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[2002], Comze et al. [1986], Kelleher [1972], and Lomniz= [2004]. Dashed white line denotes edge of
>1.5 km thick sediment fill in the trench. Data on Nazca plate and trench from Bangs and Cande [1997]

and Tebbens and Cande [1997]. Segments of the Chile Rise subducted at 3 and 6 Ma from Cande and
Leslie [1986].
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Figure 8. Profile of surface and crustal structure along the Arauco peninsula. Surface profile with
maximum topography along swath shown by shaded rectangle in the center of the map. Fault dips are
only apparent because of vertical exaggeration. Seismicity and focal mechanisms of the 1SSA [Bokm,
2004; Bohm et al., 2002; Bruhn, 2003] and TIPTEQ [Haberland et al., 2006] local networks. Depth of
the Tubul and Cafiete formations from ENAP boreholes and exposed sections in the field (see Figure 6).
Contours in the blue region labeled Nazca plate represent the top of the slab projected from 10 km
spaced, parallel lines in the area of the map (2 km contours also shown in the map). Slab geometry from
Tassara et al. [2006]. Shallow structures from the northern sector integrated from seismic reflection
profiles described by Melnick et al. [2006a]; southern sector from profile ENAP 28 (Figure 7). Gray focal

mechanism from U.8. Geological Survey National Earthquake Information Center catalog (21 May 1990,
M, 6.3, 5 km depth).
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Figure 10. Seismotectonic model. Oblique plate conver-
gence and subduction of the Chile Rise leads to decoupling
of the Chiloe fore-arc sliver along the Liquifie-Ofqui fault
zone. Margin-parallel northward motion is partly accom-
modated internally along the sliver and by NNE-SSW
shortening in the Arauco region, resulting in doming of the
Nahuelbuta ranges and emergence of the Arauco peninsula.
As a result of this collision, the entire orogen bends
eastward at the Arauco Orocline, which also marks a
boundary between deformation styles in the intra-arc and
foreland regions. The coincidence between the extent of the
Valdivia 1960 rupture segment and the Chiloe fore-arc
sliver suggests that here the fore-arc structure controls the
extent of megathrust rupture segments.
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Figure 9. (Right) Seismotectonic setting of the Sumatra—Andaman subduction zone showing rupture areas (shaded) of significant earthquakes
(Left) Their spatial and temporal rupture estimates. Faults marked on the overriding plate are EMF. WAF. SFS and ASR (from Natawidjaja™). His-
torical earthquake ruptures are shaded in grey (from refs 18. 53 and 55): the 2004 and 2005 ruptures are in red and yellow respectively (from Chlich
eral *). EMF. Eastern Margin Fault: WAF. West Andaman Fault: ASR. Andaman Spreading Ridge: SFS. Sumatra Fault System
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Figure 4. Cartoon illustrating the segmentation of the
2004-2005 megathrust rupture in the Sumatra subduction
zone around Simeulue Island. The accretionary complex
removed for simplicity. CRZ: coseismic rupture zone; SP:
Sunda plate. Other labels same as in Figures 2 and 3.

Depth (km)

14 {4 20044F £2005F DB DFRERIZEH 15
BRGIE T EEORAE

N:)N 40 Dis{agge along“en?;utkm) 160 2Sulf) (Tang et al'(2013) ) (Tang et al.(2013) )

Depth (km)

Depth (km)

Figure 3. Velocity cross-sections extracted from the velocity model inverted from the first-arrival travel-time tomography
(contoured at 4, 6, 7, and 8km/s). Relocated earthquake locations are plotted within +10km of Line 1-4 and 5 km of Line
5-6. Thick black lines: top of the backstop; Solid white lines: the TOC constrained by the MCS data; Dashed white lines:
unconstrained TOC; Dashed purple lines: possible oceanic Moho interface approximated by the 7.6 km/s velocity contours;
Thin red lines: intersection location of velocity cross-sections; ‘sim. is.” = Simeulue Island, SB =segment boundary. Other
symbols and labels same as in Figure 2.
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Fig. 2. Map of southern Alaska illustrating slab seismicity (>50 km depth; Alaska Earthquake Information Center catalog) and locations of transects shown in Fig. 3. Additional 0 200 . 400 600 800 1000
‘s‘yulnll:zl‘:;\;“l:g;ilz?;\Iieilll}:‘i{?,I.Nolethe|\u|lhea>lwardmcleasem the gap between slab seismicity and the trench as well as the paucity of seismicity deeper than 50 km along the Dlstance a|ong prof“e (km)
FTISRANEEIZEITHES0kmLUL LD RSTHEDEREm D #H Fig. 3. Cross-sections showing changes in seismicity {within ~50 km of each transect)
(Finzel et al.(2011) [Z—ER/NEE) between eastern, central, and western transects across southern Alaska (Alaska

