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What is the importance of shallow fault
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What is the importance of shallow fault creep?

Affects earthquake rupture propagation through friction and
stress conditions (Harris et al., 2017)
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* Transfers stress to neighboring fault patches, potentially =
triggering slip (weietat, 2015y |

» Controls process of afterslip (Bilham & Behr, 1992) \
» Creates impacts to infrastructure (Berkeley stadium) /Q/

Jiang & Lapusta, 2017

* Plays a role in induced seismicity, geothermal processes,
and swarms (Eyre et al., 2022)
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 Provides sensitive indicator of fault strength (Roeloffs, 2000;
Lienkaemper et al., 1997)

« Reveals fundamental questions about physics of Earth
materials (Barbot, 2019)

« Occurs statewide throughout California (Johnson et al., 2022) L
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Salton Trough is world-class natural laboratory for fault creep
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* Major creeping faults include R

the San Andreas, Imperial, bR b

Superstition Hills faults TR \N_Meééi,afféil's

| 40 Ky sy, North Shore ™ ooy peadquarter

« Minor faults observed to AN < T

creep: Yuha desert, ERF >N

Brawley fault, many smaller

faults associated with pull-

aparts and geothermal fields "

In Imperial Valley

* Observations date from the
1960s onward




Observations of creep: GNSS, InSAR, Creepmeters
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What controls creep throughout the earthquake Cycle?

* We seek to understand causative
mechanisms, dynamics, and controls on
the process of shallow creep:

« Step 1: Organize our observations to
establish common terminology

« Step 2: Understand creep behaviors of each
fault

"—'{_;p. 5

» Step 3: Perform modeling to determine best- =&
fitting slip and structural parameters and it
their implications



Step 1: Classification of creep as Steady vs. Episodic
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Step 1: Classification of creep as Steady vs. Episodic

Spontaneous

Shallow Creep
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Triggered vs. Spontaneous Creep Episodes
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El Mayor Cucapah and Chiapas triggered slip on SSAF
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Creepmeter time series at SC30 and FE30
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Full taxonomy: largest catalog of creep events

* |n total, we have classified creep into six
phenomena

 Steady, Triggered, and Spontaneous ECE

*Not shown: Afterslip, Acceleration, and “Creeplet”

» Developed a new catalog of 5,700 creep
event picks and associated creepmeter
time series (1980-2023), now available

on Zenodo
https://doi.org/10.5281/zenodo.1/087957

» Postdoc Dan Gittins developed catalog in
prep for publication. Earthscope intern
Juan Cruz determined how many were
triggered by rainfall or EQs.
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Full taxonomy: largest catalog

* |n total, we have classified creep into six
phenomena

 Steady, Triggered, and Spontaneous ECE

*Not shown: Afterslip, Acceleration, and “Creeplet”

» Developed a new catalog of 5,700 creep
event picks and associated creepmeter
time series (1980-2023), now available

on Zenodo
https://doi.org/10.5281/zenodo.1/087957

» Postdoc Dan Gittins developed catalog in
prep for publication. Earthscope intern
Juan Cruz determined how many were
triggered by rainfall or EQs.
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Step 2: Specific faults in the Salton Trough

 Imperial fault is a
major fault of the
Pa-NA plate
boundary. Large
earthquakes in
1906, 1915, 1940,
and 1979.

 Known to be
creeping at 5-10
mm/yr, but not
known how that
evolves in space
and time.
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How does Imperial fault creep evolve in space and time?

« Can individual creep events be
detected with INSAR, corroborated
by ground measurements?
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Results of Imperial Fault study

* INSAR can find IF creep events ]
« 17 creep events identified = # :

* Ridgecrest triggering extent é::: T N | |
» Creep events are not mechanically =~ ' X [
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Results of Imperial Fault study

* INSAR can find IF creep events ]
« 17 creep events identified = d'] :
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Superstition Hills fault creep

events: Case study 2023
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INSAR shows time-dependent slip, propagation

1. 2023/05/03-05/15

i. 2023/05/15-05/27)

4 km

Average Propagation Velocity: Vaterna etal, 2024 Jg

(A )

Wreoned Phose (adans) 12 km/29 hours > 10.1 km / day \
Slower to GNSS, faster from GNSS to creepmeter.




Profiles show pulse-like propagation

L

60

-60 1 - . -
_80 N _/J o
s B it
- .
120 1 i :
LI LI 1 I i L 1 1
2 1 0 2 1 0 1 2

o]

T 05/03-05/15

L e ——
.E .
80 - N

;

IS
o
I

~05/15-05/27

Distance (km)

Distance (km)

: H :
W GNSSP503 I TN
|| W Creepmeter ¢}§W
J g
4 km o ‘ s s B
T T T T -
-115.85° -115.80° -115.75° -115.70°
ﬁ T T T T ! T !
-20 -15 -10 -5 0 5 10 15 20

LOS (mm) Materna et al., 2024



Similar characteristics in 2006 and 2023 slip events
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Step 3: Modeling

* Hypothesis: creep
events act to release all
available strain (on
their own timescales).

* Model using elliptical
dislocation elements
with constant strain
drop (nonlinear).

* Apply this to each
creep event with
Envisat/Sentinel-1
INSAR and field data.

Materna et al., in prep

creep kinematics/mechanics
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Results: slip distribution is not constant over time

More com o lex than s v N\ %
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Many propagating creep events share similar velocities
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Can numerical modeling reproduce propagation?

« Creep events have peak slip velocities of 107 to
10° m/s, durations of hours at one creepmeter
(days for entire event), and propagation
velocities of km/day.

. 2.o-f

* What physical processes are necessary to E

reproduce these observations?

« R+S friction alone is insufficient (Barbot, 2019) " o5
. . . . 0.0 -Fr——rrr e
 Additional mechanisms like dilatancy+pore 111820 Metondy Raeh Greep

pressure diffusion indicated (segall et al., 2010)

» Current: parameter exploration in FEM code (1a &
Hager, 2018)

velocity, mm/minute >

. . . E
p.c. Roger Bilham 13?‘3,020 09:00 0



Conclusions and Ongoing Questions for Discussion

“Creep” is a range of physical phenomena with
different occurrence patterns on Earth and - 3
implications e -
Creep events can and do propagate throughout fault — | ' S
systems, often occurring in sequences

We observe creep at the surface, but its depth is a
proxy for strain drop and recurrence interval. We are
making progress on constraining it

What controls triggering interactions?
What does propagation velocity depend on?
Does the strain budget for creep events close?

What else besides R+S friction is needed to explain
velocities and propagation?

Do lessons learned in SC apply to NC (Hayward,
Calaveras, Rodgers Creek) or more broadly?

Dynamics: Moment-vs-duration scaling
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