ount Pinos gronite includes Zocene and possibly
Oligpcene beds although the latter have net been reco mized,

e MMiocene series includes over 10,000 fest of strata
which have been divideld iabo two parts, The lover division is
probably entirely herrestrial in origin c»f};d is equivaient to
the Yonterey grouvy as recogmized o the west, The upper part is
z;minly‘marim ant of Jante Largavite agee The loalerey group
ias beon further divided into four consecubive monbers. it the
base of the series norih of Lockwood Valley is a series of besalt
flows probably of Vaguervs agee Tais is overlain by unearly
3,000 feet of thin~bedded to coarse nasaive sandstones which
are designated as the NHorth Fork member. Eguivalent to these
strata « red clay and conglcmerate in (unatal Canyon lLias been
recognized es the Pato red member of the Vacuerose. The source of
tihe material in the rato red member is {thought o bé Franciscan.

3tratigraepidcally avove the Horth Fork member belween
Iry Canyon and Lockwool Valley a ssries of coarsc gray couglome
erates, white sandsiones and blue-gray mudstones are locally
m& the ury Canyon wember. %“heir thickness. is meariy 4,000
feet, This menber grades upward into mlternete red and white
sardstone beds which are recognized as belonging to the upper

AN

part of the tmaisl sandstone. The latter ‘sandstons is best
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exposed in Quatal Canyon where its thickness is about 4,000
feet. In that part of the area the Dry Canyon wmember is not
discriminated from CGuatal sandstona.

Overlying the (matal sandstone is & thin very persistent
bed of gypsiferous clay which is believed to be of wvocleantis
origin. This bed, the Lockwood clay, has been referred tc the
Santa Margarita. Above the clay horizon is approximately
150 feet of rather well siratified white to yellow sandstone,
the Corral member, followed by about 500 feet of tan {0 brown
clayey sandstone. The latter sirata are desisnated as the
Castle sandstone and are well exposed in Lockwood Valley and
several places in Cuysma Valley.

The upper 4,000 feet of the Xiocene rocks, the Apache
member, are of marine origin and exposed only in Cuyama Valley.
The strate conaist of zray or white t0 cream sandstone, shale,
and conglomerate. The riaterial averages rather coarse but is thin
bedded. This memher is considered to repressent a nsar shore
facies of Santa largarita. A series of sardstones and shales
south 07 the Pine Mounitain divide have been Gesignated the
Potrerd Secd member and are mrobably ecuivalent to a part oy the
Apache member.

fhe old (uaternary deposits in the sres occcuxr on the
mesas betveen the canyons, the surface remnants around the base
of Mount Pinos and Tregzier Mountain, and on the terraces in

Lockwood and Cnyama Velleys. The sccwmiations consist of



redeposited materisl from the underlying strata and detritus
from the adjacent peaks in varying proportions. Part of the

material mapped ac walernary on the northwest flank of Fraszier

Yountain may be of Fliocene age.



STRUCTURE

General Features

Struecturally as well aes physiographically the basin area
may be divided into two portions, the western or Cuyama region and
Lockwood Valley to the east, The Cayama basin west of Dry Canyon
is characterized by mumerous folds, the most important being the
Cuysma syncline whieh ia responsible for the preservation of the
Santa Margarita formation. The axes of the folds in this district
plunge to the northwest in most cases, expoaing lower beds toward
Dry Canyon. The exception to this rule occurs in the southern
part of the basin where several en echelon folds plunge southeast-
ward, away from a granite fault block at the mouth of Apache Canyon.

In the eastern division or Lockwood basin the deformation
is more acute and faulting has played a larger part. The majority
of structural features in this basin strike northessterly and are
of a compressional nature, although normal faulting has also
oecurred. North of Lockwood Vaelley a band of highly inclined
Tertiar:,; rocks is separated by faults from the valley and from the
Mount Pinos erystalline mass.

The pre-Monterey rocks which are faulted wp to the south
of the Miocene strata are strongly folded. Pine lowntain is an
anticlinal feature, the south limb of which appears to have been

dropped down by a fault.
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wegstern Basin

The San Andreas rift traverses the area immediately to
the northeast of the divide between the Cuyama basin and San
Joaguin Valley. The Miocene strata adjacent to the rift are
severely crumpled. Farther to the southwest in ‘matal Canyon
the shattered szone is followed by a series of open folds striking
parallel to the rift {see Section 0~P).

On the north side of Guatal Canyon a fault extending
about five miles in a northwest-southeasterly direction may be
responsible for the presence at the surface of a small block of
granite (Fig. 16). The fault plane dips about 70° ¥. and the
granlite is on the south side which would suggest a normal faunlt.
However, the mctual fault displacement seems 1o have been negligible
compared to the amount of crushing which has taken place., The
fault apparently becomes a syncline a short distanee to the east,
Furthermore, an acute anticline parallels the fault on each side
at a distance of two or three hundred feet. This indicates that
the syncline was closely folded before the break occurred.