Earthquake Information Center catalog). Locations of transects shown on Fig. 2. Note
that seismicity from all depths is shown and transects are aligned parallel with present-
day plate motions. DF—Denali fault; TR—Transition fault; see Fig. 1 for additional
abbreviations. Default depths of 10 km and 33 km are assigned for events with poorly
constrained depths in oceanic and continental areas, respectively.
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Figure 1. Tectonic setting in south-central Alaska (USA) with volcanoes
(red triangles), Wadati-Benioff zone seismicity >30 km depth (black
dots), A.D. 1964 rupture patch (Plafker et al., 1994a), subducted Yakutat
terrane (Eberhart-Phillips et al., 2006), Wrangell volcanic field (WVF),
and observed tectonic tremor activity (green circles). Dashed box
refers to map in Figure 2. Velocity vectors are taken from Elliott et al.
(2010). Previously proposed slab tear (Fuis et al., 2008) and Wrangell
slab (Stephens et al., 1984) are drawn as a light blue triangle and
dashed purple lines, respectively.
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Figure 4. Schematic along-strike cross section of potential configura-
tion of Pacific plate, Yakutat terrane, North America plate, and Wrangell
slab. Intraslab seismicity is limited to Pacific plate. Tremor occurs at the
Yakutat—North America interface. Wrangell slab is an obliquely subduct-
ing extension of the Yakutat microplate causing Wrangell volcanism.
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Figure 1. Map of the western Gulf of Alaska ocean basin and the Alaska convergent margin.
Dashed lines enclose aftershock areas of the 1938, 1946, and 1964 great earthquakes. The
Prince William and Kodiak ruptures are separated to emphasize the two main asperities of
the 1964 event. The width of the Kodiak margin from the trench to the volcanic arc narrows
southwest from the Kenai Peninsula to one-third this width at Sanak Island. The wider sub-
ducted plate is ~10 m.y. old beneath the northeastern volcanoes, whereas in the southwest
it is only ~3.5 m.y. old. Large arrow indicates convergence vector at 64 mm/yr. S prefix is
given to seismic lines and original cruise line numbers. Seismic data of lines 1237 and 1235
were acquired by RV Ewing; seismic data of lines 111, 71, and 63 were acquired by RV Lee.
Field data for both is archived at the US Geological Survey in Menlo Park, California, USA.
M Is—Middleton Island; K SMT—Kodiak Seamount; C Is—Chirikof Island; T Is—Trinity
Islands; SEM Is—Semidi Island; SHU Is—Shumagin Islands; S Is—Sanak Island; AMT—
Amatuli Trough; AB—Albatross Bank; PZ—general area of the Pamplona zone.
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(Von Huene et al.(2012))

Figure 3. Summary of co-
seismic land motion, in-
ferred segment ruptures,
and selected features of
subducting lower-plate
relief that may influence
earthquake rupture on Ko-
diak Island, Alaska (von
Huene et al., 2012). A: A.D.
1964 (observations from
Plafker, 1969). B: A.D.
1788. C: A.D. 1440-1620.
Relative ground motions
are inferred from sedi-
ment stratigraphy and
microfossil analyses
where present (see Fig.
2B) and from Sitkinak Is-
land (Briggs et al., 2014).
Extent of Kodiak segment
(solid outline) is from
von Huene et al. (2012);
dashed line for the 1788
rupture indicates alterna-
tive interpretation (e.g.,
Briggs et al., 2014) of
historical documentary
evidence.
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Fig. 6. Bathymetry and nonsubduction carthquakes in the vicinity of the southem Kuril forcare sliver. Epicentral parameters
are given in Table 2. All published focal mechanisms for shallow nonthrust earthquakes are shown. Focal mechanisms with

solid quadrants are believed to have occurred within the upper plate. Focal mechanisms with graytone quadrants record
deformation with a less certain origin. Bathymetric contour intervals are 1000 m. All fault locations are taken from Le

Pichon et al. [1984] and Kimura [1986].
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Fig. 1. Bathymetric map showing the locations of ocean bottom seismographs (OBSs)
used in this study and total slip distribution larger than 10 m of the 2011 Tohoku-
Oki earthquake (Yagi and Fukahata, 2011). The star is the initial rupture location
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hypocenter locations. The red solid line is the survey line for the crustal structure

(Ito et al., 2005; Kodaira et al, 2012) and the differential topography (Fujiwara et

al., 2011). The dotted line indicates the axis of the Japan Trench. Fig. 2. Hypocenters and error ellipsoids of the earthquakes. Earthquakes within the
red dotted rectangle on the map were projected onto the P-wave velocity model
== L used for locating earthquakes (1to et al., 2005). The top of the oceanic crust is indi-
'ﬁEﬂtj’ +0) “Q 1‘1‘ &3 11 1‘“_1, 0)—3—’\ J *ﬁ cated by the dotted line on the cross section. Symbols are the same as Fig. 1.
(Obana et al(2013)) 3 BRORES HEPRREHBEOBR

(Obana et al.(2013))

—__—
LLEAS, SITHEDKELT RY(E, ORMADIE, @QFL—FEREBOEEDEELERLTNEEEZLSND,



2.
2. 2 BRERUOTRYEIZET H8EES

F123EBEXKE (R1.6.7)

