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Background/Motivation Joint Inversion

Tectonic Setting of the 2019 Ridgecrest, CA Sequence
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Seismic Triggering Conclusions

Main tectonic boundary between the North American and
Pacific plates is the right-lateral San Andreas Fault (SAF)

The Eastern California Shear Zone (ECSZ) and Walker Lane
(WL) are diffuse regions of shear to the east of the SAF and
accommodate up to 25% of total tectonic motion

The Ridgecrest, CA events occurred in the WL region, just
north of the Garlock Fault (GF), a left-lateral fault that
intersects the SAF

History of the SAF moving eastward over time, suggesting
that as more tectonic motion transfers eastward, the diffuse
WL/ECSZ will coalesce into an organized fault and become
the dominant tectonic boundary in the region

The Ridgecrest sequence gives us the opportunity to see a
tectonic boundary in the making
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Study Goals

* Evaluate kinematic coseismic slip for the two
largest events in the Ridgecrest Sequence
* July 4, 2019: M,,6.4 on NE-trending faults ( )
* July 6, 2019: M,,7.1 on NW-trending faults ( )
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* Include multiple instrument types with varying
observation windows
» Static GNSS
* High-rate GNSS
» Strong-motion Accelerometer
* Sentinel-1 INSAR
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3515 * Explore fault interactions and potential seismic

triggering

 Consider tectonic context:

Immature fault zone progressing toward

becoming a major tectonic plate boundary
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Joint Inversion Seismic Triggering Conclusions

Background/Motivation

Inversion Organization: 2 Earthquakes, 3 Observation Types

July 6, 2019
M, 7.1 Earthquake

July 4, 2019
M, 6.4 Earthquake

36°00' A8

35°45' g

35°30" [

35°15'

35°00'

I

-118°15' -118°00'
Goldberg et al., 2020
Dara E. Goldberg

—117°45'

BC ‘ ;

3

y
bt SRR Wi SRR
—

-117°30' -117°15'

-117°00'

- d2019—07—04 1
static
d2019—07—04
displacement
d2019—07—04
velocity

d2019—07—06

d2019—07—06
displacement

d2019—07—06
velocity

dInSAR —T71D

. dInSAR—T64A -

EGU 2020 TS-5.1

static G =

INSAR
Interferometric pairs
span both events

d=G6m

a0
i
G 0
I
e
0 Gy

GInSAR—T71D GInSAR—T71D

- GInSAR—T64-A GInSAR—T64A -

|

m
m

dgoldber@Quoregon.edu

2019-07-04
2019-07-06

|



Background/Motivation

Inversion Results

MAP VIEW
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Seismic Triggering

Conclusions
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Inversion Results: Jackknife Testing

Coefficient of Variation Slip Model
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July 4, M,,6.4 July 6, M,,7.1
North (m) East (m) Up (M) North (m) East (m) Up (M)

o e . . N
-0.03 _/Q/\_m 0.05 T ~0.36 0.12
) ot Va0 | J s | ) o—r
I L L I L T T T e 1 1 L I I I I I T I I I T T I
ﬁ 0.06 A/\P—O_Oi A 0.32 m : 0.1 0.09
I T I T I ! T '-O'“ T I I s T T I I®.25 T T T T - T T T T
S -003 —\/V\/\—f——— M f N\ 02| 0.17 0.04
— — —_— V=30 J s QW&W%A
e e e ——— e e
= 004 0.0 ﬁ/\w 0.30
~0.07 028 v 6 %, :©.®$
— T
W—m w\\/“www %%
0.12 0.05 X
= ———— et
e 012 %{2
5 % —0.01
T e e ———

| 007} |2 Ml A A S
%@r 0.02

N ﬁqu\ﬂf‘,;}; _ ‘clmg
e i Y
North (m/s) East(m/s) Up (m/s)

s L L L L

f\/vv’v\wv:——_—xﬂa; MN Avna -0.16] 0.2
-0.15 v 0.12 \‘//V -0.07
e T

Synthetic Fits:

GNSS & Accelerometer

GNSS Static Offsets

36°00'