Farther south open folding prevails (Fig. 17) for eight
or ten miles, the most conspicuous feature being the broad Cuyama
syncline, The axis of this fold is the center-line for the structure
of the basin. Along s major part of the line the Tertiary strata
are mpre'depreased than at any other place in the area (Section O-P),.
then projected northwestward the axis of the Cuyama syncline nearly

coincides with the center-line of the wide porition of Cuyama Valley.
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This feet led English to the coamclusion that the greater part of
Cuyama Valley is of synclinal origin.

To the south of the Cuyama syncline and about four miles
above the mouth of Apache Canyon a small normasl fault has had
approximately 200 feet displacement, the south block having dropped
relative to the north. The fault occurs at the crest of an anticline
vhieh two miles farther east is unfractured. Between this dis-
location and the granite fault dlock at the mouth of ApachevCanyun
the beds are gently folded. The fault bounding the north and east
gides of the granite is steep and apparently reverse; the east~
ward contimuation between sedimentary rocks has a dip of 65° Se
and is reverse (see Section N~0-P}, Less than a mile and a half
to the east of the granite this fault changes to an anticline,

The southern margin of the crystalline block seems to be in fault
contact with the adjoining strata but the relation is not clearly
shown,

The Cuyama famlt in the southern part of the aresa is
one of the important structural features in the regiomn. This
fault forms the southern boundary for Xiocens rocks for several
miles to the northwest. The trace of the fault within the area
is far from a straight line. From a southeasterly strike wp
Cuyama Valley it changes to east-west near Ogzena and then to
noriheast in Dry Canyon. Between Dry Canyon and Lockwood Valley
the faﬁlf trace outlines two salients in the older sedinentary
rocks and then extends southeast toward the erystalline mass in

that part of the area.
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Between the old Czens postoffice and Iry Canyon the
Cuyams fault is obagured beneath a covering of alluvium. Its
attitude in that vicinity is indicated by the steep southwest
dip of the Hocene strata a few feet from the contact, sugcesting
a reverse fault. East of Dry Canyon the fault has a dip of 80° s.
and is clearly reverse as indicated by draz folds (Section L-}).

The Tocene and Cretaceous{?} rocks in the southern part
of the area are acutely folded although only three or four
gtructural axes are present. A4 considerable thickness of rock
is involved in the folding., The northerly syncline which crossecs
the upper part of Alamo Creeck dies out westward with the anticline
{0 the south. Reyes syncline at the foot of Pine llountain is more
persistent and can dbe traced several miles in either direction
from the area mapped. The sirata in the south limbd of this syncline
form the north slopes of Pine Mountain. it the top of Reyes Peak
the strata become more nearly level and south dips can be seen on
the south gide of the ridge., The south limbk of this anticline is
believed to have been faulted down,

In the vicinity of Dry Ceryon a transition from the open
folding characteristic of the Cuyama basin to the more acute folds
and faults of the eastern basin occurs. The folds along the west
side of ir; Canyon (Section I~¥ and Pig. 9) plunge westward,
including the Cuyama syncline, exposing lower };eds toward the divide
between the tvo basins. The s&brupt rise of the axes eastward

indicates pronounced uplift or bdulging in the region of the divide.

~



The east-weat otriking folds lose their identity in the westerly
dip on the west side of the dome-like area. The stracture how-
ever is not 28 simnle a3 a dome, dut involves acute foldins and

thrust fanlting (Sections I-J, J'-K, and 0-H, alsec Fig. 7).

Eastern Basin

The most hishly compresszed zone in the area is the three
miles of Tertiary strata between the most southerly part of lount
Pinos and the salient of pre-iiiocene rocks northwest of San
tnillermo Peak. The deformation 1llustrated in Section P-G~H was
taken near the dlvide between Lockwood and Cuyama Valleys.

Bounding Yount Pinos granite on the south, the Cimla
Vista fault (Fig. 18) can be traced from the divide west of
Lockwood Valley in a N.E.D. direction almost to the Lan Andreas
rift which it probably Jjoins. The fault is normal with a south
dip of 70° to 80° and has had total displaceoment of several
thousand feet as indicated by the helght of ount Pinos. The
strata between the granite and s fault which eresses Torih Torx
avout one-half nile adove its wmouth are highly inclined with
variable dips.

The firat recosnized foult to the south of the Chmla
Tiste falt can be traced from an acutel; folded sym2line in the
basin of .fagon Hoad Canyon {Fire 7} through vhat appears to be 8

thrust on the divide to0 a nearly vertical fault in “Uddle Fork
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Canyone. The abbve synecline tc the west of the divide iz broad and
open near Dry Canyon, but is acutely folded in the vicinity of the
divide. 3Between the point of fracture znd Forth Pork the beds

on the north side of the fault are overturned (Fis. 7). East of
¥iddle Pork the struciure spparently continues on as a syncline

as far as Cuddy Valley.

