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INTRODUCTION

The San Cayetano Fault (SCF) is a major east-west-trending, north-dipping reverse fault, which
partially bounds the northern edge of the Santa Clara River Valley along the base of the Topatopa
Mountains (Figures 1 and 2). The mapped strands of the San Cayetano Fault are mainly in the
foothills along the southern flank of the mountains and in the alluvium near the base of the hills
(Weber et al., 1973; Cemen, 1977; Rockwell, 1983; Dibblee, 1991; and Yerkes and Campbell,
1995). The overall fault system (Figure 1) extends from Upper Ojai Valley eastward to Fillmore,
and then along the base of the mountains where total separation on the fault diminishes and
ultimately dies out in the subsurface approximately 5 km east of Piru (Cemen, 1977). The fault is
divided into two sections based on a prominent right-step in the fault trace forming a lateral ramp
at Sespe Creek near the town of Fillmore, west of the study area (Rockwell, 1988). The eastern
segment is located east of Sespe Creek along the southern margin of the Modelo Lobe and the
western segment is mapped high up within the bedrock hills west of Sespe Creek (Cemen, 1977;
Huftile and Yeats, 1995; Yerkes and Campbell, 1995). In the current study area, the eastern
segment of the SCF consists of a single fault trace at the base of the mountain front, herein
referred to as the main strand. A secondary splay, named the "Goodenough Strand" by Cemen
(1977), is mapped within the southwestern Modelo Lobe foothills (Plate 1).

Portions of the SCF were previously evaluated by the California Geological Survey and zones of
required investigation established around fault strands of the SCF that met the criteria of
"sufficiently active" (surface displacement during Holocene time) and "well-defined" (Bryant and
Hart, 2007). Kahle (1985 and 1986) evaluated the SCF and established a zone of required
investigation from Sespe Creek in the Fillmore Quadrangle west to upper Ojai Valley. More
recently, Olson (2012a, b) evaluated and zoned portions of the SCF in the Piru Quadrangle to the
east. The evaluation of Olson (2012a, b) was restricted to the Piru Quadrangle, leaving an ~8-
km-long gap in zoned faults between Sespe Creek and the eastern boundary of the Fillmore
Quadrangle. This study uses available geologic mapping, site-specific fault investigations,
combined with an analysis of lidar and aerial imagery to evaluate the Main Strand, Goodenough,
and southern San Cayetano strands of the San Cayetano Fault within this gap for surface rupture
hazard. Those faults determined in this evaluation to meet the criteria of "sufficiently active" and
"well-defined" are recommended to be zoned by the State Geologist as directed by the Alquist-
Priolo Earthquake Fault Zoning Act.
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Figure 1. Study area index map showing Fillmore quadrangle (shaded rectangle). Thick red line is the San
Cayetano fault. Blue lines are major rivers, black lines are Quaternary active faults.

SUMMARY OF AVAILABLE DATA

The Fillmore study area is located in the southwest portion of the Transverse Ranges geomorphic
province. In this area, deformation is dominated by roughly east-west trending low-angle reverse
faulting and folding driven by north-south tectonic compression (Shaw and Suppe, 1994).

East of Sespe Creek the SCF runs at the southern base of the Modelo Lobe, which is dominated
by the Miocene Modelo Formation, but also includes strata ranging from the Eocene Matilija
Sandstone to the Miocene Rincon Shale, which are all faulted and folded into a series of
anticlines and synclines whose fold axes generally trend east-west (Weber et al., 1973;
Gemen, 1977; Dibblee, 1990; Huftile and Yeats, 1995; Yerkes and Campbell, 1995). West

of Sespe Creek the SCF is located higher up the slope, just south of the ridgeline. Bedrock north
of the fault zone consists of the same units as to the east; however, south of the SCF the Pliocene
Pico Formation and Plio-Pleistocene Saugus Formation are exposed in the low foothills. The
Saugus Formation is informally divided into two members: a lower marine member composed of
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conglomerate, silty sandstone with minor siltstone beds and a non-marine upper member
consisting of chiefly massive sandstone and pebble conglomerate. Late Quaternary alluvium is
mapped in the Sespe Creek and Santa Clara River alluvial valleys and as coalescing alluvial
fans emanating from the various canyons in the mountains north of the Santa Clara River
Valley (Weber et al., 1973; Cemen, 1977; Dibblee, 1990; Yerkes and Campbell, 1995).
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Figure 2. Study area index map showing Fillmore quadrangle boundaries and geographic
locations and features referenced in the text. Red lines are surface traces of the San Cayetano
Fault Zone.

