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Abstract 

QUATERNARY STRATIGRAPHY AND GEOLOGIC EVOLUTION 

OF OJAI AND UPPER OJAI VALLEYS, 

WESTERN TRANSVERSE RANGES, CALIFORNIA 

By 

Hannah Lynne McKay 

Master of Science in Geology 

Ojai and Upper Ojai valleys are intramontane basins in the western Transverse 
Ranges filled with strata that have recorded the uplift of surrounding ranges, evolution of 
the drainage system, and landscape development since mid Quaternary time. A 
combination of careful mapping and stratigraphic description of exhumed strata 
combined with subsurface water- and oil-well data document the late-Quaternary 
provenance changes, depositional settings, and geometry of the basin fill. 

New measured sections, clast counts, and mapping suggest that initial deposition 
consisted of fluvial gravels in a braided river system that flowed to the west with material 
derived from the ranges in the northeast. The deposits are preserved in two depocenters, 
240m and 500 m deep, below the modern Ojai and Upper Ojai valleys, respectively. The 
locations of depocenters are structurally controlled so the minimum ages of the 
depocenters are based on the age of the basin-bounding faults, which are calculated from 
slip rates published by previous workers and the vertical separation of the base of the 
basin fill on either side of the fault. In Upper Ojai Valley the depocenter formed due to 
uplift of Sulphur Mountain along the Lion, Sisar, and Big Canyon faults more than 415 ± 
85 ka. The depocenter in Ojai Valley formed behind Black Mountain, which uplifted 
along the Arroyo Parida-Santa Ana fault more than 265 ± 15 ka. 

Toward the end of basin filling, Sulphur Mountain began contributing clasts to the 
basin fill . Soon after, the emplacement of a landslide dam in the western end of Upper 
Ojai Valley allowed for the formation of a lake in Upper Ojai Valley from greater than 46 
to ~ 15 ka, as evident by radiocarbon dating of organic material. The landslide dam, as 
well as tectonic tilting, caused a change in base level that led to incised meanders in Lion 
Canyon and reversal of flow of Sisar Creek to the east. Later change in base level, 
perhaps due to the uplift of the Oak View area to the south of the Arroyo Parida-Santa 
Ana fault, also caused the incision of San Antonio Creek and the Ventura River. 

This work implies that the basin fill in Ojai and Upper Ojai valleys are a separate 
entity from the rest of the Ventura Basin stratigraphy. Also, the fill is neither Holocene 
terrace deposits nor middle Quaternary Saugus Formation equivalent in which it has 
previously been interpreted. The rapid deposition, deformation, and preservation of these 
deposits are important aspects for potential oil and groundwater reservoirs as well as 
convergence rates that affect the seismic hazard for the region. 
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1. INTRODUCTION 

Studies of fault-bounded intramontane basins have demonstrated that the 
sedimentary units contained within are important recorders of uplift, erosion, drainage 
evolution, and syntectonic deposition within actively growing topography (e.g. Ori & 
Friend, 1984; Decelles & Giles, 1996; Horton et al., 2002; Kumar et al., 2007; 
Heermance et al., 2007). Additionally, intramontane basin sediments rest on orogenically 
deformed and erosionally truncated basement and the upper basin sediments are 
commonly dissected by modern fluvial slstems and active faults. Thus, intramontane 
basins provide an intermediate scale (10 -106 years) link between long-term (106-107 

years) plate tectonic scale deformation and short-term (101-103 years) climatic and 
tectonic processes (e.g. Brookfield, 1980; Burbank and Johnson, 1983; and Searle et al., 
1990; Donnellan et al., 1993; Allen et al., 2004). 

· The Ojai and Upper Ojai valleys are actively deforming intramontane basins 
within the western Transverse Ranges (wTR) of southern California (figure 1 ). Ojai and 
Upper Ojai valleys are bounded by actively growing mountain ranges and are filled with 
Quaternary conglomeratic deposits. Previous workers have interpreted the conglomerates 
in the Ojai valleys as Saugus Formation (e.g. Rockwell et al., 1988; Yeats et al., 1988; 

PACIFIC 
OCEAN 
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35 

~ 
E. TRANSVERSE 34 
~ES 
~ 
·.~ 

122 121 120 119 118 117 116° w 
Figure 1. Map of southern California showing locations of the wTR province (shaded), 
significant geographic features, and major faults (modified from Jackson and Molnar, 
1990). The red box denotes the approximate location of Ojai and Upper Ojai valleys 
within the wTR region. 
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Huftile, 1991; Huftile and Yeats, 1995) or terrace deposits (Rockwell et al., 1984) that 
are as little as 200 years old. Hence, the age, lithology, and origin of the basin fill in Ojai 
and Upper Ojai valleys are undefmed. Additionally, the uplift histories of the surrounding 
ranges are poorly understood. 

The lithology and geochronology of the Saugus Formation throughout the wTR 
varies greatly. Near the city of Ventura (figure 2), the marine portion of the Saugus 
Formation has been dated between 0.63 and 0.2 Ma based on amino-acid racemization on 

Anticl in~ arrow o~ 
axis indicates 

direclio¥1 plung~ 

Syncline, arrow on 
axis indicates 

direction of plunge 

Thrust fault , 
sawteeth are on 

upper block 

---Pi 
Line of Cross 

Section 

Study Area 

Figure 2. Digital elevation model of the wTR province with approximate locations of 
major geologic structures. The red box represents the area of interest for this project and 
cross section A-A' is figure 3a. 

bivalve shells (Lajoie et al., 1982) and tephrochronology (Sarna-Wojcicki et al., 1984). 
The minimum age may be inaccurate due to models used in the amino-acid 
stereochemistry (Wehmiller et al., 1992). At least 40 km to the east of Ventura, the 
minimum age of the Saugus Formation is 500 ka, which is based on magnetostratigraphy 
and constant rates of deposition above and below the Bruhnes-Matuyama boundary (Levi 
& Yeats, 1993). Therefore, correlation of the conglomerates in the Ojai valleys with the 
Saugus Formation does not elucidate the age of the basin fill in the Ojai valleys. 

Furthermore, Quaternary rates of convergence across the wTR are based on the 
age and deformation of the Saugus Formation, which is the youngest deformed formation 
in the region (figure 3). These calculated rates are as fast as 28 mm/year, (Huftile & 
Yeats, 1995) but imply that the Saugus Formation originally covered and was 
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Figure 3. Regional cross 
section and stratigraphy of 
the wTR (modified from 
Huftile & Yeats, 1995). (a) 
Cross section A-A', location 
shown in figure 2. 
Quaternary basin fill in Ojai 
Valley is not thick enough 
to be displayed at this scale. 
(b) Thicknesses, ages, and 
formation names of the 
regional stratigraphy in the 
wTR. 

subsequently deformed by Sulphur Mountain, which bounds the Ojai valleys to the south. 
No direct correlation has been made between the conglomerates in the Ojai valleys and 
the Saugus Formation, so the calculated Quaternary convergence rates cannot be used to 
calculate uplift rates of the ranges surrounding the Ojai valleys. 

The purpose of this thesis is to elucidate the late Quaternary formation and filling 
of Ojai and Upper Ojai valleys by studying the basin fill. Luckily, the Quaternary basin 
fill in. the Ojai valleys is .exposed due to uplift on the Arroyo Parida-Santa Ana and Lion 
faults and incision by modem drainages. These exposures, combined with subsurface 
well data, allow for a sedimentologic, stratigraphic, and geochronologic study of the 
basin fill. The relationship between the basin fill and the underlying bedrock and active 
faults is observed to interpret the processes that led to the formation of the intramontane 
basins. The sedimentology and lithology is observed to interpret the depositional 
processes and source of the material that filled the basins. Cosmogenic and radiocarbon 
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geochronologic methods are used to predict the timing of these processes. Lastly, the 
relationship between the basin fill, active faults, fluvial terraces, and actively incising 
drainages are used to interpret the Pleistocene landscape evolution in the area. 
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2. GEOLOGIC BACKGROUND 

The wTR have a complex geologic history due to the evolution of the tectonic 
plate boundary along the western margin of North America. Throughout the Mesozoic 
and into the Oligocene the western margin of the North American plate was a subduction 
zone (Atwater, 1998) and the wTR comprised a roughly north-south striking forarc basin 
called the Ventura Basin (Crowell, 1987). Transition from a subduction zone to the 
modem San Andreas transform boundary began between 28 and 17 Ma when the East 
Pacific Rise began subducting below North America (Atwater, 1998). Paleomagnetic data 
provides evidence for 90-110° of clockwise rotation of the wTR since the early Miocene 
(Homafius et al., 1986). Shortening and uplift of the wTR initiated approximately 5 Ma 
due to reorganization of the plate boundary (Atwater, 1998). 

Today, the wTR are an east-west striking deformation belt from 34-35° north that 
extends from the Santa Barbara channel to the Mojave section of the San Andreas fault 
(figure 1). Most active faults are roughly east-west striking thrust faults, some with a 
large left-lateral component that commonly cut folds of similar orientation (Huftile & 
Yeats, 1996; figures 2 & 3). Due to the preexisting structures and rotation of the wTR, 
much of the shortening is accommodated on reverse faults that were originally Miocene 
normal faults and within basins that were formerly north- or northwest-trending 
extensional features (Luyendyk et al., 1985; Crouch & Suppe, 1993). 

Much of the convergence is accommodated in the wTR by thin-skinned thrusting 
above the Rincon and Sisar decollements (Yeats et al., 1988; figure 3). Major structures, 
such as the Oak Ridge, San Cayetano, and Santa Susana faults, divide the province into 
100-200 km long and 10-30 km wide blocks (Jackson & Molnar, 1990) that have been 
undergoing clockwise rotation for greater than 15 Ma, since formation of the San 
Andreas fault began (Atwater, 1998). In addition to fault block models, focal mechanisms 
of historical earthquakes show that these events accommodate the transpressional regime 
that is actively uplifting and deforming the region (Hauksson et al., 1995) and geodetic 
data suggests that the blocks are still rotating at a rate of several degrees per million years 
(Jackson & Molnar, 1990). 

Ojai & Upper Ojai valleys 
Ojai and Upper Ojai valleys are intramontane basins located within the wTR. Ojai 

Valley has an area of ~45 km2
, an elevation of 180-360 m and is approximately 20 km 

north of the city of Ventura. Upper Ojai Valley is just to the southeast at a slightly higher 
elevation of 390-420 m. The valleys are situated between the 2,050 m high Topatopa and 
eastern Santa Ynez Ranges to the north, the 880 m Sulphur Mountain to the south, the 
Ventura River to the west, Santa Paula Creek to the east, and are separated by Black 
Mountain (figure 4). 

