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Abstract

The Whittier Fault zone, the northern continuation of the NW-trending Elsinore Fault, 
extends from south of Santa Ana Canyon, where it splits off of the Chino Fault, to Whittier 
Narrows in Los Angeles County on the northwest. Based on geological mapping and 
analysis of its geomorphological expression, the Whittier Fault Zone is interpreted to be 
an active, steeply north-dipping, left-stepping transpressional structure that has 
experienced predominantly right-slip since the late Quaternary. Paleoseismic data from 
the Fig Creek and Bee Canyon sites indicate that the most recent earthquake that 
ruptured the Whittier Fault occurred sometime between 1,400 and 2,200 years BP, and 
the penultimate earthquake occurred sometime between 3,000 and 3,400 years BP, 
suggesting a recurrence interval of about 1700 years. For this project, we dated six 
archived charcoal samples collected at Olinda Creek site along the Whittier Fault. While 
the stratigraphic evidence of the most recent faulting events was not preserved at this 
site due to continuing oil operations, evidence of four older earthquakes appear to be 
well-preserved in between distinct alluvial sediments which contain abundant detrital 
charcoal samples that were not possible to date at the time of their investigation. Older 
chronological data indicated two earthquakes between ~17,530 BC and 14,220 BC. New 
radiocarbon ages indicate that three of the oldest earthquakes preserved at the trench 
site occurred between ~17,300 BC and ~14,220 BC. While the earthquake record 
between ~1,500 and ~14,000 BC still remains undocumented, the incomplete record 
implies a recurrence interval of approximately 2000 yr. Along with the existing Holocene 
to present slip rate of at least 1 to 1.5 mm/yr on the SW Olinda site strand, with additional 
and possibly similar amount of displacement on a parallel strand, our new chronological 
data indicate that the Whittier Fault has accumulated as much as 1.7 – 2.4 m of potential 
slip, and possibly as much as twice that value, since the last surface rupture that 
occurred sometime between 1,400 and 2,200 years BP.
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Figure 1. Index map of the 
Los Angeles basin region. 
Red stars are the 
epicenters of important 
recent earthquakes in the 
area.  Blue star indicates 
the location of the Olinda 
Creek site.

Figure 2. Location of the three main paleoseismic sites where useful chronological data has been 
reported. Major named canyons and I-57 freeway are also labeled.

Introduction

The Whittier fault is a major structural element of the eastern Los Angeles basin that forms the 
northwesternmost 40-km-long segment of the Elsinore fault zone between the Santa Ana and San 
Gabriel rivers (Figure 1). The Whittier segment is defined by changes in fault geometry between it 
and the Glen Ivy section to the south. These changes include a gradual 20 degree bend to the 
northwest from about N50W along the Glen Ivy segment to ~N70W, and a change in dip 
orientation from 80° SW along the Glen Ivy segment to 70-75° NE along the Whittier segment 
(Wills et al, 2007). Based on geological mapping and analysis of its geomorphological expression, 
the Whittier Fault Zone is interpreted to be an active, steeply north-dipping, left-stepping 
transpressional structure that has predominantly right-slip during the late Quaternary.

Project Goal
Despite several consulting investigation which mainly documented the Quaternary activity along 
the Whittier Fault, information about the timing of past earthquakes and their recurrence intervals 
remain undetermined. One hundred years of oil field operations and residential developments 
removed most of surface soils at ideal trench locations. However, at the Olinda Creek site, 
evidence for several older earthquakes can be individually identified, and the archived charcoal 
samples provide an opportunity to date them. The primary goal of this project, therefore, is to 
document the chronology of older (>10k years bp) large earthquake activity along the Whittier 
fault (Figures 1 and 2) and determine the recurrence interval during the late Pleistocene.

Olinda Creek Paleoseismic Site

Olinda Creek site is located south of the Brea-Olinda Sanitary Landfill and east of Valencia Street, 
in the city of Brea (Figures 1 and 2). This segment of the Whittier fault zone has many landforms 
indicative of active faulting, including pressure ridges, sidehill swales and benches, and offset and 
deflected stream channels. The Whittier fault is predominantly linear and narrow south of Carbon 
Canyon, but in the study area the main trace of the fault breaks into three major splays (Figure 5). 

