
Summary of Session 4: Advances in Geochronology and Fault-Zone Geology 

2021 SCEC Annual Meeting 

By Mike Oskin 

Five talks, grouped into two sections. 

• Advances in geochronology and impacts on earthquake chronologies, slip rates, and 
understanding faulting at depth 

• Advances in high-resolution imaging and the merging of geology and geodetic techniques  

Sourev Saha led off part 1 of our session, presenting new results of single-grain feldspar IRSL dating 
from the Mission Creek fault paleoseismic trench site and from the upstream catchment. He showed how 
this technique has progressed, providing useful results for expanding our paleoseismic datasets, and 
yielding intriguing pulses of sediment exposure that may be a climate signal. Correlating paleoseismic 
records to climate records has been a longstanding objective for SCEC earthquake geology, because 
paleoclimate archives provide us with high-resolution, independent chronologic control and are one way 
to get past the age-precision problem of geochronology. One of the important problems with 14C dating is 
the inheritance problem, where charcoal is produced elsewhere and transported to a site. Several studies 
have pointed out this problem and addressed it on a site by site basis, but there is no uniform approach 
as yet. Another important problem is measuring inter-event time beyond the limits of absolute age control. 
Gauging the time span between paleoseismic events is crucial for advancing seismic hazard models. 

Inheritance is also a problem for cosmogenic dating, a technique that has greatly expanded our 
knowledge of fault slip rates over the past 15 years. Our second talk, by Veronica Prush, showed the 
impact of using a mechanistic model for cosmogenic clast inheritance on our understanding of landform 
ages. Application of this model, as well as an improved physics-based model for nuclide production, 
results in changes in slip rates, and reduction of slip-rate uncertainties, both of which are valuable 
advances. Veronica’s talk also highlights the importance of community data repositories and standards, 
so that our work is reproducible and improved as the science advances. There is a clear value to 
returning to existing, well understood slip-rate and paleoseismic sites to gain better information with new 
techniques and increased number of dating samples. 

Our third talk, by Alexis Ault took us deeper into the crust to learn about a new tool for paleoseismology: 
U-Th/He dating of hematite on fault surfaces. Her work combines age-dating with textural information and 
thermal modeling to reveal slip event timing, frequency, and physical conditions under which these events 
occurred. This is a really different view of fault history than the surficial records on which we focus most of 
our attention, and offers exciting new insights into how faults and damage zones operate at depth. In 
southern California, there are several examples of shallowly exhumed active faults (from <3km depth) 
where this technique may be applied to interrogate the seismic cycle in new ways. Alexis also points out 
that there are insights to be gained by pairing the U-Th/He technique with other chronometers, such as 
Ar-dating of clay minerals. Overall, these new types of at-depth paleoseismic tools complement the 
surface view gained from paleoseismology, slip rates, and post-earthquake rupture mapping. 

For part 2 of our session, we started with a talk by Chelsea Scott, showing measurements of creep on the 
central San Andreas fault from differential lidar data. The powerful advantage of differential lidar is the 
combination of wide spatial coverage and very high resolution. Chelsea showed how the creep signal is 
highly localized on the fault trace in most places, except where the fault steps over in areas of structural 
complexity. The rates also clearly taper towards the ends of the creeping section. This has implications 
for how the fault is loaded at these transitions. Measurements of creep requires resolving relatively small 
displacements, pushing the limit of differential lidar analysis. Chelsea’s work nicely illustrates how we can 
continuously strive to improve these methods in preparation for that inevitable next large earthquake. Its 
also worth noting that much of the SCEC natural laboratory is now covered by lidar surveys, so 
differential lidar analysis will very likely be a part of future earthquake response. 



We finished out our session with a presentation by Ryan Gold on the fusion of remote-sensing and field 
observations during post-earthquake response. We now have a plethora of satellite optical and radar 
platforms available to us, with short repeat times, and some very powerful techniques to extract fault slip 
information from these. Field observations remain indispensable, however, for their immediacy, and 
because fieldwork captures deformation at finite fault scale, comparable with paleoseismic and slip-rate 
data. Drone/UAS observations have also proven really valuable where it’s permitted to collect such data 
quickly after an event. The comparison of field- and remotely-sensed offsets reveals off-fault deformation 
that is an important part of the deformation budget, contributing to formation of fault damage-zones, and 
an important hazard in its own right. The challenge ahead of us as a community is to more smoothly 
blend field- and remote-sensing techniques during that hyper-rapid, evolving post-earthquake response 
phase, in order to best capture valuable but ephemeral information about the earthquake process. 

 
 


