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ABSTRACT

A zone of active and potentially active reverse faults near
Oak View, Ca]jfornia indicates a need for a reevaluation of the
significance of the 0jai Valley to the tectonics of the Western
Transverse Ranges. The zone is more than 15 kilometers in length,
up to 7 kilometers wide, strikes approximately east-west, and
contains at least 7 mappable faults that cut terrace gravels of
late Pleistocene age. Individual faults are south-dipping and
displacements range from high angle reverse to thrust. The south-
side-up relative displacement is in marked contrast with the
seismically active San Cayetano and Red Mountain north-dipping
faults which bound the zone to the northeast and southwest
respectively.

The Red Mountain fault is interpreted to die-out to the east
in a set of tight overturned folds east of the Ventura River.
Crustal shortening between the San Cayetano fault which
apparently terminates to the west near 0jai and the Red Mountain
fault may be taken up in part by the newly identified zone of
south-dipping, south-side-up faults.

Geomorphic expression of faulting which suggests late Pleisto-
cene tectonism includes: 1) linear escarpments separating several
levels of the Oak View strath terrace (dated by radiocarbon at
39,360 + 2610 B.P.) along which faults crop out in several
exposures, faulting Miocene sedimentary rocks over 0Oak View
terrace gravels; and 2) tilted Qak View terrace surfaces with

sag ponds, internal drainage and possible drainage reversals.



Several active and potentially active faults near Oak View
show bedding-plane or flexural-slip that offset the Qak View
terrace as well as Holocene colluvium and soil. Faulted sur-
faces tilt toward the axis of an underlying synclinorium which
suggests that movement a1qng the bedding-plane faults is due to
folding of the syncline. Fault planes project along bedding
planes into the underlying synclinal trough region rather than
cut across the structure. Movement along bedding planes occurs
in part on incompetent bentonitic layers and apparently does not
extend downward into the basement complex. Thus, it is con-
cluded that movements along these faults (at Oak View) are only
capable of producing earthquakes of small magnitude. Since the
faults are several kilometers long and some of them are active
(cut Holocene material), according to published fault length-
magnitude earthquake relationships, they may be incorrectly
evaluated as capable of producing earthquakes of moderate to
large magnitude. However, several kilometers to the east, the
faults apparently coalesce and probably are capable of producing
larger earthquakes.

The Oak View faults do present a potential ground rupture
hazard. The displacement rate associated with the Qak View
flexural-slip faulting is estimated to be 3.5 mm per year during
the last 30 to 40 thousand years. Surface rupture may be intrin-
sically induced by compression associated with folding of the
bedrock, or sympathetically triggered by earthquakes along major
faults in the area such as the Lidn, Red Mountain or San Caye-
tano faults. Thus Ojai and nearby cities and towns are located
in a seismically active area and will remain subject to poten-

tially damaging seismic shaking. 1In addition, continued vertical



displacement along the flexural-slip faults is a potential
ground rupture hazard which may damage any structure or road
constructed across these faults. A potential landslide hazard
associated with unconsolidated terrace deposits along the fault
scarpslalso exists.

Pleistocene and Holocene alluvial fans on the north side of
the Santa Clara River Valley, California, are being actively
deformed in conjunction with active thrust faulting along the
San Cayetano fault. Several generations of alluvial fans in
Orcutt Canyon display tilting, faulting and uplift in proportion
to their relative ages as determined from soil profile develop-
ment. The oldést fan remnants are tilted to 17° with intrafan
fault offsets of up to 100 m, Present fans have slopes
of about 5.5° at the same proximity to the San Cayetano fault indicating
at least 11.5° of basinward tilting. Faulting of the fans occurs
both directly by the San Cayetano fault and by bedding plane
faults induced by regional north-south convergence.

In Orcutt Canyon, alluvial fans begin at the main fault
trace where bedrock is faulted up and eroded off, forming long,
narrow valley-fill fan deposits. These deposits are faulted by
flexural-slip induced bedding plane faults with scarps up to
100 mhigh in the oldest deposits. Moderate- to large-magnitude
earthquakes would only be expected to be generated along the
main San Cayetano fault zone which juxtaposes Eocene sandstones
and shales over early to mid-Pleistocene conglomerates. The
bedding plane faults probably only produce small-magnitude earth-

quakes as they do not extend to depths where larger earthquakes



are generated. They do, however, produce a potential ground
rupture hazard.

The San Cayetano fault is potentially active with both a
seismic shaking and ground rupture hazard; probably capable of
producing a San Fernando (1971) type earthquake of M6 to M7
(Yeats, Clark, Keller and Rockwell, in preparation). At Sisar
Canyon, the main trace of the San Cayetano fault is represented
by a 65 m scarp in mid to late Pleistocene alluvial fan deposits,
and at Bear Canyon alluvial fan deposits are being folded and
faulted by a strand of the fault. Estimated slip rates fqr the
fault vary from a maximum of 3.6 mm per year in the central
portion of the fault to a minimum of 0.66 mm per year toward
the the western terminus. These rates are compatible as dis-
placement per earthquake event as well as total displacement
should die out toward the end points of the fault.

Soils in the study area show a great range of variability
in profile characteristics and in apparent age. Nevertheless,
the older surfaces show stronger profile development and thus
a soil chronosequence exists. The soils range in age from
Holocene (Q]) to late Pleistocene (Q7). Two radiocarbon
used in conjunction with known deformation of geomorphic sur-
faces facilitate the assignment of tentative ages to the seven
members of the chronosequence, providing a tool to estimate
deformation rates associated with folding and faulting.

Based on soils correlation it is provisionally concluded

that the multiple terrace surfaces at different elevations in



the Oak View area are all tectonically segmented portions of the
Oak View terrace.

