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We succeeded in separating plastic deformation as well as viscous
deformation from GNSS data in a strain concentration zone in Japan
for pre- and post-seismic periods of the Tohoku earthquake.
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Basic theory of deformation of continuum body

‘Elasticity: A€ =A0/k —A\N—

due to the change of stress
(particularly to the coupling at the plate-interface)

~ -Viscosity: &= Ao %]7

depending on absolute stress

\-Plasticity: AE>(O when o2y
(y,: yield stress)

including both brittle and aseismic deformation

\ in-elastic deformation :> permanent deformation
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ACFF and stress shadow (after the Tohoku-oki earthquake)
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Toda et al. GRL, 38:L00G03. https://doi.org/10.1029/20119g1047834

Change of seismicity after Tohoku-oki (Toda et al. 2011)



Stress shadow in SW Japan (Hori & Oike, 1996, 1999)

northern Kinki region
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Fig. 4. Magnitude-time plot in the northern Kinki

region. The shaded belts indicate the periods This phenomena can also be under-

from 50 years before to 10 years after the Nankai

trough events in 887, 1096, 1360, 1498, 1605, StOOd with ACFF (StreSS ShadOW)_
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Fig. 5. Magnitude-time plot in the Inner Zone of
Southwest Japan. The shaded zones indicate the
periods from 50 years before to 10 years after
the Nankai trough events in 1605, 1707, 1854 Hori and Oike 1996. J Phys Earth 44:349-356

and 1944, Hori and Oike 1999. Tectonophysics 308:83—-98



more detailed study by Shikakura, Fukahata & Hirahara (2014, JGR)

Stress Change (MPa)
1 L 1 1 L 1

[Source of stress]
-Nankai earthq.

*Inland earthq.

-secular EW com-
pression (3 kPal/yr)

Shikakura et al. 2014.
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Inland earthquakes happen, when ACFF renews the maximum
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Meneses-Gutierrez &  Analyzing GNSS data of pre- and post- Tohoku-oki

Sagiya (2016, EPSL)

observation (total strain)

before Tohoku

after Tohoku
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earthq., they succeeded in separating elastic (long w.l.)
and inelastic (short w.l.) deformation.
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Meneses-Gutierrez & Sagiya 2016. EPSL 450:366—371. https://doi.org/10.1016/j.epsl.2016.06.055
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Meneses-Gutierrez et al. (2018):

more detailed analysis using the below model

pre-seismic co-seismic post-seismic
a) Plr_|esteismic " Cﬁs?ismic " Pﬁsttseismic "
. = Heterogenei = Heterogenei = Heterogenei
e | d St' C k; k,=ak;| k; ‘T Extension g/y'ﬁxtension g/“y'thension
d ef . - _~Bontraction Contraction Contraction
b) Pll;es?ismic Clt__)selismic Pltz)stsleismic
. = Fault = Fault = Fault
VISCOUS ~__ Extension Extension Extension
d f \ \/ Contraction Contraction \/ Contraction
ef. N\
C) Preseismic Coseismic Postseismic
= Observation = Observation = Observation
Extension Extension C ) Extension
tOta I k Waction Contraction Contraction
4\
= Normal crust Meneses-Gutierrez et al. 2018. JGR 123:6072-6085.
= Weak zone https://doi.org/10.1029/2018jb015567
< Problems>

- Contrast of elastic constant (the value of a): 0.8 ~ 0.9 times (coseismic)
0.3 ~ 0.4 times (interseismic)
- Slip rate of the buried fault is significantly slower in the post-seismic.

- The recurrence interval of the Tohoku-oki earthq. is only about 300 —
500 years (because of faster strain rates in the pre-seismic period).

j> suggest the strain rate was faster in the pre-seismic



Assertion of this study

The concept of stress shadow on the basis of ACFF would be
applicable not only to seismic activity but also to crustal deformation.
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Because of plastic deformation, the EW shortening rate
would be faster before the Tohoku-oki earthquake.
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Towards a quantitative estimate of plastic strain rate

Total strainrate: d =V, _+V, +V,

d: observation, V;: elastic, V;: viscous, Vp: plastic

Separation into short (S) and long (L) wavelength components:

d=d, +d,, V.=V +V., (i=E/V,P)

l

Because V. =0, we obtain for before (b) and after (a) the Tohoku-oki,

ES

b __ 1sb b
dS o VVS t VPS

a __ a a ~
dS — VVS (We assumed V' =0)

b _1ra b __ 71b a
Because V. =V, :> Vo = dS — dS

PS —

Fukahata et al. 2020. EPS
72:18, https://doi.org/
10.1186/s40623-020-1144-1
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Comparison of “°°
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Contraction rate is faster before the Tohoku-oki earthquake.




Comparison of “°° 3
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Summary

* The concept of stress shadow based on ACFF would be applicable
not only to seismic activity but also to crustal deformation.

*EW shortening rate was significantly faster before the Tohoku-oki,
probably because plastic strain proceeded at that time.
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