35°45'

s
8
4
8
p570 p590 p592 bepk p616 pa63 p593 ramt p580 p594 ccce p595
:{
<

p570 p590 p592 bepk p616 p463 p593 ramt p580 p594 cccc p595

East (m/s)
A A l-o.oz‘ ‘/VV\/_AAIA/\I } ‘-o.u4‘| W oo

35°30'

T T T T T T T ——1 T T T — T T T T T T T T T T
10 20 30 40 50 0O 10 20 30 40 50 0O 10 20 30 40 50 0 10 20 30 40 50 0O 10 20 30 40 50 0 10 20 30 40 50

Goldberg et al., 2020 Time (s) Time (s) Time (s) Time (s) Time (s) Time (s)

35°00'
-118°15" -118°00' -117°45' -117°30" -117°15' -117°00" -116°45'

001 002 —0.01
- o0z e —— - e —
$ 0.04 /\AA 0.05 a D& AsAN -0.01 ﬁ 0.33 | A NA -0.30 0.05
= V'V -0.02 V™ -0.02 AN MMM T V¥ v 53| vV -0.22 mﬁ AT
b T T T T T T T T T T T T T T T T T T T T T
A A “0.02 Ar 0.02 W) 0.01 A 007 ~o 0 05| 0.04
\'As 001 VA'AM 001 A MY WS P W Wty — WWWVW@
T T T T ) S— T T T T T T T T T T T T T
. Y, . VRS Y.TY 0.06 =0.01 7 STy WL ~0AAL 0.05 M\WN’ME
35°15 N v -002 \\/\\V 006 |20 ARREY" LA A AT -0.02
T T T T T T T ) e— T T T T T T T T T T T T
A ’\ ’ V\ —g.ﬂh | -0.00 0.01 —/\,\/\,q,vwv——- f\ﬂﬂﬁ 0.08 0.01
2019-07-04 M,,6.4 ) 2019-07-06 M, 7.1 YVY T TY 006 ! 0\)? WV o -0 VT o VI \\/f“’ =0 J‘I M i e .! P
Model > Model e 2! _/\,\/&\vagﬂi M 02
& i — AN\ A — AR et ANNASAS
Observation g Observation =g T T T T T T T T T T T I T
| | VWV 001
T T T ) S—

A
Seismic Waveforms GNSS Waveforms
2
3

HAR APL WOR WBS DTP WCS2 WNM MPM LRL SLA CCC CLC
HAR APL WOR WBS DTP WCS2 WNM MPM LRL SLA CCC CLC

o

Dara E. Goldberg EGU 2020 TS-5.1 dgoldber@Quoregon.edu



Seismic Triggering Conclusions

Background/Motivation Joint Inversion
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Background/Motivation

Joint Inversion

The Case for Static Triggering
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Seismic Triggering

Coulomb Stress Change (MPa x 1071)

Conclusions

Coulomb stress change on faults F3-F6 due to slip on faults F1-F2

Slip from July 4 event
increases Coulomb stress
at location of July 6 event
initiation

Result is robust based on
additional testing of varying
data weights in slip
inversion (see manuscript)

Note: we have not
considered the aftershock
sequence following the July
4 but preceding the July 6
event
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Take Home Messages

With some careful arrangement of the data and Green’s function matrix, we can invert for two
events simultaneously, accommodating instruments with varying observation windows
(importantly, the INSAR data which spans both events)

We find evidence for seismic triggering

 DYNAMIC: across a stepover during the July M,,6.4 event
« STATIC: increased Coulomb stress at the location of rupture initiation of the July 6 mainshock
caused by slip from the July 4 foreshock

Multi-fault rupture, relatively slow rupture velocities, and complex fault interactions is consistent
with the view of the Eastern California Shear Zone/ Walker Lane as an incipient transform boundary

Manuscript Available at Geophysical Research Letters

Complex Rupture of an Immature Fault Zone:
A Simultaneous Kinematic Model of the 2019 Ridgecrest, CA Earthquakes

doi: 10.1029/2019GL086382
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