Topography in the study area is generally mountainous to the north, with the relatively flat
Sespe Creek and Santa Clara River valleys draining south and east across the southern part of
the quadrangle. All drainages within the Topatopa Mountains in the study area ultimately flow
into either of these bodies of water.

LITERATURE REVIEW

The San Cayetano Fault is characterized as a thrust fault due to the relatively low dip angles and
reverse separation of stratigraphic units. Based on geologic mapping and well data, the fault plane
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dips at a very low angle in the shallow subsurface and becomes gradually steeper with depth
(Cemen, 1977, 1989; Yeats, 1983; Yeats et al., 1994; Nicholson et al., 2007; Levy et al., 2019).
Measured and inferred dips for the near-surface portion of the fault range from as little as 5° to
10° (Yeats, 1983; Cemen, 1989; URS, 2014) up to 20° to 60° (URS, 2014). Cemen (1989)
indicates both the Main and Goodenough strands merge at depth into a single fault plane that
gradually increases in dip up to 45°.

Cumulative dip-slip displacement on the San Cayetano Fault has proven difficult to determine
because the oldest units in the hanging wall have yet to be encountered in any wells drilled to
date in the footwall of the fault (Cemen, 1977 and 1989). Rockwell (1988) and Cemen (1989) both
calculate approximately 7,500 meters of total stratigraphic separation on the Modelo Lobe
segment of the fault using the maximum thickness of the bedrock units in both the hanging wall
and footwall. Separation decreases notably to the east on both strands, such that the Main Strand
dies out under Piru Canyon, approximately 12 km to the east of the study area.

Quaternary slip rates for the Modelo lobe portion range from 7.3 to 7.5 mm/yr (Rockwell, 1988;
Cemen, 1989; Huftile and Yeats, 1996), which is significantly higher than rates calculated for the
portion west of Sespe Creek of approximately 1 to 3.6 mm/yr (Rockwell, 1988). Dolan and
Rockwell (2001) note the slip rate for the segment east of Sespe Creek is one of the highest for
any reverse fault known in California.

Workers who have mapped this portion of the San Cayetano Fault include: Weber et al. (1973),
Weber et al. (1975), Cemen (1977 and 1989), Rockwell (1983 and 1988), Dibblee (1990), Yerkes
and Campbell (1995), and Tan (1998). Several trenches were also excavated and logged across
the Main Strand by URS (2014). Other researchers who have worked on regional tectonics
studies involving the San Cayetano Fault characteristics are Yeats (1983), Huftile (1993), Hulftile
and Yeats (1996), Nicholson et al. (2007), Hubbard et al. (2014), Hughes et al. (2018), and Levy
et al. (2019). The surface traces of the San Cayetano Fault Zone mapped by various workers are
depicted on Plate 1.

Previous CGS Fault Evaluation Reports

The San Cayetano Fault system was previously evaluated under the guidelines of the Alquist-
Priolo Earthquake Fault Zoning Act (Bryant and Hart, 2007) in 1977, 1985, and 2012. For the
initial fault evaluation, Smith (1977) reviewed the fault in its entirety from Ojai to Piru. In the current
study area, he relied mainly on mapping by Weber et al. (1973 and 1975) who only mapped the
principal strand of the fault buried along the base of the mountains thrusting bedrock over
Quaternary alluvium (Plate 1). North of Fillmore, the fault is mapped diagonally crossing the
Sespe Creek alluvial plain to connect with a bedrock fault in the foothills. The northernmost strand
of the SCF is shown crossing the mouth of Sespe Canyon and turning south for about 1,500 m in
the canyon alluvium before turning southeast and trending into the foothills where it loses
separation and dies out. Zoning was not recommended by Smith for any portion of the San
Cayetano Fault because "[w]hile Holocene activity has been suggested, it has not been proven."