Lockwood fault which bounds Lockwood Valley on the
northwest extends from the Coyama fault at the divide between Dry
and Vagon Road Canyons to Cuddy Valley. The rocks alang the north
slde of Lockwood fault belong either to the Dry Canyor member or
earller formations and those along the couth side are (uatal
sandstone or later strata, 'The displacement may have been as much
as 7,000 feet in some places as showm by the adjacent position of
(matal sandstone and Hocene{?] strata in Bitter Creek. The attitude
of Lockwood fault is not known. Observations made at the mouths
of several canyons indicate that it rmay be nearly vertical., On the
divide»west of Lockrood Talley the attitude of the heds on the
north ané south side of the fault suggeste that it is reverse (north
aiple

T™wo smaller famlltes to the south of Lockwood fault on the
divide are slso reverse. Between these and the Cuyama frult at
the head of 7agon Road Canyon the i'iocene strata have been rather
strongiy folded, as shown In the viecinity of G in Jection P-G-H,
Parther east in the central part of Lockwood Valley felding is

pronounced but not as acute {see Section D-F).



Boundirng the soutli oile of Leclwood Valley, San
Tuillerno favlt erxiends Tfrom Cuyare fault rortheast and eastward
into the aljeinin; srea of the Tejonm cuairangle. The surface of
contzet 1s exposed in seversl places eust of Griffin (Snedden's
Zanch) and clearly indicates a normmel fault. Heasuremenis of the
aip vary from 48° to 80° ¥., 65% to 70° veing most frecuent
(Seetions i-B and D=E]. The displacement is unknouvrn; upper

.

Flocane streta are placed aljacent to the crystalline Lasement,

Matau Tault, extending sovutheast from the old eropicn
srface south of Lockwood Valley, xzay be a comlinuation of
- Cuyame Tauwll, It can be traced as far soull as ot Ipring Cenyon
near Jdespe (reek, probably farther. The attitude ol fhe favlt
plang has not been cbserved but it is appareatly guite steop.
tntean fault has haa a resuliant displacencut opposite to 1uat of
Cuyaca feult. The fomner las placed saxl; Teriiary or Cretacecus
rocLs on the southwesh ageinst granite, wereas along ihe worih
side of Cuyaun faulil the strata are of idocene sgc.

Turust fauliing in which crysialline rocks ride over
Jerilary sedicents is recognised in two different paris of the
area, on ihe south side of Frasier .ountain and at the west end
of lount vinose o Frazier lounisin the guariz diorite poryhyry
and granite cowplex nas been thrusi south 01: soulneast over Leds
of upper kiocene age. imneciately svove tue plane ot tihrusting
tue crystalline rock is bauly shatiered for ten or tweuiy ieel
but the underlying sirats are relatively uwnafiecied. Ailong ihe

most southerly part of the mountain the thrust$ plane dips



northvard at an engle of 109 4o 20° {rcction A-~3-0). The scuth
end of the woper dloel 1o separated by only & fev andred Test
fron the eame kind of rochks vhich have been wpliftel slong the
Yen tuillermo fenlt. 21 the west end of Trarzler Yountalin the
contact between basement end IMiocene is a reverse fault having
a dip of 50° to 60° under the crystalline mass. A& srmall scction
of the contact Tetweer the western syiremiiy of the thrust and

south end cf the reverse fault is obscured by tulus and terrace

Torust fanlting recormined 8t the west and of "oont
Tinos hes heen eypoced thronsh tealiwmrd srosion im tuedal Carvon
(Tice 200, e half mile trace shown cu the va> iz the enly
locality where the Uhrost hos beon seen.e Tt the zorih and south
it iz nidden Y the old wesa covering and Uy more recent tulus.
Trhe extent of the fould is not browne It L net Deen reccguniszed
ir the st:ucturas rorth of Leckused Villey {lection Z-D}. The
grarite there ic 11 ited gonilanrd by & noroel Fault. The thrust
is believed %o axist benesath grarvite olong the seuthvest peri of the
pevntain north of Dry Canyon. This is suggested by the proxisity
of the thrust exposure and the naiure of the folding ir virats

-

1o the zouvthe. The scuti linbe of the anticlines exposed on the

- & e LT K ~ % TR S 2 5
wesl gide of Sry fanyon sre mach sitespgr than The north (fusticn L=-¥),

sresunably due to & tungential clheering force from tlo north as in

cazes of step folding.
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2t least two faalte vwith cerizontal ‘lucesent radiate
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from rourt I'inos and cffeset the northeast-southwest structures
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along the south [ladk of the wwuntaln. Uhelr disploceucat is

sreatest st the Chale Viste foolt Uit decrcases toward the valley
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aisplacsrient way bo &s great as 1000 feet bDut nesr the mouth of
the creex Locimeed Jaouwlt iz only coifset 200-300 feet, indicating

srester coupression in the western blocke e £ Gale {1914, vi. IX)
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Summary and Conclusions

Jue slruciursl aixes in the Cuyawe basin are Tor the most
part yarallel to tie San ludreas riit, bul in the viciniiy of
Lount Tines they ave arranged eliber concerniric or radial to iis

~
crygtalline nasy (veo ameple Yiw folding aund fauliing in 1he basin

seqluents, ays illustraied in e cross-sociions, cleurly siow

cunsgiderable tangential sboriening of i crust In ilis resion.



