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A zlof| o] WAYsH= A2t A& W& ARE A5t o 2 S RARH A+ Wi 7|44 &
S FAY 4= Qltk xR o] BRAYEHH X| 2l HE(coseismic deformation)T} X Z 2 WM (postseismic de-
formation)o| WAHSH=T|, o] & ALA| Gt g HALsLY| 93| th9] Aol FEHa oS Y &5
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ASE 7H gk HH|9] Ad&A| o P2 B3-S AR A RS AL, 7|E & 44, EX|5HE A
of w)atole}. HekA oleto] elgh A3 & MBL mAlel] 1) HekA shRAIzkal B 9] WA AR Az
I &S wiREt nj S 2R ©Eo] A B ASE AR A2 1/100 ©]3k2, @& 1 H]E 100
me Ak, 7 WE, AW F Aol F AAH 2 o] 20%2] Fol 2 Rk AL BAHTh A7
Y S At shgto] o wigRo 2 Tejew, B o] 27 wet I 4271 0.01 em/year 3t 1 cm/yearAto]
ofc}. 441 Vo] |kl Afvke] i wrao] MR AR WA Hiu, ol BEe] AR W 17 7 Y
(interseismic deformation)o]c}. 9 BHL 217 Aol 2] ZH A1 W, A7 5 W, A7 7 W)
= B2 AR w3 kAt W) e B40) 4K T WRS AnEA) 2HTL A 2 o
290 ok A\7ko] HolEw XA F W S5} o Lelch. o) Sol, olgk A1zko] 197 509 w] Apke] X
A & A £=71 2442 ~1 em/year®} ~0.06 cm/yearo|t}. o] ATtof|A Zdgt Ho] Holz X HE 9 |
1 5w Pt s B4 Aole] 2 AL o B B8 WE} ahixzte] 2 24 ]
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ABSTRACT: Mechanical strength of the Earth’s interior can be estimated using geodynamic modelling of crustal
deformation induced by earthquake. Coseismic and postseismic deformation occur in upper and lower plates after
seismic slip along faults. Various studies applied Finite Element Method (FEM) to simulate this deformation, in
the framework of continuum mechanics. Seismic slip is difficult to be modelled by FEM due to its nature of
discontinuous interface. In the present study, we developed a numerical model containing an elastic fault as a form
of continuum with low shear modulus and narrow width. We compared our results with the previous quasi-analytical
and geodetical studies on coseismic and postseismic deformation. We assigned a fault and its seismic slip in elastic
upper crust overlying viscoelastic lower crust and mantle to simulate postseismic deformation controlled by
viscoelastic relaxation. We found that our models showed ~20% difference in coseismic and postseismc
deformation compared to previous quasi-analytical solution, when shear modulus of fault is ~0.01 of that of upper
crust and fault width is ~100 m. The both of upper and lower plates moved toward the fault with 0.01 cm/year
to 1 cm/year velocity, which is consistent with previous geodetic studies. After decades, the upper plate moved
away from the fault and eventually stopped, which refers to fault re-locking and intereseismic deformation. Our
model reproduced seismic cycle successfully, i.e., coseismic deformation, postseismic deformation, and
interseismic deformation. Furthermore, our model showed that viscoelastic property of lower crust and mantle
consistently determines postseismic deformation pattern. When Maxwell relaxation times are 1 year and 50 years,
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the scales of postseismic deformation are ~1 cm/year and 0.01 cm/year, respectively. This strong correlation
between mechanical properties of Earth’s interiors and postseismic deformation indicates that our method of weak
elastic thin fault can be adopted to estimate the strength of mantle and lower crust.

