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Introduction 
The Frazier Mountain paleoseismic site is the only known location with high sedimentation rates and 
good evidence of pre-historic ground rupture along the poorly-understood, 200-km segment of the 
southern San Andreas fault between the Carrizo Plain and Pallett Creek (Figure 1).  Since our 2007 
report, we have completed additional field and laboratory work focused on the earthquake and slip history 
of the San Andreas fault.  This report provides a brief summary of our work to date pertinent to the 
faulting behavior, earthquake evidence and dating, and slip reconstructions at the site. 
 
Fault Mapping  
In keeping with procedures established in Scharer et al. (2007), we have completed photomosaics with 
annotated field notes to provide clear documentation of the stratigraphy and structure at the site.  Trench 1 
is a wide, V-shaped trench that was progressively widened and lengthened to a maximum of 65 m long 
and 5.5 m deep (Figure 1).  Each wall provided clear exposure of a large fault zone in the center of the 
site and less persistent, distributed faulting towards the north end of the trench.  In 2007 we found no 
evidence of faulting south of the main fault zone but we stopped trenching a few meters before the 
southern edge of the site (Figure 1).  To make sure we captured all of the slip across the site, in 2008 we 
excavated trench 3 along the southern margin (Figure 1).  The sediments in trench 3 were deposited on a 
moderately sloping bedrock surface and thicken into the site.  No faulting was observed in the sediments, 
although the bedrock (Pliocene Hungry Valley Formation) is widely fractured.  In 2008 we also excavated 
trench 2 at the east corner of the site (Figure 1) to determine if other parts of the site recorded good 
evidence of earthquakes.  Trench 2 (Figure 2) contained significant faulting in deposits similar to those in 
trench 1, suggesting additional earthquake data may be preserved in other portions of the site.  We 
collected charcoal and organic material for dating deposits in this trench.  Based on this work, we can 
now improve the fault map for the site (Figure 1).  Unlike previous maps (Lindvall et al., 2002), it is now 
clear that recent faulting has been focused along the main fault zone through the center of the site. 
Movement on this fault zone is oblique; layers north of the fault zone are progressively deepened and 
rotated westward (see Slip task for details).  Based on these observations, we hypothesize that in the 
western end of the site the main fault zone curves to the north and allows extensional motion across its 
trace. 
 
Earthquake Identification 
Throughout 2008 we have been working on an assessment of the evidence of ground-rupturing 
earthquakes at the site. Figure 3 provides a summary of the quality and quantity of evidence collected in 
trench 1.  Table 1 (in figures) provides brief examples of the range of evidence and associated values that 
we assigned to these observations.  This compilation shows that the most robust evidence comes from 
stratigraphic units 4 (the most recent event), 18, and 26.  The evidence between units 24-25 requires 
careful interpretation.  After lengthy discussion, we conclude that all of the evidence associated with 
layers 24 and 25 could result from a single earthquake that caused complex folding and faulting.  
Earthquakes at horizons 7 and 22 are associated with fewer, but good quality observations.  For this 
reason, we conclude that since unit 35, there have been between at least four, but more likely, six ground-
rupturing earthquakes at the site.   
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Radiocarbon Dating   To date, we have analyzed 50 samples of charcoal and organic material from 
Frazier (including 11 no cost replicate samples provided by LLNL); samples have been pretreated at both 
LLNL with Appalachian undergraduate students and at the University of Oregon.  The dates are generally 
stratigraphically consistent but there are a few older samples likely the result of re-worked charcoal 
(Figure 4).  The last four to six earthquakes deform sediments that are younger than ~1450 A.D., 
indicating an average interval of 81 to 135 years.  
 
Slip 
To calculate the slip accommodated across the main fault zone we put all of the trench 1 exposures into a 
common reference frame so that thicknesses and shapes of layers could be determined.  Unfortunately, 
the walls were surveyed with different systems (the first two with GeoXH units and the third with a total 
station) and the top of the trench in each survey hovered 1-2 m below the B4 LiDAR data of the modern 
surface.  To reconcile these differences, each survey was moved up to the LiDAR surface and then point 
measurements along depositional contacts and faults from the photomosaics were rubber-sheeted to the 
surveys.  This method appears to work well (Figures 5-9) and provides our first measurements of slip at 
Frazier. 
 
From the photomosaics and measurements of layer thickness, we know that units north of the fault zone 
have progressively greater dips and are thicker than the same units on the south of the fault zone (Figures 
6-8).  Thus, vertical separations across the fault are a combination of oblique slip (which places thicker 
portion of the northern sedimentary wedge against thinner package to south and likely includes vertical 
slip) and rotation (which causes the increased westward dip of the northern package, Figure 8). To 
reconstruct the horizontal slip, we pin the package south of the main fault and backslip the northern 
package.  The maximum horizontal slip is calculated as the difference in thickness between the north and 
south wedges at a transect, divided by the tangent of the basal slope of the southern package (Figure 9). 
This value is a maximum because the vertical separation we measure is a combination of oblique slip, 
thickened section on the north side of the fault due to translation of a wedge, and rotation.    
 