Compression in the Cuyama basin is perpendicular to the rift,
but in the central part of the arsa and in the eastern besin the
shortening has taken place in a direction radisl to licunt Pinos.
The major structures in Cuyama Valley as the Cuyama syncline,
Cuyama fault and the Pine Mountain-San Rafael uplift are probably
related to coast range deformation. The more local folds and
faults appear to be sccessory features, in many cases resulting
from forces associated with rift activity.

The structural pattern and the directions of crustal
shortening in the basin region adjacent to Hount Pinos strongly
indicate that the compression and distortion was due to the
relative movement of the more competent masses, The liount Pinos
block has acted as an obtuse wedge in transmitting pressures to
the basin sediments, The Pine ilountain block and the crystalline
mass in the scuthesstern part of the area have acted g3 dbulwarks
acainst which the basin rocks have been shoved. The more acute
deformation close to liount Pinos compared with the broader folds
farther away [Sections D~E, F=G-H, and L-}) further indicate
that the forces came from the north through iount Pinos.

Pressure from the north has affected the rocks dif=-
ferently over the area. At the west end of liount Pinos ridge
shortening is expressed in thrust faulting (Section L-}, but
the eastern and ceq?ral part of the mountain mass have crumpled
the basin sediments in the movement (Section F-G~H]. Still
farther east at Trazier Mountain the compression is again taken

up in thrust faulting (Section A-B-C).



The conclusion that the forces which deformed the
strata south of llount Pinos came from the north is important in
view of observations by H. W. Hoots (1930) on the structure norsh
of San Andreas rift. Hoots considers that forces which affected
the strats to the norih came from the south. These conclusions
indicate that the structures resulting from pressures trans-
mitted by llount Pinos are related to the rift,.

The origin or cause for such forces, as suggested by
ir. J., P, Buwalda for the case of Fraszier liountain, may 1ie in
the irregulariiy of the rift in this vicinity. The decided change
in the strike of the rift from southeast in the NicKitirick
guadrangle to nearly east-west between Liount Pinos and San Emigdio
Lountain would involve merked difficulties in the event of horizontal

displacement.



GECYICRPHOLOGY
Terraces and Liesas

The rmumerous mesa remnants and the general conformity
of ridge heights over a large part of the Cuyama basin show beyond
guestion the former existence of an extensive surface having
considerably less relief than is present in the basin now. The
contimuity of the surfaces around Mount Finos from Apache Potrero
north of tuatal Canyon to the suwrface between Seymour and Bitier
Creeks north of Lockwood Valley is quite evident (see map). The
continmiation of the surface across the head of Ury Canyon is il-
lustrated in figure 8,

The well preserved table south of Lockwood Valley (Fig. 22)
has about the same elevation as those around ¥ount Pinos. The
former coextension of this mesa with those to the north is highly
probable. Their contimity is suggested on the divide west of
Lockwood Valley along which small remmants are distributed at an
elevation near 6000 feet. Both surfaces extend across soft ter-
restrial ¥iocene strata, hence it is not likely that one would
have been preserved during the subsecuent development of the other
if thelr ages were different.

The conformation of these mesa remnants is decidedly
suggestive of the physiography of this early land surface. The
slope of the land was in a general direction similar to that of
to~day. The surface was roughly 500 feet above the present wvalley

floors in most parts of the reglon. Observations from these mesa
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remmants in various parts of the aren show that the present
velleys and many of the canyons had their positicns defined on
this 0ld land level. Tvidence supprorting this conclusion is
found in superimposed streams which will be discussed in ihe
section devoted to stiream features,

In the Uagon Road Canyon region between Lockwood Valley
and Dry Canyon the elevation of the mesa remnants above the canyon
floor in most cases greatly exceeds 500 feet. The mesa south of
Lockwood Valley at an average slevation of 500 feet above the
valley rises at its western extremity to the top of San Guillermo
Peak which reaches an elevation of about 700 feet above the mesa,.
On the western side the peak {Fig. 5) is 1500 feet above the bed
of the canyon at its foot, The topography c¢f this surface
indicates that San Guillermo Pesk was in Pleistocene as now on
the divide between the sast and west drainage.

Similarly, the peak (elev, 6675 feet) (Figs. 15 and 21)
between liorth Fork Creek and Dry Canyon is 1300 feet above a pard
of wagon Road Canyon and iz a hizgh point for ihe surrounding mesa
remnants. Presumably this peak and San Guillermo Fesk were united
by a ridge or series of peaks across the intervening now highly
dissected basin {Figs. 7 and 21). The ridge is considered to have
been somewhat west of the existing divide inasrmch as erosion is
much more aqﬁive on the west side, due to steeper siream gradients
and lower base level.