The modem drainage system in the study area is dominated by the Ventura River, 
which flows to the south along the western edge of Ojai Valley (figure 4). San Antonio 
Creek flows westward through Ojai Valley and has a drainage basin area of 130 km2 

before it joins with the Ventura River (figure 4). Lion Creek flows parallel to San 
Antonio Creek, drains most of Upper Ojai Valley, and has a drainage basin area of about 
30 km2 (figure 4). Lion Creek flows through Lion Canyon before joining San Antonio 
Creek and 

5 



Figure 4. Map of the modem drainages (dotted white lines) with respect to Ojai and 
Upper Ojai valleys, drainage basins (pink- Lion Creek; green- San Antonio Creek; blue
Ventura River; and orange- Santa Paula Creek), and locations of canyons discussed in the 
text (CDC- Cozy Dell Canyon; StC- Stewart Canyon; GC- Gridley Canyon; SeC- Senior 
Canyon; HC- Hom Canyon, WC- Wilsie Canyon; SC- Sisar Canyon; and SPC- Santa 
Paula Canyon). 

eventually the Ventura River (figure 4). Sisar Creek, also located in Upper Ojai Valley, 
flows southward down Sisar Canyon and then abruptly turns eastward to join Santa Paula 
Creek (figure 4). The eastern portion of Upper Ojai Valley is drained by Sisar Creek, 
which has a drainage basin area of about 45 km2 (figure 4). 

Within the study area, the bedrock is dominantly marine in origin and generally 
youngs to the south. In the north, the eastern Santa Ynez and Topatopa Ranges are 
composed of competent Oligocene-Eocene age sandstones of the Juncal, Matilija, Cozy 
Dell, and Coldwater Formations (figure 5 & table 1). The Oligocene age Sespe Formation 
underlies the majority of Ojai and Upper Ojai valleys and comprises Black Mountain 
(table 1 & figure 5). The Sulphur Mountain anticlinorium bounds the southern edge of 
the Ojai and Upper Ojai valleys and is composed almost entirely of the Monterey and 
Pico Formations (table 1 & figure 5). All of the bedrock is erosionally truncated and 
unconformably overlain by Quaternary alluvial deposits within Ojai and Upper Ojai 
valleys, interpreted as the Saugus Formation by previous workers (e.g. Rockwell et al., 
1984; Rockwell, 1988; Yeats et al., 1988; Huftile, 1991; Huftile & Yeats, 1995) (table 1 
& figure 5). 
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Tp: Pico Formation 
t----1 

Tsq:Sisquoc Formation 
t----1 
1-..;.........f Tm: Monterey Formation 

Tr: Rincon Formation 

Ts: Sespe Formation 

----%-------· FAULT 
dashed where indefinite or inferred, queried 
where existence doubtful. Relative vertical 
movement shown by U/0 (U = upthrown 
side 0 = downthrown side). 

+------- ANTICLINE 
solid where a<:<urately located. dashed where indefinite 
or inferred. arrow points in d ire<:tion of plunge. 

Tcw: Coldwater Formation ~--·-·· · SYNCLINE 

Ted: Cozy Dell Formation ::;tii~r:':~a:~~~~:~~o;=:~~;;!~;:;:;~~;:."definite 

Tma: Matilija Formation 

Tj: Juncal Formation 

Figure 5. Geologic map of 
the Ojai and Upper Ojai 

valleys study area (Dibblee 
1987 a & b; 1990). 

Structures in the study area consist of roughly east-west striking reverse faults and 
folds that are characteristic of the wTR province (Jackson & Molnar, 1990). The 
westernmost surface expression of the north dipping San Cayetano fault is located at the 
base of the Topatopa Mountains along the northern boundary of Upper Ojai Valley 
(figure 5). Ojai Valley is bounded on the south by the nearly vertical Arroyo Parida-Santa 
Ana fault (figure 5). Big Canyon syncline and Lion Mountain anticline are exposed on 
Black Mountain, which separates Ojai and Upper Ojai valleys (figure 5). A series of river 
terraces are located to the west of Black Mountain, along the Ventura River. These 
terraces are named the Oak View terraces and are dissected by the Oak View faults 
(figure 5; Rockwell et al. , 1984). Lastly, surface traces of the south dipping Sisar, Big 
Canyon, and Lion faults are located along the northern flank of Sulphur Mountain (figure 
5). 

Multiple workers have calculated slip rates of active faults, estimated ages of 
geomorphic surfaces, and loosely constrained timing of uplift of the ranges surrounding 
Ojai and Upper Ojai valleys (e.g. Rockwell et al., 1984; Rockwell, 1988, Huftile, 1991; 
Huftile & Yeats 1995). The San Cayetano fault is largely responsible for the uplift of the 
Santa Ynez and Topatopa Mountains. Extrapolation of modern slip rates, calculated from 
displaced alluvial surfaces and ages based on soil development, suggest the San Cayetano 
fault has been active for 1.9 Ma (Rockwell, 1988). According to Huftile (1991), folding 
of the Lion Mountain anticline and Reeves syncline started in the early Pleistocene and 
ceased prior to deposition of the basin fill in Ojai and Upper Ojai valleys. These folds 
have north-dipping axial surfaces and are related to early movement on a north-dipping 
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u ...... s:: thin limestone strata. Upper member: white-weathering, thin OM 0 ........ ~ bedded, hard, platy to brittle silicious shale . 
u ~-- - s:: ........ 0 Marine; poorly bedded gray clay shale and siltstone; contains 
0 (.) 

E s:: occasional gray dolomitic concretions. N ~ 0 
~ Vl 

C) ----- 0 
Shallow marine transgressive; massive to poorly bedded, light 1-< 

u Q) 

C) ;:::$ 
gray to tan, fme grained sandstone, locally calcareous. cr' 

~ ~ ~ C) 
;..... u Nonmarine; maroon, red, and locally green silty shale or C'd 0 ........ 

claystone and interbedded red to pinkish gray sandstone; t:: b1) Q) 

~ 
........ 

0... some sandstone beds in lower part coarse grained and include ......... 
0 

Vl 
Q) 

pebble-cobble conglomerate; lowest part consists of pink r:/) 

----- sandstone and red claystone. 
1-< 
Q) 

Marine; hard, tan, bedded arkosic sandstone with minor ~ 

L ~ interbeds of greenish-gray siltstone and shale, includes some 
:3 
0 red siltstone; local oyster shell beds common in upper part. u 

C) ~;;:: · Marine; dark gray, argillaceous to silty micaceous shale with 
~ 0 Q) 

minor light gray to tan arkosic sandstone. C) uo 
u o--- ro Marine; hard, thick-bedded, tan to mottled light greenish-gray 
~ ? ...... arkosic saq.dstone with thin partings to thick interbeds of gray M ...... ro 

~ micaceous shale. 

---- ~ Marine; dark gray micaceous shale with minor thin interbeds 
(.) 

E s:: of hard, gray-white to tan arkosic sandstone. ::l -, 
.. 

Table 1. Regional stratigraphy of the Ojat and Upper Ojai valleys study area (modified 
from Dibblee, 1987a & b; Dibblee, 1990; Tan et al., 2005 a & b; Tan et al., 2006). 
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blind thrust in the footwall of the San Cayetano fault (Huftile, 1991; Huftile & Yeats, 
1995). 

The timing of folding and faulting of the Sulphur Mountain anticlinorium is not 
well constrained, but according to foraminifera data from Lagoe & Thompson (1988), the 
middle Pliocene to middle Pleistocene Pico Member of the Fernando Formation that 
underlies Upper Ojai Valley was deposited as part of the main Ventura trough before 
uplift of the Sulphur Mountain anticlinorium. Therefore, Sulphur Mountain must be 
younger than middle Pleistocene. The Sulphur Mountain anticlinorium was originally a 
fault propagation fold and later was sequentially cut by the Big Canyon fault, Sisar fault, 
and most recently the Lion fault (Huftile, 1991). 

In addition to the uplift history, much work has been completed on the Oak View 
terraces along the Ventura River. The terraces are strath terraces cut into both the basin 
fill and underlying bedrock. These terraces are dated between 200-100,000 years old 
based on radiocarbon ages and soil development (Rockwell et al., 1984). The Oak View 
faults, which dissect the terraces, have vertical slip-rates ranging from <0.3 to 1.1 mm/yr 
due to flexural slip in bedding planes (Rockwell et al., 1984). 

Finally, previous workers have described the basin fill in Ojai and Upper Ojai 
valleys as coarse-grained Quaternary conglomeratic deposits (e.g. Kear, 2005; Huftile, 
1991). The fill is exposed along drainages and described in numerous water-well logs as 
alluvial fan, floodplain, and lacustrine deposits (Kear, 2005). In Upper Ojai Valley, the 
fill is rarely exposed due to the downward movement of the footwall of the San Cayetano 
and Lion faults but has been interpreted as Saugus Formation based on oil well data 
(Huftile, 1991 ). 
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3. STRATIGRAPHY 

3.1 Methodology 

3.1.1 Fieldmapping 
I documented sedimentology of the basin fill and its relationship with Quaternary 

surfaces, active structures, and underlying bedrock in Ojai and Upper Ojai valleys to 
elucidate the processes and timing of basin formation and filling. From August 2009 to 
March 2011, I conducted three weeks of field work where I described the stratigraphy of 
the exposed sections of basin fill, took photographs of type outcrops, measured the 
thickness of exposed fill, walked contacts, measured orientations of imbricated clasts, 
conducted clast counts, and collected samples for geochronology. These data were 
compiled to make a series of figures that document the stratigraphy, lithology, three
dimensional geometry, and age of the basin fill within Ojai and Upper Ojai valleys. 

I carefully mapped the lateral extent of the basin fill using a 3m digital elevation 
model, topographic maps, and aerial photography as a base. In addition, aerial photos 
viewed in stereo and geologic maps (e.g. Dibblee, 1987a & b; Dibblee, 1990; Tan eta!., 
2005a & b; Tan eta!., 2006) aided in the mapping of geologic and geomorphic features. 

3.1.2 Outcrop descriptions, clast counts, & measurement of imbricated clasts 
Sedimentologic observations were used to constrain the depositional environment, 

source, lithology, and direction of paleodrainage within the basin. I took photographs of 
type exposures to document the variable characteristics of the deposits. In Lion Canyon, a 
Brunton compass and measuring tape were used to measure the only accessible exposed 
section. Clast counts were made at the top, middle and bottom of the measured section as 
well as an additional eight clast counts at outcrops that expose the base and lower 
portions of basin fill and in each of the active drainages. 

At each clast count location a horizontal measuring tape was laid out and the size, 
color, and composition of clasts at 10 em intervals were recorded. Approximately 30 
clasts were measured in every location. Thus, the values are presented as percentages in 
pie charts. The lithologies of the clasts are compared with the lithologies of the bedrock 
that comprise the surrounding ranges to interpret the source of the sediments that filled 
the basins. Clast counts in active channels are used to document the lithologies of clasts 
that are actively being transported downstream. 

The orientations of at least 20 cobble-size imbricated clasts were also measured at 
each location. The orientations of the clasts were plotted on lower hemisphere stereonets, 
and then the poles to the planes were calculated and plotted. From these stereonets, the 
down-plunge azimuths were plotted on rose diagrams. The directions on the rose 
diagrams represent the direction of flow when the sediments were deposited. From these 
data, the basin fill was separated into seven lithofacies that document the different 
processes responsible for filling the basins. 

