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Figure 1. Location of the Koehn Lake trench site relative to 
other paleoseismic sites and landmarks on the Garlock fault. 
Map inset in upper left shows nearby faults. Map inset in lower 
right shows the site location relative to Koehn Lake playa. 
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Summary 
In the summer of 2006 we re-opened a paleoseismic trench originally excavated across the central 
Garlock fault in the late 1970s to constrain the timing of a poorly dated record of Late Pleistocene 
to Holocene earthquakes reported at the site. Exceptional event stratigraphy and 18 detrital 
charcoal samples from the 2006 study show that the site, located on the eastern edge of Koehn 
Lake, has experienced at least 7 to 9 surface-rupturing earthquakes in about the last 10 ka. Three 
to five of the events occurred in the last 4,150 years, but are poorly constrained due to the lack of 
late Holocene deposition at the site. A mid-Holocene event occurred between ~4,150 and 5,570 
years B.P. and another event between ~6,700 and 6,900 years B.P. The timing of these two events 
is very similar to events documented at the El Paso Peaks trench site, ~20 km to the east of Koehn 
Lake (Dawson, 2003). At least two events occurred between 8,000 and 9,000 years ago. We are 
still waiting for dates from an additional 20 submitted radiocarbon samples that will better 
constrain the ages of the events described above, and several other event horizons that are 
currently unconstrained. Our work extends the paleoseismic record of the central Garlock fault by 
over 2,000 years. Our preliminary results show that the El Paso Peaks and Koehn Lake sites could  
have ruptured together in the mid- to late-Holocene. We also show, for the first time, that early 
Holocene events on the Garlock fault may be in phase with a period of increased early Holocene 
moment release documented on faults in the eastern California shear zone (Rockwell, 2000).  
 
Introduction 
Earthquake records that span many 
seismic cycles are imperative for 
testing models of earthquake 
recurrence, fault segment 
interaction and fault system 
dynamics. The Garlock fault is an 
ideal laboratory to test both local 
and regional patterns of strain 
release because it spans the entire 
eastern half of the Pacific-north 
American Plate margin between the 
San Andreas fault and the eastern 
California shear zone (ECSZ). 
 
The Koehn Lake site (Figure 1) was 
first studied in the late 1970s and 
found to preserve an exceptional 
paleoseismic record for the Garlock fault.  Burke (1979) reported that the site records evidence 
for 9-17 earthquakes during the past ~17,800 thousand years (calibrated), with an average 
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recurrence interval of 1,000-1,900 years.  However, because organic material in the trench walls 
was too small to date with conventional radiocarbon dating methods available at the time, all the 
events were constrained by only a single radiocarbon date obtained from snail shells. Therefore, 
Burke’s study provided no constraints on the timing and recurrence intervals for individual 
prehistoric earthquakes at the site.   
 
The purpose of our SCEC-funded project was to re-open Burke’s trench to constrain the timing of 
individual events using high-precision Accelerator Mass Spectroscopy (AMS) and Optically 
Stimulated Luminesence (OSL) dating methods that have been developed since the 1970s.  
Burke’s site is of particular interest because it contains the longest record of prehistoric 
earthquakes on the Garlock fault, therefore providing a window into the long-term behaviour of 
the fault. Furthermore, data from our study can be compared to long paleoseismic records for the 
San Andres fault and faults in the ECSZ, allowing us to better understand regional fault 
interactions. 
 
Work Completed 
In accordance with the statement of work and funding request submitted to the Southern 
California Earthquake Center on April 6, 2006, we completed following tasks:  
 

(1) Obtained a land-use permit from the Bureau of Land Management to excavate trenches   
at the Koehn Lake site (May).  

(2) Re-excavated Burke’s 30-meter-long trench across the Garlock fault (June).  
(3) Cleaned, gridded, etched and photologged both walls of the trench exposure (June).  
(4) Extended the trench approximately 15 m southward and logged both walls of the 

extension (July). 
(5) Excavated soil pits in the vicinity of a nearby trench that was excavated and logged by 

Clark in the late 1970s (October). The purpose of these pits was to collect charcoal to 
help correlate stratigraphy between the two sites.  