The terraces formed in Cuyama and Lockwood Valleys

gsubsecuent to the mesa surface are at more than one elevation above



the valley floor. The most conspicuous set of terraces occurs

at a helght of approximately 100 feet above the present siream
beds. The similar development and preservation of terraces at this
level 1In both the eastern and western basins suggests an ecuivalent
age. A later level is well represented around the mouth of several
of the canyons opening into Cuymsms Valley fartrer to the northwest,
These terraces vary from ten to twenty feet above the stream beds.
The latest terrace features are culte recent and make up the

larger pert of the valley floors. learly all of the strear beds

in valleys and canyons are incised from two to four feet below

the main part of the alluvial surface,

Strearn Features

The siream pattern and history is closely related to
the original configuration of the old jand surface discussed above.
The position of the major portion of most of the large canyons
wag defined on this surface, kany of thelcanyons have subsecuently
enlarged their basins by headwsrd erosion and perhaps in a few
cases through piracy. uatal Creek has enlarged ite basin in the
upper portion by headward erosion and at the same time robbed
Apache Canyon of a part of its original upland basin. Evidence
for this lies in the south slope of the mesa remnant between Apache
and uatal Canyons. 7The surface of this mesa has no drainage into

unatal Canyon. Several of the tributaries to spache Canyon end
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northward in & wind gap on the divide between the basins. The
greater erosion in ‘natal Canyon is due to the shcrter stresm
route, hence a steepcr sverage gradient, and to the presence of
more easily eroded sediments.

The beadward erosion in Dry Canyon has been going on
rapidly due to the character of the strata in the upper part of
its basine Dry Canyon is about to capiure a nortion of the head=
waters of iApache Cunyon near the northern end of the former. Wagon
Road Canyon between Dry Canyon and Lockwood Valley has succesded
in cutting domm the originslly high country between the two nmajor
basins and through headward erosionm has moved the divide farther
east, Evidence for thias is present in the wind zaps along the
divide at the heads of short but rather prominent canyons on
the Lockwood side. Two such canyons whose mouths meet at the
lower end of Rorth Fork Creek when followed upward rise gradually
to the geap where they terminate abruptly in a steep slope dowm
into wagon Road basin. A similar, but less pronounced case occurs
at the head of Wagon Road Canyomn where the old abandoned road
between Lockwood and Cuyama Valleys crosses the divide.

Hany of the canyons in the earlier sedimentary rocks
south of Cuyama and Loclwood basins are of subsecuent origin in
that they follow the strike of the softer shale hLorizens., This
is particularly noticeable in ihe upper parts of Reyes and Bearirap
Crecks. These creeks are largely guided by the soft shale core of
a close folded syncline. Iiost of the soutlierly tributaries of

Wagon Road Creek flow between strike ridges,
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Lockwoed Valley ie bounded ir part dy structural features
ut owes its present shape eatirely {o differentizl erosion. It
formerly extended at a higher level to the north and ccutlh over
harder rocks, butb its’preseﬂt‘pattern iz due to rejuvenated stream
action and the relative hardness and sofiness of rocks.

The conclusion that the physiography of the fbrmer land
surface &efined the present siream paitern is substantiated by
evidence for the superimposad charscter of meny of the canyons.
Fearly all of ths erceks in the southeastern part of the area flow
toward & rugged crystalline mass; a more direct route would have
been west and south to Sespe Creeks, Piru, intau, and Lockwood
Creeks enter sorges from soft sedimentary formations, unite and
flow eastward across the nass and out into sedimentary rocks in
the area of the Tejon cuadrangle., A smal]l iributary to Lockwood
Creck just soutb of Lockwood Valley flows parallel to the granite
sedimentary contact jJust within the crystallins areaAfor & distance
of about four miles. Firacy from the north is luminent in several
places along its course.

The superimposed charascter of canyons in the Cayama
basin is illustrated in several places. The upper part of wagon
Ropd Canyon is expanded in an area of soft iliocene rocks where
headward erosion is probably largely responsible for its position
as previously discussed., Farther west the lower part of the canyon
enters harder Eocene and Cretaceous({?) rocks instead of following

the softer beds or possibly the shattered contact between them.
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Subseguent streans followinz the faumlt zone nay have decapitated
sone tributaries which orininally flowed across the contact at a
hisgher elevation. The alismment of snall eanyons sugeests auch a
hizstory.