Key words: megathrust earthquake, coseismic deformation, postseismic deformation, finite element method, vis-

coelasticity
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1. ME

T2EA 3 T AAYN AYdollA= At
A &52 H7tAHAE 2] (megathrust earth-
quake)o] BASCHSuzuki ef al., 2011; Lay et al.,
2012). & AR5 (Gregor et al., 2012)3} X)L
(McCloskey et al., 2008)2 Fsl= H7FAHAE
A 709) Aol 2S HYH O 2 ofashe A HIHY
ol 2171 At Aol Werolc). 7|=e] 2 Wsha,
Agelsty, 225t ATE Fol 7 Ao| 2L
37|, @&Z v]118 ] (coseismic slip), A2 & HE
(postseismic deformation), Z]Z 7+ ¥ (interseismic
deformation) 2 -2t Wang et al., 2012; Hetland
and Hager, 2005). & A7 Ato] &2 o|a}st=T|
Az A3 HALL AR Wl et AAL =
A3} 0 2GS FEHT 5 s SARA Aol
23t A9, Hu et al., 2004; Lundgren et al.,
2009). 2] 71%¢] WA= A7 Afo] 2 HR|E of
$EUA AR HYE e AU 2T 5 9
Al =3iet Floje] 7H7 1R AFA] GPS (continuous
Global Positioning System)7} 24| |7+ A+-of &
SHo% ZYEHHA SR = cmoflA = m
(Feng and Jonsson, 2012; Song and Lee, 2019)<]
2 A% NS Lorls AH WG Bk okt 4
gZe =z 71 AIZF 5L (A @ ©¥; Bedford et al.,
2013)9] A4l Welel A F WY ] TS
T A =H ok

AR & HYS 24sh= 28] AHCE X2 &
u] 118 %) (afterslip; Hsu et al., 2006), tha-2EHA |l
BH(poroelastic rebound; Hu et al., 2004), A&t &
SH(viscoelastic relaxation; Wahr and Wyss, 1980;
Reilinger, 1986; Dalla Via et al., 2005) 5-0] A|A| =]
2 9lek A7 3 | A1) T ofam

™o

it

2] €] (asperity) 2] 43t 0z A5 (Marone et al.,
1991), th5-4 g w2 2K of| &3 =5 = ot
T2 U §A) = (Peltzer et al., 1998), HetAd &5}
= AT RS HE AS(Wang et al,
2012)¢] oJ&sttt. 27 & WY ISR E F45k=
£ @Y SolA A&3THE O B @S 2
Aok B4 24T 5 U Aol 2 AL A
ofo 2Rl o] Aelut 2 2o] WAIRE F Ak A7kl
w2} X121 3 wige] A JakEst Atolsich. %
R % v eigolu} hg B e ooz
B A2 99 (Gonzalez-Ortega et al., 2014; Tian
et al., 2020)0| 4] XA 2l 4709 Yjojl(Jonsson et
al., 2003; Chlieh et al., 2007), et 23h= LAz
(=9 km T$); Freed et al., 2006; Shao et al., 2016)
FHollA 27 YA o] % =4 A T9l(Khazaradze
et al., 2002; Ergintav et al., 2009)9] A% & ¥ S
e 4 gl A0 YA gk ) Sol, 2011
W39 119 72 9.09] AR A Tlo] WA 5
Q2 BF014 ~1,000 km o4 oA gk
717 o= 1171 F ~16092F oF 15 om o] 5
g 2Z GPS A5 SallA BEFtH(Baek et al,
2012). 20049 129 26Yof 7F1L 9.29] SutEz} o
A|zlo] ¥l sit2 R thFHeFe = 800-1,000
km 2ol {X|5H= = Dot e ~5
W7E~40 cm] S JR) o) 0] BEE| T Wiseman
et al., 2015).

