
An increasing inventory of paleoseismic data indicate that whereas some faults experience relatively regular earthquake recur-
rence, many other faults exhibit earthquake recurrence that is highly irregular in both time and space. Moreover, significant 
changes in the rate of slip have been observed on some faults at a variety of time scales. Documenting detailed strain release 
patterns using combined records of paleo-earthquake ages and incremental fault slip rates over multiple time scales from re-
gional fault systems is crucial for developing a better understanding of the underlying mechanisms driving these behaviors. 
However, there are currently too few sites where these paired data are available to make the systematic comparisons neces-
sary to fully determine how plate-boundary slip is partitioned amongst major faults in time and space. Here, we present two 
new mid-Holocene slip rates from the Garlock fault. 

The new slip rates and revised paleo-earthquake ages presented here help to fill gaps in our understanding of the spatial and 
temporal distribution of deformation on the Garlock fault. These results lend insights into the overall behavior of strike-slip 
faults, with implications for seismic hazard assessment and geodynamics for better assessing the manner and pace at which 
strain is stored and released in the upper crust across a complex plate boundary fault network. Combining the data presented 
here with planned additional paired incremental slip histories+paleoseismic age data and geodetic measurements will improve 
the resolution of the summary diagram presented here in Figure 7, and with it, improve our understanding of the constraints 
on possible mechanisms controlling fault slip through time and space, including possible changes in fault strength, either in 
the upper seismogenic part of the fault or in the lower crustal ductile shear zone roots and/or temporal changes in the loading 
rate of the fault.
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1. Introduction

Figure 2. (A) Interpreted lidar hillshade of the Summit Range 
East study site. (B) Average age of combined IRSL samples 
SRE14-01, SRE14-02, SRE14-03, and SRE14-04

Figure 3. (A) Interpreted lidar hillshade of the Clark Wash study site. (B) 
Average age of eight radiocarbon samples combined with IRSL samples 
GF16-02, GF16-03, and GF16-04
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Figure 1. Location map of the 
Garlock fault. Slip rate sites are 
shown by circles, and paleoseis-
mic trench sites are shown by 
squares. Green circles and 
square are sites presented in this 
study - Summit Range East, 
Clark Wash, and Koehn Lake. EPP 
- El Paso Peaks, SRW - Summit 
Range West, CCW - Christmas 
Canyon West, SR - Slate Range.

We excavated a paleoseismic trench on the western part of the central segment at Koehn Lake that was previously studied by 
Burke (1979) and Madden and Dawson (2006). This trench displayed well-defined, interfingering playa-margin and distal allu-
vial fan stratigraphy, with numerous well-defined structural surface rupture event markers. In order to constrain event ages, 
we collected 71 luminescence samples and 194 radiocarbon samples from throughout the trench, of which we dated 46 radio-
carbon samples. Comparison of these data sets indicates that almost all of the radiocarbon samples are significantly older than 
the deposits from which they were collected, likely reflecting reworking of older deposits en route to the playa-edge environ-
ment in which they were deposited. Paleoearthquake ages are based mainly on the IRSL dates, supplemented with maximum 
age constraints supplied by some radiocarbon samples. All ages were calculated using OxCal version 4.4 (Brook Ramsey et al., 
2009; Reimer et al., 2020) revealing 12+ earthquakes in the past ~11.5 ka.

Figure 4. Annotated photograph of the Koehn Lake 2021 paleo-
seismic trench looking towards the east wall.

3. Koehn Lake paleoearthquakes

Figure 5. Comparison of IRSL and radiocarbon sample ages. 
Radiocarbon dates exhibit significant pre-depositional ages 
(reworking) of 1-2 ka in comparison to the IRSL dates

Figure 6. Paleoearthquake re-
cords for the central Garlock 
fault from Koehn Lake (this 
study) and El Paso Peaks (Daw-
son et al., 2003). Koehn Lake 
paleoearthquake ages calculat-
ed using radiocarbon differ from 
IRSL ages due to charcoal re-
working

N

Figure 7. Incremental slip rate record for the central and western Garlock fault. CCW - Dolan et al. 
(2016), SR - Rittase et al. (2014), CW - McGill et al. (2009), SRW - Ganev et al. (2012).
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Incremental slip rates since the latest Pleistocene vary from 2.7 mm/ 
yr to 13.4 mm/ yr (calculated using the RISeR program; Zinke et al., 
2017, 2019), where faster periods appear to correspond with bursts 
of earthquake recurrence on the central segment, and slower periods 
appear to correspond with periods of relative seismic quiescence. In-
terestingly, the 2.0-5.3 ka period prior to the four-event cluster of 
earthquakes documented by Dawson et al. at El Paso peaks between 
0.5-2.0 ka, previously thought to be a period of no slip along the cen-
tral Garlock fault, instead appears to have been characterized by rela-
tively slow – but not zero – slip.

We use lidar- and field-based mapping together with single-grain infrared-stimulated luminescence dating to calculate these 
new slip rates. We also present a new paleoearthquake record from the northeastern corner of the Koehn Lake extensional 
step-over on the western part of the central segment, revealing a record of at least twelve surface rupturing earthquakes that 
have occurred since early Holocene time. Ultimately, comparisons of the paired incremental slip rate and paleoearthquake re-
cords with other nearby plate-boundary systems (e.g., the San Andreas fault and the ECSZ) will lend insights into the controls 
of strain accommodation in the upper crust of this section of the Pacific-North American plate boundary. 