Using newer data, which included geologic mapping by Cemen (1977) and Rockwell (1983),
Kahle (1985 and 1986) re-evaluated the San Cayetano Fault and established an Alquist-Priolo
Earthquake Fault Zone for the Main Strand of the San Cayetano Fault from Upper Ojai Canyon
to Sespe Creek, north of Fillmore.
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Most recently, Olson (2012) focused on the SCF in the Piru Quadrangle immediately to the east.
That evaluation utilized additional mapping and subsurface data resources not incorporated in
previous FERs. Most importantly, paleoseismic trench studies by Dolan and Rockwell (2001) and
Dolan (2009) shed light on the existence and activity of the Piru Strand in the alluvial fan
sediments outboard of the mountain front. The second new resource was a lidar digital elevation
model (Earthscope, 2008) covering the foothills and alluvial fans north of the Santa Clara River.
Olson determined the Main Strand west of Hopper Canyon and the Piru Strand met the zoning
criteria and included them within an Alquist-Priolo Earthquake Fault Zone extending from the town
of Piru west to the Fillmore Quadrangle boundary.

Cemen (1977)

Cemen (1977) mapped traces of the SCF in the Sespe-Piru Creek area from the Fillmore area to
approximately 7 km east of Piru, including both strands within the Fillmore Quadrangle (Plate 1),
which generally follow mapping by Weber et al. (1973 and 1975). Where the Main Strand is
mapped in the alluvium near Fillmore and along Sespe Creek, it is delineated based on bedrock
exposures, low scarps, and differences in soil color visible in aerial photographs. The Main Strand
offsets Tertiary bedrock in the foothills west of Sespe Creek but is depicted as buried under the
young alluvium of the creek to the east and along the base of the mountains north and east of
Fillmore. Cemen also maps the Goodenough Strand of the SCFZ in the foothills east of Sespe
Canyon where it places Lower Miocene Rincon Formation and Upper Oligocene Vaqueros
Formation over Middle Miocene Modleo Formation. However, his mapping shows the
Goodenough Strand quickly dies out to the east (Plate 1). Cemen also maps a discontinuous
thrust he names the Pagenkopp Fault, which trends north-south and terminates perpendicularly
into the Main Strand west of Sespe Creek.

Using oil well data, Cemen measured approximately 5,200 to 7,300 m of stratigraphic separation
on the Main strand of the San Cayetano Fault about 1.5 km west of Hopper Canyon using "the
minimum and maximum thicknesses of the rock units stratigraphically between the lower
sandstone member of the Modelo Formation and the base of the Saugus Formation." Separation
steadily decreases on both strands to the east such that approximately 1.5 km east of Piru,
separation on the Piru strand is about 1,400 m using the same stratigraphic correlation (Cemen,
1989). Approximately 1 km east of the Piru Quadrangle boundary, vertical separation is only 750
m and the Piru Strand loses separation completely and dies out into the Santa Clara Valley
syncline 1.3 km farther east. Cemen notes older alluvial fan deposits were mapped as offset by
the fault within the study area and concluded the San Cayetano Fault should be considered
potentially active.

Gemen (1989)

Cemen (1989) later published a paper on the near-surface expression of the SCF from Sespe
Canyon eastward based mainly on data gathered from his earlier thesis, new regional
groundwater data, and subsequent studies by others including Rockwell (1983 and 1988). Here,
Cemen postulates the cause of the color changes in the soil used to map the near-surface trace
of the fault are related to changes in groundwater levels, possibly due to the fault acting as a
groundwater barrier in the young alluvium. Based on this data, he ultimately concludes the low
scarp and soil color change in the Sespe Creek terrace deposits may suggest the pre-deposition
topography was influenced by the SCF.
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Dibblee (1991)

Dibblee mapped traces of the San Cayetano Fault as part of his geologic map of the Fillmore
Quadrangle. This mapping was originally performed by Dibblee at various times between 1946
and 1990. He mapped the San Cayetano as a single, continuous concealed fault along the base
of the mountains from the eastern quadrangle boundary turning north at Sespe Creek where it is
mapped immediately west of a series of bedrock cliff outcrops on the edge of the alluvial canyon
(Plate 1). From here the fault trends north up to the mouth of Sespe Canyon. West of the mouth
of Sespe Canyon he shows the SCF bifurcating into two subparallel fault strands trending west,
then southwest, just below the ridgeline. The higher fault appears to form the boundary of a large
landslide complex, while the lower strand is concealed below the slide deposits. Like previous
mappers, Dibblee does not show any SCF strands offsetting Quaternary alluvial sediments.