EHORFH - BN REZEEA KRR U RREO S HH2-2-1 pa5 BB 41

2. 2. 2 BFEE, IRYEICEHIT IR FRERAMERVEF R

BT ~NYEITEHTHREAEROBREL: O MAEDIEET NYEDE R

Kozdon and Dunham(2013) (&, 3.11hETHXTL—FMERZHTELIRYAERAELI-CEIZEHL, thEIEETHEONE-EREHMOMEREERBEFEL
2R ARABTU—MERETILERN 2R THHBIES S 2L —a v E R L=, (AINADIEDEZWNNTLU—FMERZHBOITRYRICEZ 52 EER
SLTEY, HMADIEAN/NSNEETL—MERERDITRYENE KT DIERLAHDHELTIND,

Tsuru et al.(2002)[F B ARBEDAARAAFICHITAIILFFrrILREHEMEREERLIS, BHRERAGRVAEF R DILE DA (PEERE 3~
4km/sLAT DFEEL) DIRIXEHE R KYELELELTLNVS,

UE&Y, EZFEEAGRVEFEGIEFICBVNTHEAFTIVIA—N—2a— MR REL-ELTE, FOTRYZEIMEDIT RYELYB/NEVE
EZZ2b6N5,

=

cumulative slip (m)

2
uppermost 100 km
mantle &
o ¥ ek
Northeast i 4 B
AN 6. <
upper crust-1 5
upper crust-2 SE
» — = =)
oceanic layer-1 uppermost Z
le
P wave velocity (km/s) «25km ,  mant = {
(b) &0 horizontal seafloor displacement (m) ‘\ 1 -
5 6 7 8 60T Ttoetal.  + Satoetal. i g
. 40[|o Kido etal. © Ozawa etal £
. s — ;s B
HEHERDTL—MERETIL - 5
oy = s = . — — £
(2RFTEMIIES S 2L —3FTIL) 0 = s
Kozdon and Dunham (2013
( ( ) (C) i vertical seafloor displacement (m) _ & 5
= A ”
0 b = — - - ~
_____ 1404 1424 1444 14604
P " . " "
0 50 100 150 200 Legend
horizontal distance from coast (km) — < 500m
w500 - 1000 m
s o ) = 1000 - 2000 m
Figure 11. (a) Influence of horizontal extent W of shallow 2000 - 3000 m
velocity-strengthening region on cumulative slip (plotted every Il >3000m
5 s). Shown for maximum effective normal stress gy, = 40 MPa
. LolQ anie de " - al - ) vertes Figure 17. Map view of the loy ty sedimentary units observed on MCS scctions in the Japan
and SLlsmf’ngL depth D = 45 I\n?. (b) HOI izontal d“‘? (¢) vertical Trench margin. Small dots .-ch:- -k;r:]mtimmmm taken from JALA 1./4,,:“: Jluluu/wtlnglull
seafloor displacement compared with various observations (dashed igency) HypoCatalog.

::I;;)KTL]E]:[;;;]OI version of this figure is available only in the elec- HAEE AL CE A (I REHRTEY) O
. . B (Tsuru et al.(2002) [Z—EBANEE)
BB SaL—2avIck A miADEE T
WY U, KE- LT EM O @I et dub e

(Kozdon and Dunham (2013) [Z—&80%E) ﬁjt%h



2. BRFOHPH - RN RERER KRS R U RRIE O

2. 2 RFRERUT NYEIZET HHRES

2. 2. 2 BEFEE, 3IRYEICEHTSH&EE

R PdLah

FIEBELE
EH2-2-1 pa6 HiD 42

(R1.6.7)

BIRYZICHTHREFEROBKRIL: QT L—MERE
WRFPHEMMNG, ERERAHRVEFRAILAMOEEDREREIEHRRFLLERL TN, SHMBERBED T NYERESEIEFHTIIEES

EHDEEDEE

AbNDH, EEMICHER T D=0, A—I—H(IILDOBEHoEESNIEHDERFHREERNN TRELTVWSIEXRED FIREMBELLRL =,

EFEHEHEANRUVEFERILBOETARYTA(ETHE:A, B)IZDWT, TL—rDEAHAAHREE, TRYERVENREMBBBIOETINDITRYRIE
ZAWT, SIIEDTRYEIN~S50mELELE-HITHEBELREADERBEHEZETT HE, TARYTAAIZDVWTIETARYREMNIFIZELS FARITABIZ
DULVTIE#92100~3500F LFEEICRNIEND, HIT0ERBETRYRLEETIEHRERANRVEFEHILBOMETIRZEZAHEMNT H5EEEER

Y (%

UEMNG, SMHMBERBEDT RYZELLHATREEIFENEEZ LN D,

(RSN THRELTLDERMED Y FERR]

[ 311 EBELERBEEDTRYZELD-ODEHDERERDETE]
Q= FARYREH 3IMED j&UE“Z;EE HERE TOREIR
TANITA S(cm/4E) 4 Y8 (m) Ea’ba/)fz:j;)ﬁﬁ BAEE 31HEE #96004
A 5 F1) 19604F #93004F
30~50m HhLFvyh 19524F #9100~ 4004
B 14 2140~3570
A5 20044 #3400 ~5004F
- X1 FRYRBEOEE HRT—R 17004 #9500
N
FTRYRIE(S) =T L—FDE A AHEE FI2ANTF)1—%> 19644 #9600~ 10004
— (T RYZ/FHFHLERR)
¢ TU—hDEHRHEE 8.1 (om/ ) o ,;,,;Z,La;’c,::kaﬂd’ ' 1'95'4A|a;ka *‘;L"
(McCaffrey(2008)) 47 9.2 1700,31 ;; 5 {