• Slip since unit 35:  Vertical = 1.19 m, dip = 2.65°, Hmax = 25.7m 
• Unit 35 deposited at ~1450 A.D.  Assuming an average interval of 100 years, this slip represents 

strain accumulated between ~1350 and 1857 A.D, or roughly 507 years.   
• Maximum slip rate: 25.7 m ÷ 507yrs = 5.1 cm/yr.  
• Maximum average slip per event = total slip/number of earthquakes: 25.7 m ÷ 4 = 6.4 m to      

25.7 m ÷ 6 = 4.3 m per event 
 
These values are maximums for the main fault zone but do not include additional slip on secondary faults 
seen to the north.  Planned excavations for 2009 will more carefully address the geometry of the deposits 
and fault configuration so that the vertical component due to wedge geometry and rotation can be better 
constrained. 
 
Publications and Future Work 
We have collected a substantial amount of data at Frazier and are currently working to finalize the event 
evidence tables and finish figures that will allow us to publish our work for the wider earthquake 
community.  We expect a draft manuscript will be complete by June, 2009.  This work was presented at 
the 2009 SoSAFE Workshop (SCEC Meeting) and is the subject of a Senior Thesis by Chesney Gilleland 
at Appalachian State University.  She is preparing a poster and a talk for the University which will be 
presented in late April, 2009.  Finally, we are glad to report that due to the support of SCEC and USGS, 
we successfully leveraged this study into a two-year NSF-Tectonics grant and one-year support from 
USGS-NEHRP.  Future work will focus on understanding the displacement history at the site. 
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Figure 1. Frazier Mountain site 
location map (above) and fault 
and trench location map (right).
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Figure 2. Lower bench of 
Trench 2.  The ground 
surface is ~1.5 m above the 
top of this photomosaic.

Figure 3.  Graph of 
earthquake evidence from 
Trench 1.  We are preparing 
a manuscript which shows 
the evidence from 
stratigraphic layers 34 and 
higher.  The six layers with 
the best evidence are 
indicated with red numbers.
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Table 1. Frazier Evidence Qualifiers

Rank Explanation

0 Fault tip where upper termination not distinct due to unclear stratigraphy

1 Fault tip, minor offset

2 Fault tip, moderate or great offset

3
Folding and growth strata which have no causative fault and/or the horizon is 
difficult to discern due to sedimentation rates.

4

Fault tip associated with colluvial wedge or other layer thickness changes.  
Broad warping and thickness changes in layer, closely tied to fault that moved to 
provide accommodation space.

5

Fissure, clearly filled with material that postdates inferred event horizon.  Folding 
and growth strata in which it is clear that the topography was rapidly filled by a 
single sedimentation event

Figure 4.  OxCAL plot of calibrated radiocarbon dates from 
Frazier site.  There are many dates which calibrate to 
1400-1650 A.D.  At present, we interpret that older dates 
come from reworked charcoal pieces.  The dates indicate 
rapid sedimentation rates (~0.7 cm/year in the center of 
the site) that are critical for preservation of earthquake 
evidence.  The most recent 4-6 earthquakes have 
occurred since ~1450 A.D. (red arrow).
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Figure 8. Scaled drawing of fault-parallel cross-sections, 
view to south.  The layer thicknesses below star are taken 
from transect C-C’ and the average slope from transects 
A-A’ and B-B’.  If unit 35 was originally parallel on both 
sides of the fault, the north side has rotated ~5.8°.
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Figure 5. Map of extent of measured units near 
the main fault zone and transect orientations.

Figure 6. Fault-perpendicular, 3D view through key units, view is to south-
east.  Layers are determined by surface fit to georefenced measurements 
on photomosaics (small black dots).  Profiles across these surfaces (parallel 
to C-C’) were used to calculate the vertical offset between units across the 
fault and unit thicknesses used in the slip calculation (see Figure 8 and 9).

Figure 7. Fault-parallel, 3D view through stratigraphic units north and south 
of main fault zone; view is to northeast.  Note how package thins to SE.  
Profiles across these surfaces (parallel to A-A’ and B-B’) were used to 
determine average slope of each layer for slip calculation (Figures 8-9). 
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Figure 9.  Diagram of backslip assumptions.  
V is the difference in elevation of a specific 
unit (e.g. 35) measured at C-C’.  Hmax is 
the maximum horizontal slip required to 
translate the unit on the north so that it 
meets the unit on the south.  This assumes 
it is correct to rotate the northern unit at C-C’ 
to be parallel to the southern unit.  To 
determine the true horizontal slip we need to 
better constrain the wedge geometry and 
the timing and amount of rotation.
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Layer geometry south of main fault zone
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