3.1.3 Subsurface data 
Subsurface data from previous workers (e.g. Huftile, 1991; Kear, 2005; Ventura 

County Flood Control District) and thicknesses of exposed sections were combined to 
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create an isochore map that shows the true vertical thickness of the basin fill. Subsurface 
data for Ojai Valley, the Ventura River floodplain, and along San Antonio Creek was 
calculated from a contour map of the effective base of the ground water reservoir created 
by the Ventura County Flood Control District. The contour map is controlled by at least 
30 water wells. Additional data from water wells in Ojai Valley from Kear (2005) were 
also incorporated into the isochore map. Thickness data for Upper Ojai Valley is based 
on a cross section and three oil wells from Huftile (1991). 

3.1.4 Absolute dating 
Two absolute age dating methods were attempted to constrain the age of the basin 

fill. In-situ 26 AV10Be cosmogenic burial dating was used to find the age of the base of the 
fill. Two samples were collected and analyzed. Radiocarbon dating was used to find the 
age of the uppermost fill in Upper Ojai Valley. Six samples of charcoal were collected 
from the outcrop, two of which were analyzed. 

26AV 10Be cosmogenic burial dating 
Quartz is exposed to cosmogenic nuclides 26 Al and 10Be when it is near or on the 

surface of the Earth (Lal, 1991; Granger & Smith, 2000). The production ratio CZ6AV10Be) 
remains constant at ~6 regardless of sample location (Lal, 1991). When sediments are 
subsequently buried 20-30 m deep, production of cosmogenic nuclides ceases (Granger & 
Smith, 2000) and 26 Al and 10Be begin to decay exponentially based on their relative half 
lives (t112 Al = 7.17x105 years, Norris eta!. , 1983; t 112 

10Be = 13.7x105 years, Nishiizumi 
et al., 2007). The time since sediment burial can be back calculated from the current 
26AV10Be ratio (Granger & Muzikar, 2001). This technique has proven successful in 
finding the age of cave deposits and thick, Plio-Pleistocene sedimentary formations (e.g., 
Stock et al., 2004; Balco et al., 2005; Kong et al., 2009) and has been shown to be 
effective over a range 0.1 and 5.0 Ma. 

In this study, two samples were collected following techniques by Granger et al. 
(2001). They were prepared based on methods described in Kohl & Nishizumi (1992). 
Mineral digestion, column chromatography, and target packing were completed by 
Richard Heermance at the University of California Santa Barbara Cosmogenic 
Radionuclides Target Preparation Facility, which is operated by Bodo Bookhagen. 
Acceleration Mass Spectrometry (AMS) analysis was performed at the Lawrence 
Livermore National Laboratory Center. 

Radiocarbon dating 
Conventional radiocarbon dating on detrital charcoal is widely used to find the 

age of sedimentary deposits and provides maximum ages because charcoal dates 
represent the time of wood growth, which is always older than the time of deposition (e.g. 
Madden et al., 2006; Delong & Arnold, 2006; Villani, 2010). In this study, six samples 
were collected from the organic rich sediments in Upper Ojai Valley and two were 
analyzed. 

Paul McBurnett prepared two targets for AMS dating at the W.M. Keck Carbon 
Cycle Accelerator Mass Spectrometry Laboratory at University of California, Irvine. 
Radiocarbon concentrations are given as fractions of the modem standard, D14C, and 
conventional radiocarbon age. They are corrected for isotopic fractionation, following the 
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conventions of Stuiver & Polach (1977). Conventional radiocarbon ages were calibrated 
using OxCal v4.1.7, which uses calibration curves from Bronk Ramsey (2010) and 
atmospheric data from Reimer et al. (2009). 

3.2 Data & observations 

3.2.1 Stratigraphic descriptions 
In this study, every outcrop of the basin fill in Ojai and Upper Ojai valleys was 

described (table 2) and then separated into different deposits in order to document the 
processes of basin filling (figure 6). The deposits are separated into different facies, 
which are bodies of rock with specified characteristics that reflect a particular process or 
environment. The facies in this study are based on sedimentology, lithology, and outcrop 
locations for each of the deposits (table 2; figure 6). The majority of the outcrops of the 
basin fill are composed of conglomerates. 

In addition to descriptions of outcrops, a stratigraphic section was measured in 
Lion Canyon. Near vertical incision of Lion Canyon provides excellent exposures of the 
basin fill. The type-measured section (figure 7) consists of steeply dipping (at least 55°) 
Tertiary age strata overlain by up to 60 m of facies C1. In a few areas, the Quaternary 
strata are tilted up to 15°. Clast counts were conducted at several intervals throughout the 
section. Clasts at the base and middle of the section are composed almost entirely of tan, 
grey, tan, buff and brown-colored sandstones. Rare clasts of red sandstone are present 
throughout the section. Clasts of white diatomaceous shale are incorporated in the upper 
10-15 m of section, as evident by the clast count closest to the top. 

3.2.2 Clast counts & imbrication 
In this study, clast counts are used to document the lithology of the clasts in the 

basin fill of Ojai and Upper Ojai valleys. The dominant lithology in all of the clast 
counts, both in the outcrops and active channels, is grey, tan, buff, and brown-colored 
sandstones (figure 8; figure 6a, b, & e). The majority of the clast counts also measured a 
few red-colored sandstone clasts (figure 8). All of the measured sandstone clasts were 
medium or coarse grained. In a few locations, igneous and metamorphic clasts were 
present (figure 8). The only clast count containing white diatomaceous shale is in the 
uppermost clast count in the measured section from Lion Canyon (figure 7) but this 
lithology was observed in the same stratigraphic position in multiple other locations 
throughout Lion Canyon. 

The diameters of the clasts were also recorded in the clast counts (table 3). The 
smallest average clast size, 6.8 em diameter, is at the top of the measured section (figure 
7; table 3). On the other hand, the largest average clast size, 22.4 em, is at Meditation 
Mount (clast count 08 on figure 8; table 3). 

Imbricated clasts were measured at each of the outcrops in order to infer the 
paleocurrent direction of the paleodrainage system at the time of deposition. Two of the 
three locations of imbricated clast measurements along the Ventura River have clasts 
oriented so that the paleoflow was to the south (figure 9). In the central portion of the 
field area, the three of the four locations of imbricated clast measurements are oriented so 
that the paleoflow was to the northwest (figure 9). 
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Figure 6. Photographs of type outcrops of the basin fill in Ojai and Upper Ojai valleys, 
note people and rock hammer for scale. Sedimentologic descriptions of outcrops are in 
table 2 and locations of photographs are shown in figure 8. (a) Pebble to boulder 
conglomerate with discontinuous sands typical of facies C 1 in Lion Canyon; (b) Typical 
thickness on consolidation of facies C 1 in eastern bank of Ventura River; (c) Fill terraces 
along Santa Paula Creek composed of facies C3, entire height of photograph is ~20 m; 
(d) Angular to sub-angular clasts composed of white diatomaceous shale typical of facies 
C4; and (f) Dark brown muds and matrix supported conglomerate of facies Ll. 
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Facies Stratigraphic Description Locations of Outcrops 

Cl Very poorly sorted, dominantly clast-supported, pebble-boulder 
conglomerate. Clasts are subrounded, composed of dominantly 

competent tan, grey, and buff sandstone, and are commonly imbri- Facies C 1 crops out 
cated. The matrix consists of very poorly sorted silt to very coarse along the Ventura river 

sand-sized particles. Stratification is generally lacking, but outcrops where the Oak View 
commonly contain some 0.5-1 m thick gravel-rich intervals separated terraces are cut into the 

by boulder-rich layers. Rare lenses, 0.25-0.5 m thick and several m deposits and in the walls 
long, and laterally discontinuous layers composed of moderately of Lion canyon. 

sorted, coarse sand-pebble sized material are rare (figure 6a). When 
visible, the basal contact is an angular unconformity with highly 

deformed Eocene-Miocene age strata (table 1). Typical deposits are 
severalm to tens of m thick and well consolidated (figure 6b). 

C2 
Poorly sorted, clast-supported, pebble-cobble conglomerate (figure Facies C2 crops out in till 
6c). Clasts are subangular and composed of dominantly sandstone. terraces located along 

The matrix is dark brown fine-medium sized sand. Outcrops are Santa Paula Creek. 
moderately consolidated. 

Fan-shaped deposits 
C3 Poorly sorted, matrix-supported, pebble-cobble conglomerate. Clasts located on the north Hank 

are angular and composed entirely of white platy shale. Matrix is of Sulphur mountain, 
poorly sorted and composed of silt to medium sand sized material. predominantly along the 

Outcrops are generally unconsolidated (figure 6d). southern edge of Upper 
Ojai valley are composed 

of facies C3. 
Very poorly sorted, matrix- and clast-supported, weakly consolidated Outcrops are located in 

C4 pebble-boulder conglomerate. Clasts are subrounded, composed of fan shaped deposits at the 
entirely tan, gray, and buff colored sandstone, and 0.5-2 m dian1eter base of the eastern Santa 

boulders are common. When present, the matrix is very poorly sorted, Ynez range and Topatopa 
fine sand to coarse sand-sized material. Deposits are unconsolidated mountains in the northern 

(figure 6e). Orchards of orange trees usually grow in facies C4. portion of the study area. 

Poorly consolidated dark yellowish brown ( 1 OYR 4/2) silty muds 

Ll (figure 6t). At least one very irregular, 10-50 em thick, layer of 
matrix-supported, very coarse sand-pebble conglomerate is present. 

Facies Ll crops out along The top of the conglomeratic layer is undulating. Clasts are polymict, 
both subangular and rounded with occasional angular to subangular Lion creek in Upper Ojai 

clasts composed of white shale, black, red and grey chert, and valley and is bounded by 

surrounding brown muds. Multiple lenses tllled with clast supported landslides in the west. 

subangular, poorly sorted, pebble-coarse sand conglomerates are 
present. The matrix in the channels is greyish brown (5YR 3/2) and 

composed of sand sized material. Chatmels vary in size and are 
0.25-0.5 m thick and up to several m wide. No orchards present where 

the Ll facies is on the surface. 

Landslides are common 
LSI in the steeper topography 

Landslide and slump deposits. In the majority of the localities, a head composed of the 

scarp is present and lobate toes are less common. non-competent forma-
tions (table 1). Many of 
the deposits are in close 

proximity to active faults. 

Al Unconsolidated, poorly sorted alluvium Active channels 

Table 2. Facies, sedimentologic descriptions and locations of outcrops of the basin fill in 
Ojai and Upper Ojai valleys. 
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Explanation for pie charts: 

D white diatomaceous shale 
• red sandstone 
• grey, tan, buff, and brown 

sandstones 

Dark red soil developed in upper 
:J::;;;::~;;::+--!1 ~f ~in several locations._ 

Cobble and boulder conglomerate , 
poorly sorted , 1-80 em diameter 
clasts, average clast is 7 em in 
diameter, 5-100 em poor bedding , 
occasional 50-70 em sandstone 
sheets. 

