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The complexity of fault geometry exists in global and local scales

2005 Apr 29 16:24:38  Plate from PB2002 (Peter Bird) Dataset

* rupture nucleation centers north and south of SGP

(Shi and Day, 2014)




Source dynamic simulations have suggested fault strength
and geometric shape can cause similar fault slips
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For a given slip model, the slip gap may be caused by a barrier. Was it
caused by stress heterogeneity or fault geometric change?

- Barrier of stressor geometry?
| | _

e S Note: The increased stress around 1
slip gap can sometimes exceed the

co-seismic stress drop (AkL979)
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2017JiuzhaigouMw6.5 earthquake
(Hu et al., 2020Tectonophysics




The fault geometric complexity can be estimated from
either seismic or geodetic ways.

U In seismicstudies,the multiple-point momenttensorsolutions
were estimatedand thus the variationsin fault strike, dip and
rakecanbeobtained

U In geodeticresearcheghe fault geometrywas usually directly
estimatedn anonlinearway.
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Geodetic Inversion

Sincethereis no needto solverupture
velocity, co-seismicgeodeticinversion
has less unknowns compared with
seismic inversion However, the .
relation betweenthe deformationdata
and fault parameterg(strike, dip and
rake)is nonlinear
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(Shenet al., 2009)



What we have done

U Discretizing the fault into sub-faults. If the sub-fault dimension is
small enough (much less than the source-to-site distance), they can
be treated as point sources.

U Based on the point source approximation, we can build a linear
equation between the sub-fault moment tensors and co-seismic
deformation.

U By determining the sub-fault moment tensors, we can get the
strikes, dips, and rakes of each sub-fault, and get the knowledge of

fault geometric complexity.
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FP1 0°/90°/0°  225°/90°/180° 0°/90°/-90° 0°/0°/90° 90°/45°/90°
FP2  90°/90°/180°  315°/90°/0°  90°/0°/90°  270°/90°/-90° 270°/45°/90°

Five elementary moment tenso
Method

As pointedout by Kikuchi andKanamori(1991), a deviatoricmomenttensor
canberepresentedy five elementarydoublecouplemomenttensors

E ( tE)
Thusthesurfacedeformationd causedy subfaults(j=1, ..., N) is
N .
U -d a(ai,- @j)’

j=1i 4

whereg;; is the deformationcausedby momenttensorM; of subfault j. The
equationwith the spatialsmoothings

dJ g &
80 g /[g [ ]l (Zhang and Wang015, GJI)
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The point source

approximation
We calculated the surface _ & - (LA o
deformationbasedon uniform * : - A
slip(Im)onalOkm 10km 005 -40f _2
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(Zhang and Wang, 201-




In application to the 2008
Wenchuanearthquake,a line
fault wasusedanddividedinto
31 subfaults Co-seismicGPS
data were used In the
application
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The direction,depth
and the position of
the line fault was
optimizedthrougha
3-D grid search



The subfault moment tensors of the The variations of scalar moment, strike,
2008Wenchuarearthquake, showing dip, and rake along the strike
thrust and strike slips in the southwest
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Comparisonbetweenour geodeticmodel obtainedin this study (black)

and previous teleseismicmodel (gray cicles Zhanget al.,, 2009. The

geodetianechanisnvariationsarerelativelymoresmoothandsystematic
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The 2015 Gorkhaearthquakehasdrawn interests
on its complexfault geometry,particularly on its

dip anglesandvariations
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.
Method

The moment tensor of a fault
M_= M,(sindcos /sin2,f sin2 gin sin, )f

= -Mo(sindcos/cos%f% sin2 gin sin2 Kk,

M,(cosd cos/cos,f +cos2 a&in Sin K&,
= M,(sindcos /sin2,f -sin2 @in cbs, )f
= M,(cosd cos/singf -cos2 d&in dog =¥,
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It can be separated into strikBp and dipslip components
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For a dipslip fault with a known or assumed strike
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(Zhanget al., 2017, GRL)



Particularly for a thrust fault

L 0 0 10 h

By minimizing thefollowing equation

y
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Thedip and slip distributions can be obtained
5 -AOA@A o2 +p’8

(Zhanget al., 2017, GRL)
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Dip and slip model

Featurel

, GPS Deforrnatlon
The dip decreasesfrom

shallow to deep depths,
suggestingrampflat fault

geometry

Featurell

A lateral dip anomalywith

dip largerthanl5£ appears
in the northeastcorner of

the slip area, where the

easternwardruptures were
blocked
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Compared with geologic model
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84.5°E 85.0°E

(Hubbard et al., 2016, Geology)




Fromthedip model,we canconcludethatthe slip gappreviouslyidentifiedin
the northeasof the slip areashouldhavebeencausedy a geometricbarrier
The barrier may have blocked the ruptures, causing significant high
frequencyseismicsignals
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Whether the inversion closely depend on the fault position: Wenchuan earthquake
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Surface
South

Whether the inversion closely depend on the

fault position: Gorkha earthquake

Overall dip = 6°
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Future works: Potential relation between variations of

fault geometry and rupture velocity

transpressive faults: /cpr 4 PQFS
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