TAR)TAADT NYE:9.3m
TAR)TABDY NYE:6.5m*2

v FARYEGKFIEH(2001)):

T AT 4A:930cm
T AXRIT4B:650cm

v LRI 97(F) EREWE
HESEARER (2019))

140E 145E X2: FARIT4BIL, 1968F+ P ELISND
ol | =t HMETHITARYUZEELDI LMD, TARYTAAL
7;( I l%
NITAE LT, §RYEHDELY,

(Yamanaka and Kikuchi(2004) )

60" 120°

M90‘<
(

-120°

(& (2013) 12—

0 ﬁu& //”

1960 C-hlle
- Mgl

-60"

&R hnE)




2. XFOFFH - ZRMAMRERER KRR U ERRROTH #H2-2-1 p47 BB

2.2 BREBRDV

+RYBICET B

F723EBELE(R1.6.7)

43

2. 2. 2 BFEE, IRYEICEHIT IR FRERAMERVEF R

B RYECET IR

SHERDIREE: FEH

1968 F + P BRICHESTRYEZ LEDSTRYAELHAREMEICDONT, S MHMEBERICRON-ERRADITAYKRRICETIMREDSIHF A

FIUUA— L1 K DBANSRIELT,
BREOBR, 19685+ BPHEITHST <Y BE LEDT RYSELSTRMHIES, FHEIESTRYBERABBLTET 5N B L TH

TR,

REHEROBE

SIMBEORELITANYDER

ERERRAPRGEFRPILE

(ERILZNOLE]

BRI ELRL T IEDIEALES, RISREBDIT RYVEERET D55 1 FIy
DF—N—2a—bDBRELIELTEH, EDITRYERINMHEBEOTAYELY
bihsWhEEZILND,

TU—MERREDEEDEE

ERNTRELEEXRMEDFIRERBEN S, STTHMBELRREDT Y
(30m~50m) ZELAH-HDEH FBEETELRWN(FHARRA TRV EFR P
HOMETIFFEAHEHERT D),

BxeitEn



2. XFOFFH - ZRMAMRERER KRR U ERRROTH

2. 2 REERUVTRYEIZET HRE

FI123EBES
BH2-2-1 pas HiD 44

& (R1.6.7)

2. 2. 2 BEEE, TRYEICET & FEEEQL

WEEthEORIRE (1)

. FEBEDLVTIE, FEZXZAEEMSITALULEDMENFEAL TS (LERIZEE (2007)),
- BEREBE-TEBEAWN(TEHEHR~RIEER) OT7AR) T4 MHExA TRIZTRYT (RERF S REF K& (2006)),

1918Kur jle

1963;lp|
1958Kur i

BEXRHE (17HAZE)
(R - AR E ) X

&0

1969Tokachi xz

140 1427144 146 148 150 152 154 156 158 160 162 164

T

T T

FEBEQOVWTRELBEHE

(X ERFIEE A (2007) [2—

ltB?Jl:l%)

IR

L a4

40

X1 R E AR ARER (20172) TRENTLS1THAZDHE

DEFRIEEEICEEH.

¥ 2:1968%F Tokachi (=1968F+ [ ithE) DR EBZ A OND,

40

38

— AEMRAERICETHTL— MK
BREFTL— FRBEETRT

34

BABE - THEBEAVN(HHA~RIRER) OT AN T4 2

(PIRERT o R S = 5% (2006) )

Y. Z3.6»5,

B EitsA



FI123EEBEERE (R1.6.7)
2. R OFEM - FTRIE R ZE B E A 1= RIRE R U E R RO S BH2-2-1 pa9 HiB 45
2. 2 HREBRUVTRYEICET HEE

2. 2. 2 [BEEE, §RYEICETHRE: FREEFQD

WEIEEORIRE (2)
R EMRHEEARL (20172) TIE, FEBERAVOSHTEF-REF-BASHP-RIESFOMETICONT, BLEEN, BURIGEHR, 2R
BYRERRERFER, SHEETVSEENTL—MahEARYIRLELEL, TNoDTFHREMBETROEBYVEELTV S,

- : :
i
46°
44““
44"
]
. ) g 4
o [ . MR ]
i s ; (Rl TR R i
LEBIZHETHR AT
fiEtEnt 5 % fiitsh) o I y
g : g 3 2 % S— — a0 : 148"
FEBERAVDIM R EE (hEFERTHEARER(2017a)) BEXRME (1742 2) O ZERE (Ioki and Tanioka(2016))
FEBELVDHMEDTHHRLERR
HhEDHFEEE R UK AR
+ B 80.34
WEH 65.14F
BABEHRRVIRIEE 35.54F
HBEKXHE (171408 * #9340~3804