Qraele] ek et 4o wie £ AR
B ol &3 W7t AE AN £ W] BE &
AT FEAE FETATH, WG A A AAHE
dol $E& BA¢ 89 7|AY A= 125 F
AT 4= S Aotk AYwy] Al i 2 %
Ao A FE AR A2, R, ARWER A=
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AsH X X1 9of| thsf AR 2 3
2o} gleio] B BHo] S SEAIZT A
Bl B2 HekA](viscoelastic) ¥ E ol th(Freed
and Lin, 2001). ZF&A8 X HEgo] HEAA
Q1 SHREA|ZFa RS o] ZFi X H HE2 Ao
YR = A=kt Alzte] Aol whet 14 ¥
Foll ) aAkgITE Adbol w2 221 F HP S A
3} A SHERIZ A AR E] AsH ek
E4d, A= 5) 98l 2RE, o] HEdS =
= (Karato et al., 2001) ¥ WHE F-E-8-§(Gerya and
Meilick, 2011)9] &Jsf 2HHE = X7 452 &
2/ 71AA 4Ae FES=T o] AR * HFF
242 a3t Aol

A5 Ao A= w7k A E XX WP 3
B A3kE mAs] il ohekdt 7S =gt
o 714 Ao R 44 )Y % ohke fake
ZH(finite element method) 2.2 wjj A o] HAL:A|z}
I 7F4%tck(So and Capitanio, 2017). 3FA|qE, &5
w3} Thgo] g YR ByHon Bakw o
sAlehe AolFE AT Stk 944 dote] B
Woll Al EAEHR @ 2 43 s &2
A}a17] 913 Thepat 7140) o §H L. 21K 5
P2 AEA Yo Hyo|BgE f3ta s o g ALk
&7]0f| golatA|qt &3] A |- A= &
2 F ol n|I X = LR F3ta A Alklo]
2407 oYt} o|Egt S FESI] S,
A E3H(Split node method; Melosh and Raefsky,
1981) 3} L3l (domain decomposition approach;
Aagaard et al., 2013) 5] =YUE It AHETH
A= &9 nme S A Y8 B He
71E0 2 T A AXTS AL o]F5% 3 (double
couple source)S FA XA S E HAAsH= 4ot}
FRA S GFUL oPAAR AHgel 44
el Aeke o] nky WA A3} pLzEA0
2 Bgisel B3 e BARG. E 7He
4EHew AR n|neAT 0] BE AT F
Fg BAHh e, 7120] 2o]d ES 4
fatas Teo vhm 48T 2 girke A, 48
Hehe TE0) 22 WA ATk e T
o] glof ek o.znt ALt Ele] Sitk. o TAE =
E3517] Y34 So and Capitanio (2020)2 dREE Q1
Ae 0351 4 Fo] ABAQUSY| U 2 4E von-
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ob X|ZI D X|& & HYof thet sR[ZAF 2 773

Mises @& 7= 24L 71 &4 (plastic) &2
2 Felsto] A vl P mARIOH, ArpH o
2 I3HAA Y mmmed, A 24 vz
S5, U 710 ABHEE BE JEHoR By
ek 2 S AFFY BAE Bt A
HABE Z2 YL Bl 45 S0k shuw
29 gatas AnEld] AR oR =T
ek

AR 7k 23Eglo] B HElRIACOMSOL
Multiphysics”; ]}, <)%= #a]gt GUI (Graphic
User Interface)E 7|9tC. 2 BARSIIA} Sl 2
Aol e, 24, A, el 2] 9 @A
o) A4 58 A8 AU 5 drks A7
(Lee and So, 2019; Jo and So, 2020)°] %o 2Lt
S 3] A AlARR .2 de| 2o]3 YlriRodriguez-
Gonzalez et al., 2014; Ding and Lin, 2016). &2
the] e Alo] AgE ARAS 2YT 5 3
a1, e A 7he] BRIt AREE aEste] A
FAE G4k W E3HE 847 (solver) o] FFE
cherslA] Al & Stk & AolAbe B o
A @59 XX e o wE AR F HY
= &oloHA BAfsh= WS ek 71 Aot
sl mskat ek o WelA E g Tk ujTie
A Ao HE T HEe QP AR Belsn
1 Aol '/d A7 1 X Zke]| ]3| i H o R

