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detecting synseismic fault slip

Observations of synseismic fault activation

observed character: small slip along kilometers of pre-existing faults

Coseismic differential interferogram (unfiltered)

linear along kilometers
slip direction varies

Asc, Feb 25 to Mar 3
nterferometric phase

[rad] (2n=2.8 cm)
3.1




characterizing synseismic fault slip

Observations of synseismic fault activation

observed character: small slip along kilometers of pre-existing faults

Coseismic displacement. Up component (inferred from asc & dsc acquisitions)

phase jumps of ~1cm
linear along kilometers
slip direction varies

east motion
200 m . 400 m 600 m

The morphology reveals
a normal fault.

b The displacements

from asc & dsc < : y ‘ i L B # show a reverse
inferred UP motion | . activation at
Vlachogianni fault.
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nic fault slip characterizing synseismic fault slip

Analysis of synseismic fault activation

Slip direction varies spatially. It sometimes flips along the same fault.

Mapping of synseismic fault activations
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analyzing synseismic fault slip

Estimating the coseismic surface strain field

based on the fault model of an optimization

3D strain vector in east and north direction only, because the displacements are not continuous

across the free surface.
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with the 2" strain invariant = €ee - €nn — (%(een + €ne))? ., .. A
A positive 2nd strain invariant shows a surface under compression. e
A negative 2nd strain invariant shows a surface under extension. surface displacements ENU

henriette.sudhaus@ifg.uni-kiel.de et al. (CAU Kiel, Germany) EGU 2023 Vienna



slip analyzing synseismic fault slip

Fault activation w.r.t. coseismic strain
Slip direction in relationship with earthquake-induced surface strain
A positive 2nd strain invariant shows a surface under compression.

A negative 2nd strain invariant shows a surface under extension.
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faulting indeed
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Small deviation from
that rule may stem
from model simplifi-
cations:

e rectangular fault
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medium
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conclusions

Fault activation w.r.t. coseismic strain
Slip direction in relationship with earthquake-induced surface strain

A positive 2nd strain invariant shows a surface under compression.

A negative 2nd strain invariant shows a surface under extension.

39800 [o 2 4 km

- o Faults react to earthquakes at
Gl / neighbouring faults, also for earthquakes

\ M<7. (two more examples online in the

supplementary talk material)

@ synseismic fault activation releases part of
the imposed coseismic stress.

e We can map very small fault slips from
space and detect previously unmapped
faults.
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conclusions

Anything else to learn?

We know:
FRICTION At shallow depth the friction law realizes ve-
RATE SEISMIC
IAVIOR . .
veis BEHAVIO locity strengthening.
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BT TRARSITION } Effects:
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s 3, (SEI O e carthquakes do not nucleate at shallow
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&E > e [YPICAL HYPOCENTER depth
23 Ul OF LARGE EARTHQUAKE
58, T LOWER STABILITY e ruptures slow down near the surface
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%9 \ e surface-breaking earthquakes most often
E Ty — GREENSCHIST—- — —|— — S _ _MAXIMUM ________ __ _ . -
& FUPTURE OEPTH &) show a slip deficit at shallow depth
l Questions:
450°-22KM T
When and how is permanent surface strain

AMPHIBOLITE

. i ?
graphic: Scholz 2002 realized?
Does syn-seismic slip play a role in the tectonic stress release at shallow depth?
We think yes, even though it may be a small role. J
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Analysing the surface strain field

based on displacement maps, here observed with InSAR
strain vector at surface:

strain vector from InSAR observations (basically no north)
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supplementary material

A Mw6.3 earthquake in Xizang, Tibet

on July 22 in 2020
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supplement

Arkalochori earthquake (M

A Mw6.3 earthquake in Xizang, Tibet

on July 22 in 2020

arrows point to
%] SRTM DEM

asc interferogram
filtered

surface rupture.
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supplementary material

2020 July Xizang earthquake (M, 6.3, Tibet)

A Mw6.3 earthquake in Xizang, Tibet

on July 22 in 2020, InSAR strain maps used for mapping strain localization
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2020 July Xizang earthquake (M, 6.3, Tibet)

A Mw6.3 earthquake in Xizang, Tibet

on July 22 in 2020, InSAR strain maps used for mapping strain localization
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supplementary material

2020 July Xizang earthquake (M, 6.3, Tibet)

A Mw6.3 earthquake in Xizang, Tibet

on July 22 in 2020, InSAR strain maps used for mapping strain localization
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supplementary material

rthquake (

A Mw6.3 earthquake in Xizang, Tibet

on July 22 in 2020, predicted strain versus mapped slip directions

R

\ predicted strain:

2nd strain invar €ee  €en
+/- 1 nano strain \\
0.000000001 —
-0.000000001 €= | €ne €nn

SRTM DEM

— faults from /
ru data base "

—— synseism. fault | -

activations 2n invariant:

€ee * €pn — (%(Een + 6ne))2
blue area: extension

red area: compression

strain predictions based on
rupture modeling by
L. Diefenbacher

/ i -




supplementary mater

Mw6.0 Arkalochori earthquake in central Crete
on September 27 2021

Faults tectonic overview
— Nicol et al. 2020
[ finite source model
= projected fault

at surface
| SRTM DEM

sketched extensional regime

Faults after Nicol et al. (2020)
graphic and fault modelling:
J. Kniippel (2022)
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supplementary material

Mw6.0 Arkalochori earthquake in central Crete
on September 27 2021
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supplementary material

Tibet) 2021 Arkalochori quake (M6.0 ece)

Mw6.0 Arkalochori earthquake in central Crete

on September 27 2021
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supplementary material

ang earthqt ( LT 2021 Arkalochori

Mw6.0 Arkalochori earthquake in central Crete
on September 27 2021
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supplementary

l'bet) 2021 Arkalochori earthquake (M6.0, Greece)

Mw6.0 Arkalochori earthquake in central Crete
on September 27 2021
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supplementary material

2020 Jul arthq 3, Tibet) 2021 Arkalochori earthquake (M6.0, Greece)

Mw6.0 Arkalochori earthquake in central Crete
on September 27 2021
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NW-SE striking faults are newly detected

and seem to extend from exposed faults

further east.

Activation is halted in the west, where

strain regimes turns to compression. T~
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