Cobble and boulder conglomer
ate , poorly sorted , 1-80 em diam
eter clasts, average clast is 12 em 
diameter, 50-100 em poor bed
ding, occasional 50-70 em sand
stone sheets. 
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Figure 7. Photograph, measured section, description, clast count data, and structure of 
the basin fill in Lion Canyon. 
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0"1 

Location of photographs in figure 6. 

Location of clast count, colors represent abundance of 
each lithology present (blue: grey, tan , buff, and brown 
sandstones; red: red sandstone; green: igneous or 
volcanic), and# corresponds to data in table 3. 

7.o 1 0 Kilometers 

Figure 8. Map of the Ojai and Upper Ojai valleys with pie charts in locations of clast counts from the lowest exposed sections of 
basin fill . Additional clast count data are in table 3. Locations indicated by a-fare type outcrops of the basin fill that are pictured 
in figure 6. 



........ 
-..) 

Explanation ,...gl ~Locations and orientations of imbricated clast 
~ .· ' Cit} measurements. #corresponds to data in table 3. 

5 7.b 10 Kilometers 

Figure 9. Map of the Ojai and Upper Ojai valleys with rose diagrams that show the orientation of measured imbricated clasts. 
Additional imbricated clast data are in table 3. 



Table 3. Additional clast count and imbricated clast data for figures 7-9. The "% 
represented by outer circle of the rose diagrams" is calculated from the mode azimuth at 
each location divided by the number of measured imbricated clasts at each location. Note 
h h . 1 d.ftl h 1 . t at t e outer cue e represents a 1 erent percentage at eac ocat10n. 

#of 
#of 

Location 
clasts Average 

measured 
%Represented Average 

description 
in clast 

imbricated 
by outer circle of azimuth 

clast diameter 
clasts 

rose diagram direction 
count 

Vru- Active 
channel- Ventura 41 10.6 em 
River, upstream 

Vrl- Active 
channel- Ventura 

30 11.4cm 00 River, 
Q) 
1-< downstream ::::3 
OJ) 

~ SAC- Active 
channel- San 32 17.0 em 

Antonio Creek Not measured 
LC- Active 

channel- Lion 23 20.6 em 
Creek 

Top ofmeasured 
33 6.8 em 

t-- section 
Q) Middle of 1-< 34 10.7 em ::::3 

measured section OJ) 

~ Bottom of 
measured section 

36 12.4 em 

01- east bank of 
30 8.3 em 22 18 211 

Ventura River 
02- east bank of 

42 9.0 em 22 23 161 
Ventura River 

03- east bank of 
27 9.7 em 26 16 152 

Ventura River 
0\ 04- west bank of 
d(l 

San Antonio 32 7.0 em 21 14 254 
00 

"' Creek Q) 
1-< 

05- east bank of ::::3 
OJ) 

~ San Antonio 31 8.8 em 22 18 158 
Creek 

06- Camp 
34 10.7 em 28 32 204 

Comfort 
07- Lion Canyon 28 5.3 em 23 18 318 
08- Meditation 

27 22.4 em 25 12 287 
Mount 
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3.2.3 Fill thickness 
Basin fill is thickest in the center of the eastern portion of Upper Ojai Valley (> 

500 m) (figure 10). The fill thins to approximately 300m to the north and about 200m to 
the south before abruptly terminating against the San Cayetano and Lion faults, 
respectively (figure 10). Due to lack of subsurface data, the fill has been interpreted to 
gradually thin into the western portion of Upper Ojai Valley and pinch out onto Black 
Mountain (figure 11). There is no evidence that basin fill to ever covered Black 
Mountain. 

~m 

Thickness 
(meters) 

. 20-40 

. 40-60 

Ilea-so 
O so-1oo 
0 100-120 

0 120-140 

0 140-160 

0 160-180 

. 180-200 

. 200-220 

. 220-240 

. 240·260 

. 260-280 

280-300 

. 300-320 

. 320-340 

. 340-360 

. 360-380 

. 380-400 

. 400-420 

. 420-440 

. 440-460 

0 460-480 

0 480-500 

0 <500 

Sulphur Mtn. Big Cyn. Syncline Lion Mtn. 

Figure 10. Cross section 
A-A' across Upper Ojai 
Valley (modified from 

Huftile (1991). Location 
of cross section shown in 
figure 11 (note that figure 

1 0 & 11 are at different 
scales). Refer to figure 3 

for formation 
abbreviations and colors. 

Figure 11. Isochore map of the true vertical thickness of the basin fill in Ojai and Upper 
Ojai valleys including surface locations of faults that displace the basin fill. 

19 



The basin fill reaches a maximum thickness of 240 m in the eastern part of Ojai 
Valley, just north of the Santa Ana fault (figure 11). The fill thins gradually to the north 
toward the base of the Topatopa Mountains. To the west, the fill also thins to 
approximately 20 m before again thickening to approximately 1 00 m beneath the Ventura 
River. In the area to the south of the Santa Ana-Arroyo Parida fault, the fill ranges in 
thickness from 0-120 m below the surfaces ofthe Oak View terraces. The fill is up to 40 
m thick in Lion Canyon and sporadic clasts are present on Sulphur Mountain, above the 
current fill. 

3.2.4 Geochronology 
The relative age of the basin fill is constrained by the age of the folded and faulted 

bedrock below the basin fill and the age of a series of at least four fluvial terraces 
preserved along the Ventura River that are cut into the basin fill (figure 4 & 12). The 
youngest bedrock underlying the basin fill in Upper Ojai Valley is the middle Pliocene to 
middle Pleistocene Pico Member of the Fernando Formation (figure 10, table 1), which 
provides the maximum age for the fill. Radiocarbon dating and soil chronology estimate 
that the terrace surfaces are 30 to 92 ka (figure 12; Rockwell et al. , 1984). However, the 
age of the 15-20 ka terrace (Qt5a in Rockwell et al. , 1984) is based on a radiocarbon date 
from the Ventura area and a cosmogenic depth profile suggests an age of only ~6-7 ka 
(D. De Vecchio et al. , in press). The 14C age of ~38 ka for Qt6a is not calibrated (Qt6a in 
Rockwell et al. , 1984) but based on calculations using OxCal v4.1.7, the calibrated age 

Figure 12. Map of terrace surfaces in Ojai area (left; Rockwell et al. , 1984 and 
photograph of a terrace at the base of Lion Canyon that show the relationship between 
basin fill and terrace surfaces (right) . The yellow star on the map is the location where the 
vertical slip rate for the Arroyo Parida-Santa Ana fault because it displaces terrace 
surface Qt6a. The photograph on the right shows that the terrace is composed of tilted 
basin fill overlain by horizontally bedded terrace gravels above the terrace strath. Note 
author for scale. 
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Figure 13. Map and photographs showing the locations of geochronology sampling in 
Ojai and Upper Ojai valleys. (a) Map of Ojai and Upper Ojai valleys with white dotted 
lines showing locations of drainages. Stars indicate locations of cosmogenic burial and 
radiocarbon sampling. (b) Photographs of location of collection of Ojai cosmogenic 
burial sample 1 (OCB1). Photograph of outcrop (left) and actual sample site (right), note 
rock hammer for scale. (c) Photographs of location of collection of Ojai cosmogenic 
burial sample 2 (OCB2). Photograph of outcrop (left), note author for scale, and actual 
sample site (right), note rock hammer for scale. 

for this terrace is 42,252 ± 1,233 years B.P., which agrees with the cosmogenic exposure 
age based on sampled boulders (De Vecchio eta!., in press). Therefore, formation of the 
Oak View terraces along the Ventura River occurred between ~92 and 6 ka, and the basin 
fill is younger than middle Pleistocene and older than all of the terrace surfaces. To better 
constrain this age, 26 Ali10Be cosmogenic burial and radiocarbon dating techniques were 
used. 
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26Al/10Be cosmogenic burial dating 
Two samples were collected from the base of the basin fill for cosmogenic 

radionuclide age-dating analysis. Sample OCB1 (Ojai Cosmogenic Burial #1) was 
collected from the exposed basal contact along San Antonio Creek at Camp Comfort 
(figure 14), A second sample, OCB2, was collected nearly 3 km to the south, within Lion 
Canyon, where the Lion fault displaces and exposes the basal contact (figure 14). 

Concentrations of 26 Al and 10Be were determined for the two samples and the 
results are displayed in table 4. AMS analysis of the 26 Al targets resulted in extremely 
low counts (less than background) and thus large uncertainties (20-40%) before 
background correction. An AI blank was not run so a background correction cannot be 
completed. Additionally, the 10Be currents obtained from the AMS analysis were low(< 
1 microamp ), contributing to high errors and low precision results. These low values 
could be due to sample contamination, analytical error, and/or too young of samples but 
the data is too uncertain to use. Sample ages, calculated using techniques described by 
Granger & Muzikar (200 1 ), are displayed for completeness but they were not used in this 
study. 

T bl 4 C a e 1 . fi osmogemc sample m ormatiOn an d re ate dd fr AMS ata om 1 . ana ysts. 

~ Mass Be AI 
1o19Be 10Be cone. 

26t27AI 
26

AI cone. Prod. 
-a ratio ratio ratio Age e quartz carrier carrier 

±lo 
(atoms/g) 

±lo 
(atoms/g) e6AII (Ma) 1:11 (g) (mg) (mg) ±lo error ±lo error 00 lOBe) error error 

2.487094 
5.234475 .-< 9.29 x1o· 2.07 x104 5 xl0-14 

0 x104 ± o::l 121.314 0.4379 n/a 14 ± 1.93 ± 7.12 ± 2.53 1.83 u x10·15 x102 1.534277 
0 7.289925 

x104 
x10·15 

C"'l 4.59 x1o- 1.45x104 1.347651 3.436448x 
0 xl0-14 ± 104 ± o::l 77.46 0.4364 n/a 14 ± 1.90 ± 2.36 1.98 u x10·15 8.49x102 4.957575 1.264158x 
0 x10·15 104 

Radiocarbon dating 
Six detrital charcoal samples of facies L1 (table 2 & figure 6f) were collected for 

radiocarbon analysis from the bank of Lion Creek where it has incised into the fill in 
Upper Ojai Valley (figure 12). Upon further inspection, some of the samples were in fact 
not charcoal. Furthermore, due to limited funding, only two samples were processed. 
Sample ORC03 was collected from the lowest exposed conglomeratic bed and sample 
ORC06 is a bulk sample collected from the dark brown mud that overlies the 
conglomerate (figure 12). The sample locations are separated by~ 0.75 m of section. 

The calibrated age of sample ORC06, within 2cr uncertainty, is 14,865 ± 365 years 
calBP (table 5 & figure 14a). Calibration curves end at 50,000 calBP because this age is 
near the maximum range applicable for the technique due to the very small amount of 
remaining measureable carbon. With the associated error, the 14C age for sample ORC03 
could be greater than 50,000 BP and the resulting calibrated age is greater than 
46,372calBP (table 5 & figure 14b). 
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Table 5. Dates and descriptions of radiocarbon samples from facies L1 in Upper Ojai 
Vll a ey. 