Nicholson et al. (2007)

Noting the SCF thrusts Neogene bedrock over younger unconsolidated sediments, Nicholson et
al. (2007) explored the way non-elastic deformational processes in the footwall may contribute to
the high rates of crustal shortening measured in the Ventura Basin (Donnellan et al., 1993; Hulftile
and Yeats, 1996). The authors note the SCF and other basin-bounding reverse faults in this area
have rotated nonplanar three-dimensional geometries based on structural cross sections. To
explain this, they suggest differential compaction and subsidence of the unconsolidated footwall
sediments, induced by the overlying Miocene to Pliocene bedrock units, is causing collapse and
rotation of the near-surface portion of the San Cayetano fault plane toward the basin. This
differential compaction, subsidence, and fault plane rotation can also generate apparent vertical
offset via flexural slip. This non-seismic fault slip may explain the high slip rate calculated for the
San Cayetano Fault, especially in the Modelo Lobe region.

As a result of the footwall compaction and subsidence, coupled with on-going hanging wall uplift
and basinward tilting, Nicholson et al. (2007) also suggest there is an increased potential for
gravity sliding toward the basin, which can add to the nonplanar fault plane geometry and total
vertical offset. They postulate this is the case with the Modelo Lobe portion of the San Cayetano
Fault (Figure 2). Here they state the three-dimensional geometry of the fault plane, derived from
structure contour maps and detailed cross sections, is reminiscent of a thrust nappe. Their
postulated model proposes the Modelo Lobe formed as a "deep-seated, gravity-driven failure"
and the near-surface displacements on the shallow-dipping Modelo Lobe portion of the San
Cayetano Fault are caused by both fault slip at depth and sliding of the uplifted bedrock in the
hanging wall. The authors claim this "mega-slide" most likely failed within the Rincon Formation,
which is a weak shale bedrock unit prone to bedding plane and detachment slip and underlies
the Modelo Formation.

The authors conclude if their proposed footwall subsidence/compaction and gravity- induced
sliding model is correct, it has significant implications for fault modeling and concomitant seismic
hazard analysis. They summarize that non-elastic deformation, mainly in the form of compaction,
subsidence, and gravity sliding, may be accommodating regional tectonic strain in the Ventura
Basin. Also, in this model, compaction of the young sediments in the footwall alone can produce
fault plane deformation, increased vertical separation, and horizontal motion mimicking co-
seismic fault slip. Therefore, Nicholson et al. conclude these effects would contribute to the
horizontal and vertical motions seen in the geologic data and measured in geodetic surveys,
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which could result in an overestimation of the inferred seismic hazard for these basin-bounding
faults.

URS (2014)

URS conducted a fault investigation in 2014 as part of their overall geotechnical study of the
Fillmore Works site, a former oil refinery and crude oil pumping facility east of Fillmore at the base
of the mountains (Locality 1 on Plate 1). A total of 10 trenches were excavated to locate the
surface trace of the SCF (Figure 3). They began with two fault trenches (Trenches 1 and 2)
excavated across a distinct geomorphic scarp. The trenches ranged from 90 to 95 feet long and
were on the order of 10 feet deep. They exposed the SCF, which thrust Modelo Formation bedrock
over Holocene alluvium in both trenches. Trench 1 encountered the fault in the extreme
northeastern end where it dipped 20° northeast at the bottom of the trench and steepened to 60°
at the surface (Figure 4a). Much more of the fault was observed in Trench 2 where pervasively
sheared Modelo bedrock was thrust over alluvium. The fault enters the bottom of the trench
dipping 6° east, flattens to nearly horizontal, and steepens to about 36° as it emerges to the
surface. Subsequent to these initial trenches, URS excavated an additional seven fault trenches
at the site. URS geologists observed individual strands of the SCF in Trenches 7 through 9, even
though there were logged from the surface only due to trench safety concerns (Figures 4b and
5). Each of these trenches exposed the fault wholly within the alluvium. Additionally, the
consultants logged an open storm drain trench excavated at the site across the trace of the SCF.
This trench exposed the fault where it thrust alluvium over colluvium. Lastly, the URS consultants
drilled 16 hollow-stem auger borings along a linear transect perpendicular to the fault. Based on
stratigraphic anomalies within the alluvium, URS identified active traces of the SCF at the eastern
end of the transect.