The upper part of Cuyama Valley in general follows the
Eccene-ifiocene contact for about twelve miles, but in two instances
it cuts throush harder rock rather than the fawlt zome or Miccene
rocks, Near Ozena (Wagy Ranch) the fault contaet is found high
up on the ncrthenst cliff cof the canyon. The second and more
strikine case oscurs at the mouth of Apache Canyon. The latter
tributary and Cuyama Tallsy join in ihe western part of a small
area of zranite. Apache Creek enmters the block from the eastern
side, flows sacross iis widest part through a relatively narrow
gorge, and joins Cuyame River as it passes through a part of the
block. This is clearly due to superposition from the 0ld land
sarface. A more conformable position for Cuyama River would have
been a few hundred feet farther west in the fault zane.betwaen the

granite and Bocens shala,

' Badlands

The development of typical badlands in the ares I1s
restricted to exposures of serrestrial deposits occurring in the
middle and lower pari of the Miocene series (Figs. 7, 9, 10 and 11),

A rugzed relief simlating badland physiograpiy is present In the
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Boecene and Cretaceous(?) rocks in the southern part of the region
{Figs. 2 and 3). Although steep and highly dissected the exposures
do not show the fluted and pinnacle structure characteristisc of
(uatal sandstone (compare Figs. 4 and 10). The badland physiography
developed in the terrestrial portions of the ilocene rocks is in
marked comirast to the relatively smooth surfaces typical of the
marine strata higher in the sequence {compare Figs. 7, 10 and 11
with 12 and 15, also lower and upper parts of Fig. 8),

The association of the two types of physiographie expression
represented by the different parte of the Hloocene series shows that
one 1s not developed in a more arid or more humid condition than the
other {the semi-arid ¢limate of this area is indicated by the

 vegetation in Figs. 8 and 11). It is evident that the difference
is due to 1ithology. The heterogeneous unsorted character of
terrestrial deposits in which soms constituents may be more soluble
than others lends itself readily to the formation of badlands through
the selective action of rain wash, Places where soluble or softer
parts are exposed become dissolved or washed out. Immediately
adjacent places, perhaps protected by a few coarser fragments, are
‘preserved and nay eventually become pinnacles. In better sorted
marine deposits the more soluble constituents are elther absent or
perbaps uniformly distributed. The sorting tends to desiroy to a
certain extent the selective action of rain wash. Consecuently the
presence of badlands of the type described above 1s good evidence

for a terrestrial origin of dbeds.



Pault Line Scarps and Fault Scarps

Scarps along faults occur in several places in the
region and in many instances it can be shown that they are
erosional featurea.. The granite block at the mouth of Aipache
Canyon has a scarp along its south face which is not due to
recent movement inasmmch as the top of the block conforms to the
early Guaternmary land surface and two canyons have been super-
imposed on it.

The most striking exampies of fault line scarps are
found in the southeastern part of the area, The scarp along
San Guillermo fault southeast of Lockwood Valley rises about
500 feet above the valley between lLockwood and San Guillermo
Creeks. Uith the exception of a few old peaks the upper surface
of the crystalline dlock conforms with the elevation of the old
land surface, in fact mess remmants can be iraced from one block
to the other. Furthermore, Lockwood Creek flows from the lower
block to a garge in the higéer. If the scarp were due to recent
faulting and not differential erosion it would be expected that
the drainage would be in the reverse direction, unless lLockwood
Creek 1s an antecedent stream. There is no evidence to show that
Lockwood Creek is antecedent and mmch to show that it is super~
impoged. The latter has been previously discussed.

The scarp along the southwest margin of the crystalline
block south of Lockwood Valley is similarly erossed by streams

flowing toward the erystalline block. If the scarp were raised
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across thelr paths ifatau Creek would never have followed it
present course. Iutau Creek is a relatively weak tributary to
Pirw and enters the crystalline mass a short distance south of
the Piru gorge and joins 1t about two miles down stream.
Furthermore, the mesa surface eéxtending over the crystalline
and Lockwood blocks also continmes over this southwesterly
bleck without dislocation at the fault.

The evidenoe used to show that the above searps are
fault line chrps may be summarized as follows: 1) The top of
the higher block 1s a part of an old surface which extends
across the fault in one or mnre‘places witﬁgut dislocation,

2) The atreams invariably flow from the lower to the higher bloek
by entering gorges. 3} The streams are superimposed. 4} The
higher block is the more resistant.

The searps along the faults bounding Mount FPines and
Prazier Hountain cannot be classed as fanlt line scarps or
erosional features om the basis of the preeceding evidence., They
project above the mesa level aﬁd all drainage is toward the
lower blocks, Their streams are probably all cousequent and
subsecuent, not superimposed. There is evidence along the Chula
Vista fault south of lount Pi;ns that the scarp may be in part
a fault scarp. Each of the three streams, Bititer Creek, Middle
Fork, aﬁﬁ North Fork, on the south flank of Mount Pinos have high,
sharply defined falls at the fault contact (Fig. 19). However, it
would be difficult to say that these are due to faulting and not

to differentisl erosion.



Summary of Physiographie History

Although the Cuyama River shows in a few cases that its
pattern was inherited from the early mesa surface its position
near the contact between iliocene and older rocks for many miles
to the northwest indicates that its location was defined by
regional strueture earlier than the development of the mesa.

