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Fault interactions in the geologic record: synchronization




Fault interactions in the geologic record: synchronization
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Scholz, 2010; Rockwell et al., 2000; Madden et
al., 2006; Oskin et al., 2008

There is paleoseismic evidence for synchronization of the Pisgah and
Camp Rock faults.



Fault interactions in the geologic record: alternation
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Periods of accelerated slip on Pisia fault roughly correlate with periods
of slower slip rate on Skinos fault



How do we explain this behavior?
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How do elastic interactions contribute to establishing alternation
and synchronization?

Apparent synchronization Apparent alternation
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Why models? Observational record limited to only a few cycles,
hard to distinguish long-term interactions from apparent
transients and probe the physics of the system.



Model set-up: 1D faults governed by rate and state friction in a
2D elastic full space in antiplane % and in-plane &=
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We explore the effect of... the Instability ratio (Ru=1L_ /n*)
the spacing between the faults (D/L,,)

iIn-plane and antiplane conditions
Motorcycle - Barbot (2019, 2021)
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Synchronization
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Alternation
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Alternating supercycles
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Alternating supercycles
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Fault interactions in the geologic record: characterization
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Earthquake chronology:
timing of discrete events

Incremental slip rate:
measurements of slip
spanning different time
windows



Rupture

Fault interactions in the models: characterization
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Rupture

Metrics for quantifying interaction in models and data
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Correlation and alignment coefficient — simple metrics to characterize
interactions in model outputs and geologic data
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Alternating supercycles and alternating ruptures occur when the
faults are close irrespective of the instability ratio and loading conditions.
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Alternating supercycles and alternating ruptures occur when the
faults are close irrespective of the instability ratio and loading conditions.
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The distance between the faults controls interactions.
The instability ratio (rupture complexity) plays a secondary role.
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The distance between the faults controls interactions.

The instability ratio (rupture complexity) plays a secondary role.
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We can place real faults in this phase space!
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Data from earthquake chronologies fall within the space proposed by the
models — fault interplay resulting primarily from stress interactions
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Measurements include nearest neighbors in fault network only.



Data from incremental slip rate records show reasonable agreement with
the space proposed by the models
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Why do antiplane and in-plane simulations have different phase spaces?
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Antiplane — every rupture delays the next earthquake on its neighbor,
fosters alternation

Stress
increase —
clock advance

Stress
decrease —
clock delay




Antiplane — every rupture delays the next earthquake on its neighbor,
fosters alternation

Antiplane In plane

Stress
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Stress
decrease —
clock delay

In plane — when D/L>0.5 most to all of the receiver fault experiences a
clock advance from the stress increase, fostering synchronization



We test parallel faults but stress kernels are easy to compute for any
geometry
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Because interactions are encompassed in D/L, they can be captured for
natural faults via this proxy



Phase space of fault interactions emerges (and can be explained by) the
stress interactions between neighboring parallel faults
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1 m biaxial shear apparatus with

two faults (bi-biax)

In plane
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Experiments running yesterday
afternoon...




Today 4:33PM

SUPERCYCLES!

Saw it happen in real time!
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BONUS SLIDES



The sign and magnitude of Coulomb stress perturbations on the
receiver fault control the interactions
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Because these are encompassed in D/L, they can be captured for natural
faults via this proxy



Alignment: a parameter to quantify the relationship of event
times on a fault with respect to its neighbor
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We only consider full ruptures in the alignment metric calculation.



Alignment coefficient — metric to characterize interactions in earthquake catalogs
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Alternating supercycles and alternating ruptures occur when the
faults are close irrespective of the instability ratio and loading conditions.
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The distance between the faults is the primary control on the resulting
interactions, with the instability ratio playing a secondary role
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Data from incremental slip rate records fall within the space proposed by the
models — fault interplay resulting primarily from stress interactions
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A useful benchmark: isolated fault, same boundary conditions
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How do elastic
interactions contribute to
establishing alternation
and synchronization?
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Veloci Quasi-dynamic 1D simulation
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Data from earthquake chronologies fall within the space proposed by the
models — fault interplay resulting primarily from stress interactions
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Data from incremental slip rate records show reasonable agreement with the
space proposed by the models

1.0 § =

: 1 s
S 0.5 -
5 e +
S b |
g 0'0_ ........................................................................................................................................
e _ ? e
© 05 *Y
e s 1 ’ ;  — .
S i

—0 1 Alternating subercvcles Synchrogization or Weak

s alternation interactions
1071 10° 101

Scaled distance (D/L)



& Rupture length (km) Q

Ru = 47.6, D/L = 0.1, Antiplane
b'o..QQQ..~~ o M ¢ 0 GRS 0 G

Ul
1

]
?

- —1

200 300 400 500 600 700 800 900 10
Time (years)

00

Correlation coefficient