% BEAME(1THZE) DR ELIONT, MEFEFRHLRN (20172 TE, MREHEST S TRELLTRIADHSILL, BT (# ol g
SRR DLV TIZBREREN TLVELVAS, Toki and Tanioka (2016) Tl -+ ~1RE % BE KHE (1 THIEE) ORERLEEL TS, ZO)®ItE/AN



FI123EEBEERE (R1.6.7)
2. R OFEM - FTRIE R ZE B E A 1= RIRE R U E R RO S BH2-2-1 p50 HiB 46

2. 2 HREBRUVTRYEICET HEE
2. 2. 2 BEFEE, IRYEICEAT IR FERBERL

W EEEICBE Y 1R iR - B F R R i

FEBEAVDILTESMNSIRENDEEICONWTIE, FEHBYIRAENOSERZEENEELTNAIELAERINTHY, ZRFDOEHELTIX171H
WITRELTLNS, ChLstzd, BE6500FEDMIZ10MEIDRENERINTINS,

X"‘Bﬂ%fé (2013a) TlE, RFTOFREBEYRERR GRER AR, ¥V, Fil, BRF, RE, REBRRFORE) ZHFTA 1 THILICEEL
FEXMEOMEBET IILOBRETETLY, ,J‘iﬁi;ﬁ”é'l'%,qﬂ'vmélqﬂ HEHREEZMWE8LEHEL TLVS,

+ i O R REMEOZK &
RERH  EXMER R F
(cal B.P.) (4) (calBP) o 1 ,-""-5?1-'\ ,
AR ATATAEE EE J M ot g
400~500
FEiE2  12~13RE Eig2
300~ 400
B3 gttie EE3
500
EEA4 1630-(4iHE 7)) 1430+ EiR4
(300+) 2 EIRS
#®5  AD/BC? 1930+ K6
(500+) ?  EK7.8
EH6 2590- 2440+ B9
300+
BT 2870~2020 10
400+ EEN ea=
BES  3220~3460 3340+ RIEI2 B i) «
400
HEO  3690~3720 3830+ K13
500+
K10 4200+ 4300+ RiE14 i
300~350
= 5 -481 4580 4700+ EK15
300
K12 4860+ 4930+ EK16
100 2
pe 54 K] 5000~ 4980+ RK17
>600
b= 54T 5640+ ? K18
600 i |
;$EE15 63707 . 9‘ 40 142 1w 46 148 150 2
LmEAT R ORRAERY RRERESE HIBELD
ICEOKEXRERDERE =R
AR R R R [ K =% (2006) O 54l
(PRRE AT R S =38 (2006) [<— #3 0 ) (}\ D X3 b5,
ZRILEA



FI123EEBEERE (R1.6.7)
2. XPTIOFEHN - FENNAN REBEZ - RIRE R U ihE R E O ST EH2-2-1 p51 FHiB a7

2. 2 BREERUTRYEIZEHTHR5
2. 2. 2 EFEE, IRY=EIZETH & FEEBE QL

WEEEICET AR5 thEFH R
- FIEKRZF(2012) [F, MEYRLHE GREME) DFBRUVZENAASEEINSITL—MEMET AYIZDONT, S1METRELGTRYEELS:
ERERACEITOIRHMEDOELUENS, T -REGMTERMENRET SEREESAHLHELTNSD,

- Ff-, BXEBE-TEESEENRAHMMENE®METETE (TR F1IRELER) X, TL—tOHFIENYLNEZELTVSRIREERDLEZLNHELT
L\éo

142 144° 146° 148 r : :
' = @FL—MERMER L TRAE
e Q” 0,:) ©€ DLEBTOEIYT I TR | FTOBNYT LY (ETRYL—F) ]
°

@, 2

‘[ 139" 0
ki

o’

L o

417

Depth(km) 40

20 35 50 65 80 Q@FL—EREMERE | ~
! B TRIALTOM7IRERE - @i E RO
1. AHEE A O /MR Y IR UHEE 2 v — T o0 LAY . FLOGIE S — T OREEDOFH OTRS & DEVIEL (BHRAHE, ( EETHEEAA Ll
5. 712 2 — % Yamanaka and Kikuchi (2004)%(2 & % M7 Ll EOHIFEDS =0 B35, HEIBITE 3 BEFEHihE) o | EER

B CVROREHE R0 2 E Uil A md. SHERE I 0 iR L RS Eh MR BT

BALKRZF(2012) 2@, dpmrs (&) B X O sU7m (F) ofk0iE LIS T (B BLozhic ko
ELET V= bRy TV TR (7)) DU By TV TRIT 03°%03°D7Y v FZ
12, 3280 Eo/NE IR UHE 7V —F D FET AT OWTHE L. SBLORD =z /—
12 M7 A EOHIEEODF <Y 434 (Yamanaka and Kikuchi. 2004%: Tinuma et al.. 20127). BIHHI 5 @
homRy, 70U B L— hodb#R (Uchida et al, 2009%) .
BRAL K% (2012)