Sample Fraction ni4c 14C age 
Calibrated Age 

Name 
Description 

Modern (%o) 
(years 

(Cal. years B.P.) 
B.P.) 

Detrital 
0.2077 ± -792.3 12,630 ± 

ORC06 charcoal 14,865 ± 365 
(0.10 mg C) 

0.0014 ± 1.4 60 

Bulk 0.0033 ± -996.7 46,000 ± 
ORC03 sample 0.0007 ± 0.07 1800 

> 46,372 
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3.3 Interpretations 

3.3.1 Depositional setting 
Facies C1 

The rounded clasts, clast-supported nature of the deposits, imbrication, and sand 
bodies lacking clay-size material in facies Cl indicate deposition by streamflow, whereas 
the poor stratification, presence of boulder-size clasts, poor sorting, and lack of 
sedimentary structures suggest deposition by debris flow (Middleton & Hampton, 1976; 
Nilsen, 1982; Boggs, 2006). Due to these characteristics, I interpret facies C1 to represent 
fluvial gravels deposited in a braided channel system (Nilsen, 1985; McLane, 1995). The 
coarse grain size and poor sorting are indicative of high-energy environments, which 
suggest that deposition occurred primarily during floods (Boggs, 2006). 

Facies C2 
The subrounded clasts and clast-supported nature of facies C2 suggest deposition 

in a fluvial environment. Alternatively, the lack of sedimentary structures and poor 
sorting are evidence that deposition was high energy. These characteristics suggest that 
facies C2 was deposited in a braided channel complex (Middleton & Hampton, 1976; 
Boggs, 2006). The stream likely had a steep gradient, very similar to the modem Santa 
Paula Creek. 

Facies C3 
The poor sorting, angular clasts, and immature compositions of clasts in facies C3 

are representative of a proximal alluvial fan (Nilsen, 1982). This interpretation is 
consistent with their fan-shaped geomorphology where the apex of the fan is located at 
the mountain front (figure 15; Blair & McPherson, 1994). Poorly sorted and matrix
supported conglomerates are common in debris flows on proximal alluvial fans 
(Middleton & Hampton, 1976; Nilsen, 1982). Also, it appears that the clasts of white 
shale decrease in size rapidly, rather than rounding so they are only found in close 
proximity to Sulphur Mountain. 

Facies C4 
Facies C4 represents sediments deposited in proximal alluvial fans derived from 

the eastern Santa Ynez and Topatopa ranges to the north of Ojai and Upper Ojai valleys. 
Debris flows and sieve deposits, which are rapidly deposited gravel lobes, are common in 
proximal alluvial fan settings (Nilsen, 1982; Boggs, 2006). The deposits are fan-shaped 
where the apex of the fan is located at the mountain front (figure 15; Blair & McPherson, 
1994). 

Facies L1 
The laterally continuous sequence of mud, sand, and conglomerate beds in facies 

L1 is typical of sediments deposited within a marginal lacustrine environment (Fouch & 
Dean, 1982). The irregular layers of matrix supported conglomerate represent debris 
flows washing into the lake, which suggests steep topography. Along the lake margins, 
channelized conglomerates are similar to channels in the Pliocene Ridge Basin Group 
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Figure 15. Lithofacies of the basin fill in Ojai and Upper Ojai valleys characterized by depositional setting, lithology, and 
locations of outcrops. Red lines are surface locations of faults that displace basin fill with U/D showing relative 
movement. Faults are solid where certain, dashed where inferred, and dotted where concealed. 



T bl 6 S a e . ummary o fr h r: · h b . fill fo· . d U 1t o ac1es m t e asm 1 0 'Jai an Jpper a· · ll 'Jai va eys 
Facies Description Interpretation 

CI 
Well consolidated, clast-supported, Fluvial gravels within a braided 

subrounded, pebble-boulder conglomerate channel system 

C2 
Moderately consolidated, clast supported, Immature braided stream deposits 
subangular, pebble-boulder conglomerate 

C3 
Matrix-supported, angular, pebble-cobble Proximal alluvial fan deposits 

conglomerate with white shale clasts sourced from Sulphur Mountain 

Slightly consolidated, matrix- and clast-
Proximal alluvial fan deposits 

C4 sourced from the eastern Santa Y nez 
supported, pebble-boulder conglomerate 

Ranges and Topatopa Mountains 
Poorly bedded, dark brown silty muds 

LI and channels filled with pebble Lacustrine 
conglomerates 

LSI 
Landslides and slumps with head scarps Landslides sourced from non-

that are visible on air photos competent formations 
AI Unconsolidated, poorly sorted alluvium Alluvium in active channels 

that are interpreted as deltaic beds (Link & Osborne, I982). The diverse array of features 
in facies L1 implies that the small lake in Upper Ojai Valley was rapidly changing 
(McLane, I995). 

The areas where the valley floor is covered by alluvium and underlain by 
conglomeratic facies are planted with orange orchards (figure 16a). In contrast, the 
landscape in Upper Ojai Valley is smooth and dominated by grassy vegetation (figure 
16b). Exposures of facies L1 are limited to ~2 km of Lion Creek in Upper Ojai Valley 
where the topography is very flat and no orchards are planted. Therefore, the lithofacies 
is interpreted to underlie most of Upper Ojai Valley (figure 15) and represents a 
lacustrine deposit rather than just ponded sediments representative of a shallow poorly 
drained area. 

In addition, multiple intervals of similar fine-grained lacustrine deposits are 
interpreted based on water well logs within the basin fill of Ojai Valley (Kear, 2005). 
Although subsurface data is not available for Upper Ojai Valley, the presence of lakes in 
Ojai Valley suggests that lakes could have been more extensive and longer lived than the 
scarce exposures suggest in Upper Ojai Valley. 

Facies LSI 
The LS 1 facies is composed of landslide and slump deposits. In the majority of 

the localities, a head scarp is usually present and lobate toes are less common. The 
mapped locations (figure 15) correspond with the locations of landslides on maps from 
previous workers (e.g. Dibblee, I987a & b, 1990; Tan et al., 2005a & b; Tan et al., 
2006). Landslides are common in the steeper topography composed of the non-competent 
formations described in table 1. Many of the deposits are in close proximity to active 
faults. 
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Facies A1 
Facies A1 corresponds to the unconsolidated, poorly sorted, subrounded, fine 

sand to boulder size alluvium in active channels of the drainages shown in figure 4. 

Figure 16. Photographs comparing the valley floors in Ojai and Upper Ojai valleys. (a) 
View looking to west across Ojai Valley. Note the extensive orchards planted throughout 
the valley. (b) View looking south across Upper Ojai Valley. Note the lack of orchards 
and the smooth surface. 

3.3.2 Source 
As evident by all of the clast counts (figure 7 & 8), the majority of the clasts in 

the sections measured in Lion Canyon are composed of competent grey, tan, buff, and 
brown-colored sandstones. The only in situ sandstones with similar characteristics 
include the Juncal, Matilija, Cozy Dell, and Coldwater Formations, exposed in the 
Topatopa and eastern Santa Ynez ranges to the north (table 1 & figure 5). South of the 
study area the bedrock consists of diatomaceous fine-grained sandstones, siltstones, and 
mudstones. Thus, the ranges to the north of the study area are the likely source for the 
clasts for the majority of the basin fill. 

Red sandstone clasts make up > 1 0% of the clasts within the basin fill (figures 7 & 
8) The only red-colored sandstone within the study area is found within the Sespe 
Formation (table 1 & figure 5). Therefore, the clasts composed of red sandstone could be 
derived from the Sespe Formation, which underlies the fill in Ojai and Upper Ojai valleys 
(figure 5). In addition to red-colored sandstone, conglomerates with clasts of igneous and 
metamorphic origin are found within the Sespe Formation (table 1; Howard, 2005). The 
igneous and metamorphic clasts could be derived from the conglomeratic sections of the 
Sespe Formation. 

The Monterey Formation is dominated by white-weathering diatomaceous shale
(angular clasts in figure 6d) and is exposed solely on Sulphur Mountain, located directly 
to the south of the Ojai and Upper Ojai valleys (figure 5). Any sandstone within the 
Monterey Formation is lighter in color and fme-grained compared to the sandstone clasts 
within the basin fill (table 1 ). The white shale clasts incorporated at the top of the basin 
fill exposed in Lion Canyon are in close proximity and identical to the Monterey 
Formation. Thus, Sulphur Mountain is the likely source for these clasts. 
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3.3.3 Paleocurrents 
Rose diagrams 02 and 03 (figure 9), both located within the east bank of the 

Ventura River, show that imbricated clasts are oriented so that the paleodrainage flowed 
to the south. These orientations are nearly identical to the configuration of the modem 
Ventura River, suggesting that this drainage has been present since initial deposition in 
the basin. 

On the other hand, imbricated clasts, shown by rose diagrams 04, 05, and 07 in 
the central part of the basin are oriented such that the paleodrainage flowed to the west 
(figure 9) even though the interpreted source of the basin fill is from the ranges to the 
north. Additionally, both Lion Creek and San Antonio Creek currently flow to the west. 
Both drainages are incising through the basin fill and do not have large enough flows to 
deposit such coarse-grained deposits. This suggests that the basin fill was deposited by a 
larger drainage system compared to the modem configuration. Rose diagram 06 (figure 
9) shows the paleocurrent to the southwest and is likely displaced by one of the Oak 
View faults . 

3.3.4 Summary of basin filling 
In all exposures of the basal contact of the fill, the stratigraphically lowest, and 

therefore, oldest portion of the Quaternary basin fill is composed of facies C 1 (e.g. figure 
7-9 & 16). At these locations, clasts are almost entirely composed of competent 
sandstones derived from ranges in the north (figures 7 & 8), no clasts are composed of 
white shale, and orientation of imbricated clasts suggest that the paleodrainage flowed to 
the west (figure 9). Furthermore, in all areas, the base of the basin fill is in 
unconformable contact with Oligocene through middle Pleistocene-age strata that are 
more deformed than the fill itself (figure 7). These observations are evidence that initial 
deposition of basin fill occurred in the middle Pleistocene via alluvial fans and a braided 
fluvial system with material sourced from the uplift and subsequent erosion of the eastern 
Santa Ynez and Topatopa ranges. No white shale clasts of the Monterey Formation are 
present in the bottom of the basin fill. This implies that uplift of Sulphur Mountain had 
initiated because sediments were trapped and flow was channeled to the west but the 
Monterey Formation was not exposed on Sulphur Mountain. There is no evidence for 
deposition over Black Mountain, suggesting that depocenters in Ojai and Upper Ojai 
valleys have always been separate. 

