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PROJECT SUMMARY 

Recent advances at several paleoseismic sites along the southern San Andreas fault (SSAF) have 
prompted attempts to define rupture histories for the fault (Figure 1).  These rupture histories are 
an important constraint for probabilistic seismic hazard models such those used by the Working 
Group on California Earthquake Probabilities (http://wgcep.org/).  However, sparse paleoseismic 
data for 200 km along the northern “Big Bend” section of the fault between Pallett Creek and 
Bidart Fan (Figure 2) permit a wide range of possible rupture scenarios (Weldon et al., 2004; 
Biasi and Weldon, in revision).  Consequently, forthcoming seismic hazard estimates are based 
largely on the rupture length of the historic 1857 earthquake and long-term slip rates.  We 
present new paleoseismic evidence from the Big Bend section that suggests a < 100-year average 
interval between ground-rupturing earthquakes since about A.D. 1470.  This information and 
additional dating and displacement data to be analyzed from the site will provide new and 
significant constraints for likely rupture scenarios on the SSAF. 

Our goal with SCEC/SoSAFE funding was to locate a site within this 200-km section of the 
SSAF that would provide a relatively long record of earthquake ages with associated 
displacements.  Initial investigations indicated that the location with the best potential for such a 
record is the Frazier Mountain paleoseismic site, located in a small closed basin at the east end of 
the Big Bend portion of the fault (Figures 1, 3).  Originally explored in 1997 and 1999, Lindvall 
et al. (2002) reported evidence for two earthquakes since A.D. 1500, but heavy rainfall flooded 
the site and limited additional work.  A dry winter in 2006-2007 and 24-hour pumping to remove 
shallow groundwater made our work possible.  We excavated a V-shaped trench in several stages 
during July and October-November, 2007, for a total length of 70 m and a maximum depth of 5 
m (Figure 3).  We photographed and logged each of three exposures and collected organic 
material for radiocarbon dating and a suite of pollen samples to constrain the ages of the deposits 
and individual earthquakes.   

We found evidence for nine earthquakes and potential for determination of slip per event or very 
short term (~2-3 earthquake) slip rates.  With preliminary ages for the six most recent 
earthquakes, all of which occurred since ca. A.D. 1450, we calculate an average interval between 
large earthquakes of 71-82 years on this section of the fault.  Non-native pollen (Erodium) first 
appears about 40 cm below the present ground surface and post-dates the penultimate 
earthquake. Therefore, the pollen does not provide conclusive evidence to support an 1812 
earthquake in this area (but this is permissible with the radiocarbon results).  Our results are 
similar to recent work at the Bidart Fan site (Figure 1) where evidence for five earthquakes since 
A.D. 1445 (Akciz et al. 2007) has been found.  Until additional radiocarbon and slip data are 
analyzed, large uncertainties for earthquake ages at Frazier Mountain allow several possible 
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correlations to neighboring sites, but permit additional 1857-scale ruptures from the Carrizo 
Plain through the northern Big Bend section of the fault as well as shorter ruptures restricted to 
the northern Big Bend. 

 
Introduction 

This report summarizes results of the 2007 field activities, including evidence for 
paleoearthquakes and preliminary age control at the Frazier Mountain paleoseismic site.  Our 
efforts reproduced and added to the work published by Lindvall et al. (2002), and provide 
intriguing parallels to recent work at the Bidart Fan site to the north in the Carrizo Plain. 
 
Field Activities 

PI’s Scharer, Fumal, and Weldon conducted three months of field work in the northern Big Bend 
region of the SSAF in 2007, assisted at various times by a large group of 13 undergraduate and 
graduate students and two USGS personnel, Tim Dawson and Robert Sickler.  Trenches 
excavated during 2005-2007 in Cuddy Valley, Pine Mountain Club, and Garden Gulch (Figure 
1) revealed poor stratigraphy and little or no evidence for individual earthquakes. These 
preliminary investigations and others conducted during the past several decades indicated that 
the location with the best potential for developing a long and complete earthquake chronology 
along this stretch of the fault is at Frazier Mountain.    