Palexeralfs (soils) in the study area, provided the radio-
carbon date for the Qak View terrace is correct, form in as short
a period as 20 to 30 thousand years, considerably faster than
rates estimated for similar soils in the California interior.
Fast rates of pedogenesis reflect texture and composition of the
parent material, increased weathering, acidic conditions, ero-
sional stability of the geomorphic surface, annual precipitation
pattern, downward flow of soil water, and eolian inputs of salts

and dust.
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INTRODUCTION

The Ventura basin is within the western Transverse Ranges
geologic province, an anomalous east-west trending topographic and
structural feature overprinted on the dominant, northwest-trending
structural grain of California. The basin has been extensively
studied by geologists in connection with exploration for petro-
leum. More recently it has aroused interest in connection with
neotectonics and earthquake hazard analysis. Studies by La Joie
and others (1979), Yeats (1977 and 1979) and this study indicate
that tectonic uplift in the area varies from about 1 to 10 mm per
year. Growing human development in the area warrants a detailed
study of the recent geologic history of active and potentially
active faults in the basin. This preliminary report addresses
this need through a tectonic geomorphology study along the north
side of the Ventura basin, extending from the Ventura River at
Oak View east to Sespe Creek at Fillmore (Fig. 1). This area
is characterized by many geomorphic surfaces such as alluvial
fans and stream terraces that have been faulted and/or tilted
(Fig. 2).

This report will first present a summary statement concern-
ing the earthquake hazard associated with the active and poten-
tially active faults that were investigated, as this is the
major objective of this study. Results will then be presented
from two specific field studies: 1) the Oak View area extending

along the Ventura River from Casitas Springs just south of Oak
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Santa T4 San Cayetano Fault
Paula Sespe Cr.

Explanation

®0oxnard 1 \
0 Skm fault
Tt

stream terrace:
tilted or warped

T¢ stream terrace:
faulted

AFs¢ alluvigl fan: faulted
AFy alluvial fan: tilted

Figure 2. Tilted and/or faulted geomorphic surfaces in

the Central Ventura basin.



View to 0jai; and 2) the San Cayetano fault from the Upper 0Ojai
Valley east to Sespe Creek at Fillmore. 1In addition, the pre-
liminary soils geomorphology that allowed for much of the in-
terpretation and chronology of deformation is presented.

A major purpose of this report is to present maps and a
detailed description of the two structurally complex field areas.
Particular attention is focused on geomorphic and structural
characteristics of two zones of active and/or potentially
active flexural-slip faulting: 1) a newly identified zone of
faulting that begins at the Ventura River near Oak View and
extends east-northeast toward the trace of the San Cayetano
fault in the bpper 0jai Valley (Fig. 3); and 2) a zone of fault-
ing located just south of the San Cayetano fault (Fig. 4).

EARTHQUAKE HAZARD: SUMMARY STATEMENT

This summary statement of the potential earthquake hazard
was developed with Robert Yeats and a paper, "Active Fault
Hazard: Ground Rupture vs. Seismic Shaking," by Yeats, Clark,
Keller and Rockwell is in preparation.

In an assessment of fault hazard, faults are presently
classified according to the recency of their movement with the
implicit assumption that the younger the earth materials off-
set by the fault, the more hazardous the fault is likely to be.
This assumption is challenged based on the hypothesis that there
exist three basic types of active faults that may be defined
in terms of the type of hazard presented: 1) faults with both
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Figure 4. Map of Orcutt and Timber Canyons on the
north flank of the Santa Clara syncline.
Cross-section is shown on Figure 5.




/ 12

!
ground rupture and seismic shaking hazard; 2) faults with seis-

mic shaking but slight or no ground rupture; and 3) faults

with ground rupture but minor, if any, seismic shaking hazard.

FAULTS WITH GROUND RUPTURE AND SEISMIC SHAKING POTENTIAL

Faults of this type in the study area include the San
Cayetano and Red Mountain thrust faults. The San Cayetano fault
is a north-dipping thrust with up to 9,000 meters of apparent
vertical (north side up) stratigraphic separation. Fault
scarps and fault outcrops in alluvial fan and stream terrace
gravels suggest at least late Pleistocene activity. The fault
should be considered potentially active with both a seismic
shaking and ground rupture hazard; probably capable of producing
a San Fernando (1971) type earthquake of M6 to M7.

The Red Mountain fault is a north-dipping thrust that faults
Eocene to Miocene rocks southward over Pliocene and Pleistocene
rocks. The fault cuts Pleistocene and Holocene marine terraces
(La Joie and others, 1979) and has apparently produced nearly
4 mm/year differential movement from 1934 to 1968 (Buchanan-
Banks and others, 1975). The fault also has a known history of
microseismicity in the period 1970-1975 (Yerkes and Lee, 1979
and Yeats and others, in press), and thus is a candidate for
at least a San Fernando-type earthquake of M6 to M7. Therefore
the Red Mountain fault clearly presents both a seismic and

ground rupture hazard.
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FAULTS WITH GROUND RUPTURE BUT MINOR, IF ANY, SEISMIC SHAKING
POTENTIAL

Faults of Orcutt and Timber Canyons

East of Santa Paula Creek, a thick Pliocene-Pleistocene
sequence is folded into the asymmetric Santa Clara syncline, the
north flank of which is exposed in the low hills north of the
Santa Clara River (see Plate VIII). Long, narrow alluvial fans
of late Pleistocene to Holocene age unconformably overlie these
steeply dipping strata.