2 AAE wjAIske] ¥l S AL F 2 3%
< S F HollA] it WgF n| S 7Rt
o] WAL Fo) ekt SAH 2ZE oI B
&0 &FS EUSHHAE AE5A M-S HHiskA]
et #ut ofy 2t So and Capitanio (2020)2] 4
A(plastic) B33} 2 B34e 719G ALGeIA]
&¥th. Goodman et al. (1968)0| A & AFL}; F-AFSH
Al &35 Atolell FA7F 00 AL vl 2H2 B AleE
74 2k Q@4 TRlshe] TS BARSHY A= R
o} 2y R Bls) 22 g Alert EA st
o 714 Z= gu|7t ARH & Aitro] st
of Fesiall AIREA ZRck Bk op et Ak
AAI7F s23E At GA] AlFEHA] ZRTE o)A
o2 W4T HE5E TEo) st e
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o} g UHIS SISt A8t 3L of 7Y
o lof WAolc. of AT o)A Ty Ao} o
F Aole] AE Wez Agstel A7 WY
AQ F WYL BEE BASkE 249 X4 Aol
2 Aol 2ot B Bt

2. AT Wl

2.1 x||:||.||:|I-I-IAI

2 Aol 32k AR M e A &
HE S T 2ARH] 3] —i— = —“](quasi static) &
T BE WAL A0 2 mgsterk

R

—
—
~

99ij _ e
o, =0forij=1,23.

o] AoJA %= FA] &8 "lA|(Cauchy’s stress
tensor)©l1, %= F3F 2HES LhEhdct. 2 o]
A AR Wgo] A7 F ¥igel n|x& arvhs
Axteta 2|z ol ofgt Hak= FA|EL7] YA

28-S 188kA] gFrh(Barbot and Fialko, 2010).
o| uf, 22 01] = ThA] B} -3 B4 (deviatoric stress

tensor) O 9]- 5552l (mean normal stress) om

o g go) wapEh

o = de” + 085, where o, = (011 + 0y + 033). (2)

8ij = 32 y|A el Kronecker delta)th. £ ALofA]
=93 BEAL E]-A-]J_]. ;(-15]-}\-1011;]. 0‘119_]_ Hel u;
Atol9] BAE 24 WA R AT B0l
Hold gele thaa ge 4Y B 24 W4
< et Mg E(strain) -5 9] A7 2ok

1 1
fij = Z(O—” - 5ij”m) + E(Sijam
1(0uj Ay
;(a—,ﬁa—x,.)-
U, G, K 2 8B ), 98

o ey Ao} AF S A4S ojuidt A

A= AA HEFE BlA(volumetric strain-rate ten-

()

where & =

nrlm 2

sor) €vo10ij 2 W MAE HllA] € = Ba|Eck

1
&ij = €;j + 3 Eyo10;j, Where &5 = €17 + &35 + £33. 4)

A
T} ZE"O] ‘ﬂ']_/:gl(Maxwell) 7§ ,_*5’ 274 B4
2E o= 7Ptk

where €% = — and

— pela 5Vis
ej té i 26 Dt

. i 1
pvis — = sdev

ij 2

ela vis
ij G

1 C}: bl

strain-rate tensor), B4 HaF HEE &= BllA(elastic
deviatoric strain-rate tensor)} FA HF HIYE
£ ®lA|(viscous deviatoric strain-rate tensor)©]
o} D/Dts i AulRt Y= oulgich A
713 24 WA fRte RS o8 ARAE
TSt o|F sfAlste] 2t 840 oA wE
Faket.

L 7k7F ]

eu’e U — e

4(deviatoric

Em
o ﬂﬁkﬂl
),
s
"

22 FXZEE 7o
FES AN HY ® A & HEY mAto] o]§ 7
53R B71s17] Y3l Segall (2010)2] 34 =F
(ol3F, 4] =)} vl wsto] WA mlytsch S
2P A HAY HerA] HHESE 7k (viscoelastic
hlfpace) 0] il £t 4 ol it
S3o) uneYat 1 ol 7 & uEe Z 5
*“Z—“} oz ok Se= o] S FE=E
@S] 95 33 2ARBL ARSACH Y
1). FAEFe WA el Y mRT B
SH| Z45AZE SHRAIZ, WER A E e,
7+ 29] 27 10 km, 40 km, 300 km & A&},
BEAZE ol SHRAS et 8= A
OFCE JHRAZ HES ST w7 To= o
Z}A o2 A = ch(Bevis et al., 2004). 10| 1|3, X]
Fol A BEE= AR &4 A2 "I (4, AR
HE)2 sHEA|Zbo] e/ o) 7] wfzofl 2HAg Ol't 7l
o2 & A QIHPollitz ef al, 2011). WAL Heh