The northernmost of these strands is now highly modified due to construction of the Orange 
County Olinda Landfill and its related infrastructure so the trench investigation was focused on the 
southern two strands.  Of these two, the southernmost strand appears to carry the majority of  
recent slip based on their relative geomorphic expression as well as their character exposed in 
trenches (Gath et al., 1992).

A total of fourteen trenches were excavated across this southern trace of the fault, with ten of the 
trenches situated in a dense array oriented both parallel and normal to the fault (Figure 6). ).  The 
fault-parallel trenches were emplaced to intercept the margins of buried stream channels to obtain 
piercing lines across the fault.  Many of the trenches were enlarged by hand to ensure continuity 
of the stratigraphy, and to minimize data loss from over-digging a trench. Trench T-4 contained the 
most clear evidence of past surface rupturing earthquakes.

Published paleoseismic data from this major fault is, however, very limited. Hannan and Leighton 
(1979) reported faulting that cut alluvial deposits at Bee Creek containing a charcoal sample with 
a 14C age of 2,185 +105 BP (Figures 2 and 3). An unpublished 14C date of ~1.4k bp of a charcoal 
sample from an unfaulted colluvial deposit at Fig Creek (Figure 2), combined with the date from 
the Bee Canyon site (Hannan and Leighton, 1979) imply the age of the most recent earthquake 
to be sometime between 1400 and 2200 yrs BP. 

Figure 3.Log of the 
southeast wall of trench T-
22b located at the Bee 
Canyon site (Hannan and 
Leighton, 1979). Detrital 
charcoal sample location is 
not clearly marked but 
described to be within “a 
silty sand stratum 12 feet 
below the surface”. The 14C 
analysis “did not include 
removal of humic acids” 
(Hannan and Leighton, 
1979). The date of the 
sample, can therefore be 
several hundreds of years 
older.

Fig Creek Site

Three-dimensional trenching investigation conducted at the Fig Creek site (Figure 2) provides 
constraints on slip during the most recent event and to determine the timing of past slip events 
(Patterson and Rockwell, 1993). Twenty-two trenches were excavated in the channel bottom to 
locate the fault and resolve slip (Figure 4)..The fault was found to comprise a narrow zone that, at 
the base of the trench, was no more than 2 m in width.  Six individual nested channels were also 
identified and followed toward the fault (Figure 4).   The youngest two of these channels (C1 and 
C2) contained abundant historic debris associated with the development of the Olinda oil field, 
such as rusted  bolts and wire. Channels 1 and 2 were found to be not offset by any faulting and 
interpreted to be younger than the age of the last movement on the Whittier Fault. A radiocarbon 
date from colluvium deposits associated with the channelization is 1,345 ± 45 BP (Figure 4). 
When combined with the data from the Bee Canyon site, the age of the most recent event (MRE) 
is constrained to between 2,185 and 1,345 BP. 

An older channel (C5) was traced into and across the fault and slip during the MRE is resolved to 
be 1.9 ±0.1 meters of right-lateral slip across one strand. This is considered to be a minimum 
because slip during this event is unresolved on another strand of the fault, which may have moved 
during the same earthquake. 

Figure 4. (A and B) Plan view of the excavation site at Fig Creek. Thick black lines are fault 
traces, and thin lines show the outlines of the trenches. Buried channel 4 (shaded pattern) is the 
youngest channel offset by the most recent slip producing earthquake. (A) Present geometry of 
buried channel Q4. The channel is only offset at far west end. (B). Restored geometry of buried 
channel Q4 before the latest fault displacement, based on channel margins as piercing points. 
Total restored dextral slip is 1.9 ±0.1m. (C) Fig Creek nested feeder channel stratigraphy and the 
location of 14C that is used to constrain the age of the MRE.

Review of selected paleoseismic studies

Bee Canyon Site
Previous trenching studies of the Whittier fault have produced evidence of late Quaternary activity.  
Hannan and others (1979) documented a displacement event occurring after 2,185±105 BP based 
on a 14C date on detrital charcoal contained within a faulted alluvial unit in Bee Canyon at Yorba 
Linda. 
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Looking west at a 
channel bank exposure 
of the southern strand of 
the Whittier Fault at 
Trench T-1. The outcrop 
shows the Puente 
Formation faulted over 
colluvial soils, with well 
developed carbonate 
along and below the 
fault.