The fans are cut by at least eight nearly parallel faults
(Fig. 4 and Plate VIII), all of which have the south side up,

a sense of displacement opposite to that of the active San Caye-
tano fault to the north (Rockwell and Keller, 1980). The strike
of these faults is parallel to that of the underlying steeply
dipping strata so that displacement of these strata cannot be
measured in the bedrock at the surface except where overlain

by alluvial deposits. The faults have normal displacement where
bedding is overturned and reverse displacement where right side
up, indicating intrinsic control by the bedding dip. Data from
petroleum exploratory wells drilled in this area show that

these faults do not offset bedding at depth (Fig. 5). 1In addi-
tion to the faulting of the fan surfaces, which show greater
separation for older surfaces, they are tilted basinward, indi-
cating decreasing dip of the fault plane with depth in the same
sense as the bedding of the underlying strata. The amount of

tilting deformation, 1ike amount of separation, is dependent
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upon the age of the surface (Fig. 6). These faults are inter-
preted as bedding-plane faults which undergo displacement during
flexural-slip folding of the Santa Clara syncline.

We conclude that the faults of Orcutt and Timber Canyons
do not extend downward to rocks of such high shear strength that
they could store enough elastic strain energy to produce a damag-
ing earthquake when the strain energy is released instantaneously.
Continued north-south compression will accentuate the Santa
Clara syncline, resulting in additional bedding slip on these
faults and additional ground rupture. Accordingly, these faults
constitute a ground-rupture hazard but not a seismic shaking

hazard.

Faults of Oak View-0jai Area

At least seven recently identified faults cut Miocene strata
(Monterey and Rincon formations) and overlying Pleistocene ter-
races gravels and younger material in the Ventura River valley
between the towns of Oak View and Ojai (Clark and Keller, 1979,
1980; M. Clark, in progress) (Fig. 7; Plates I and II). These
faults strike northeast to east, parallel or nearly parallel to
bedding in the underlying Miocene formations on the complex
north 1imb of a large syncline (Fig. 3 and Plate VII). The
faults are located on a homoclinal sequence with older strata
cropping out to the north. The faults dip southeast to south
toward the axis of the syncline, show reversed displacement, and
are delineated by abrupt linear scarps that are several kilometers

long and locally 50 meters high.
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Pleistocene gravels of the Oak View surface cap much of the

area but are not shown on Figure 3 and Plate VII in order to em-
phasize the bedrock structure. These gravels were previously
known as the Oak View and older terraces (Putnam, 1942) and have
tentatively been correlated by soil profile development. That
is, the flight of terraces mapped by Putnam are reinterpreted to
be essentially the same surface with multiple offsets produced
by faulting. Plate V shows the probable extent of the Oak View
strath terrace as interpreted in this study. A radiocarbon date
at one site suggests the Oak View surface is approximately 40,000
years old (Clark and Keller, 1979 and 1980; M. Clark, in
progress).

Multiple vertical offsets as indicated by the large amounts
of displacement of the gravel have produced fault blocks that
are tilted southeast away from the Ventura River toward the syn-
clinal axis (Fig. 8), producing linear ponds, internal drainage
and drainage reversal (Clark and Keller, 1979). Tilting of the
terrace surface that overlies the fault blocks indicates that
the faults dip more gently with increasing depth, and that fault-
ing is the result of flexural-slip during folding.

Holocene soil and colluvium are offset by at least one of
the south-dipping thrusts near Devil's Gulch (Fig. 9), suggesting
that the faults associated with flexural-slip folding are very
young and should be considered active. Accordingly, these faults
have ground rupture potential, and in fact have produced at least

150 meters of vertical displacement in the last 40,000 years.
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However, because the faults are produced by flexural-slip during
folding and the fault planes apparently do not penetrate downward
to rocks of high strength, they have low potential for signifi-
cantly hazardous seismic shaking. Figure 10 contrasts deep
straight faults which may produce earthquakes with seismic shak-
ing and ground rupture hazard to faults with flexural-slip and
associated ground rupture.

It has been demonstrated that fault movement associated
with flexural-slip during folding can produce a good deal of
ground rupture. Unfortunately, we have no data concerning when
the rupture occurs. It seems reasonable to infer that surface
rupture may take place during a large magnitude earthquake along
a nearby master fault. Therefore, the hazard associated with
the ground rupture is a function of the earthquake activity of
nearby master faults and extrinsic seismic shaking will accompany
the surface rupture. It also seems reasonable that flexural-slip
faulting and ground rupture may be aseismic or accompanied by
only low-magnitude earthquakes. In this case, the surface rup-
ture would be an intrinsic consequence of local folding and up-
lift. 1In areas characterized by lower rates of uplift and folding
flexural-slip might still occur, but surface expression would be
more difficult to recognize. Thus, in evaluating the seismic
hazard of an area characterized by faulting associated with
flexural-slip it may be necessary to plan for occasional intrin-
sic slip with ground rupture but no seismic shaking as well as

extrinsic seismic shaking and sympathetic ground rupture. We
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conclude that the potential hazard produced by shaking may be no
greater or less at a particular site with or without the flexural-
slip faulting. However, the recognition of the additional sur-
face rupture hazard is important and should be considered in

land use planning.

OAK VIEW - OJAI AREA

The Ojai Valley is an intramountain basin within the Santa
Ynez Mountains and lies northeast and southwest, respectively,
of the terminations of the north-dipping, seismically active Red
Mountain and San Cayetano faults. Most of the geologic work
done in the area has been devoted to problems of geologic struc-
ture, stratigraphy and oil accumulations. One significant ex-
ception is W. C. Putnam's 1942 paper which describes the physiog-
raphy of various river and marine terraces (as he interpreted
them) and discusses the geomorphic development of the Ojai Valley.
California Division of Mines and Geology Preliminary Report
No. 14 contains a geologic map of the Ventura area that is a
compilation from several sources (Weber and others, 1973).