A RHERE 33k A @sh ] fsiA AR BE]
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- 22 Hed WE 3SR ARAL HRHIH 1a). HEE 2ARE] I8) Wr (50-1,000
of At & Al ¢ & EokEE v(ED)E A mvE gold T o A olslal 1 Afole]
o, SPREAAT WEE T4 FEA=E 1E FVME w guze) vjE) u) Atk gA AL Gr

ol
u)
o

o Jo
AT
flo

A5kt whebA Wad oleh ARRKMaxwell re- (0,001 x G - 025 x G)E 7} 423 B BAL
laxation time) TM20.5-1/G ©]t}. AYTHIY 122 A B = ch2ulo] u] 12

W Aol 30w AARE M S g 1me] 70%% APl 30%= Stk 2§t
Table 1. Description and values of variables.

Descriptions Symbols Values
Shear modulus of domain G 40 [GPa]
Poisson’s ratio of domain v 0.25
Viscosity of domain n 1.26 x 10" - 1.26 x 10” [Pa-s]
Maxwell viscoelastic time ™ 5-500 [years]
Poisson’s ratio of fault Vr 0.49
Shear modulus of fault Gy 0.001 x G -0.25 x G [GPa]
Width of fault zone Wr 50 -1,000 [m]
von-Mises stress 3 20m —aom - [Pa]
201 i

Thickness of upper crust 10 [km]
Thickness of lower crust 40 [km]
Thickness oof mantle 300 [km]

/

P A A A AP A P PA A A P A A AP P T

et

mmm Upper crust
m= Lower crust
=== Mantle (Maxwell half-space)
— Weak elastic material (fault)

Deceeosdeecocc s

/
L

Fig. 1. a) Three dimensional model setup of coseismic and postseismic deformation. Our model is composed of
three layers, i.e., elastic upper crust (green region), viscoelastic lower crust (blue region), and viscoelastic mantle
(brown region). Yellow region indicates a fault. The fault is located at 140 km distance from an edge. The fault
is approximated as a continuum elastic material with lower shear modulus Gr and thin width Wr. We adopted 0.7
m and 0.3 m slip along the upper and lower planes of fault (see arrows in the inset of Fig. 1a). b) Mesh structure
of the domain. We defined a small mesh around the fault, and enlarged the mesh near the edge (up to 50 km). We
showed a zoomed-up view of mesh structure (see the inset of Fig.1b). The boundary condition of side walls and
bottom is free-slip. The top is defined as free surface.
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(Pollitz et al., 2011). AR = AF-HA W (free
surface) £71&, 1 9| B Wol= v|nd A =
Z(free slip)S F7H3th AARO] A4F HMF
ue B Hasks] Slo) 2 Yo R B
TE(~10 km 5=F)°]| B3 30uj o4 21 k= A
ARk WE W9} Wr ot Gr gk =9lste] F&o]
AR WP A F HYs 71E & s4H et
R ARE 7T A RSHA) Belsknt &
o, fAT) A0S oz x| 2lo] WAE F of
oA A7 & WF o] A2 HAd ol oJEs}
© e SR EY BIHE AEsaA}; dh A
BAHB7RE 4709 AR 02 ol FH APRA| 4 2
AR ojite}t Fou, ThF FH a4 Y wet
0.5 kmoj|A 1 km Zo] FolH, AR 25 2
49] 37|17} AA 50 kmo| 2= F (T 1b). &
Holl A TRt B A A= (degree of freedom)
L 1009to]| 4] 2009t Afo]o]w, MUMPS (Multifrontal
Massively Parallel sparse direct Solver; Amestoyet
al., 2000) 3i471E o83t 2 A oA HHE
T3t AIZF FA (time-step) = Tme] 1/10 o]3t=2
AAste] Weky A5 S TA 0 AT