As uplift of Sulphur Mountain continued, the anticlinorium gained enough 
topographic relief to begin to contribute clasts to the basin, as evident by the clast counts 
that contain clasts composed of Monterey Formation near the top of the measured section 
in Lion Canyon (Figure 7). Additionally, sporadic clasts from the basin fill are perched 
on the footwall of the Lion fault on the north flank of Sulphur Mountain, which suggests 
that the basin fill or other Plio-Pleistocene sediments originally covered some of Sulphur 
Mountain and have since eroded away. This also explains the lack on Monterey clasts in 
the lower section because as uplift of Sulphur Mountain continued, an unknown thickness 
of conglomerate had to erode away before the Monterey Formation was even exposed. 
Average clast size also decreases from over 12 em at the base to less than 7 em and the 
top of the section in Lion Canyon (table 3) because reworking of sandstone clasts eroded 
from Sulphur Mountain reduced the grain size. 
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The uppermost basin fill in Upper Ojai Valley is composed of lacustrine deposits 
with radiocarbon dates ranging in age from ~ 15 to over 46 ka. Landslides bound the 
westernmost portion of Upper Ojai Valley (figure 15). These landslides and ponding 
behind the actively uplifting Sulphur Mountain blocked the drainage outlet for the basin 
and led to the formation of a late Pleistocene age lake in Upper Ojai Valley. 

There is a lack of subsurface data in Upper Ojai Valley. Only the upper ~ 5 m of 
basin fill is exposed so the actual thickness of the lacustrine deposits is unknown and the 
existence of a lake prior to ~46 ka is undeterminable. Clay-rich layers, interpreted from 
water well logs throughout the basin fill in Ojai Valley, impede flow in the groundwater 
aquifer and are interpreted as lacustrine deposits (Kear, 2005). This is evidence that 
intermittent lakes have formed throughout the late Pleistocene in both Ojai and Upper 
Ojai valleys and only the uppermost lacustrine deposits are exposed. 

The presence of debris flows in facies L 1 and radiocarbon results suggest that the 
rate of basin filling in Upper Ojai Valley is highly variable. The radiocarbon samples are 
separated by ~ 0.75 m and the samples are ~ 31 ka apart. These data imply an average 
sedimentation rate of ~ 0.024 mm/yr. However, a major bedding contact, which may be 
an unconformity, is present between the samples (figure 6f), which represents an 
unknown amount of time. Therefore, the sedimentation rate was not constant throughout 
the late Pleistocene. 
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4. TECTONICS 

North-south shortening across the Ojai valleys is dominated by sub-parallel faults 
and folds. To the west of Ojai Valley, movement on the north-dipping Red Mountain 
fault and associated folding accommodates all of the south-vergent shortening (Huftile, 
1991; figure 2) and becomes a blind thrust beneath Ojai Valley (Huftile andY eats, 1995). 
East of Santa Paula Creek, the north-dipping San Cayetano fault accounts for most of the 
horizontal shortening in the region (Huftile,' 1991). The San Cayetano fault reaches the 
surface along the north edge of Upper Ojai Valley (figure 5). The fault turns into a blind 
thrust within the Sespe Formation at the eastern end ofOjai Valley and continues beneath 
the Topatopa Mountains (figure 5; Huftile & Yeats, 1995). The south-dipping Big 
Canyon, Sisar and Lion faults, here called the Lion fault system, is a back thrust that 
accommodates a portion of the convergence south of the Ojai valleys. Therefore, the Ojai 
valleys represent a transition zone where shortening is transferred from the San Cayetano 
fault, to the Lion fault system, and then to the Red Mountain fault (Huftile, 1991; figure 
3). 

In addition to the structural complexity, many of the faults in the study area, as 
well as the rest of the wTR, are bedding-parallel at the surface but displace strata at an 
angle at depth. Thus, quantification of slip is difficult to determine due to lack of piercing 
points both laterally and vertically based on surficial observations. Some faults displace 
Quaternary age surfaces and sediments, which allows for observation of displacement 
(Rockwell, 1988; Rockwell et a!., 1984; Yeats, 1981 ). The three-dimensional geometry 
of the basin fill displayed in figures 11 and 15 allows interpretation of the amount of 
vertical separation on the basin bounding faults . These estimates, divided by vertical slip 
rates calculated by previous workers, can be used to constrain the age of the basin 
bounding faults. The basin fill is cut by these faults, so the basin fill is older than the 
faults. Therefore, the ages of the basin bounding faults represent the minimum ages for 
initial deposition. 

4.1 Data, observations & calculations 

4.1.1 Black Mountain & the Arroyo Parida-Santa Ana fault 
In Ojai Valley, just east of the Ventura River, the Arroyo Parida-Santa Ana fault 

displaces Oak View terrace Qt6a and has a vertical separation of 14 ± 0.3 m (Rockwell et 
al., 1984). The terrace surface is dated at 41,408 ± 1,233 years from soil chronology, 
calibrated radiocarbon, and 10Be cosmogenic exposure dating methods (Rockwell et al., 
1984; De Vecchio et al., in press). This age and vertical separation equates to vertical slip 
rate of ~ 0.34 ± 0.02 mm/yr for the Arroyo Parida-Santa Ana fault at this location. 

The base of the fill is exposed at an elevation of~ 195 m in San Antonio Creek 
just south of the Arroyo Parida-Santa Ana fault (figure 15). The best-constrained 
thickness of basin fill to the north of the fault is 150m (figure 11). The elevation of the 
surface ofOjai Valley in this area is ~255m so the elevation ofthe basal contact is~ 105 
m above sea level. Therefore, assuming a planar contact, the maximum vertical 
separation on the Arroyo Parida-Santa Ana fault is approximately 90 m. Assuming a 
constant slip rate of~ 0.34 ± 0.02 mm/yr (Rockwell et al., 1984) and that all of the 
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displacement on the fault has occurred since initial deposition, then the fault has been 
active for the last 265 ± 15 ka. 

4.1.2 The San Cayetano fault 
The San Cayetano fault has a stratigraphic separation of 2.6 km in Upper Ojai 

Valley between the Sespe and Vaqueros Formations (Huftile 1991). Assuming a constant 
slip rate of 1.35 ± 0.4 mm/year since the late Pleistocene, the San Cayetano fault has been 
active for ~1.9 Ma (Rockwell, 1988). 

The vertical slip rate for the San Cayetano fault at Sisar Creek is 0.75 ± 0.15 
mm/year based on soil development of a 15-20 ka fan surface displaced by the fault 
(Rockwell, 1988). The San Cayetano fault juxtaposes basin fill against the Sespe 
Formation in Upper Ojai Valley and the vertical separation of the base ofthe basin fill on 
either side ofthe fault is approximately 300m (figures 10 & 11). Based on the above slip 
rate and vertical separation, the San Cayetano fault initially displaced the base of the fill 
at 415 ± 85 ka. This is a minimum age because the fill could have been deposited and 
then subsequently been cut by the fault. 

4.1 . 3 Sulphur Mountain & the Lion fault system 
The basin fill on the south side ofUpper Ojai Valley, adjacent to the Lion fault, is 

at least 200 meters thick (figures 10 & 11). Assuming the fill deposition initiated prior to 
415 ± 85 ka in Upper Ojai Valley, the average vertical slip rate on the Lion fault for the 
mid- to late Pleistocene is 0.64 ± 0.24 mm/yr. 

Near the base of Lion Canyon, the Lion fault also displaces the Miocene Rincon 
Formation over approximately 60 m of basin fill (Figure 17). The three-dimensional 
wedge-shaped geometry of the fill in Lion Canyon (figures 11 & 17) suggests that the fill 
was deposited into a paleovalley by a fluvial system (facies C1, figure 15) that flowed to 
the west (figure 9) from Upper Ojai Valley. The fill was likely never as thick at this 
location as in the eastern portion of Upper Ojai Valley and not preserved due to uplift on 
the Oak View and Lion faults. 

East View to East 

Figure 17. Photograph of outcrop (left) and cartoon interpretation (right) of the Lion fault 
in Lion Canyon that displaces up to 60 m of Quaternary basin fill below the Rincon 
Formation. 
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Assuming the base of the basin fill in Lion Canyon is time-correlative to the base 
in Upper Ojai Valley, the base ofthe fill is at least 415 ± 85 ka. Therefore, the minimum 
vertical uplift rate on the Lion fault within Lion Canyon is 0.15 ± 0.03 mm/yr because an 
unknown amount of fill has been eroded from both the hanging wall and footwall. 

4.1 . 4 Longitudinal stream profile of Lion Creek 
Lion Creek flows westward from near the center of Upper Ojai Valley, through 

Lion Canyon, and then joins San Antonio Creek (figure 18a). A longitudinal profile of 
Lion Creek was extracted from a 3-meter digital elevation model using ArcGIS (figure 18 
b). In figure 18b, the thickness and elevation of facies C1 are superimposed onto the 
stream profile to display the relationship between the modem and ancient drainages. 

On figure 18, point A represents the headwaters and has an elevation of 4 70 m. 
Point B is located at the top of Lion Canyon and has an elevation of 3 7 5 m. The gradient 
from point A to B, through Upper Ojai Valley, is 13.5 mlkrn. From point B to C, Lion 
Creek flows parallel to Black Mountain, and point C is located at the end of Black 
Mountain at an elevation of 170 m. From point B to C, where Lion Creek flows parallel 
to Black Mountain, the gradient is significantly steeper at 23.8 mlkrn. In this segment, 
Lion Canyon is a slot canyon with a width as little as several meters and a depth up to 40 
m that is incised into a meandering pattern. Point D is the base of Lion Creek and Lion 
Canyon and the gradient from point C to D 9.80 mlkrn. These changes in stream gradient 
are discussed below. 
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Figure 18. Map and longitudinal profile of Lion Creek. (a) Colors on map represent 
lithofacies discussed in text (figure 15, tables 2 & 6). (b) Longitudinal stream profile of 
Lion Creek from point B to D and locations of facies C1 outcrops in Lion Canyon. 
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4.2 Results & interpretations 

4.2.1 Formation of depocenters 
The basin fill reaches a maximum thickness of 240 m in the southeastern part of 

Ojai Valley (figure 11). This depocenter is located in the footwall of the Arroyo Panda
Santa Ana and San Cayetano faults. Due to the location of this depocenter being in such 
close proximity to two active faults, the formation of this depocenter is likely tectonically 
controlled. 

The Ojai Valley basin is bounded to the south by Black Mountain, which is 
composed of Lion Mountain anticline and Reeves syncline (figure 5). All of the basin fill 
lies in angular unconformity with the Black Mountain structures (figure 7; Huftile, 1991 
& Kear, 2005), implying uplift and erosion of the area prior to deposition. The folds are 
also cut by the Arroyo Parida-Santa Ana fault (figure 3) suggesting that the fault is 
younger. Therefore, the location of the depocenter in Ojai Valley is due to movement on 
the Arroyo Parida-Santa Ana fault, which propagated to the surface at least 265 ± 15 ka 
(table 7) but prior to this time, folding of Lion Mountain anticline and Reeves syncline 
may have created a topographic feature that trapped sediments and diverted drainages to 
the west. 

Table 7. Summary of displacements and slip rates on basin-bounding faults in Ojai and 
Upper Ojai valleys. *Calculations in this study are italicized and references are listed 
below. 