High altitude black and white photographs at a scale of
1:20,000 were studied as a preliminary step to fieldwork. The
principal method of study employed was field mapping. Other field
methods of investigation included: 1logging of trenches and road
cuts, describing and sampling soils in trenches, road cuts and

natural exposures. A total of eleven weeks was spent in the
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field investigation phase, which was conducted in the summer of

1979,

STRATIGRAPHY

PrerQuaternary stratigraphy of the area was not studied for
this réport because it 1s adequately described by earlier work-
ers. It is summarized because pre-Quaternary formations are
depicted on the accompanying maps and field recognition was
essential to mapping. A];o, many of the pre-Quaternary forma-
tions are important source rocks for the Quaternary units that
are described in this report. Plates III and IV present the
compiled stratigraphic columns of the Cenozoic and Quaternary
units encountered in the Ojai basin.

The Santa Ynez-Topatopa Mountains and adjacent lowlands
around Ojai are composed entirely of sedimentary rocks ranging
in age from Eocene to Recent (see Plate I). The Eocene is repre-
sented by a great thickness of clastic marine sediments. This
is overlain by a terrestrial and marine transgressional 0ligo-
cene rock assemblage. The Miocene and Early Pliocene(?) are
represented largely by siliceous organic marine sediments. Late
Pliocene and Pleistocene strata consist of shallow marine and
terrestrial clastic sediments. The exposed stratigraphic suc-
cession is nearly continuous from the crest of the mountains
north of 0jai to the ocean. This succession is overlain uncon-
formably by upper Pleistocene river gravel and fanglomerate

throughout the 0jai Valley and adjacent to the Ventura River.
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TERTIARY STRATIGRAPHY

Eocene

A continuously deposited sequence of marine sandstone and
shales of Eocene age, about 230 meters thick, makes up most of
the e&stern part of the Santa Ynez Range. Three formations have
been formally established in the sequence; they are, in chrono-
logic order: Matilija sandstone, Cozy Dell shale and Cold
Water sandstone (Kerr and Scheck, 1928; Vedder, 1973). Combined,
these three formations are responsible for the character of the
southern slope of the Santa Ynez Mountains. The lowermost Ter-
tiary formation in the area is the Juncal Formation, which ap-
parently is not represented in the terrace gravels in the 0Ojai

Valley.

Matilija Sandstone (Tma) (Marine): The Matilija Formation

conformably overlies the Juncal Formation. It consists of sand-
stone that is buff, dark gray, greenish gray-white and white,
thin-bedded to massive, locally cross-bedded, well indurated and
fine to medium grained. It is composed predominantly of well-
sorted, subangular to subrounded quartz and feldspar grains with
silica cement; calcareous cement occurs locally where fossils
are abundant. There are minor siltstone, mudstone and shale
interbeds within the formation. In the Ventura region the
Matilija sandstone is characteristically mottled pale green with
gray-white spots. This characteristic color pattern is retained

(although the colors fade) during the weathering process so that
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Matilija sandstone clasts are easily recognizable in the Quater-

nary deposits.

Cozy Dell Shale (Tcd) (Marine): The Cozy Dell shale con-

formably overlies the Matilija Formation, strikes east-west and
is overturned in the eastern Santa Ynez Range. It consists of
shale, predominantly argillaceous to silty and highly micaceous,
with lesser amounts of siltstone and mudstone. It is dark gray
and weathers brownish gray to olive gray. It is massive to lami-
nated, well indurated, Tocally fissile and readily disintegrates
into small sub-ellipsoidal to sub-platy fragments. Locally,
occasional beds of well indurated, gray-green sandstone occurs.
The rock of the Cozy Dell weathers rapidly and does not trans-
port far before it disintegrates. Consequently it is not found
in the old terrace gravel and is usually found in the modern

riverbed only as a pile of disintegrated spheroidal fragments.

Coldwater Sandstone (Tc) (Marine): The Coldwater formation

lies conformably above the Cozy Dell and forms the final unit in
the Eocene sequence of the Matilija overturn. It consists of
arkosic sandstone, gray to white, that weathers white or red-
brown. It is thin to thick bedded, locally cross-bedded, well
indurated, fine to coarse-grained with grains that are sub-
angular to angular and unsorted to sorted, cemented by calcareous
and clay cement. Varicolored siltstone and mudstone interbeds

are common. Oyster biostromes are common locally.
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Oligocene

Sespe Formation (TS) (Non-marine): The Sespe is the oldest

formation to crop out in the area mapped in the 0jai study area.
It probably underlies the 0jai Valley in a syncline (Putnam,
1937).. The anticlinal structure of Red and Black Mountains ex-
poses Sespe redbeds.

The formation consists of interbedded argillaceous to silty
shale, fine- to coarse-grained sandstone and conglomerate. The
rocks are red, maroon, brown-gray and green continental redbeds,
and are friable to well indurated. Most of the conglomerate is
poorly indurated, with well rounded clasts of volcanic granitic
and metamorphic rock and shale. On transport, the interstitial
matéria] dissolves, leaving behind characteristic igneous or
metamorphic clasts. The red color, imparted by impregnated iron
oxides, is retained in Sespe clasts in river gravel that makes

up Quaternary terrace deposits.

Vaqueros Sandstone (Tv) (Marine-transitional): The Vaqueros

sandstone is a distinctive ridge former that is conformably over-
lain by the less resistant Rincon shale. The Vaqueros crops out
2long an east-west trend in Lion Canyon, at Camp Comfort and west
of the Ventura River, then curves to the south to define the com-
posite syncline that underlies the 0jai study area. It has been
dated as Oligocene by Kleinpell and Weaver (1968). The marine

Vaqueros is made up predominantly of fine to coarse, generally

medium-grained sandstone with some claystone and siltstone. It
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is brown, green-brown, gray, white, and buff in color and is com-
posed of well-sorted quartz and a subordinate amount of feldspar
and scattered mafics cemented by abundant calcium carbonate. It
ranges from massive to locally cross-bedded, poorly to well in-
durated. Silty shale, limestone nodules and fossiliferous beds

are commonly interbedded.