At the start of work in early July, the water table was only about 1 m below the ground surface. 
This greatly increased the labor required to maintain the trench and necessitated excavating a 
wide, V-shaped trench for stability of the walls and round-the clock pumping of water.  In order 
to deepen the trench, we constructed and installed a series of wooden sluice boxes along the floor 
of the trench as a mud management measure. Our initial trench exposure (Cut 1) was centered on 
the trench shown in Lindvall et al. (2002) but extended farther to the south (Figure 3) to cross a 
possible fault trace apparent as a small scarp and vegetation change.  We found no evidence for a 
southern fault trace deforming the deposits but did document the central and northern fault zones 
and associated graben that was observed by Lindvall et al. (2002).  Cut 2 provided deeper 
exposures and new faces of the central fault zone and associated growth strata.  Cut 3 deepened 
and extended the northern half of the trench to maximum of ~5 m deep and 70 m long.  All 
exposures were cleaned, gridded, photographed, and logged in the field.  A formal trench review 
by Ken Hudnut, Scott Lindvall, and Adrian Borsa at the completion of Cut 2 and informal site 
visits from Sinan Akciz, Gordon Seitz, and James Dolan provided important feedback during the 
fieldwork. 

 
Earthquake Evidence 

Figures 4 and 5 show excerpts from photomosaics at Frazier for each of the earthquakes 
discussed below. 

Earthquake 1. The most recent ground rupture is expressed in all exposures as a steeply dipping 
fault that created a ~30 cm vertical separation of a sandy fine gravel layer (blue lines in Figure 
4a).  Consistent changes in layer thickness across the fault suggest lateral displacement of several 
meters.  In Cut 3, we were able to identify the upper limit of faulting in the thin sand and organic 
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layers above the gravel but well below the modern soil.  Because 1857 ruptured through the 
northern Big Bend region, we infer that this most recent faulting is the 1857 earthquake.   

Earthquake 2. The penultimate earthquake is best expressed by dramatic thickening of the 
distinctive sandy fine gravel layer.  This is the coarsest deposit at the site, and is underlain by 
thin (1-5 cm) fine sand and organic layers.  This group of deposits (blue polygon in Figure 4b) 
thickens in the middle of the basin and its base is almost one meter lower in the middle of the 
trench than at the ends.  Layers below the gravel layer are concentrically folded, suggesting that 
the ground surface was folded before the gravel was deposited, and the gravel filled the 
depression. Lindvall et al. (2002) mapped did not recognize the significance of the thickening of 
this deposit, and consequently the evidence for this earthquake.  

Earthquake 3. This earthquake is expressed throughout the trench by sand-filled cracks and 
faults that terminate just above a white-nodule-bearing layer (purple lines in Figure 4c).  The 
sand in the fissures and faults matches the sand in the overlying layer, suggesting that the 
earthquake occurred when the sand layer was at the ground surface or possibly just before the 
sand was deposited. We considered the possibility that the cracking could be due to desiccation, 
but in several locations, the cracks have offsets with displacements that clearly extend through 
older layers (i.e., they are faults).  Lindvall et al. (2002) identified these sand-filled cracks as 
“sand-blow” features and the features are evidence for the second earthquake they recognized.  
Due to associated faulting that extends to deeper layers and a clear source of in-filling sand from 
the layer above, we do not interpret these as liquefaction features. 

Earthquake 4. Four locations in the trench show excellent evidence for this earthquake.  In each 
case, faulting extends into a dark reddish-brown clayey silt, producing thickness changes across 
the fault and a scarp in the top of the clayey-silt layer (top is outlined with yellow in Figure 4d).  
The subsequent deposit, composed of yellowish-brown fine sand, thins across the fault scarp.  
We interpret that the clayey-silt layers represent pond deposits. This earthquake probably 
occurred during when the pond was full: the distinct faulting of the base of the silt layer was 
preserved and the scarp at the top was degraded before the fine sand was deposited.  