URS also inferred an "upper strand" of the San Cayetano Fault zone in the foothills east of the
project site based on an exposure of over Modelo Formation bedrock over older alluvium in a
railroad right-of-way cut slope (Plate 1). Because this older alluvial deposit is above the Q3 terrace
surface it is necessarily older, and the consultants note the older alluvium is most likely late
Pleistocene with a maximum age of about 126ka. Therefore, at the latest, this fault initiated in the
late Pleistocene, and requires numerous rupture events over that time to bring Miocene bedrock
up and over older alluvium. URS did not trench this fault in their investigation, and therefore,
conclude "[w]hether or not it is Holocene active is unknown."
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Figure 3. Mapped fault traces and trench locations from the URS (2014) fault investigation. Labeled fault
trenches are specifically mentioned in the text.



California Geological Survey — Fault Evaluation Report 271

N36°W, 20°NE

brown sandstone

Sigmoidal fabric in C1 defined by thin layers

With orange stained planar fabric
oriented N30"W/35" to 45°NE
No shear fabric or imbrication of

clasts evident

Maderate to crude bedding

in Aldips 7°E.

of angular gravel interlayered with silty
clay, possible soft sediment deformation

o
A: T-1 _NOT'E.
]
570 — Wedges narrow down;
filled with angular 0.5 to 2" rock Faint bedding in C1
fragments in brown sandy clay matrix; Colluvium dips 12°E
approximately N30°W/ 30°-50°NE approximately 1' above
y ’ lower stringline
5y F‘auls : .
\@ - N25°W, 60°NE Graded surface
-
=
o 565 +
w
[V
-
Z
Q
<
o :
— 560 —+ £
w ¥ yetit s
L €
San Cayetano e
Fault f
Finesand lense
Crude bedding in Al C1/A1 contact 1* above lower f o
approximately horizontal is depositional stringline
fram here to west
ss5 -/ San Cayetano Fault
Boulder size clast of dark

530

625

wm
N
o

515

ELEVATION (FEET)

510

B: T-7

Graded Surface

N53° E

7 =~

Engineered Fill

[«

r

W
N

Colluvium

~
\\ San Cayetano Fault

R
¢
.8

.

Oil smear \

Alluvium

p—

f\\
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Hubbard et al. (2014) and Hughes et al. (2018)

Hubbard et al. (2014) developed a regional tectonic model for the Ventura Basin based on well-
log and seismic reflection data, which suggested the Ventura Fault merged with the SCF at depth.
However, the modeled fault geometries required an additional steeply dipping fault to link them.
This fault was referred to as the Southern San Cayetano Fault (SSCF). Hughes et al. (2018)
subsequently investigated the northern margin of the Santa Clara River Valley for evidence
supporting this proposed fault's existence.
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Hughes et al. (2018) reviewed a digital elevation model (DEM) for the mountain-front area west
of Sespe Creek and identified several uplifted and tilted terraces and alluvial fan deposits along
the northern edge of the Santa Clara River Valley near the location of the SSCF proposed by the
Hubbard et al. (2014) model. Specifically, the authors noted alluvial fans crossing the mouth of
Orcutt Canyon west of the study area in the Santa Paula Peak Quadrangle (Figure 2) are warped
creating south-facing scarps parallel to the mountain front. These deformed surfaces correlate to
Q4 and Q5 units mapped by Rockwell (1988) and were dated using '°Be cosmogenic age dating
at approximately 7 ka and 19 ka, respectively. Clear surface deformation of alluvial fans along the
mountain front continues east of Orcutt Canyon to Timber Canyon (Figure 2). From here to Sespe
Creek they note there is no clearly observable deformation; however, they documented a folded
Q5 surface about 2 km away from the mountain front in the Santa Clara River Valley (Locality 2
on Plate 2) dated at about 17 ka.