Miocene

Rincon Shale (Tr) (Marine): The north escarpment of Sulphur

Mountain is made up of Rincon shale. The formation strikes about
east-west through the study area and underlies much of the Pleis-
tocene terrace deposits between 0jai and Oak View.

The formation is predominantly mudstone with some siltstone
and shale. Rocks are blue-gray to brown, usually finely lamin-
ated, argillaceous to silty with local and common 1light tan to
orange dolomitic limestone interbeds and concretions.

Joints are closely spaces (1-10 cm apart) and cut bedding
planes at nearly right angles. This unit is characterized by
close ellipsoidal or spheroidal fracturing. The clay-shale con-
tains fish scales, foraminifera, radiolaria and sponge spearles.
Minor sandstone intercalations occur throughout the section.
Within 5 meters of the contact with the overlying Monterey are

beds of weak bentonite that mark the contact (Kerr, 1931).

Monterey Shale (Tm) (Marine): This distinctive siliceous

shale is referred to as Modelo in the Ventura basin, by many

workers. However, it is indistinguishable from the Monterey
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formation in the Santa Barbara area and is therefore called Mon-
terey in this report, after the usage of Dibblee (1966). The
Monterey shale forms the crest of Sulphur Mountain from its wes-
tern extent, to the Santa Paula Creek to the east, and underlies
terrace gravels in the wedge that is formed by the Ventura River
and San Antonio Creek.

The formation consists predominantly of shale with some
siltstone and sandstone. It is gray, white and brown, thin-
bedded to finely laminated, siliceous, diatomaceous, cherty,
clayey, porcelaneous, generally fissile and compact to pinky.

The formation is split into two members based on a mappable change
in 1itho]ogicAcharacter. The lower Monterey shale is composed
predominantly of soft, fissle, pinky, organic shale, and a lesser
amount of interbedded compact siliceous shale, calcareous shale,

and thin limestone layers. Where fresh, the lower shale member

is finely laminated and dark brown. Where weathered, it is bleached
light buff to cream white. The pinky shale contains an abundance

of fish scales, test of foraminifera, diatoms and other micro-
scopic marine organisms.

The upper Monterey shale consists of hard, brittle, porcel-
aneous, siliceous shale that grades upward into less brittle,
semi-pinky, sometwhat silty siliceous shale. It is finely lamin-
ated and fractures along bedding planes into platy slabs from 1 cm
or less to 10 cm thick. Where fresh, the shale is dark brown;

but it bleaches light gray to white on the surface.
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Sisquoc Formation (Tsq) (Marine): The Sisquoc is the off-

shore equivalent, for the most part, of the Santa Margarite forma-
tion of the Sespe Creek area. Some of the literature, therefore,
refers to sections of the Sisquoc in the study area as "Santa
Margarita." However, the Santa Margarita is lithologically dif-
ferent, it is sandier and contains evaporate beds. Equivalent
rocks in the study area are lithologically identical to the Sis-
quoc of the Santa Maria and Santa Barbara areas. Use of the name
Sisquoc follows the usage of Dibblee (1966).

The Sisquoc consists of mudstone, shale and siltstone, it
is chocolate brown to black, massive to laminated, moderately
to poorly indﬁrated. Locally, minor sandstone interbeds are gray,
fine to medium grained, and range from several centimeters to
meters in thickness. Sandstone beds increase in thickness and

frequency upward in the formation.

Pliocene

Pico Formation (Tp) (Marine): The Pico formation crops out

along the gentle north escarpment of Sulphur Mountain.

The formation consists of interbedded siltstone, sandstone,
shale, mudstone and conglomerate. It is gray, blue-gray, tan
and brown. Fine-grained rocks are lamellar to thick-bedded,
fossiliferous, and commonly contain large amounts of expansive
clay. Sandstone and conglomerate units are generally poorly sorted
and are composed, in part, of reworked clasts of the Sespe forma-

tion.
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QUATERNARY

Criteria for recognizing Quaternary units varies from cri-
teria for older lithologic units. Where indurated rock has
formed, as in the Saugus formation, standard lithologic criteria
apply. However, the distinctions between, for example, older
alluvium and conglomerate or landslide may involve the present
landform proximity to canyons, rivers or scarps, shape in map
view, or presence or absence of bedding. In the case of Qot
(01d Terrace) and Qoa (01d Alluvium) described below, the units
grade imperceptibly into one another over several hundreds of

meters.

Pleistocene

Saugus Formation (Qs) (Non-marine): The Saugus formation

reportedly is exposed in the upper 0jai Valley (Bush, 1956) but
apparently does not crop out in the Ojai study area. It under-
lies the alluvium in the upper Ojai Valley, where it lies against
the Lion Fault (Bush, 1956).

The Saugus consists of pebbly, coarse sandstone and conglomer-
ate, and is poorly to well consolidated. The conglomerate is
composed of clasts of varying source terrain and includes a large
percentage of metamorphic and igneous rocks with a gray to black
sandy matrix. Lithology of clasts and matrix distinguishes the
Saugus from younger alluvium and terrace gravel in the 0jai

vicinity.
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Fanglomerate (Qf) (Subaerial): Alluvial fan material along

the northern border of the map area lies with sangular discor-
dance on the Sespe formation in the synclinal 0jai Valley. The
fanglomerate is several tens of meters in maximum thickness, per-
haps as much as 100 meters, although the depth is not known
exactI& in most places. It is brownish buff in color and is com-
posed of unsorted boulders, cobbles, pebbles of sandstone and
pebbles of shale, derived from the Eocene formations in the moun-
tains to the north. The clasts are embedded in a comminuted
sandy matrix of the same detritus. Some of the sandstone boul-
ders are as much as 2 meters in largest dimension.

