Perspectives on monitoring
and modeling creep using

INSAR, GNSS and repeatin
earthquakes

Gareth Funning
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1. InSAR can’be great for finding
creep,-but noise and acquisition
geometry can be problems

2. \We probably need 3D velocities

3. Repeating earthquakes give you
sensitivity to creep at depth



We* produced a statewide INSAR velocity map for California using ARIA
standard product interferograms (Sentirkl geocoded and unwrapped)
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INSAR velocity profiles: central San Andreas fault

Take strikeperpendicular profiles every 2 km along the fault surface trace (USGRaGs
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1. Raw PS velocity profile

—— fault zone

LOS velocity —»

2. Select windows of data on either side of the fault zone
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3. Fit straight lines with a common gradient to data
on both sides of the fault
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4, Detrend profile using the gradient obtained

Jinand Funning 2017
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We estimate shallow WLy
creep rates (squares) for LY IV

over 50 active fault N ' |
segments in California R Y

.
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Aestimates every 2 km
(2100 profiles!) crooprate (i)
Ared: rightlateral " e N
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vert creep rate
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Signal loss due to-
decorrelation

Unreliable estimate
from noisy data
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Extreme estimatesf
creep ratewhen strike=
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Mapping aseismic slip seismically!

Stuck patches surrounded by
creep must keep up by failing
In periodic, small 'repeating
earthquakes'

small locked patches



recorded signal = soura@ path U instrument

instrument

sourc% path
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RESs classified by
confidence: s

Confirmed REs [59 families]
A\ High CCC [48]
O Single pairs [91]

39°

A At least 3 events

A CCC 0.9 or higher
on 3 stations

A DD relocated
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20 km
O Confirmed REs

A Possible REs
O RE pairs

m creep rate (mm/yr)
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Maacamafault alongstrike profile
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Most of the high CCC events are within the 'streakhmfroseismicityhat deepens
to the NW



RES slip rates
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A Triangular element mesh
fitted to seismicity

A Deep dislocations beneath
major faults

A Boundary Element Model

Distance (km

(@]

N
o

40 60 80 100
Distance (km)

- arrays

A1
"
e
2084
’ ,,595}’"0'0
A
a8 22
A
! o
50 mm WP
B\\s%*? o
o

l, -
-
A SR
_\Y_“f--‘
& ¥ ol
N
"
‘.
i « 'fs‘d
2
x
® e
a9 BN
ﬁJ " e
RS s O
aa
el
2p P aw
"
AL

EXA
. y 3 a ¥
Alinement 4
- W * o)
Tt 2
L
H




slip model

Hayward fault. mechanical

Hayward fault elements are

either locked (zero slip) or
creeping (zero traction)

Creeping
Locked
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