Subsurface data suggested the SSCF dips north between 50° and 90° to a depth of about 100 m
where it flattens to approximately 20°. The SSCF would then connect with the main SCF at about
3 km depth. Based on their new alluvial surface dates and fault geometry model, Hughes et al.
conclude the SSCF initiated about 58 ka at the earliest with an average slip rate over that time of
1.3-1.9 mm/year. Uplift rates calculated for the warped surfaces at the mouth of Santa Paula
Creek and Orcutt Canyon range from 0.9-1.6 mm/year. Just west of Timber Canyon the uplift rate
is noticeably lower at 0.4 mm/year; however, the folded terrace surface at Locality 2 is uplifting at
minimum of 1.9 mm/year. As a result, the authors suggest the SSCF is an active near-surface
blind fault along the mountain-front from Adams Canyon to Timber Canyon, where it then steps
to the south onto a blind en echelon splay beneath the Q5 folded surface in the Santa Clara River
Valley (Locality 2 on Plate 2; Figure 6).
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Figure 6. Topographic profile across the uplifted Q5 surface in the Santa Clara River valley (Locality 2 on
Plate 2). Solid line is modern topographic surface; heavy dashed line is the postulated low-angle blind
thrust fault strand of the Southern San Cayetano Fault zone by Hughes et al. (2018); medium dashed line
represents the base of the Q2 deposit; light dashed line is the base of the Q5 deposit. See Plate 2 for Q
terrace surface ages. (modified from cross section F-F' in Hughes et al., 2018)
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Hughes et al. (2018) note the SSCF helps explain the noteworthy difference in SCF slip rates
calculated west and east of Sespe Canyon. Dolan and Rockwell (2001) determined a slip rate of
7.5 mm/year for the eastern SCF near Piru, but the western SCF slip rate is a maximum of 4.15
mm/year (Rockwell, 1988). Hughes et al. (2018) conclude strain in the Ventura Basin, west of
Sespe Creek, is partitioned between both the western SCF and the SSCF, with the latter taking
up some of the transferred slip from the eastern SCF to the western SCF.

AERIAL PHOTOGRAPHIC INTERPRETATION

Aerial photographic interpretation was performed primarily to look for visual and geomorphic
features suggestive of active faulting and also to verify the location and activity of the fault traces
mapped by others (Plate 1). This was accomplished using stereo-paired aerial photographs from
a flight conducted by NASA in 1994 shortly after the Northridge earthquake. Urban development
in the city of Fillmore obscures many portions of the land surface, which makes it difficult to identify
geomorphic and tonal features. Even so, some features of the landscape are still evident in areas
where development is minimal. Fault traces mapped by others were also checked against these
photos for geomorphic evidence of Holocene activity and location accuracy. The various mapped
traces and lineaments are annotated and included on Plate 2.

LIGHT DETECTION AND RANGING (LiDAR) DIGITAL ELEVATION MODEL

Two airborne Light Detection and Ranging (LiDAR) surveys of the Santa Clara River Valley were
reviewed for this evaluation to more accurately evaluate the geomorphology associated with the
San Cayetano Fault in the study area. LiDAR surveys involve scanning the ground surface with
a pulsing laser mounted in an airplane. The distance from the laser source to the ground surface
is measured based on the time required for the laser beam to be reflected back to the source.
Based on the various arrival times a digital model of the ground surface can be generated. The
first survey was flown for the County of Ventura Watershed Protection District in February 2005
(Ventura County Watershed Protection District, 2005). The second survey was flown on April 12,
2008 as part of a regional study of southern California fault zones (Earthscope, 2008). For this
survey of the Santa Clara River study area, the aircraft flew at an above ground altitude of 700m
with a 100 KHz laser pulse frequency resulting in a "point cloud" dataset with approximately 6 to
8 laser point measurements per square meter.

Hillshade relief maps were then derived with 45° and 315° illumination angles at 45° above the
horizontal. Additionally, slope aspect-multi-directional hillshade hybrids were derived from the
VCWPD dataset. Traces of the San Cayetano Fault identified using the LiDAR-generated hillshade
map and contours were plotted directly in ArcGIS.