The fans emerge from the mouths of Cozy Dell, McDonald,
Stewart, Gridley, Senor, Horn and Wilsie Canyons and appear to
be progressively younger, in that order. Relative age is inferred
from oxidation and weathering of clasts and degree of dissection
of the fans (Putnam, 1942). The fans are apparently undeformed,
but dissected to varying degrees as they are now above the base
level of the Ventura River. The fan between Stewart and McDonald
Canyons has been incised 170 meters so that the Sespe is exposed
beneath the gravel. Adjacent to the mountain, the fanglomerate
has very little if any bedding, but downslope it gradually be-

comes less coarse, somewhat sorted and crudely bedded.

01d Terrace (Qot) (Fluvial): The terrace gravel in the Ven-

tura River covers 10 to 15 square kilometers. The most complete

preservation of the 0jai terraces or surface is in the wedge
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south of 0jai between San Antonio Creek and the Ventura River
(see Plate 1). Putnam called the large terrace that underlies
the town of QOak View the "Oakview Terrace" and mapped it from
the mouth of the Ventura River at the Pacific Ocean discontinu-
ously to the 0jai Valley, where it merges with the valley alluv-
jum. There are, however, several preserved and isolated terrace
patches at various elevations (see Plate V) that, based on pre-
liminary soils work, are here inferred to be contemporaneous
with the "Oakview Terrace" of Putnam (1942). That is, the
flight of terraces that Putnam mapped north of the city of Oak
View are herein mapped as one terrace (separated by faults) and
referred to as the Oak View terrace. Additional soils work will
undoubtedly show that still other isolated erosion surfaces shown
on Plate V are also part of the Qak View terrace.

The gravel that makes up the terrace material forms a mantle
ranging in thickness from a veneer to several meters on the bev-
eled surface of underlying Tertiary formations and is derived
from the Oligocene and Eocene rocks to the north. The O0Oak View
surface is thus a strath terrace. The detritus is poorly to
moderately stratified, poorly sorted, unconsolidated té poorly
consolidated, well-rounder gravel, boulders, sand and silt.
Terrace gravel is distinguished from fanglomerate on the basis
of parent source material; the fanglomerates are locally derived
whereas terrace gravel is derived from a mixture of sources.

An age of 39,360+2610 B.P. was obtained on charcoal

fragments found 9 meters below the surface of the Oak View
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surface in the road cut of Highway 33 between the town of QOak
View and where the highway crosses San Antonio Creek. The soil
developed on the Oak View terrace apparently correlates with Q6
on the preliminary soil chronosequence being developed for the
research area, but to date only applied to geomorphic surfaces
in the Santa Paula to Fillmore area (see Figure 4 and Plate

VIII).

Older Alluvium (Qoa) (Fluvial): The Oak View terrace as

mapped by Putnam (1942) merges in the 0jai Valley with valley
alluvium. The contact between the older alluvium and terrace
deposit in the valleys and abandoned river channels is vague,
yet over a distance, sometimes of several hundreds of meters,
a distinct change can be observed. The older alluvium as mapped

in this report usually consists of a layer of finer sediment.

Younger Terraces (Qt) (Fluvial): 1In the mapped area, youn-

ger terraces are found along San Antonio Creek from Camp Comfort
to the Ventura River. They also occur along the Ventura River
from the narrows of QOak View southward and extend discontinuously
to the Pacific Ocean.

Younger terrace material is distinguished from the 01d
Terrace deposit on the basis of (1) lesser degree of soil
development, (2) closer elevation and map distance relationship

with the modern streams, (3) lesser degree of surface erosion
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and (4) absence of deformation and tilting. Younger terraces
slope gently (2-6°) toward the thalweg of their respective
streams.

Younger terraces are made up predominantly of reworked
gravefs and, like the old terraces, are composed of Eocene and
Oligocene clasts. Soil development of younger terrace material
was briefly examined at location N2 (Plate V) and was evaluated
as younger than that of the O0ak View terrace material. Soils on
the younger terraces were not evaluated in detail and some may

be of Holocene age.

Holocene

Alluvium (Qal, Qa) (Fluvial): Undissected alluvium of Re-

cent age covers the present flood plains of the Ventura River,
San Antonio Creek, and their tributaries. The Qa deposits

are only slightly older than Qal deposits and form abandoned
meanders along San Antonio Creek. The surficial deposits that
fill these flood plains consist of several meters of unconsoli-
dated boulders, gravel, sand and silt derived from the same
sources (Eocene and Qligocene strata) as the terraces. In

some cases, clasts are reworked from the terraces. Alluvium

is distinguished from older material by its presence in stream
channels, and proximity of streams. At one location the alluvium
of the Ventura River floodplain is dated by the presence of an

automobile that is no more than 20 years old.
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Landslides (Qls): Landslide material consists of varied deb-

ris; disrupted, fragmented and mixed bedrock and soil lacking bed-
ding. The bedrock in the deposits may be jumbled fragments,
brecciated masses or relatively intact units. Landslide masses
are distinguished in the field in part by hummocky slopes generally
of lower gradient than adjacent slopes. The landslides generally
are semicircular or elliptical in map view. Disrupted and cracked
ground is commonly visible on more recent landslide masses. A
scarp in the bedrock above the mass is often associated with a
landslide.

Landslides occur on moderately steep to steep slopes usually
in unconsolidated material or weak bedrock. Some landslides seem

to be associated with faulting.

STRUCTURE

Folding and faulting of the bedrock in the 0jai region are
largely the result of Quaternary tectonics. Analysis of bedrock
deformation is therefore pertinent to the study of tectonic geo-
morphology, Quaternary history and hazard analysis.