Other indications of the nature of the physiography previous to
the mesa surface are scarce. It is probable, however, that the
high and low aress were defingd at a very early period. The
Cuyama formation of Pliocene{?) age is considered by English to
have been deposited over a little broader area than the present
Cuyama Valley, but the basin was roughly defined at that time,

Erosion which followed the deposition of the Cuyama
formation developed the mesa surface discussed in earlier
parsgraphs. The topography at that time was not a level plain
and most of the present canyons inherited their pattern from the
irregularity of this surface. Hejuvenation of the streams, prodably
through regional uplift, esused them to become deeply incised,
and several streams flowling in softer material than others have
enlarged their basins at the expense of adjacent canyons, That
uplift has not been steady is indicated by the terraces preserved
on the sides of the valleys.

Leckwood Valley, bounded by feults and high masses along
most of its periphery, sirikingly simmlates a structural depression
but its physiographic development has been almost entirely erosional

since the rejuvenation of stream activity on the mesa surface.
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Further changes in the physiography are imminent
provided the cycle is not interrupted through diastrophism.
Tose streams such as Sespe and Cuyame which have their upper
courses exclusively in sedimentary materials are making rapid
atrides toward the capture of headwatiers of Piru Creek,

Piru, Mutaun, and Lockwood Creeks are handicapped in their rate

of downcutting by crossing an aresa of hard crystalline rock.
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GEOLGGIC HISTORY

Sedimentation

The early history of the reglon is very obdscure and
the few events recorded are poorly dated. The time relastion
botwgen the guartsz diorite porphyry intrusion and the deposition
of the early MHesosols or Paleeosolc limestones and shales in
indefinite. Both, however, bave been intrudsd by granite wl;ich ‘
We A. English considered to be of Jurassic age.

The pest-Jurassic history of the region may de sum-
marized as followss The Eocsme and Uretaceons{?) seas were very
extensive and probadly covered the whole of this ares, slthough
there are brackish water phases in the sequence. Not umtil near
the top of the series north of Lockwood Valley is there any
evidence of an emergent land mass in the vicinity of Mount Pinos.
At that horizom there are two well indurated reefs of granitic
arkeose, very similar to the present material on Nount Pinmos. It
i3 not certain vhether this upper series of sirata between
recognized Eccens beds and Hiocene lava is of Eocene or Oligocene
age.

The Kiocene sequence as recognised in this area was
initiated by basaltic lava extrusions wiih intervening pericds of
arid desiccation which have resulted ia the colemanite deposits.
During the heavy terresirial sedimentation that follewed therse is
good evidence for a mountainous mase of bold rellef near the site

of Mount Pinos, or possibly Lockwood Valley. This mass contributed



to the accumulation cuarts dierite porphyry as well as granite
doulders, such a8 are now baing deposited near Frasler Mountain,
Later in Nonterey time the deposition of quardz diorite porphyry
boulders ceased, the acowmlation became {iner and was spread
over larger areas, perhaps covering much of the territory now
ooccupied by spystalline rocks, Dagradation and £illing contimed
into the upper Kievens, at whlch time the sea inveded at least
the western part of the region. This apparently represents the
first and last marine deposition sinse the Locwns,

After the Xiccens the entire region was 1ifted above
ses level, extensively folded and faulted. The dasin areas wers
veveled and ecovered with a mantle of debris dorived in part from
erystalline areas and in part from the underlying bdeds. Further
aplifts n}uwmmlm-iu setion and the prescnt oysle was
evolved, The later physfographic history has been cutlined on
precediag pages.

Plastrophiom

The posi-iiiocens diasirophic history has been very
complicated, but spparentily three periods of faulting can be
discerned, which may greatly overlap. One period was that in
which Hount Pinos and the crystalline mass southeast of leckwood
Valley were elevated by high sgle normal fauliing, perhaps by
radial forces., A perisd of compression tock place during which
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the basin sediments were folded and faulted. In the viecinity of
Hount Pin_ea the strats were hichly deformed dy forces recognised
as coming from the north. The third was that during which the
previcusly developed struciures were offset by fanlts with
horizontal displacement, end was prodably associated with setivity
on the San Andreas rift.

The order of the first 4wo perieds is not certain, but
the erumpling in sedimenis morth and west of Leckwood Valley suggests
the presence of a cempetent mass at the site of Hount Pinos., How-
ever, this mountain may have been further uplifted since compres-
sional forces beeams sctive, The thrust faultisg which unmistaksbly
occurs in Frazier Mountain and in the western part of Mount Pinos
may be aspociated with the third period of horizontal fracturing,
or may well have originated during the intense crumpling of the
hasin\sgﬁimts. It is apparent from the relative shortening of
the blocks adjacent to the faults with horizontal displacement

that compression contimmed inte the third pericd.



ECORQMIC RESOURCES

Various kinds of mining have been undertaken in the area
investigated, but 1ittle 18 being done at the present time. Past
and present operations include the mining of gold, antimony, borax,
and olay, and drilling for oil.

The gold mining {n Ventura County hasz been confined %o
tha reglon of the upper Piru drainage basin in the vicinity of
Frazier and Alamo Mountains and the crystalline area to ths south
of Leckwood Valley. Gold has been obtained both from fissure
veins ang placers. Vein mining began adout in 1867 at the Frazier
¥ine and since that time a mumber of different propertiies have deen
operated. A production of about §1,000,000 is reported for the
Fragier Mine but 1t has mot operated since 1895, XMianing in the
distriet has been imtermittent but development work has contimmed
into recent years. 7The veins are prineipally assoclated with the
more shattered portions of the guarts diorite perphyry of Frasier
¥ountain.