Fault name Vertical separation Vertical slip rate Age of structure 
Arroyo Parida-

90 rn 0.34 ± 0.02 rnrn/yr 265 ± 15 ka 
Santa Ana fault 

San Cayetano fault 2.6 km 0 1.35 ± 0.4 mm/yr c 1.9 Mac 
Lion Fault 60-200 m 0.37 ± 0.25 rnrn/yr 415±85ka 

A • H ·'-' .u * Rockwell, 1983, Rockwell et al., 1984, Rockwell, 1988, Huftlle, 1991 

Table 8. Calculated ages of the basin fill and associated sedimentation rates in Ojai and 
Upper Ojai valleys. *Calculations in this study are italicized and references are listed 
b 1 **B d h f: h h b f h fill d f: 1 . e ow. ase on t e act t at t e ase o t e 1 must pre- ate au tm~ . 

Max. basin flU 
Min. age of 

Age of top of Sedimentation 
Location base of basin 

thickness 
fill** 

basin fill rate 

Ojai Valley 240 rn 243 ± 13 ka 15-30 ka B&C 
1.02 ± 0.18 

rnrn/yr 
Upper Ojai 

500m 0 415 ± 85 ka < 15 ka 
1.31 ± 0.28 

Valley rnrn/yr 

Lion Canyon 60 rn 415 ± 85 ka 15-30 ka B&C 
0.16 ± 0.04 

rnrn/yr 
A tl c u * Rockwell, 1983; Rockwell et al., 1984; Rockwell, 1988; Huftile, 1991 

Similar to the depocenter in Ojai Valley, the 500 m deep depocenter in Upper 
Ojai Valley (figure 11) is bounded by two faults. The depocenter is located in the 
footwall of the San Cayetano and Lion faults and is, therefore, likely tectonically 
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controlled. Based on the amount vertical separation and slip rate on the San Cayetano 
fault, the depocenter in Upper Ojai Valley is at least 415 ± 85 ka (table 7). 

Slip rates on the San Cayetano fault are well defined (Rockwell, 1988) and can be 
used to interpret the age of depocenter in Upper Ojai Valley. Assuming the fill was 
initially deposited behind Sulphur Mountain, which uplifted most recently along the Lion 
fault (Huftile, 1991 ), slip rates for the Lion fault can be inferred (table 8) based on the 
age of this depocenter. 

4.2.2 Style of convergence & preservation of the basin fill in Ojai & Upper Ojai valleys 
Point C (figure 18), located near the base of Lion Canyon and at the westernmost 

part of Black Mountain, represents the boundary between two dramatically different 
structural zones. Point C is approximately along strike with the Red Mountain fault 
(figure 2), the easternmost edge of terraces formed by the Ventura River (figure 4), and 
the region of extremely thin basin fill to the north of the Arroyo Parida-Santa Ana Fault 
in the center of Ojai Valley (figure 11). To the west of point C, convergence is 
accommodated on numerous shallow flexural slip faults in the hanging wall of the Red 
Mountain fault/blind thrust (the Oak View faults). The Quaternary basin is> 6 km wide 
and the basin fill ranges from 40-120 min thickness (figure 11). This thickness is a result 
of uplift accommodated over a wide area as well as erosion of the basin fill along the 
Ventura River. On the other hand, in the regions to the west of point C, only the San 
Cayetano, Arroyo Parida-Santa Ana, and Lion faults accommodate convergence. The 
Upper Ojai Valley basin is less than 3km wide and greater than 200-500 m deep. Also, 
Black and Sulphur mountains are uplifted to the west of point C. 

34 



5. DISCUSSION 

5.1 Tectonic versus climatic influences on basin filling 

A complex relationship exists between rock uplift and climate throughout the 
development of an intramontane basin. Rates of faulting vary within the basin and 
throughout Quaternary time implying that tectonics should control local deposition. In the 
case that climatic fluctuations are the control on these processes, the timing of deposition 
and erosion throughout an entire region should be synchronous. 

The Ojai and Upper Ojai basins are both located in the footwalls of active faults 
and the deepest parts of the basins are not in the center of the valleys (figure 11). Instead, 
both basins are asymmetric and depocenters are located in the eastern portion of each 
valley where the basin bounding faults are closest to each other and subsidence may be 
highest (figure 11). Moreover, calculations of the age of basin bounding faults suggest 
that the Upper Ojai Valley could be older than Ojai Valley. These data are evidence that 
the main control on formation of the basins and the locations of the depocenters is 
tectonics. 

In the Ojai valleys, a wetter climate with higher rates of precipitation would 
increase erosion rates in the ranges and therefore, increase the sediment supply. More 
precipitation would result in a higher energy depositional environment that is capable of 
transporting boulder size clasts present in facies C1 (figure 6a & b; table 2). Also, the 
Pleistocene climate in the northern hemisphere is known to be cooler and more strongly 
variable than the time periods before and after (Mudelsee & Schulz, 1997; Zachos et al., 
2001; Lisiecki & Raymo, 2007). Therefore, although the accommodation space in the 
Ojai and Upper Ojai basins was created due to tectonic subsidence, basin filling could 
have been influenced by smaller scale climatic perturbations that cannot be constrained 
based on the data presented in this study. 

Sedimentologic observations and radiocarbon dating of the uppermost basin fill in 
Upper Ojai Valley (facies L1, figure 15) suggest the existence of a late Pleistocene age 
lake in Upper Ojai Valley that formed upstream from a landslide dam. Multiple studies of 
landslide-dammed lakes throughout the world suggest that both tectonics and climate 
play a role in the formation and failure of these lakes formed in mountainous terrain (e.g. 
Fillion et al., 1991; Trauth & Strecker, 1999; Trauth et al., 2003; Korup, 2004; Dai et al., 
2005; Korup & Tweed, 2007; Pratt-Sitaula et al., 2007). In these studies, landslides are 
commonly triggered by increased precipitation or earthquake events. 

An increase in precipitation due to a different climate could be source of the 
excess water in Upper Ojai Valley that formed a lake. Additionally, a more humid 
climate could have triggered landslides that bound the valley (e.g. Trauth & Strecker, 
1999; Trauth et al., 2003). The landslides are, however, covering the trace of the Lion 
fault in Upper Ojai Valley (figure 15) and the western Transverse Ranges are one of the 
most tectonically active regions in the world (Nicholson, et al., 2007), suggesting that an 
earthquake could have triggered failure. Therefore, due to the lack of ages on landslides 
in Upper Ojai Valley and no paleoseismic record for the Lion fault, it is undeterminable 
at this time to determine if the landslides that formed the dam were triggered by tectonics 
or by increased precipitation in a more humid climate. 
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5.2 Late Pleistocene incision & erosion 

5.2.1 Partitioning of drainages in Upper Ojai Valley 
Sisar Creek turns abruptly to the east in Upper Ojai Valley in close proximity to 

the headwaters of Lion Creek (figure 4) and in the eastern part of Upper Ojai Valley, 
Sisar Creek is incising into the bedrock. The incision suggests that the drainage system is 
responding to a change, perhaps because Sisar Creek used to flow to the west and drain 
Upper Ojai Valley. According to Capuzzo & Wetzel (2004), large scale tilting induces 
head ward erosion of valleys and capture of rivers draining in the opposite direction. This 
may be the situation in Upper Ojai Valley, where uplift associated with Black Mountain 
to the west combined with headward erosion in Santa Paula Creek led to the capture of 
Sisar Creek. 

Santa Paula Canyon is filled with fluvial conglomerates interpreted as late 
Pleistocene fill (facies C2, figure 15, table 2). Due to the capture of Sisar Creek in Upper 
Ojai Valley, the amount of flow, sediment supply, and drainage basin area of Santa Paula 
Creek changed rapidly. The series of terraces in Santa Paula Canyon (figure 6c) could 
have formed as the fluvial system adjusted to these changes. 

5.2.2 History of Lion Canyon 
A lake was present at the top of Lion Canyon, in western Upper Ojai Valley from 

at least 15 to 46 ka (figure 18). At the bottom of Lion Canyon is a Q6a (~38 ka) age 
terrace that has been incised by Lion Creek (figures 12 & 18; Rockwell et al., 1984). Lion 
Canyon is located between these two surfaces and it is filled with facies C1 (figures 15, 
17 & 18) This configuration suggests that a continuous Valley with a fluvial system that 
flowed west was present from Upper Ojai Valley to Oak View at Q6a time. 

Lion Creek has incised Lion Canyon into a meandering pattern between points B 
and D on figure 18a. The meandering pattern suggests that prior to incision the previous 
drainage system had a low gradient (Holm, 2003; Matmon et al., 2009). Incised meanders 
form when the stream gradient increases as a result of tectonics or a change in base level 
and the meandering stream pattern is superimposed (Holm, 2003). The entire area to the 
south of the Arroyo Parida-Santa Ana fault has uplifted since the formation of the Oak 
View terraces (Rockwell et al., 1984). These observations suggest that uplift initiated the 
incision of the meanders in Lion Canyon as well as incision by Santa Paula Creek and the 
Ventura River. 

In addition to incision in Lion Canyon in response to uplift of the area south of the 
Arroyo Parida-Santa Ana fault, a landslide dam may have been present at the top of Lion 
Canyon from ~ 15 to greater that 46 ka. Incision commonly occurs at the downstream end 
of a landslide dam due to the instantaneous change in stream gradient and decrease in 
sediment supply (Pratt-Sitaula et al., 2007). Therefore, the landslide dam could have 
contributed to the incision of Lion Canyon. 

Presently, Lion Creek flows through Upper Ojai Valley, through the former 
landslide dam, and down Lion Canyon (figure 18). The lacustrine deposits are as young 
as ~ 15 ka, suggesting that the outlet at the west end of Upper Ojai Valley was blocked 
until this time. Headward erosion on the Lion Canyon side of the dam likely triggered 
dam failure. This failure, however, was gradual because catastrophic floods due to 
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landslide dam failure are known to produce catastrophic valley-floor aggradation, active
channel widening, and downstream dispersion of sediment, during which little bedrock 
erosion seems to be achieved. (Dai eta!., 2005; Korup & Tweed, 2007). Therefore, the 
incised meanders in Lion Canyon could have been destroyed if the dam failed 
catastrophically and no flood deposits are present. 

The longitudinal profile along Lion Creek not only reflects the drainage evolution 
of Lion Creek, but also the transition in structural styles of the Lion fault system because 
Lion Creek flows nearly parallel to the structural grain of the area. Overall, the elevation 
change of nearly 400 m from A to D on figure 18 is due to broadening of the zone of 
deformation and decreased uplift to the west. The profile from points A to B shows the 
rapid facies change from facies C4 to L1 combined with a 0.2 mm/yr incision since 15 
ka. Point B to C is a rapidly incising slot canyon that is nearly parallel to the Lion fault 
and is a nick-point reflecting the adjustment of the drainage system. The profile from C 
to D reflects the deformational style of the Red Mountain fault with broad, flat 
deformation and terraces of the Ventura River. 

