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The Southern California Earthquake Center (SCEC) workshop “Dynamic Rupture Technical 
Activity Group (TAG) – Investigating New Ideas in Earthquake Source Mechanics” was convened 
on Zoom on January 12, 2023.  A total of 60 people participated.  Our workshop attendees included 
scientists from 28 institutions and 11 countries (United States of America, Australia, Brazil, 
Czech Republic, China, France, Germany, Japan, New Zealand, Saudi Arabia, and 
Switzerland).  Twenty-eight of our workshop participants were students or postdocs.  The 
workshop agenda and participant list are on the last page of this report, and the workshop agenda 
and presentation videos and slides of most of the talks can be found on our SCEC workshop 
website:    https://www.scec.org/workshops/2023/dynrup.    Many thanks to Edric Pauk and Tran 
Huynh for helping to make this fully online event very successful. 
 
Our group’s workshops are now in their nineteenth year.  Over the years, these workshops have 
covered the scientific and computational requirements and advances needed to produce spontaneous 
(dynamic) earthquake rupture simulations.  We have carefully tested our codes and implemented 
new features so that the codes can reliably reproduce the results of other codes using the same 
assumptions.  Most recently, in a series of four workshops held prior to this year, we learned about 
which assumptions in our simulations are most Earth-relevant, with a particular focus on the key 
ingredients of dynamic rupture simulations, fault geometry, fault friction, rock properties, and initial 
stress conditions (Figure 1; also see Harris et al., 2018 and Ramos et al., 2022).  Given that many 
members of our group now have experience with these essential elements of how to conduct 
simulations of dynamic earthquake rupture, we next had the opportunity to return to our original 
motivation for this work, learning new things about how earthquakes operate. 
 
Our January 12, 2023 SCEC workshop consisted of 10 invited longer talks, 10 short lightning talks, 
and many opportunities for discussion.  Six of the invited talks were focused on state-of-the-art 
investigations into how earthquakes and faulting work, and four of the invited talks were 
informative updates from SCEC group leaders about the progress their own technical activity 
groups are making in advancing earthquake science.  Our workshop’s lightning talks were an open 
invitation to all participants to present a snapshot (one-slide with pre-recorded video) of their new 
findings and publications. 
 

 
Figure 1. (Lightly modified Figure 1 from Harris et al., 2018). Components necessary for 
a dynamic (spontaneous) rupture simulation. These simulations require assumptions about 
the on-fault initial stresses (and the off-fault initial stresses, if the medium is inelastic), the 
fault geometry, the rock properties, and a failure criterion that describes how fault friction 
works. These physics-based computer simulations can be used to produce many different 
types of results, including fault slip, ground and sub-surface shaking, and heat generation. 
Please also see Harris (2004) and Ramos et al. (2022) for more details. 
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Overview of Workshop Presentations 
 
Ruth Harris (U.S. Geological Survey, USGS) began the workshop by welcoming the participants.  
She then introduced and briefly summarized how dynamic rupture simulations work, for the benefit 
of new participants in the group, and workshop attendees who were not yet dynamic rupture 
modelers.  Harris encouraged everyone to read a new publication by Ramos et al. (2022).  The new 
paper provides background information about dynamic rupture modeling and serves as a valuable 
introduction to the field.   
 
Harris described how the SCEC-USGS Dynamic Rupture Code Verification Group (also see the  
group’s website https://strike.scec.org/cvws/) has successfully verified that dynamic rupture codes’ 
simulation results are reproducible for a variety of ‘ingredients’, i.e., the input assumptions about 1) 
the initial stresses, 2) the fault geometry, 3) the rock properties, and 4) the fault friction.  She 
mentioned the series of four previous SCEC dynamic rupture workshops where the group learned 
about the state-of-the-art for each of the four ingredients, and learned about the relevant information 
provided by the SCEC community models for stress (the Community Stress Model), for fault 
geometry (the Community Fault Model), and for rock properties (the Community Velocity Model).  
She next detailed the agenda for the workshop, and noted that this event would be featuring new 
developments in our field, and new computational approaches to simulating dynamic earthquake 
rupture. 
 
Following Harris’s introduction, the participants introduced themselves in the Zoom chat.   
 
The next three talks, all invited, presented new ideas in the field of earthquake source mechanics. 
 