Placer mining has bdeen garried on in the gravels of the
stream deds on the west end of Prasier Hountain and partieunlarly
in the terraces from San Guillerms Creek io Lockwood Creek on the
southeast side of Lockwood Valley. The depesitis detween Lockwood
and San Guillermo Creeks are considered to bde the first worked
placers in the stats (Pairbanks, 1894, p. 494; see xlso gold rescurces
of Ventura County in varicus ammal reporis of the State
¥inersalogist). The depesiis vere discovered in 1841 by Andres
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Castillere, and in 1842 gold was shippod from here to the mint
in Fhilsdelphia. Sluicing and rocking has gone on intermittently
for many years dut nothing 1s being doms at the present time.

m'mmmihﬂm:miuwiat&
erystalline complex mta of the rift in the t.teiﬁitx of -
San Emigdio Eonnsuia and mtm Peak, The depoaits were sup~
posedly worked by the Padres during the missionary peried (ses
324, 10%h, and 14%h Anncal Reports of State Mining Buresu). The
localities were respensd in 1876 and the ore obtained was crushed,
congentyrated and aﬁltca tn San mo Canyon below the mines,
The ore is reported to contain 50-45% stidnite snd from
$4.00 to §16.00 of silver per tom. it intimony Peak the leagc
is aboatw eleven feet wide and has ;‘ mih—cmth trend, #I,n a
fair sised body of magnetite has deen reported in the vicinity
of the S:an Emigdic mines, The antimny depusits have mot been
worked for s number of yesrs Gue {0 li.w prices. California
antimony was revived during the Forld Ysr dut the production
again &tim at its close, due principally to the Chinese
output.

The colemanite depsaits on the north side of Lockwood
Valley were first discovered in 1638 and ere classed among the
few impertant dorax depesits of tﬁc United States., Three
mines were developed, the Prasier (Pig., 23], Russell (Fig. 24}
and Columbus properties, snd pré&mtﬁn which began in 1899
contirmed until 1907 and was resumed from 1911 to 1918,



Fige 23, TFrazier borax mine (abandoned) on north side
of Lockwood Valley. Colemanite was mined from lenses of limestons

and colemanite interbedded with basalt flows.

Fig. 24. RBussell borax mine {abandoned) on Seymour Creek.

Building in foreground is Stauffer



Transportation has been the chlef problem and is responsible
f@% the discontinnance of operatioms. The recent developmenst
in the ?iéizzﬁ.%g of Eramer on the lojave Deserd has resulied
in the discovery of the mimeral kernite whieh is of Ligher
cunlity than colema » te.

The griﬁ@igai socurrence of colemanite in leckweod
Valley is in association with limeslone lenses inmterbedded with
basaltic lave Tlows. Dorax sinerals are also found in the gyposume
bearing shales below and above the lava. The beds and flows
strike F.F.E. and ave highly folded and faunlted.

The presense of %E;é borax minerals in &ssmi&%i&a with

} %o Believe that

lava at Tirst led H. 5. Gale {1914, pp. 438443

the colemanite was dorived from the Ea*éa and ocourred ap o

paplegovent of the limestone. %. ¥. Foshag showed luter thel the

sament wes more likely in the reverse iiifw%i&ﬁ, and in cone-

roples

naetion with hie iovestigeition ot Eromey discovered that colemsnite
forns as an altevation from ulexite. Ulexite iz & produst of plays
iake desiccation, where the borax content of the playa may be
depived from wwleanic sprivgs.

Glay is being mined at the present time from & large
gzposure near the east end of Lockwood Velley. The material iz pard
of the basal mesmber of the Senta Hargarits. Excavation work bwe only
recently sterted ond consisis simply in operating s cable shovel
[see Filgu. 28 and 27} The elay is hauled by truek to poinis in

San Jeaguin Valley to be used as a rodary mud in drilling for oll.
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Pig. 25. O0il derrick Figs. 26 and 27, Clay
recently erecied in Lockwood nine at east end of Lockwood
Just south of the mouth Valley. Lockwood clay at
dle Fork Canyons base of argarita

formation.
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A fire-test has shown ihe clay to be a poor refractory material.

The oll prospecis of the Cnyama falley have already
been reported on by W. A. English (1916, p. 214) and considered
unfavorable. Tuwo wells drilled in the Cuyama basin te the weat
and northweat have been unsuccesgful. A well started near Ogzena
has bsen abandened, and another ia the hasin of the Piru wae
abandoned after the tools were lost.

A well is being drilled at the present time In Lockwood
Valley, in the southeast part of section 28, T. € K., R. 21 Vay
SeB.f. {Fiz. 25). The drilling has started near the top of a

conspicuons anticline,.
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