(6) Collected over 200 samples of detrital charcoal for AMS radiocarbon dating and 10 
samples of quartz-rich sand for OSL dating (June-October);  

(7) Backfilled the trench and test pits as required by the BLM permit.  
(8) Prepared and submitted 48 charcoal samples collected from our trench, test pits, and an 

offset beach berm near the trench site to Lawrence Livermore National Laboratory for 
AMS dating (June 2006 and January 2007);  

(9) Drafted logs from our trench and prepared a poster with our preliminary results for the 
SCEC annual meeting (September);  

(10) Prepared this report summarizing our findings (March 2007). We also invited 
James Dolan (USC) and Tom Fumal (USGS) to view the trench.  

 
Results 
Stratigraphy and Faulting – The 2006 excavation revealed an upward-coarsening sequence of 
interbedded lacustrine and fluvial deposits that record the desiccation of pluvial Koehn Lake, and 
subsequent ephemeral stream-flow along the Garlock fault. These deposits are cut by three 
principal strands of the Garlock fault that separate four discrete structural blocks (Figure 2). The 
stratigraphy in each block contains all or part of the entire section exposed at the site.   
 
The southern block has been uplifted relative to the three northern blocks and includes a 2-m-
thick section of interbedded clays, silts and sands underlain at least a meter of massive, lacustrine 
clay (Figure 2, A). Separated by FZ1, the adjacent block to the north is a fault-bounded graben 
that contains the most complete record of deposition at the site. Beds in the graben are tilted to 
the south. The bottom half of the graben preserves the same stratigraphic section as the southern 
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block. The upper half of the graben is filled with sandy and silty fluvial deposits that post-date the 
pluvial lake. The block between FZ2 and FZ3 contains the lake-drying sequence preserved in the 
two blocks to the south, although tilted to the north.   These deposits are unconformably overlain 
by a nearly flat-lying section of fluvial channel deposits. The northern-most block appears to be 
significantly down-dropped along the northern strand of the fault zone (FZ3). Here, a 2.5-to-3 m 
section of fluvial deposits overlies the lake-drying sequence. Based on hand auger borings, the 
lacustrine deposits from the last pluvial highstand are located at least 1.5 m below the base of the 
trench in this block.  
 
The three primary fault strands exposed in the trench are each marked by zones of shearing and 
secondary faulting measuring 0.5- to 1-m-wide. The middle fault (FZ2) contains a thick zone of 
clay gouge and is probably the main trace of the fault in the site vicinity. 
 
Geochronology – We submitted 48 samples of detrital charcoal collected from key stratigraphic 
horizons for AMS dating at the radiocarbon lab at Lawrence Livermore National Laboratories. 
The samples were submitted in two batches – an initial batch of 28 samples was submitted during 
fieldwork to obtain information on relative ages of units in the four fault-bounded blocks. Ten 
samples from the first batch were destroyed during pre-treatment. The 18 remaining samples 
revealed that most of the section exposed in the trench was deposited between about 4 and 10 ka. 
The stratigraphically lowest sample, 9.6 ka – 6.4 ka, comes from the base of the deposits that 
overly the last pluvial lake. Recent studies on pluvial lakes in the Death Valley area show a 
highstand around 12 ka (Anderson and Wells, 2003). Based on the proximity of the site to nearby 
dated pluvial lakes, we infer that the thick massive lacustrine clays at the base of the trench are of 
similar age. Charcoal samples constrain the timing of the dessication of pluvial Koehn Lake 
between 9.7 and 8.0 ka. Fluvial deposits overlying the lake-regression sequence range in age from 
8.2 ka to younger than 3.9 ka. Soil development on all but the highest units suggest that, with few 
exceptions, the section is no younger than ~2 ka. 
 
We submitted a second batch of 20 to samples to LLNL in January 2007 to constrain the timing 
of several well-defined, early to mid-Holocene event horizons identified in the trench. Due to 
problems with the accelerator at the lab, we still have not received dates for these samples. 
 