FIELD INSPECTION

A field visit was made in September 2014 to review some of the open trenches at the former
Fillmore Works site (URS, 2014). This visit involved review of the exposed trench walls and a
road cut with URS geologists and Dr. Tom Rockwell. A later field visit was performed in January
2020 to check various geomorphic features identified in the aerial photographs and hillshades.
Additionally, various slope breaks were observed and recorded using a handheld GPS receiver.
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SEISMICITY

Regional seismicity data covering the period from 1981 to 2018 (Hauksson et al., 2012) shows a
diffuse pattern of low magnitude earthquake activity over the study area with local areas of swarm
activity (Figure 7). The most significant of these was the 2015 Fillmore earthquake swarm
(Hauksson et al., 2016). This swarm initiated on July 5, peaked on July 9 and 10, and continued
with episodic activity until late September. Over 1,400 earthquakes occurred during this time with
the largest earthquake being a M2.8 event on July 9. Cross section A-A' through the swarm shows
a strikingly planar seismicity zone dipping 26° north (Figure 8). Based on the hypocentral depths,
Hauksson and others infer this fault is a westerly extension of the Simi-Santa Rosa fault. However,
it is also possible the swarm source is along the low-angle decollement or blind Ventura fault ramp
modeled by Hughes et al. (2018). Hauksson et al. (2016) state the recorded seismicity suggest
this swarm was likely caused by metamorphic dehydration, which released fluids that
subsequently migrated and increased fluid pressures along the fault zone.

Overall, there is a notable discrepancy between the magnitude of Holocene offsets measured in
fault trenches (URS, 2014; Dolan, 2009; Dolan and Rockwell, 2001) and the noted paucity of
significant historical earthquakes in the region. Rockwell (1988) points out clearly "the historic
seismicity does not represent the long-term activity."
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DISCUSSION AND CONCLUSIONS

MAIN STRAND

In the Piru Quadrangle immediately east of the current study area, the SCF is moderately well-
defined in areas where the fault is located in the alluvium near the base of the mountain front, with
several low scarps and breaks in slope (Olson, 2012a, b). However, in the eastern portion of the
Fillmore Quadrangle, the mountain front is immediately adjacent to the Santa Clara River, where it
is difficult to differentiate potential fault-related scarps from erosional fluvial scarps. Additionally,
any previous fault scarps within the Santa Clara River fluvial plain would likely be eroded or
masked by deposition, and therefore, not preserved. The fault is presumed to continue west from
the Piru area along the base of the mountains. This same problem occurs within the Sespe Creek
flood plain north and west of Fillmore.

Northwest of the Santa Clara River channel are several Holocene terrace surfaces associated with
the alluvial fans emanating from the adjacent mountains and alluvial process related to Sespe Creek.
These terraces were mapped and dated by Rockwell (1988) with additional work by Hughes et al.
(2018). The former Fillmore Works site (Locality 1 on Plate 2) was developed on the Q3 terrace
surface in the early 1900s and was continuously operational into the 2000s. As a result, the original
topography was extensively modified to create roads, cut slopes, and tank pads. URS (2014) found
the fault in various trenches at this site where it displaced Holocene sediments. Additionally, they
identified a secondary reverse fault in the foothills above the site to the east with Miocene bedrock
thrust over late Pleistocene alluvium. Given its close proximity to the documented active Main Strand
at the mountain front and evidence of multiple events since the late Pleistocene, it is reasonable to
conclude this strand could rupture along with the Main Strand.

West of this locality the land surface has been largely modified as the city of Fillmore was developed
making it difficult to identify geomorphic features or tonal lineaments on aerial photographs. There is
a sharp break in slope immediately west of Pole Canyon and a noticeable scarp above it (Scarp A
on Plate 2); however, the slope break is within a residential development that was constructed before
1951. For this reason, it is possible this scarp is modified and not natural.

A short scarp preserved in the Q2 terrace north of Fillmore (Scarp B on Plate 2) may be fault-related.
It ranges from 1.5 to 2.5 meters high and is subparallel to the mapped trace of the SCF at this location
(Plate 1). Additionally, its location at the base of the mountains is consistent with the SCFZ location
east of Sespe Creek to Hopper Canyon (Olson, 2012a,b). However, because of the proximity to the
Sespe Creek channel and floodplain, the possibility exists that this is an erosional scarp preserved
on the abandoned terrace surface.