Jagdish Vyas (King Abdullah University of Science and Technology) presented work investigating 
the implementation of thermal pore-fluid pressurization for fault friction behavior (Vyas et al., 
2022).  This constitutive framework requires knowledge about a range of parameters, and Vyas 
showed how the choices of these parameters, with a particular focus on hydraulic diffusivity and 
shear-zone half-width, affect both the rupture extent and the resulting ground shaking.  Thermal 
pore-fluid pressurization has been proposed over the years as an approach to explain how there can 
be rapid fault slip during earthquakes, without widespread evidence of accompanying rock melting 
in exhumed fault zones.  However, in some simulations thermal pore-fluid pressurization leads to 
runaway rupture, an undesirable simulation feature given that most earthquakes do not grow 
infinitely large, and instead are well-contained.  Vyas presented work showing a range of plausible 
parameters to be used in these types of simulations. 
 
Shuo Ma (San Diego State University) talked about his work on tsunamigenesis from strike-slip 
faults, which is thought to be uncommon; instead tsunamis are often thought of as being generated 
by shallow subduction zone earthquakes.  Ma focused on the Palu Bay tsunami produced during the 
2018 Sulawesi, Indonesia earthquake (Ma, 2022).  He noted that the strike-slip fault geometry 
played an important role, and that dynamic off-fault failure produces efficient localized surface 
uplift at strike-slip restraining bends.  He noted that the direction of the minimum compressive 
stress controls the efficiency of inelastic uplift, and that it is the inelastic uplift at restraining bends 
that generates localized tsunami efficiently in shallow water.  In contrast to others’ work, Ma also 
noted that supershear rupture on a vertical planar strike-slip fault does not produce large tsunami. 
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Michael Barall (U.S. Geological Survey) presented his and Harris’s work which provides a new 
method for mimicking the effects of viscoplastic yielding in an elastic framework (Barall and 
Harris, 2023).  The new method, which Barall named ‘non-linear radiation damping’, is similar in 
some ways to an old approach called ‘radiation damping’ used by quasi-static earthquake cycle 
simulators, but the new approach is instead non-linear, and is instead used in conjunction with the 
inertial terms of dynamic rupture simulations.  The new approach acts as an additional drag force, 
and its goal is to reduce some of the high fault slip-rates and thereby the large peak ground motions 
seen in some elastic framework dynamic rupture simulations.  Barall showed how non-linear 
radiation damping can be implemented by simply adding one more term to the friction formulation, 
and that its effects are to apparently increase the slip-weakening critical distance, with increasing 
propagation distance from an earthquake nucleation site.  He noted that the new approach of non-
linear radiation damping is much simpler to implement than viscoplasticity, is much more 
computationally efficient, and requires much less knowledge about the 3D state of stress in a near-
fault region.  He also noted that the new approach does have some limits, however, in that it will not 
work well in situations when a rupture encounters geometrical fault complexity, such as a hard 
boundary. 
 
The workshop next featured six 1-slide, 100-second lightning talks by Frantisek Gallovic (Charles 
University), Jonatan Glehman (University of California, San Diego), Fabian Kutchera (Ludwig 
Maximilian University), Kim Olsen (San Diego State University), Baoning Wu (University of 
Southern California), and Jeena Yun (University of California, San Diego), respectively.  The 
lightning talks described new papers published by each of these authors in the past year. 
 
After a break, we resumed our invited speaker presentations. 
 
Michele Cooke (University of Massachusetts, Amherst) presented her work with Hanna Elston 
examining fault-zone evolution and slip rates (Elston et al., 2022).  Cooke’s presentation provided 
a new view into how our dynamic rupture group (and also the SCEC Simulations of Earthquakes 
and Aseismic Slip, SEAS group), might think about fault geometry, and which portions of a fault 
zone are active through time.  She showed an experimental approach which uses wet kaolin for 
analog models, and even produces slickenlines, as seen on faults in the field.  The experimental 
setups included restraining bends, one setup with a 15-degree bend and another setup with a 30-
degree bend, and new faults appeared over time.  Cooke showed how the evolving slip complexity 
impacted strain partitioning and fault slip rates on the main fault.  She proposed that constraining 
the recent evolution of faulting could inform the reliability of past slip rates to represent future fault 
rupture behavior. 
 