Plates Il and VII show the interpretation of the structure
that underlies the study area compiled from data gathered during
field mapping and from previously published maps. Plate II is a
series of geologic cross-sections; Plate VII is a geologic map
from which the Quaternary deposits have been removed to better

display the bedrock structure.
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Major folds within the mapped area are: 1) Red Mountain
dome; 2) Ayers Creek syncline; 3) Coyote Creek anticline; 4) Santa
Ana syncline; 5) Long Valley syncline; 6) Wills Canyon anticline;
7) O0jai syncline; and 8) Black Mountain anticline. The Red
Mountain dome of Putnam (1942) is located in the southernmost
part of the mapped area. North of this major feature is an
east plunging composite syncline (5 km wide measured at the
Ventura River; see tectonic and bedrock map, Plate VII) that
is composed of three smaller folds, notably the Ayers Creek
syncline, Coyote Creek anticline and the Santa Ana syncline.

The Coyote Creek and Santa Ana folds apparently die out into
faults as they cross under the Ventura River from the west.

The Ayers Creek syncline, however, gradually becomes wider

east of the Ventura River and becomes a homocline west of the
trace of the Red Mountain fault along the western end of Sulphur
Mountain. North of the Santa Ana fault, the Ojai basin is under-
lain by 3 folds: the Long Valley syncline; the Wills Canyon
anticline; and the 0jai syncline (see Plates I and II). Based

on interpretations of effective base of the ground water reservoir
(top of bed rock; Turner, pers. commun., 1969) (Plate VI), the
0jai syncline is truncated by the Santa Ana fault west of Denison
Grade. The other folds are inferred to merge with the 0jai syn-
cline in the valley (see Plate I). Black Mountain (or Lion
Mountain, as it used to be called), is the surface expression

of the Lion anticline. This anticline underlies the alluvium
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of the upper 0jai Valley in the eastern part of the mapped area,
plunges about 20° to the east and extends the length of the valley
at least as far as Santa Paula Creek. Rocks exposed in the crest
of the anticline are red beds of the Sespe formation. The north
1imb of the fold is overturned along the Santa Ana fault, and the
fold is cut at the west end of Black Mountain by the Pirije fault
(Mitchell, 1964).

REGIONAL FAULTS

San Andreas Fault

Although.the San Andreas fault does not cross the study
area, it obviously influences neotectonics of the entire region.
Late Cenozoic crustal deformation and faulting in coastal Cali-
fornia are directly or indirectly related to motion along the
plate boundary between the North American and Pacific plates
(Atwater, 1970; Allen, 1975). Seismicity and faulting are
dominated by the right-slip tectonics of the San Andreas fault
system.

In contrast to the right-slip of the San Andreas, displace-
ments along the east-west trending faults in the Transverse
Ranges have been predominantly left-slip and reverse dip-slip
(Albee and Smith, 1966; and Jahns, 1973). This contrast
in deformation may be caused by compressional forces within the
earth's crust where the San Andreas fault makes a large left bend or
step about 55 km north of the study area. The left step or "Big

Bend" section of the San Andreas fault is probably the structural
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and tectonic feature that has produced many of the anomalous

trends within the Transverse Ranges. Faults in the 0jai Valley
region dominantly display reverse dip-slip displacement consistent
with the compressional regime observed throughout the Transverse

Ranges.

San Cayetano Fault

The San Cayetano fault as mapped by Schleuter (1976) termi-
nates in the Matilija overturn in the eastern part of the lower
Ojai Valley under the fan deposits of yiTSie and Horn Canyons.
This fault is a major zone of north-south crustal shortening,
with demonstrable stratigraphic displacement of as much as 9,000
meters or more dip-slip near Fillmore, 15 kilometers east of Ojai
Valley. The expression of this crustal shortening has been
problematical in the 0jai Valley area since no single large fault
has been found. The present study concludes that crustal short-
ening is taken up by folding and newly identified flexural-slip
faulting in the 0jai Valley west of the termination of the San

Cayetano fault.

The Sulphur Mountain Fault

The Sulphur Mountain fault is mapped in Preliminary Report
14 (Calif. Div. of Mines and Geology, 1973) along the southern
side of Sulphur Mountain from near Santa Paula Creek westward

almost to the Ventura River. However, no stratigraphic separation
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in the Monterey and Sisquoc formations was observed during the
field work for this study. Therefore, it is concluded that the
Sulphur Mountain fault does not extend into the Oak View-0jai
mapped area but dies out to the east. Anomalous attitudes in

the Monterey and Sisquoc near the crest of Su]phﬁr Mountain may
have béen previously interpreted as evidence for the presence

of the fault. 1In this report these attitudes are attributed to
tight recumbent folds (compressional features) along the projected
trend of the Sulphur Mountain fault, not an uncommon expression

of the termination of a reverse fault.

The Red Mountain Fault

The Red Mountain fault has been mapped previously as termi-
nating on the south rim of Fresno Canyon, under the terrace called
South Mesa, by local ranchers. Evidence that the fault terminates
at this location is that south of the mesa, the Pico formation
strikes into the Sisquoc, while north of the mesa the Pico-Sisquoc
contact is concordant (see Geologic Map, Plate I). However, con-
sidering that it is a strike fault (parallel to the strike of
the Sisquoc, and Sisquoc-Pico strata), it is possible that the
fault could continue into either formation with very little
expression.

Neither South Mesa nor the terrace deposits north of Fresno
Canyon (North Mesa) show any compelling evidence of offset along
the projected Red Mountain fault trace. Data from wells located

east of the fault trace on North Mesa indicate that the fault
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does not follow the contact between the Pico and Sisquoc.

However, in the course of this study a small inconspicuous
fault was discovered in a roadcut along Sulphur Mountain Road
about 0.5 km north of North Mesa (locationF-1, Plate 1). This
fault lies along the projected trace of the Red Mountain fault
at Soufh Mesa. It dips about 45° to the west and has a west-
side-up sense of displacement (inferred from drag folds) as
does the Red Mountain fault at South Mesa. The anomalous thick-
ness of the Sisquoc, north of Fresno Canyon, also suggests that
fault displacement of that formation has taken place. Therefore,
the inferred trace of the Red Mountain fault is extended north
to location F-1 and terminates within the Sisquoc formation.