Looking east at a 
channel bank exposure 
of the northern strand of 
the Whittier Fault 
showing Puente 
Formation faulted over 
colluvium [flipped photo]. 
The hand-generated 
exposure lies just off the 
top of the aerial image 
below.

Schematic representation of the 
positive flower structure at the Olinda 
Creek site formed by two strands of the 
Whittier Fault. The two fault strands 
bound a narrow pop-up ridge. View is 
looking to the west.

Figure 5. Oblique, west-looking, aerial image of the Olinda Creek paleoseismic trenching site in 
Santa Fe Energy’s Olinda oil field in Brea, CA. Trench T-4, primarily, and subsequent fault 
parallel and perpendicular trenches both to the east and west provided the basis for the Whittier 
fault’s slip rate and paleoseismic record. Trench T-5 exposed Holocene-age alluvial sediments in 
fault contact that were right-laterally displaced from the primary feeder channel, constrained to 
the eastern side of the channel form. None of the many bedrock faults exposed within the 
pressure ridge offset the 10 ka alluvium in T-5, other than the northern strand bounding fault.

T-1

Figure 6. Olinda Creek paleoseismic site. (a) Location maps of the trenches (green polygons) and 
fault traces (red lines). (b) Photo of the field site during excavation of a fault-parallel trench. 

Figure 7 shows thinly-stratified alluvial sediments in apparent reverse contact with 
bedrock of the Miocene Puente Formation at trench T4.  The main trace of the southern 
fault contained a well-developed shear fabric between the bedrock and the alluvium.  The 
alluvial sequence was divided into seven primary stratigraphic units (A-G) based on 
abrupt lithologic changes for the deeper units (E-F), and on intercalated alluvial and 
colluvial channel-margin wedges for the higher units (A-D) as exposed in fault-parallel 
trenches (Figure 6). Most of the units contained chunks of detrital charcoal that were 
collected for potential dating. This project successfully dated six samples that were 
archived.

Figure 7. Log of trench T-4. Uncolored strata to the right is the Miocene Puente Formation. Red 
lines are fault traces and orange lines indicate earthquake event horizons. Radiocarbon sample 
locations are shown in two different colors: Green squares indicate samples that were dated in 
1992 and purple squares indicate samples dated in this study. Because the fault was bound by 
bedrock on the north side, events were impossible to discern at the main fault trace. The events 
interpreted by Gath et al. (1992) involved smaller, secondary fault offsets, branching from the 
main fault into the alluvial sediments. 

New radiocarbon results help improve the chronology of the older earthquakes preserved at 
trench T-4 (Figure 8). The age of the oldest datable earthquake (labeled as 6+ by Gath et al., 
2017) at the Olinda Creek site is 20,013 ± 598 calBP. The individual ages of the next two younger 
earthquakes could not be determined, but together, they have occurred between 18,951 and 17, 
682 calBP. These new data also suggest that the average recurrence interval for earthquakes that 
occurred between ~21,000 calBP and ~17,000 calBP is approximately 2,000 years.

Conclusions

We dated six archived charcoal samples that were collected at the Olinda Creek sitein
1992 during a paleoseismic study of the Whittier Fault.  Evidence of four older 
earthquakes appear to be well-preserved in between distinct alluvial sediments which 
contain detrital charcoal samples. The age of the oldest datable earthquake at the Olinda 
Creek site is 20,013±598 calBP. Two younger earthquakes occurred between 18,951 and 
17, 682 calBP. These new data suggest that the average recurrence interval earthquakes 
between ~21,000 calBP and ~17,000 calBP is approximately 2,000 years. These data 
support the higher end of the 800-2000 yr recurrence interval determination for the 
Whittier Fault determined indirectly using the slip rate of 2.5±1 mm/yr and the minimum 
slip-per-event of 1.9±0.1 m (~760 yrs) and open interval of 1400-2200 years since the 
MRE (Dawson et al., 2008).

Figure 8. Results of Oxcal analyses (v.4.4.4) of radiocarbon dates.
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