Betsy Madden (Universidade de Brasília) presented her recent work (Madden et al., 2022) that 
focused on investigating pore-fluid pressure in megathrust regions, using 3D dynamic rupture 
models of the 2004 M9.1 Sumatra-Andaman earthquake.  She found that in order to match others’ 
inferences about the 2004 earthquake in a general sense (e.g., a stress drop of 3 MPa and a rupture 
velocity of 2.4-2.6 km/s), her models needed high overall pore fluid pressure, with a lithostatic 
pore-fluid pressure gradient, thereby leading to an effective constant normal stress with depth. 
 
James Biemiller (U.S. Geological Survey) presented his work using dynamic rupture simulations 
to explain how low-angle normal faults can produce sizeable earthquakes (Biemiller et al., 2022), 
even though these faults might not be expected to have that capability from a fault mechanics 
perspective.  Biemiller focused on the case of the Mai’iu fault in Papua New Guinea, which 
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produces infrequent large earthquakes (recurrence intervals of 482-1590 years).  He examined a 
variety of initial stress conditions, as well as the potential effects of pre-existing splay faults in the 
hanging wall.  Biemiller concluded that large low-angle normal fault ruptures are dynamically 
viable in typical extensional stress fields without being uniformly near-critically stressed.  He found 
that surface rupture is possible, but multiple processes act to limit shallow slip.  He noted that 
coseismic reactivation of splay faults and inelastic failure of weak shallow sedimentary hanging-
wall basins appear viable and are expected to reduce shallow slip on the main fault and enhance or 
localize surface displacements away from the main fault trace.  He proposed that these shallow 
processes appear to be most efficient when the hanging wall contains thick deposits of weak 
sediments cut by gently-dipping synthetic (rather than antithetic) splay faults. 
 
The workshop then took a lunch break, before returning for four invited talks, each of which 
described a SCEC Technical Activity Group (TAG), with a connection to the workshop theme of 
investigating new ideas in earthquake source mechanics. 
 
Yongfei Wang (University of Southern California) summarized the Fault Displacement Hazard 
Initiative, a collaborative project led by the University of California, Los Angeles (UCLA) that 
examined fault surface rupture hazard, compiled a dataset of fault surface offsets, and developed 
empirical relations to better understand how surface-rupturing faults may affect local and 
distributed infrastructure such as buildings, roads, and pipelines.  Wang presented his work with 
Christine Goulet (formerly at USC) using dynamic rupture simulations to study this problem.  He 
noted that there is a limited set of observations, so simulations are helpful for advancing our 
knowledge provided that the approach is first carefully calibrated.  Wang showed how he and 
Goulet did such a calibration and were able to use dynamic rupture simulations to produce a 
successful comparison with the observed surface ruptures during the well-recorded 1992 M7.3 
Landers, California earthquake (Wang and Goulet, 2021). 
 
Brittany Erickson (University of Oregon) talked about the Simulations of Earthquake Sequences 
and Aseismic Slip (SEAS) project, soon to have its fifth anniversary, and led by Erickson, Lambert, 
and Jiang.  The SEAS group has been benchmarking the codes used to simulate earthquake cycles 
and is finding relatively good qualitative agreement among the code results, when the assumptions 
are implemented in a similar manner.  The group is continuously moving forward with new 
benchmarks, and incrementally adding complexity to the simulations.  By January 2023 the group 
had completed 8 benchmark problems and published 3 group papers.  Their most recent paper 
(Erickson et al., 2023) also provides metrics to quantitatively assess the inter-code comparisons. 
 
Shanna Chu (U.S. Geological Survey) gave an update of progress by the Stress Drop Validation 
Project, led by Annemarie Baltay, Rachel Abercrombie, Taka’aki Taira, and Shanna Chu (Baltay et 
al., 2021). The goal of this project is to figure out how to robustly measure an important earthquake 
source parameter, “stress drop”, found to be important for understanding how high-frequency 
ground motion is generated.  To accomplish their goal, the group is currently examining 55 
aftershocks of the 2019 M7.1 Ridgecrest, California earthquake.  So far, they are finding that the 
varying types of methods used by the investigators may lead to different corner frequency and other 
stress drop-related results among the group, but that this also depends on the magnitudes of the 
earthquakes being examined.  This is an energetic, ongoing project. 
 