(EHEHICHIT545H]
BHO: KFRYEERLETHEETEWAYTIDTEARESNS,
BHQ: T MEREMBOREF TRGEETEAV I VT BEAFE,
BFHO: T MEREMBORETRGETOM7ISADHE (DREYERL) WFE,
HH@ BELEOEBREIFHLERYELMEER,

B mitEn



2. ZHOHPH - RN RERER RRER U RRE DT

2. 2 BRERUOTRYEIZET H8EES

2. 2. 2 BEEE, TRYEICET & FEEEQL

W B E BT 545 Al & ith

F123EBEXKE (R1.6.7)

EH2-2-1 p52 Hif

48

44° |

43°

420

= 1 #hIERE (2012) (X, 199949 M 520038 FTE2007EIAMNS2011E2AEFTDIANYREEREL M D, MR T, JIE+0EEFTYL
BEAOEFTYICHVEFBEENAEESN, TOLAYNSERMEDBEMRETREMEE THMIBEESIENTEDELTINS,

I
T T T T T T
142 143° 144° 145° 146° 147° 148°
— B Bfto 60 R Y —
— T [T
20 18 <16 14 12 10 8 6 4 2 0 2 4 & 2o ® 2
BYEE (om/yr)
K[RT—TEREZ, 7oA M4.0), 2EM7.0) THRF
KFEEE LETZEH
S S
- -~ 100km
< 9
- -
- p =
g | -
e afand R
&, ™~ . =
IS R
v-“v\'\ s L =
& - =g
i o =
T~ ~ e r 4
. pm . .
S e W

vvvvvvvvvvvvvv
1z e

H 204 1999 £ 9 A 705 2003 4 8 A £ TOFEH 72 0 RAHEE /.
ig. 2 Distribution of slip-deficit rate from September, 1999 to August, 2003.

BLEMD, B BEROEBEE, MOYSROERMEFRESHIEWRAM ARELEZOND, ()
A

45°

43°

42° 4

41°
T T T T T T
142° 143° 144° 145° 146° 147° 148°
— @38 0 R Y —
ml | D
||||||||||||
20 18 16 <14 12 -10 -8 -6 -4 -2 0 2 4 2 14 8 2
RYEE (cm/yr)
K[BF—TEBEZE, FhM4.0), 2E0M7.0) TRF
KFEH ETEH
g —————————y g ———— )
* e -2
“v.v-‘v\ ~ !]'
S
LN t
E3
SRR
ks
&=
= — f

......

2007 4 3 A 725 2011 4 2 J E TOFHRY R Y KAEEE S0
Distribution of slip-deficit rate from March, 2007 to February, 2011.

v

[E - #h 852 (2012)

XY x3. 625,

RICEAN




F123EBEXKE (R1.6.7)
2. XPTIOFEHN - FENNAN REBEZ - RIRE R U ihE R E O ST EH2-2-1 p53 HiB 49

2. 2 BREERUTRYEIZEHTHR5
2. 2. 2 BEFEHE, sRY=EICEATSEE: TFEEE RV

WY RYE(CRT DIRET  HEFR - AIHFA R it
- TBEXME(7THIEZER) IOFKLERMRA) -HMEOTAYE(B)DERE TLU—rDRARAAHFRE - DVTIOTRBDCEEEINETRY (EH)
DERE (C)ZLRLIEER, MEICTRMNGEELIHS.

[FA R (A)] (17THEZMEOHEDTRYENF (B)] [TRY(EH) DEFRE(C)]
o 12~13tHFTDFELEHH400~5004F e mRKITARYZE25m DT —bDLHAHEEE : 6.9-8.20m/ £ (McCaffrey(2008))
TEROER BEEORR a6 f @hv T 1%E:0.59 (HEF ) (Scholz and Campos(2012))
EEBW  BRE RERD Okhotsk Sea _r
‘ colBP)_(F) R i QF RY (EH) DEFEE : D(6.9-8.2cm/4F) X 400~5004F
b= 5. A IR ) -4 50 oL g b= 4| x @(:0.59) =16~24m
BE2 12~ 15t EH2 <:>
300~400

#E3 ot #R3
R4 1630- (a2 7) o 1430+ ERa il ER
- T ao00 > aEs Hokkaido /L\
#®5 AD/BC7? 1930+ K6 bs ) 16~24m

(500+) ?  RiK7. 8 on P = _—
p= 35053 2590- —————————————————— 2440+ EE9 YCKIf IE
BT 2870~2020 %0 IO 7 n{’/ @

400+ R . ()
BES  3220~3460 — 3340+ ERI2 42 : i =%
. 400 . ", ~Kurile =
O 3600~3720 ———————————3830+ RKI3 trench Lﬁ _ 0~ 5004 _ \

500+ = e
K10 4200+ ———— 4300+ EK14 =
=5 481 4580 %470(» EIK15 slip (m)
K12 4860+ m—aeam K16 46t :ILI o Iim :21‘%\) 5‘0 12~ 1342 17424058 e

ament® 25| pacific Ocean

KIS 5000- L~ 1T Tohoku

600
14 5640+ ? s Japan trench
RIS 6370 o0 140° 142° 144° 146° 148°

(RRE T AR R B K = 5% (2006) ) (X ERFIF 4 (2013a))

v

LEND, +EH-READEEBTERITSIEADEL, ERNTHRELTVAMIVSADEAMELRZRICRENHEEEZZ DN,
HBEAME (1 7THILE) | DS THIHEOMEICHESITAYEFERRELFTHEND,