Earthquake 5. Evidence for this earthquake was observed as several fissures and growth strata 
relationships.  The example in Figure 4e appears similar to the evidence for Event 4.  In this case 
the draped sand layer that was deposited above the fault (above blue line in Figure 4e) indicates 
the earthquake occurred just before or soon after the sand was deposited.  Events 4 and 5 are 
clearly distinct events, although only one unit (the dark reddish-brown clayey-silt) separates 
them.   

Earthquakes 6- 9.  We observed preliminary evidence for up to four additional earthquakes 
based on our fieldwork during October 2007.  Evidence for earthquake 6 is tenuous but occurs in 
several locations.  It is visible in Figure 5 as a series of upward fault terminations.  This 
earthquake has the weakest and most complicated evidence of all of the earthquakes identified to 
date. Excellent evidence for earthquakes 7, 8 and 9 consists of growth strata relationships in the 
deepest exposures.  Figure 5 for example, highlights dramatic thickening of units at horizons E8 
and E9 [in Figure 5 compare arrows showing thickness changes between the green and teal lines 
(E8) and purple and light purple lines (E9), respectively].  These growth strata relationships 
indicate that significant (~30 cm) vertical displacement occurred during the earthquake, creating 
a broad low that was subsequently filled by debris flows and accumulation of pond silts and 
organic material.  These growth strata are similar in magnitude and vertical displacement 
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direction to those observed in the younger section that are associated with vertical offsets on the 
main fault zone. 

In future studies, we propose to quantify the vertical separations and thickness changes across 
the main fault zone and combine this with the 3d geometries of sedimentary layers to derive 
measures of slip for individual or groups of earthquakes at the site. 

 
Earthquake Ages 

Radiocarbon. We have analyzed 25 detrital charcoal fragments collected from the upper section 
to constrain the age of the last six earthquakes.  We constructed an OxCal chronological model 
(Figure 6) using dates of 14 of these samples (11 dates were stratigraphically too old and 
produced poor agreement indices, <60%, so were eliminated).  The preliminary OxCal model: 
(1) assumes that Earthquake 1 was 1857, (2) results in a broad probability distribution function 
(PDF) for the penultimate earthquake that permits 1812, (3) has few acceptable ages in the lower 
section and thus creates similar PDFs for earthquakes 3 and 4 and earthquakes 5 and 6 (Figure 
6).  We also collected organic layers that should yield more consistent results than detrital 
charcoal and requested an additional 30 dates from SCEC for 2008.  These dates will be used to 
analyze distinct plant remains visible in these organic layers and should significantly improve the 
resolution of individual earthquake ages in the coming year. 

Pollen. Calibrated radiocarbon dates younger than ~400 BP create broad PDFs that can not 
distinguish between the historic 1857 and 1812 earthquakes.  In California, the presence of non-
native pollen from Erodium cicutarium has been used to improve age control of recent deposits 
because it is documented in association with the development of Spanish Missions along coastal 
California during the late 1700’s and is expected to have moved inland by the early 1800’s (Liam 
Reidy, personal communication).   

To determine if the penultimate earthquake at Frazier Mountain could be one of the historic 1812 
earthquakes, we submitted samples from the upper meter of sediments, spanning the horizons of 
the 1857 and penultimate earthquakes to Liam Reidy (UC Berkeley).   He found Erodium pollen 
to a depth of only 40 cm (Figure 4).   While these results could indicate that Earthquake 1 
occurred before ~A.D. 1800 (i.e., it is not 1857), it is more likely that arrival of Erodium in the 
mountains was significantly delayed in comparison to coastal California.  Therefore, pollen is 
unlikely to improve age control in this area until better archeological or very high resolution (e.g. 
varved sediments) studies of Erodium or other non-native species arrival are conducted.    
 