Events – Upward terminations of faults, angular unconformities, fissures, and growth strata mark 
over eleven event horizons in the trench. Because multiple features may record the same event on 
different structural blocks, there are fewer than eleven events recorded at the site.  Based on our 
current understanding of stratigraphic relations and unit ages constrained by detridal charcoal 
ages, the site preserves at least 7 to 9 events in the last ~10 ka.  
 
Due to the lack of late Holocene deposition in the last ~2 ka and only one dated sample in the 
upper portion of the trench, we can only say that there have been 3 to 5 events in the last 4,150 
years (green horizons in Figure 2; different shades distinguish events; two proposed events are 
not unique).  These events are based on upward terminations, or unconformities above fault 
strands near the top of the trench. Assuming that the site records large late Holocene earthquakes 
documented on the central Garlock fault at El Paso peaks, we can infer that at least three of the 
Koehn Lake events occurred in the last ~2000 years (Dawson et al., 2003).  
 
Two mid-Holocene are constrained better than the late Holocene events described above. Several 
upward terminations and an angular unconformity clearly mark a surface rupture between 4,150 
and 5,570 years BP (yellow horizon on Figure 2). 
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Figure 2. Photolog showing three principal zones of faulting that define the Garlock fault on the eastern
edge of Koehn Lake (red lines; FZ1-FZ3). The faults divide packages of lacustrine and fluvial
sediments into four structural blocks (A-D). Green horizons mark 3 to 5 late Holocene events. Yellow
and pink lines mark mid-Holocene events. Orange lines mark early Holocene events. White lines mark
events that are not stratigraphically or chronologically constrained. In most cases, these events are
probably constrained in other parts of the trench. They may, however, represent additional events. Light
blue numbers mark the locations of charcoal samples that are in the process of being dated. These
samples will constrain the white horizons. The scale above the log is in meters.
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Figure 3.  Possible event
correlations between paleoseismic
sites on the Garlock fault. Map at
the top shows the relative locations
and names of the sites. Black and
grey vertical bars mark event
constraints based on available
paleoseismic data – references for
sites from west to east: ECI,
unpublished data; Madden in prep;
Mcgill, 2003; Dawson, 2003;
McGill and Sieh, 1993; McGill,
1994.  

 
The timing of this event is very similar to event K at the El Paso Peaks site (4,880 and 5,290 
years B.P.). Upward terminations overlain by brecciated deposits mark another event between 
about 6,700 and 6,900 years ago (pink horizon of Figure 2). This event is also marked by a fissure 
on the east wall that is filled with materal that is of similar age as the event horizon. This well-
defined event could be the same as event F at the El Paso Peaks site (7,250-6,620 years B.P.). 
There may be one or more additional events between the two mid-Holocene events. 
 
We see evidence for at least two early Holocene events between about 8,000 and 9,000 years B.P.  
(orange horizons on Figure 2). The younger event is marked by growth strata and folding. The 
older event is marked by multiple upward terminations.  
 
Several event horizons that cannot be stratigraphically or temporally constrained (white horizons 
on Figure 2) likely represent the events discussed above, but could represent additional events. 
 
Discussion  
New chronostratigraphic constraints provided by this investigation indicate that Burke’s 
radiocarbon date overestimates the age of the paleoseismic record exposed in the Koehn Lake 
trench by over 7,000 years. Furthermore, we found no direct evidence for eight events that Burke 
attributes to minor unconformities in the fluvial stratigraphy exposed in the trench. We believe 
that these unconformities are caused by ephemeral stream processes along the fault. Seven of the 
nine other events documented by Burke are roughly correlative to events in our exposures. 
 
Our study shows that two mid-Holocene ruptures, and possibly several late Holocene ruptures 
may have extended from El Paso Peaks to Koehn Lake. New constraints on early Holocene 
events at Koehn Lake suggests that moment release on the Garlock fault may have been in phase 
with a period of increased moment release on faults in the eastern California shear zone.  

, 

 
Publications 
2006 SCEC annual meeting: poster. 
 
We will present our results at the 2007 annual meeting of the American Geophysical Union. 
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