3.4 1t

14 maoldE WA ey Bret 37 ¢)
o il B ARAZ 0] EFH 0% 7
A 7K g nmee] ga X171 W
CRERLEES FERER B SR
N, B4R AR 39 fotas nEe vk
ER L RELEREESE EURELE
Ao WARYSG) & A Bolet T £
FadolNi AA GEUe 2 S glon B
AT e B A4S 4 FNEL BHL
= 7138 BRo] A1 WY AQ ¥ WS )
Mo mAg 4 Qi) Al@strt.

O

31 B3z2Y

wr o Grof ZbzF 100 met 0.01 x G & 2o =
3t T Y21 (reference model)S AZHTH L
2 2). Wy =100 m=5=2] Z0](~20 km) <] B]&] 0.5%

of Bgsh= Hojoln, Gri= T 0] 2T A

Z+o] Mk &g Al4=2] 1%l Esiet. tho A+t
T ZRolA &F, o, Add) T B=E S
9] 1/100 o]st= AAsk= Ao HIFHEH Bt
Ao g gekgEthToth and Gurnis, 1998). 3H%]
243t WiE o] HAE n =126 x 10° Pa's2, 29
Ak &4 AlS 6 = 40 GPa2 473}H917] o,
wig) Mk olgh A7 T oF 50uolh. AR
xzko] ol B W7kx] etk BEe) ulre
A& 27) 270 Fojxle Holm Tof B
BB AL e A7ko] Zojd4E BlTke] 97}
7 ARA B Aok, B ZA|sho 2 24T 4 9]
£ A7 5 AL 2AE B0l B TuzkA] 2 o
oA =23t ATk} )4 mye] At St}
H 53 AA AT A2 M A2 51y A
Toll AT 5= & AL R AfH) AX & W3
2 A7 9y Fof = 100 o)Ak A|&E 4= ik
&2 A lth(Vergnolle et al., 2003).

3% 2a0] Akt G ol WA A WS 32k
o2 BAB Y AL 57 el ejujgitt. 714
B Slaf 51 PO 10,0005 59 Yo
5,008 BT B oAl Apaat shito)
27} 04 m, 02 m ARHE AL AT 4 9. 19
2ot mPo] el WL EATC TS
S W A WSS, e S e AT W

ofu)gict. Wb} ke 217 Agl S-S
2= ]

¢

Rl ot

Zo o5 AL Selfen B FHi) ¢
Z2jo] 7el0S Teret 4= ik Ful2 e WL 4
H B I8 2bo] FH2M FHA F) FxH<l
0.1 m&] 7o TEEH, o]= 17004 727 Tiok
AAAE A7 o] A7 A B 2
(Plafker, 1972; Leonard et al., 2004) 3+ -Astct. 7
Az adts Hdigt darz)7] Hs) 239 54
3o ehelo 4 X171 g)e] 42k} 817 )
BRSBTS St 28 20k B9 F4HE )
Fo2 A2 BTo|s|(1Y 2bs] Wkl HA) ¥
Sfegoll whe} A Qelg WSl EAIHT S
= A9, M2 von-Mises HA} 582 oJu|git}.
B3 Fuol] 110 MPazlee] 2 Sejo] ZRjat
o} o]t 712 A7) WY SARA AT ATk} fAb
3k gkolt(oll, Zhu and Zhang, 2013).