Average Intervals 

Until additional dating is complete we present the average interval, which is calculated simply as 
the number of years between the first and last earthquakes divided by the number of intervals.  
The modeled age range of the oldest dated event (E6) is A.D. 1448 to A.D. 1500. Thus, given 
357 to 409 years and five intervals between 1857 and Earthquake 6, we calculate that the average 
interval between earthquakes at Frazier Mountain is 71-82 years.  This is significantly shorter 
than previously estimated at this site (Lindvall et al., 2002), but is based on far more 
paleoseismic evidence. Also, the dates of two samples, 315±30 and 320±20 (uncal BP), which 
underlie the Event 6 horizon are essentially the same, so it seems unlikely that the average 
interval for this period will change much with additional dating. 
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Comparison to Neighboring Sites 

One of the most striking results of the preliminary Frazier Mountain earthquake ages is the 
similarity with the preliminary earthquake record at Bidart Fan, ~100 km to the northwest.  
Figure 7 compares Frazier’s earthquakes with the five-earthquake Bidart record and post A.D. 
1400 records at Pallett Creek and Wrightwood (three and five earthquakes, respectively).  The 
penultimate earthquakes at both Bidart Fan and Frazier Mountain are poorly constrained, but 
both ages permit that they occurred in 1812 (as shown by dashed line).  The ages of the third and 
fourth earthquakes at Bidart Fan, like Frazier Mountain, are not distinguishable with existing 
dating, but each shows similarity between the sites.  The better constrained age of the fifth 
earthquake at Bidart Fan allows correlation with either the fifth or sixth earthquakes at Frazier 
Mountain.  The large uncertainties for the preliminary ages of earthquakes at Frazier Mountain 
allow possible correlations with the fourth and fifth earthquakes at Wrightwood.   Although very 
poorly constrained and changes are expected with further dating efforts, the initial correlations 
from Wrightwood to Bidart Fan permit two additional 1857-length ruptures and ~2-3 smaller 
ruptures that are limited to the southern Carrizo Plain and the northern Big Bend.  Measurements 
of displacement from Frazier Mountain will provide a valuable control for reducing the 
uncertainties resultant from correlation by earthquake ages alone (Biasi and Weldon, 2006). 
 
Future Work 

Timely, extensive, and labor intensive field work at the Frazier Mountain paleoseismic site 
during 2007 has substantially advanced understanding earthquake hazards in the northern Big 
Bend region of the San Andreas fault.  This work adds important constraints, preliminarily six 
earthquakes in the last ~550 years, to a poorly resolved section of the fault and will significantly 
improve models of prehistoric earthquake frequency and rupture length.     

To move this project forward and finalize these results, we must: 

• Catalogue all evidence of ground rupture identified in the excavation 

• Pending SCEC dating funds, better constrain individual earthquake ages for the last 6 
earthquakes 

• Seek additional funding to date the older earthquakes (E6 – E9) 

• Pending SCEC funding, excavate shallow fault parallel trenches to document layer 
geometries for measurement of slip per event or slip associated with several events.  
This data is critical for improving correlations of earthquakes between paleoseismic 
sites (Biasi and Weldon, 2006).   
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Figure 2.  Plot of earthquake ages and historic ruptures shows paucity of data 
between the Bidart Fan and Pallett Creek sites. Existing records at sites along this 
section of the fault extend back only one or two recurrence intervals.  Solid vertical 
bars represent ~1 standard deviation of the earthquake age range, open vertical bars 
represent multiple, undated earthquakes or poorly constrained ages.  Grey blocks 
identify areas with moderate to good data.  (Modified from Weldon et al., 2004; data 
for Garden Gulch from Rust, 2006 and fieldwork by Scharer and Fumal, 2006.)
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Figure 1.  Map of paleoseismic sites along the southern San Andreas fault (bold 
black line).  Sites along the northern “Big Bend” section of the fault are highlighted 
in red and green.  
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Figure 7. Speculative earthquake correlations between the 
Carrizo Plain and Wrightwood.  Bidart Fan ages from Akciz, 
2007; Pallett Creek and Wrigthwood ages from Biasi et al., 
2002.  Grey bars show similarity between preliminary ages 
of earthqakes at Bidart Fan and Frazier Mountain.  Future 
dating and displacement data will further constrain and 
likely alter these correlations.
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