OwitEn



F123EBEXKE (R1.6.7)

2. REFOFEZHM - BTN REZRFEAERE R U EREO ST EH2-2-1 p54 BB 30
2. 2 FREBRUVTRYEICET S

2. 2. 2 BB, INYEICEHTHRE LD

ERNTRELTVOAIMIVSADEAMEIZE T SR ZH - thEFM - AMFPMMRZSEIRAL-ERRRAHRVCEFRBILE, F5
BEAVICRITIEEFE, ZFRKITANYEICETLHHERERELUTISRY,

FESATEIIRY N—IL R ik
R

o@esE O FEEE

BRI NYEICEHTHREHER

(Seno(2014) &S EIZ{ERK)
PRl RAITRYE R AR
EREEL AR | 1968+ mRICHS o7 0%
VEFEHILE [ TRYUE(6~10m) e
Oy . o . 17 AR DM RIS N v

X HTE (12~ 131H#2) FAEA L DREFRE

(BZ)ERSF TRELIEMIOSIDHZED T NYE

BEEAE FNYE
=F. % 72l A 311HE #950m
FY 19604 25~30m
B /D B HLFtoh 19524 11.4m
(M8OUZRLLTF) (M8USRALLT)
I EREHOEBEL, EF RS RVrS 20044F 23m
BHEYEREVEEZDND, .
HRT—F 17004 19m
BAEEICH 1T HEBECET HREHEE A 196445 22m
(MR E AT HEHEARER (20174, 2019) [IZ—EBINEE)

B mitEn



2. RETDOFPH - BN REHER KRR U hRRIE O
2. 2 RFRERUT NYEIZET HHRES

2. 2. 3 WIRIGREICEET ST - BEt A&t

F723EBELE(R1.6.7)
E¥2-2-1 p55 HiD o1

- BERERAMRVCEFRASLE, +E4-BEHPOEBFREER (BR) ETHBIRGE) A, BEMNHRERONIT)EEE, BETOIEITAVUNET
GBI HAREMEICDNT, ®&ﬁ§t7%zf~l’a‘id)$ﬁﬁ1’ﬁﬁﬁl B9 85T, @2004F RTINS ~T U TUMBOFRERI EBFEA R OETMETS S,

XATISEME, FEBBANVERKIZITEEOBEEITHMENREL TS LAAHFETHY, 2008FERATSI~TUAIUME, ATISERA(F

BT AMABIRNMEREL-EXMETHS,

O B O AR A

FESATEMAY N —IL R ik

FL51
O @i O F@EBESE
(Seno(2014) &S EIZ{ERK)

EEE /N

BEEE: /I
(M8UZRALLT)

(M8USRLLTF) ¢
BEHLYLREVNEEZLONS,

BEBICE THEFEICEATIRETHER
(Hh E BRI HEE A ER (20174, 2019) [C—ERINE)

TU—MREREBOEBFERL, SF R

BR) ELTHET S

L
Sumatra &
A Sum, I
L S Atran fayp
95°1 man Sea 1907 200 Y
A WRBr=, 21935 X 0Eryo6 Tors & 4
“ .
2004 Anda L b?i N
man| - D 17¢ - )
3 s - e 7 AR\ Swy) £
76 ? - 1as
p s 1881 | [ig45 2004, Batuls.  pentawai Is Lig
Simeulue 5> Sunda Trench
L A0
90°
1 o ~7 B A 9 3
i F P < % & %, S Y

Regions of fault that may

Historic slip patches
have been locked prior to 2004

[ Recent slip patches

mmm Historic slip patches
on Sumatran fault

=== Fault A Volcano

=== Landward locking extent estimates

Figure 10

Map of the Sunda margin showing approximate regions of coseismic slip and regions where the subduction fault may have been locked
prior to 2004. Slip patches are labeled by year of carthquake occurrence. Regions of fault that may have been locked prior to 2004 are
compiled from Prawirodirdjo et al. (1997) and McCaffrey (2002). Landward (downdip) locking extent estimates (thick blue lines) are
from Zachariasen et al. (1999) and Natawidjaja et al. (2007) for the Mentawai Islands region and from Natawidjaja et al. (2004) for the
Batu Islands region. Earthquake slip sources: 1847, 1881, and 1947 Andaman from Bilham et al. (2005); 1861, 1906, 1907, and 1914
Sumatran forearc from Newcomb & McCann (1987); 1797 and 1833 from Natawidjaja et al. (2006); 2004 slip from Subarya et al.
(2006); 2005 slip from Briggs ct al. (2006); 2007 slip from USGS seismological slip models at http://earthquake.usgs.gov/
regional/world/historical.php. Historic slip patches on the Sumatran fault are from Sorensen (2008).
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Figure 9. (Right) Seismotectonic setting of the Sumatra—Andaman subduction zone showing rupture areas (shaded) of significant earthquakes.
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zone around Simeulue Island. The accretionary complex
removed for simplicity. CRZ: coseismic rupture zone; SP:
Sunda plate, Other labels same as in Figures 2 and 3.
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Abbreviations