5.2 Geologic evolution of Ojai and Upper Ojai valleys 

5.2.1 Late Pliocene to Middle Pleistocene 
Based on work by Rockwell (1988), slip on the San Cayetano fault initiated at 1.9 

Ma, which led to the uplift of the eastern Santa Ynez and Topatopa Mountains. Material 
that eroded from this uplifted area throughout this time was either transported through the 
Ojai area because there were no structures present to trap the sediments or deposited and 
then subsequently eroded before uplift of Black and Sulphur mountains (figure 19a). 

Folding of the Lion Mountain anticline and Reeves syncline occurred within the 
footwall of the San Cayetano fault and ceased prior to any deposition of Pleistocene basin 
fill (Huftile, 1991). Prior to 1.2 Ma and as deformation propagated to the south, folding 
of Big Canyon syncline and Sulphur Mountain anticlinorium started (Huftile, 1991) 
(figure 19b). Although this folding likely produced topographic relief in the area, all of 
these structures as well as any deposited sediment were highly eroded, as evident by the 
angular unconformity that is always present at the base of the basin fill that is currently 
preserved in the Ojai area (e.g. figures 5, 7 & 17). 

5.2.2 Middle to Late Pleistocene (basin formation and filling) 
Based on the assumption that the locations of depocenters in Ojai and Upper Ojai 

valleys are tectonically controlled because they are located in the footwalls of basin 
bounding faults (figure 11), the minimum age of basin formation corresponds to the age 
of the initial slip on the basin bounding faults (table 7). These are minimum ages because 
the folds that form Black and Sulphur mountains, Lion Mountain anticline and Sulphur 
Mountain anticlinorium, respectively, are older than the faults that bound the basins 
because the faults cut through the folds (figure 3). The folds, however, could have 
trapped sediments before the faults propagated to the surface (figure 19c). From this, the 
basin in Ojai Valley formed more than 265 ± 15 ka based on the age of the Arroyo 
Parida-Santa Ana fault. Likewise, the basin in Upper Ojai Valley is greater than 415 ± 85 
ka (figure 19d). 
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Sulphur Mountain Anticlinorium 

The depositional setting of 
stratigraphically lowest, and therefore, oldest 
basin fill is fluvial (facies Cl, table 2). As 
evident by imbricated clast measurements 
(figure 9), and the presence of conglomerates 
with laterally discontinuous sand layers 
(figures 6 & 7; table 2), these gravels were 
deposited in a braided channel system with 
flow to the west. Clasts within this basin fill 
are derived from Topatopa Mountains (figure 
8). No white diatomaceous shale derived from 
Sulphur Mountain is present, suggesting that 
Sulphur Mountain did not have steep enough 
slopes to contribute clasts to the basin. In the 
last phase of basin filling, clasts from Sulphur 
Mountain were incorporated into the fill 
(figure 7). 

Figure 19. Schematic geologic maps showing 
the evolution of Ojai and Upper Ojai valleys. 
(a) Late Pliocene; (b) Early Pleistocene; (c) 
Middle Pleistocene; (d) Middle to Late 
Pleistocene; and (e) Late Pleistocene to 
Holocene. 
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5.2.3 Late Pleistocene to Holocene (terrace formation and drainage partitioning) 
Paleocurrent data suggests that a major drainage with flow to the west has been 

present since initial deposition of basin fill (figures 9 & 19c). The entire drainage system 
flowed to the west until the formation of a landslide dam in the westernmost part of 
Upper Ojai Valley (figure 15). The landslides could have formed a dam that blocked the 
outlet for the basin and led to the formation of a lake in Upper Ojai Valley that was 
bounded by landslides to the west, Black Mountain to the northwest, the Topatopa 
Mountains to the northeast and Sulphur Mountain to the south (figure 19e ). Radiocarbon 
dating of (section3 .2.4) organic rich fine-grained sediments (facies L1, table 2; figure 6f) 
in the uppermost basin fill in Upper Ojai Valley and upstream from the dam suggests this 
lake was present from ~ 15 to over 46 ka. 

Incision has occurred on all drainages since the abandonment of the oldest 
preserved terraces (maximum of 105 ka, Rockwell et al. 1984). Lion Creek has incised 
Lion Canyon into entrenched meanders in the time since the landslide dam formed ( 46 
ka?). Headward erosion of Lion Canyon incised through the landslide dam less than 15 
ka based on the age of the youngest lacustrine deposits in Upper Ojai Valley. 

5.2.4. The future ofOjai and Upper Ojai valleys 
If the Lion Fault has an uplift rate of 1.1 rnrnlyr (Rockwell et al., 1984), then the 

horizontal slip rate for a fault dipping 60° is 0.64 mm/yr. The horizontal component of 
slip for the San Cayetano fault, which dips 50° and has a vertical rate of 0.75 rnrnlyr is 
0.63 rnrnlyr. Upper Ojai Valley is 1.25 km wide, so at this rate, the valley will begin to 
converge upon itself in less than 100 ka. Eventually, the same thing will happen to the 
eastern portion of Ojai Valley. 

At the western end of the intramontane basin, the Ventura River is incising at a 
rate of ~ 0.5 to 1.3 rnrnlyr (Rockwell et al., 1984). If the rate of erosion is similar to the 
uplift rate, then all of the uplifted basin fill will erode within 240 ka. This, combined with 
zipping up of the basin from the east, and transfer of slip to other structures, will destroy 
the Ojai valleys. 

The basin fill in Ojai and Upper Ojai valleys is important because intramontane 
basins are often poorly preserved and quickly destroyed. Also, they serve as ideal 
groundwater and oil reservoirs. The exposures in the area allow for the study of how the 
basins were formed and information on how they are being destroyed. For example, at 
Silverthread oil field, located just to the east of Santa Paula Creek, a wedge of Quaternary 
conglomerate, interpreted to be the Saugus Formation located in the subsurface within the 
footwall of the San Cayetano fault (Rockwell, 1988). This wedge of sediment is a 
preserved intramontane basin but direct observation of the sediments is not possible 
because they are not at the surface. To the east of Ojai Valley, no intramontane basin 
sediments are preserved. If the Pleistocene basin continued to the east of the Ventura 
River, it has now completely eroded away. This furthermore verifies that the Ojai valleys 
provide a rare and unique glimpse at Pleistocene intramontane basin formation and 
erosiOn. 
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5.3 What is the basin fill in Ojai and Upper Ojai valleys? 

Previous workers have interpreted the conglomerates in Ojai to be several m thick 
terrace gravels (e.g. Rockwell et a!., 1984). This study verifies that the Ojai 
conglomerates are much thicker (up to 500 m, figure 11), more consolidated (figure 12), 
and more laterally extensive (figure 15) than lag deposits found on terrace treads. 

Other workers have interpreted the basin fill in Ojai and Upper Ojai valleys as 
Saugus Formation (e.g. Rockwell et al., 1988; Yeats et al., 1988; Huftile, 1991; Huftile 
and Yeats, 1995). Although the age of initial deposition in Ojai and Upper Ojai valleys 
may be correspond with the age of Saugus Formation to the south (0.2-0.63 Ma), there is 
no evidence that the conglomerates in the Ojai valleys ever covered the crest of Sulphur 
Mountain and cannot be correlated to the Saugus Formation. Additionally, the basin fill 
in Ojai and Upper Ojai Valley is still being deposited today via active alluvial fans 
sourced from both the Topatopa Mountains and Sulphur Mountain, which is not the 
Saugus Formation. 

Alternatively, the basin fill in Ojai and Upper Ojai valleys represents fluvial 
gravels deposited by a paleodrainage system that flowed to the west. Remnants of this 
large paleodrainage system are still visible today (figure 20). Incision in Santa Paula 

Figure 20. Annotated aerial view of the Ojai and Upper Ojai valleys looking southwest 
toward the Pacific Ocean and the city of Ventura. Modem drainages, locations of faults, 
and features that are remnant from a paleodrainage system are labeled. 
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Creek is steep and suggests that it has recently occurred but benches, that could have 
been part of the paleodrainage system, are perched on either side of the canyon. The Ojai 
and Upper Ojai valleys are flat surfaces that are dissected by Sulphur and Black 
mountains and the Lion and San Cayetano faults. All of these features are evidence that a 
paleodrainage system used to flow down Santa Paula Creek, across the Ojai valleys, and 
into the Ventura River (figure 20). 

Located to the south of the Ojai area, the Santa Clara River system flows through 
a broad, flat-bottomed valley (figure 21). The valley is bounded by South Mountain and 
the Oak Ridge fault to the south and the southern flank of Sulphur Mountain to the north. 
The drainage system is braided and is a modem example of what the paleodrainage 
system in Ojai and Upper Ojai valleys could have looked like. 

Figure 21. Annotated aerial view of the Santa Clara River, looking southwest toward the 
Pacific Ocean and the city ofVentura. 
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6. CONCLUSIONS 

Consolidation of subsurface water- and oil-well data with slip rates from previous 
workers allows clarification of the process and timing of intramontane basin formation in 
Ojai and Upper Ojai valleys. Depocenters in Ojai and Upper Ojai valleys, now 240 and 
500 m deep, respectively, initially formed behind uplifted folds in middle Pleistocene 
time. The folds were subsequently cut and further uplifted by basin bounding faults. In 
Ojai Valley, the Arroyo Parida-Santa Ana has uplifted Black Mountain and dissected the 
basin fill since at least 265 ± 15 ka. Likewise, the Lion fault system has uplifted Sulphur 
Mountain and dissected the basin fill in Upper Ojai Valley since at least 415 ± 85 ka. 
Both basins are asymmetric and located in the footwalls of basin bounding faults, so 
tectonics was the main control on basin filling. 

Sedimentologic and stratigraphic description of all exposures of the basin fill in 
the Ojai valleys elucidates the processes of basin filling. In particular, clast counts and 
paleocurrent data suggest the oldest basin fill was deposited via a fluvial system that 
drained to the west and material was derived from the Topatopa Mountains, located 
northeast of the study area. Clasts derived from the Monterey Formation, which is 
exposed on Sulphur Mountain to the south of the valleys, do not appear in the basin fill 
until the upper 20 m. Unfortunately, 26Al/10Be cosmogenic burial dating was not 
successful so the basal age of the basin fill is not constrained. The uppermost basin fill in 
Upper Ojai Valley, however, is comprised of lacustrine deposits that range in age from 
~ 15 to > 46 ka based on radiocarbon dating. 

The relationship between the basin fill, active faults, fluvial terraces, and actively 
incising drainages are interpreted to reveal the Pleistocene landscape evolution in the 
area. For example, preserved terraces, lacustrine deposits, and exposures of basin fill 
suggest that a continuous valley was present from Upper Ojai Valley to the Oak View 
area and was filled with fluvial gravels. Subsequently, emplacement of a landslide dam 
and uplift of the area to the south of the Arroyo Parida-Santa Ana fault caused incision of 
all the drainages in Ojai Valley. In particular, Lion Creek formed incised meanders in 
Lion Canyon. Lastly, large-scale tilting in Upper Ojai Valley caused headward erosion in 
Santa Paula Creek that led to the capture of Sisar Creek, which diverted the flow to the 
east rather than the west. 
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