Farther north, the steep cliffs along the eastern margin of the Sespe Creek channel expose Tertiary
sedimentary bedrock (Plate 2). These outcrops are up to 360 m out from the mountain front and
underlie the Q3 terrace surface suggesting this section of the alluvial plain is uplifting along with the
mountain block to the east. Consequently, the main surface trace is most certainly west of these
outcrops. Any previous geomorphic evidence for surface faulting is either buried or was eroded by
Sespe Creek; however, the surface trace is most likely immediately adjacent to the eastern channel
margin, paralleling Sespe Creek to connect with the easternmost end of the SCF trace mapped by
Kahle (1985) near the mouth of Sespe Canyon (Plate 3). This is generally consistent with previously
mapped traces of the SCF (Plate 1).

16



California Geological Survey — Fault Evaluation Report 271

GOODENOUGH STRAND

The Goodenough Strand is mapped both by Cemen (1977 and 1989) and Weber et al. (1973),
although in slightly different locations, while Dibblee (1991) does not show any faulting in this area
(Plate 1). The aerial photos and lidar hillshades reviewed for this study did not show significant
fault-related geomorphology, lineaments, or tonal differences along the mapped locations of the
Goodenough Strand suggesting, while this fault strand may exist, it does not appear to have
generated surface rupture recently.

SOUTHERN SAN CAYETANO FAULT

Hughes et al. (2018) identified the SSCF by mapping and dating deformed alluvial fan surfaces
along the mountain front, west of the study area. From Orcutt Canyon and to the east, several of
these surfaces are Holocene-age suggesting this fault is active. Calculated uplift rates are
reasonably consistent from west to east until Timber Canyon where they drop substantially. This
sharp decrease, coupled with the emergent folded surface about 2 km south from the mountain
front (Locality 2 on Plate 2), suggests the SSCF steps to the south within the study area. However,
because they did not observe any evidence of surface rupture, the authors conclude the fault is
blind.

For the current evaluation, stereo-paired photographs, digital satellite imagery, and lidar
hillshades were reviewed for evidence of surface faulting along the mapped SSCF. No
geomorphic evidence or visible lineaments were observed, which is consistent with the Hughes
et al. (2018) conclusion.

PAGENKOPP FAULT

Gemen (1977) states the Pagenkopp Fault was first recognized from oil well data, but notes it is
not recognized at the surface. His geologic map, however, shows a queried surface fault trace in
the foothills west of Sespe Creek (Plate 1). Hughes et al. (2018) postulate the Pagenkopp Fault
could be an eastward continuation of the SSCF (Figure 2, Plate 1). Based on the low calculated
uplift rate at Timber Canyon and the lack of geomorphic scarps to the east, they conclude the
Pagenkopp Fault is either not active or blind. This and previous evaluations (Kahle,1985 and
1986) similarly did not observe any definitive lineaments or geomorphic evidence of surface
faulting in this area, which supports this conclusion.
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RECOMMENDATIONS

Recommendations for establishing Earthquake Fault Zones are based on the criteria of
"sufficiently active" and "well-defined" (Bryant and Hart, 2007).

The principal trace of the San Cayetano Fault as shown on Plate 3 is recommended for zoning
as it is "well-defined" by trenching studies and mapping, and there is sufficient evidence to
conclude it is "sufficiently active" (URS, 2014). The eastern terminus of the previous zone
boundary for the SCF established by Kahle (1985) should be modified as depicted on Plate 2 to
connect with the newly identified fault trace. While the Southern San Cayetano Fault (Hughes et
al., 2018) is demonstrably Holocene active, it is blind within the study area, and therefore does
not meet the criterion of "well-defined". No zones are recommended for the Pagenkopp Fault or
Goodenough Strand as there is insufficient evidence to demonstrate Holocene activity.

Brian Olson
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AERIAL PHOTOGRAPHS REVIEWED

USGS (US Geological Survey); b/w 9x9; 1:24,000 scale; Flight: EM; Frames 3 — 39; date:
8/16/1947

NASA (National Aeronautics and Space Administration); b/w; 9x9 1:16,250 scale (approx.); Flight:
04689; Frames: 526-534, 614-621; date: 1/22/1994
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