
Exploring the Paleoseismic Solution Space: An 
Optimization-based Paleoseismic Event Correlation Technique

Abstract
Paleoseismic data are the only information we have to understand real-world earthquake recurrence, yet a 
single paleoseismic site does not give a complete sense of fault-scale earthquake behavior. In order to 
expand these records spatially, earthquake events must be correlated across paleoseismic sites along the 
same fault. However, correlation is generally conducted by hand, and therefore prone to individual 
interpretation. We present an alternative optimization technique using linear programming to objectively 
correlate paleoseismic events between sites. The linear programming-based approach efficiently synthesizes 
multiple types of paleoseismic data, such as earthquake age probability distributions and estimated slip, with 
slip rate data and other fault-specific constraints to recreate the best-fitting earthquake history. Preliminary 
results from the southern San Andreas Fault show that optimizing a history using only slip rate constraints 
results in the model choosing more frequent earthquakes of a similar magnitude. When slip-per-event proxies 
are used, histories have a wider magnitude distribution, from M7 to M7.8+, similar to the expected range of 
magnitudes on this stretch of fault, and in good agreement with previous paleoseismic correlation efforts 
along the southern San Andreas Fault. Through this technique, the full solution space of paleoearthquake 
histories on any fault with paleoseismic and slip-rate data can be explored efficiently, in order to better 
constrain earthquake timing, magnitude distribution, time- vs. slip-predictable behavior, supercycles, and 
time-dependent hazard.

Model Design
Optimize with:

   Slip rate sites            Slip-per-event proxies

Constrain with:
   Slip rate sites       Slip-per-event estimations

 
Displacement observation threshold

 Upper and lower slip rate bounds 

 Example: Slip Rate Optimization Optimize Slip Rate AND Event 
Size (mean)

Results
● Optimizing based on slip rate results in more 

earthquakes and similar magnitudes
● Optimizing based on slip-per-event results in 

fewer earthquakes with a wider magnitude 
distribution

● Most families of solutions require at least 
one full-length rupture of the northern ~400 
km of the southern San Andreas in the 1.3 
ka preceding the Fort Tejon earthquake

Optimize Slip Rate
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Maximum Cumulative SlipMinimum Cumulative Slip

Optimize Event Size Proxies
Maximum Slip per EventMinimum Slip per Event

(Mean)

(Mean)

*Line color = number of trench events 
correlated as the same paleoearthquake
**Line width = paleoearthquake magnitude
***Black line = historic earthquake
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