1% 3a-3d= Z¥7F A7 9 0.4 x T, 0.6 % T,
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o[
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0.8 x Tm, 1.0 x T O] A|7to] AAYS o) =3 X4
O 2 Wk A § Mg S5 HojEh
LE AoA At fio]l & WFe R Bjes
RE&S HolSw, o]2|gt FEH ) 2|7 & HEP2 A
FollH A Holm a9 tATAE ATolt
(Baek et al., 2012; Wiseman et al., 2015) 20084
1 799 23 B R A (Jiang et al., 2017)| A=
SATH 2 HEEHR 2Y FAHRY dHEE
£l shEAZe) MRS BT, sk RE} A
B RE BT g dgon Tarle AL Bl
= Q3™ 1c). 2 £%710.1 cm/yearo] o]|2H
o) AA| GPSE BSEHE GIE 47} FYsiet
(Vergnolle et al., 2003). 315 F-&2] 2|7 & HY
oJA] % WREO 2 WAISHEY) o) 20049 Smte
2} )] 2 (Reddy et al., 2010) ©]&, = 2 Ho]
201149 5L E XA (Baek et al., 2012) o] & st
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|Vertical disp. x 10000
Horizontal disp. x 5000

Coseismic deformation<—1 m

— Vertical disp. x 10000
fRLR Horizontal disp. x 5000

£20

o)

&30
50

W o] 7 By WeFat e fAFSHoh
1H 4a-4d=04 % Ti, 0.6 X Tm, 0.8 x T, 1.0 X Ty
Ao A mgo] 7kt THoA ] XX & ¥y
&9l 3HE HAET) 04 x v AF(TE 4a)t
1.0 x Tm AE(2E 4d)E Bl wsh X7 & ¥y &
=7 @A3] AT AL FR1ET 5= Ach(EHrEe]
Zo] H]|w). AZ-2 von-Mises 582 2|u|3l=d],
@ ZA Y 3 o] AFte] Ade] weEbA 7
St &, | 7o]| <)t g Mol o]t S o] A
tof| et Hey olebst= AS AARTE B ZHA|
] 38 o]¢ks FelIsh] HsiA 19 4a9] 24w}
< A4S wet $Y 20U AAE HEE
1% 5a%} 5bol| 747 &AL F ZRuY BE
1.0 x Tw 7]7F E2F 2k 2 500 Pac]|A] 37,000 Pa A}o]
o] Heby o]ehS Holm(F N sixw i I
Z), T™mo] 50 S 1125t Ht ~62 Pa/yearo]
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Fig. 2. a) Three dimensional domain deformed by coseismic deformation. We exaggerated the deformation by 10000
and 5000 to vertical and horizontal displacements, respectively. Upper and lower plates moved upward and down-
ward by 0.4 m and 0.2 m, respectively. b) Vertical (color) and horizontal (arrows) displacements of top surface.
The upper plate showed leftward movement toward the fault (see black solid line). The amount of displacement
decreased as the distance from fault increased. A localized vertical suppression is observed near the fault (see black
dotted contour). ¢) The von-Mises stress (color) and displacement vectors (arrows) on a cross section along the
red dotted line in Fig. 2b. The stress level around the fault is 1 to 10 MPa. On the other hand, the stress level is 0.01

MPa near the edges.
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Fig. 5. von-Mises Stress profiles along a) white and b) black dotted lines (see Fig. 4a), which starts from the points
of lower and upper plates, respectively. The colors of indicate the time steps. In both figures, we observed apparent
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At shallow depth around 10 km, the unloading rate of upper plate (350 Pa/year; see gray arrows in Fig. 5b) is smaller

than that of lower plate.
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Fig. 12. Time series of horizontal postseismic displacement of lower (Figs. 12a and 12b) and upper (Figs. 12¢ and
12d) plates with different Maxwell viscoelastic relaxation time Tm of lower crust and mantle when Wy = 100 m
and Gr = G/128. We extracted the displacements at each two points (40 km and 80 km away from the fault) in upper
and lower plates. Lower plate (Figs. 12a and 12b) showed rightward postseismic motion. The larger Tm is assigned,
the quicker cessation of postseismic deformation is shown (compare blue and green lines). In upper plate, the leftward
deformation after seismic slip is observed. However, the counter motion of upper plate (i.e., rightward motion) after
a certain time values is found consistently with T» =5, 50, and 100 years.
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