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1-D model
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2-D viscoelastic model
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3-D model
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SEC(Subduction Earthquake Cycle)
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Observing subduction earthquake cycles

a. Sumatra of 2004, Mw 9.2, moving seaward (1 year after main shock )
b. Chile of 1960, Mw 9.5, coastal & island opposing motion (40 years after main shock)

c. Cascadia of 1700, Mw™~9, moving landward (300 years after main shock)
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Viscoelastic mantle relaxation
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rheology
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bi-viscous Burgers rheology

Burgers material
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Afterslip and relocking of the fault
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Afterslip and relocking of the fault

 T,(timescale of fault locking) #{E £F (interseismic period)
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Piecing together an earthquake cycle

SECET /L

o =1Hhig (Sumatra, Chile, Cascadia) CTRIL/\TA2%{F A
TU—FEROERENESIH, ZLDEHIAHFITU-EEEE
— Rl TIZOK

» AREXRE

> IHE (IR

=Y

BIECIEY 2 DMEAIAH DA EE

> BHERE 2 T, after slip & transient LA OV —ZWMAZEE

« BRHEIE (GEHRIC

(=5 ?EI'S
?/ =

e R5T(RUMILDFENIZEE)

etc...



SEC model (bi-viscous Burgers rheology)
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Ground motion

a)t~T,&T, seaward

afterslip & transient (Kelvin) rheology g T

b)t~T, seaward & landward
Maxwell relaxation & locking

c)t>>T,, landward
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Scaling with earthquake size
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Example of scaling

Extra-large E

Cascadia : 5T & [Zlandward
Chile & Alaska : 8 &%+ % [Lopposing motion
Sumatra & Tohoku : 10~20%F Topposing motiog,

Large S F
10M20ETEEITUIVE LS 5 | sumara
g 10 Northeastern Japan
Medium g F
Kuril(2006) : &5V EHOTLVS s f Vedum
Arequipa(2001) : 6~7FE THIYEHoT- S M,=8.4) -7

I llllllll

Wi -
Wi -

KYIEEFELIA(SIUTIETL—FDYE
REE . afterslipDiIRAEE HBEIZLSD il
0.1 1 1 L 1 I 1 1 L 1 I |I| 1 1 L I 1 L

HI iﬂﬁﬁfﬂ“f‘*ﬁfﬂ“éﬁ’bfl, \%) J::)fd:% |"|:T_| 0 100 200 300

Distance from trench (km)
FRD A E (locked patch) MEES ] )
N TUNEELY > interseismicCHEMIZEZEZEZ 5L




Looking into the future
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Prevalence of viscoelastic relaxation
after the 2011 Tohoku-oki earthquake

Tianhaozhe Sun et al. (2014)
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deformation of Tohoku-oki

_ coseismic postseismic (1 year)
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exception
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3-D model
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3-D model

» elastic cold nose (depth<70km)

* between cold nose and slab
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coseismic raputure

e aplanar fault - 3D curved fault
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afterslip model
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East displacement (m)

model vs GPS observation
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another model parameta

Model Mantle wedge Oceanic mantle LAB layer
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conclusion
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