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Characteristics of small repeating sequences in Parkfield, CA

* Atypical scaling relationship: Long recurrence times relative to their seismic moments.
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Characteristics of small repeating sequences in Parkfield, CA

* Atypical scaling relationship: Long recurrence times relative to their seismic moments.
* High stress drops: ~25 - 65 MPa, with local values reaching up to 90 MPa.
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Characteristics of small repeating sequences in Parkfield, CA

* Atypical scaling relationship: Long recurrence times relative to their seismic moments.
* High stress drops: ~25 - 65 MPa, with local values reaching up to 90 MPa.

* Synchronized occurrence: Evidence of interaction among nearby sequences.

(b) SF sequence

Fault Plane View

- g 2
=
1S LA coz 0

nnnnnnnn

3
2 SF
'ew\ e \ a
1 - L O = 25
& o } '/\\ ( )
A 2R o xx‘&v
S 2 X 1 7
h 3 1

3

S
N
I
S
&
I
=3
ER
s ! .
§_ S 10 1apa Intsgsiﬁtctlon 1990 LA1995 2000 2005
S O * 3 sequence
=
& 22|
1
48 mm/yr § ‘S_F —)LA I
R (] T T T I 0
Los Angeles @ '400 300 200 100 0  -100m 1990 1995 2000 2005

Pacific Plate

(Lui & Lapusta, 2018)

(Hickman et al., 2004)
Parkfield 2.0 Workshop 4



Background Source Characteristics Interaction Summary

Numerical modeling of repeating earthquake sequences

* A series of numerical studies have been carried out to better understand the source properties
and interactions of repeating earthquakes.

* Faultslip is governed by the rate-and-state frictions and simulated using the boundary integral
method code (BICyclE).
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Key physical mechanism: Interaction between seismic and aseismic slip

 Chen and Lapusta (2009) proposed that the scaling of small repeaters can be explained by
interaction of seismic and aseismic slip. Their model suggests that a significant portion of the
total moment on the asperity is released aseismically.
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Reproduces qualitatively the scaling relationship of small repeaters

Aseismic slip on asperities range from 99% to 20%.

For the long-term slip velocity V|, = 23 mm/a, their model reproduced a scaling exponent very
close to observation, butin smaller recurrence times than the observed one.

Stress drop are in the range of 1 — 10 MPa.
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Numerical Model

Background

Interaction Summary

Reproduced qualitatively the scaling relationship of small repeaters

* Aseismic slip on asperities range from 99% to 20%.

* Forthe long-term slip velocity V|, = 23 mm/a, their model reproduced a scaling exponent very
close to observation, butin smaller recurrence times than the observed one.
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Background Numerical Model Interaction Summary

Reproduced qualitatively the scaling relationship of small repeaters

Aseismic slip on asperities range from 99% to 20%.

For the long-term slip velocity V|, = 23 mm/a, their model reproduced a scaling exponent very
close to observation, butin smaller recurrence times than the observed one.

Stress drops are in the range of 1 — 10 MPa.
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Toward a single model with self-consistent observations

produce events with higher stress drops that match field
observations:

* In Lui and Lapusta (2018), two mechanisms were proposed to Zt<y
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Events with higher stress drop in smaller asperities

* Such models can match the observed average
properties of the San Francisco and Los Angeles
repeaters, as well as the nontrivial scaling
between the recurrence time and seismic moment.

* Significant aseismic moment is released on the

asperity.
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Background Numerical Model

log(M,) dyne-cm

Models with higher stress drops (and smaller
asperity size) also suggests the SF and LA
sequences do not overlap and explains why
they occur as two separate repeating
sequences.

Our model
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Interaction

Events with higher stress drop in smaller asperities
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Modeling the interactive behavior of nearby repeating sequences

* Interactions between repeaters extend over d d

longer distances than would be predicted Vs Gy VS 0 mer)
based on static stress changes from

coseismic slip alone.
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Background Numerical Model

Source Characteristics

Modeling the interactive behavior of nearby repeating sequences

. ap, .
* Interactions between repeaters extend over Distance apart:

longer distances than would be predicted

based on static stress changes from
coseismic slip alone.

* The inter-event times decrease significantly
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Modeling the interactive behavior of nearby repeating sequences

* Interactions between repeaters extendover b 4 & : :
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Background

Numerical Model

Source Characteristics

Summary

Modeling interaction between the San Francisco and Los Angeles repeaters

* Postseismic slip propagating across the creeping segment contributes to the synchronized
behavior of the SF and LA sequences.

Observations:

Asperity on which the LA

sequence occurs is
potentially smaller than

the critical nucleation size.
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Background Numerical Model Source Characteristics Summary

Using RES interaction to constrain friction properties of the creeping segment

* |[f distances at which repeaters interact and their triggering time depend on the
properties of the creeping segments, it opens a possibility of determining fault
properties based on the interaction.
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Summary

Numerical Model

Source Characteristics

Interaction

* Aseismic slip on asperities controls the source properties, scaling, and long recurrence intervals of
small repeating earthquakes.

» Postseismic creep between asperities drives sequence interactions, offering a potential constraint
on fault frictional properties.

Ongoing work:

* Apply seismological
approaches (corner-frequency
estimation, EGF spectral ratio

fitting, source time function
comparison) to numerical and

Spectral ratio

observed data to better
constrain repeater physics and

fault mechanics.

* Add path effects to synthetic
waveform simulations
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Background

Numerical Model

Source Characteristics

Interaction

Open questions:

How uniquely do recurrence intervals constrain fault frictional parameters and postseismic creep rates?
How can we improve constraints on the partitioning between seismic and aseismic slip in nature?

Can waveform changes in repeating earthquakes be used to constrain fault zone properties or monitor fault-

zone evolution? Can numerical modeling be leveraged to distinguish source effects from path effects in the

seismic data?

Ongoing work:
* Apply seismological

approaches (corner-frequency
estimation, EGF spectral ratio
fitting, source time function
comparison) to numerical and
observed data to better
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