Like the San Cayetano fault to the east, the Red Mountain
fault (west of the Ventura River), and the related Ventura anti-
cline account for a considerable amount of north-south crustal
shortening in the Ventura basin. Where the trace of the Red
Mountain fault turns north at the eastern end of the Red Mountain
dome, crustal shortening decreases rapidly and seems to cease at
Fresno Canyon. The north-south reach of the Red Mountain fault
appears to be a tear fault along the edge of the large thrust
plate.

In the Oak View-0jai area, crustal shortening east of the Red
Mountain fault and west of the San Cayetano fault is explained
by active folding of the underlying composite syncline with
accompanying flexural-slip faulting along a series of south-

dipping faults.
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LOCAL FAULTS: OAK VIEW-0JAI AREA

Aerial photographs reveal distinct, anomalous, linear
features delineated by slope, elevation and vegetation changes.
Seven lineaments extend northeast from the east bank of the
Ventura River south of 0jai to San Antonio Creek (see Figure 11).
Field work demonstrated that many of the lineaments have fault
outcrops along some portion of their extent that offset Pleisto-
cene or Holocene deposits. Furthermore the lineaments (or faults)
merge to the northeast with faults previously mapped (Bush, 1956;
Mitchell, 1964; Turner, 1971). Some of these faults are more
clearly defined by outcrops than others, but taken as a zone of
faulting they are consistent with the strong, active compression

of the 0jai area.

Lion Fault

The Lion fault, described by Bush (1956) extends from
“beneath the faults of the San Cayetano System" in the eastern
extremity of the upper 0jai Valley where it is "traced largely
by inferrence along the foot of Sulphur Mountain, beneath the
alluvium" (Bush, 1956). In the present study, the trace of the
fault is inferred continuing westward under a large composite
landslide in the western part of the upper 0jai Valley, and
trending west for about 5 km in a sinuous line marked by the
juxtaposition of Miocene Rincon shale and late Pleistocene

terrace gravels possibly correlative to the terrace deposits






44

of the Oak View strath terrace.

OQutcrops: At fault location F-17 (Plate 1) the Lion fault is
exposed where Rincon shale can be seen overlying Pleistocene
river gravels (the gravels are identified and distinguished
from Saugus formation by pebble counts). An alternative hypo-
thesis, that the contact represents a buttress unconformity or
old river bank, is ruled out by the low strength of the Rincon
shale which could not rest at its observed slope in an unsupported
bank, and by the occurrence of apparent drag folds (warping) in
the terrace bedding near the fault contact.

Some goube along the fault trace was observed in the Monterey
shale exposed by erosion in the landslide mass located in the
eastern portion of the mapped area. It is possible that the

fault cuts the landslide, but evidence for this is inconclusive.

Physiographic Features: The Lion fault is defined by eroded and

discontinuous scarps on the south side of Lion Canyon from the
upper 0jai Valley to San Antonio Creek. The trace of the fault
in this rugged terrain is sinuous, yet relatively consistent in
overall bearing, suggesting a shallow dip to the south. Along
most of its trace through the Canyon, cut by Lion Creek, low
resistant Rincon mudstone and shale is brought into contact with
comparatively resistant terrace deposit which, because of
differential weathering, delineates the fault as a sharp break

in slope.
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About 50 meters north of the main fault trace at F-17
another trace of the fault can be detected completely within
the terrace gravels (Plate I). The fault is expressed as about
5 meters of apparent right lateral displacement of a ridge
carved in the terrace gravel by a meander loop of Lion Creek.
This sﬁggests that, to the east of this point, the fault
splays. West of F-17 the north and south traces of the Lion
fault apparently separate more and become the Devil's Gulch

and Oak View faults respectively.

Devil's Gulch Fault Zone

Some of the best evidence for active faulting in the 0jai
area is associated with a zone of faults that crop out about 0.5
km north of the town of Oak View. This narrow zone of faults is
named after an area of chaotic topography known locally as "Devil's
Gulch", along the east bank of the Ventura River. The contact
between the Rincon and Monterey formations trends about N45-50°E
through the gulch.

The Devil's Gulch fault zone extends from the Ventura River
along a northeast trend and appears to merge with the Lion fault
in the canyon of Lion Creek. The Devil's Gulch fault zone is
composed of complex, anastomosing strands at Devil's Gulch that
appear to coalesce about 0.5 km northeast of Highway 33 forming
one strand or at least a more compact series of traces at the
base of a 20-30 meter, undissected scarp.

The traces of the faults in the Devil's Gulch zone appear
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to die out under the gravels of the Ventura River to the east.
However, directly in line with the trend of the faults and on
the west side of the river, Dibblee (1979) shows a fault on the
south 1imb of the Santa Ana syncline. Since it has the same
sense of displacement as the Devil's Gulich faults (i.e., up on
the soﬁth), it is tempting to infer that it is a continuation

of the Devil's Gulch fault zone. Turner (1971), however, does
not show any evidence to suggest that the fault has any signifi-
cant effect on the effective base of groundwater in the river

channel at Devil's Gulch.

Qutcrops: Two outcrops within the fault zone are observed
in the Devil's Gulch area. These faults are referred to in this
report as lower Devil's Gulch fault and upper Devil's Gulch fault.

The lower Devil‘'s Gulch fault, exposed in a roadcut on the
west side of Highway 33 (Fig. 7), strikes N50E and dips 45°S.

It offsets the contact between the Miocene Monterey formation
and the late Pleistocene Oak View terrace by about 7 meters and
is south side up, so that rocks of Miocene age are thrust over
late Pleistocene river Q<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>