In the last invited talk of the day, Kyle Withers (U.S. Geological Survey) talked about the Dynamic 
Rupture Code Validation group (Withers et al., 2022).  This group is using dynamic rupture 
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simulations (with the codes previously tested using the Harris et al. (2018) dynamic rupture code 
verification benchmarks) as an approach to extend the suite of empirical data available for 
earthquake ground motions, particularly as a means to supplement the sparse number of large-
earthquake recordings.  The group’s goal is to demonstrate that dynamic rupture simulations can 
satisfactorily match existing ground motion observations, so as to build confidence in dynamic 
rupture simulations as a useful tool for forecasting future ground motion hazard in regions with 
insufficient existing ground motion data.  To date the group has been able to reasonably match some 
features of empirical ground motion relations (Ground Motion Models).  The modelers have been 
given freedom to vary features of their simulations, with some implementing rough faults, and 
others including other types of stochastic variability, so this has also been an opportunity to check 
which forms of variability are consistent with ground motion observations. 
 
We next finished our workshop presentations with four more 1-slide, 100-second lightning talks, 
this time by Yoshi Kaneko (Kyoto University), Qingjun Meng (Texas A&M University), 
Hongfeng Yang (Chinese University of Hong Kong), and Suli Yao (Chinese University of Hong 
Kong), respectively.  The lightning talks described new papers published by each of these authors in 
the past year. 
 
Wrap-up and Discussion 
 
During the discussion following the talks, Harris presented a new project for the group, to compile a 
detailed database of the papers published over the years on the topic of dynamic earthquake rupture 
simulations.  She noted that the field is now about 50 years old, and whereas there were few 
publications decades ago, making it easy for the specialists to know about others’ work, the number 
of publications has subsequently increased by a factor of 100, making it harder to keep up with the 
newest developments.  She also pointed out that knowing what science has been done supports 
advancements moving forward.  An awareness of the already completed work provides a path to 
illuminate future discoveries, rather than having scientists repeat work already completed by others.  
A lively discussion ensued, including a debate about which papers to include in a database, and if 
older papers should be part of the collection.  A frequently mentioned point was that such a 
database should not exist in isolation, but could instead be part of an overview article about the 
field. 
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SCEC Dynamic Rupture Group Ingredients Workshop on Fault Friction 

SCEC Award and Report:  22157 
Conveners: Ruth Harris and Michael Barall 

Location:  Zoom (online)          Date:  January 12, 2023 
 

Agenda: 
 
Session 1: Workshop Overview   
09:00-  09:15 Introduction to the Workshop  (Ruth Harris) 
09:15 - 09:30 Participant Introductions  (All) 
Session 2: New Science Ideas 

 

09:30 - 09:45 Thermal pore-fluid pressurization and its effect on ground motions 
(Jagdish Vyas) 

09:50 - 10:05 Tsunamigenesis of strike-slip faults (Shuo Ma) 
10:10 - 10:25 Non-linear radiation damping (Michael Barall) 
10:30 - 10:45 Group Discussion 
10:50 - 11:05 Lightning Talks on New Science Ideas 
11:05 - 11:25 Break 
Session 3: New Science Ideas  
11:25 - 11:40 Lab experiments of fault zone evolution (Michele Cooke) 
11:45 - 12:00 Pore fluid pressure and 3D megathrust earthquake dynamics (Betsy 

Madden) 
12:05 - 12:20 Dynamic rupture on low-angle normal faults (James Biemiller) 
12:25 - 12:40 Group Discussion (All) 
12:45 - 13:30 Break 
Session 4: Updates from Related 
SCEC Groups  

 

13:30 - 13:37 The Fault Displacement Hazard Initiative (FDHI) (Yongfei Wang) 
13:42 - 13:49 The Simulation of Sequences of Earthquakes and Aseismic Slip 

(SEAS) Project (Brittany Erickson) 
13:54 - 14:01 The Community Stress Drop Validation Study (Shanna Chu) 
14:06 - 14:13 The Dynamic Rupture Code Validation Project (Kyle Withers) 
14:18 - 14:33 Group Discussion (All) 
14:38 - 14:53 Lightning Talks on New Science Ideas 
14:53 - 15:15 Break 
15:15 - 16:00 Group Discussion - Planning for our next steps (All) 
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