AB: Australian-Burma motion

AE: Australian-Eurasian motion

AS: Australian-Sumatran forearc motion

AT: Australian-Trench motion (component
of convergence across subduction zone)

BE: Burma-Eurasian motion

SE: Sumatran forearc-Eurasian motion
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Fig. 1. Seismic activity in Japan and its vicinity. a: Seismic segmentation used in the official earthquake forecasting? of the Evaluation of Major
Subduction Zone Earthquakes by the Headquarters for Earthquake Research Promotion. The historically largest earthquake in each segment is
indicated. b: Epicenters of earthquakes (yellow symbols classified by magnitude) from 1950 to 2010 with magnitudes given by Japan Meteorological
Agency equal to, or larger than, 6.0 and focal depths equal to, or shallower than, 60 km. Trenches and troughs near Japan are illustrated by red curves.
The 2011 Tohoku-oki megathrust earthquake ruptured the area circled by the solid ellipse, where along-dip double segmentation (ADDS) is obvious.
Along-strike sin, ‘mentation (ASSS) can be found in the Nankai Trough, where little recent seismic activity has been observed. Such regions are
often called seismic gaps. *http://www.j-shis.bosai.go jp/map/?lang=en (2010).
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Fig. 2. Seismic activity along the Chilean subduction zone. We notice sparse seismicity prior to the 1960 and 2010 great earthquakes
(seismic gap) and a narrow seismically active area along the subduction zone. These are typical characteristics of ASSS. Epicenters re-
located by Engdahl er al. (1998) are used from 1900 to 1972. From 1973 to July 2011, the USGS NFIC database’ has heen analvzed
Shitp://earthquake.usgs.gov/earthquakes/eqarchives/epic/epic_global php.
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I 2004 Sumatra* Continental Margin Single Oblique I Fascade )
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1960 Rat Island Continental Margin Single Oblique \1’ n:jl'
1060 Chile Continent Single Cordilleran Orogeny’ Transform g
2010 Chile Continent Single Cordilleran Orogeny Fault
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*Boldface in(li?uteﬁ a typicull end-member c‘lmmctlcr.ized by the category of single/(lgublc segmentation, Oblique Orthogonal
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Fig. 7. Variability of megathrust earthquakes in terms of seismic segmentation (along-strike single segmentation, ASSS or along-dip double
segmentation, ADDS), subduction zone geometry (orthogonal or oblique) and collision with continental plate or continental margin. Typical
end-members of great earthquakes are plotted by solid circles with their year of occurrences. Possible future large earthquakes in Hokkaido and
Nankai Trough (Fig. 1(b)) and the Cascade subduction zone are indicated by stars.
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Table 1. Historical and recent tsunamis along the Pacific coast of Aomori between AD 1454 and 2003.

Hokkaido

Tsunami height (m)
Epicentre* along the Pacific Tsunami-affected

Ref. no. in Fig. 2 Date* Name Magnitude* (N, °E) coast of Aomori* area in historical document*
Historical earthquakes (recorded in historical documents)
N/A 12 December 1454 Kyotoku N.D. N.D. N.D. Somewhere in Aomori, lwate,
Miyagi, Fukushima
1 2 December 1611 Keicho 8.1 39, 144 N.D. Hokkaido, Aomori, Iwate, Miyagi,
Fukushima
2 13 April 1677 Empo 7.9 41,143 N.D. Aomori, lwate, Miyagi, Fukushima
3 29 January 1763 Horeki 7 41, 1425 N.D. Aomori, lwate
4 23 August 1856 Ansei 7.7 41,1423 N.D. Hokaido, Aomori, Iwate, Miyagi
Recent earthquakes (recorded by modern seismic observation)
5 15 June 1896 Meiji-Sanriku 8.2 39.5, 144 S:3 N/A
6 3 March 1933 Showa-Sanriku 8.1 39.23, 144.52  N:1-3,S: 3-5 N/A
7 4 March 1952 Tokachi-oki 8.2 41.8, 144.13 S22 N/A
N/A 26 May 1960 Chile 95 -38.17,-72.57 N:1-2,S:1-5 N/A
8 16 May 1968 Tokachi-oki 79 40.73, 14358 N:1-3,S:1-5 N/A
9 4 October 1994 Shikotan-oki 8.2 43.37,147.68 N:1,S:1-2 N/A
10 26 September 2003 Tokachi-oki 8.0 41.78, 144.08 N:1-2.5 N/A

*Based on Utsu (2004). "Tsunami heights (run-up or inundation heights) are based on the committee for field investigation of the Chilean tsunami
of 1960 (1961), the 1968 Tokachi-oki earthquake investigation committee (1969), Watanabe (1998) and Tanioka et al. (2004). *Based on Tsuji and
Ueda (1995), Watanabe (1998) and Namegaya and Yata (2014). We list five historical tsunamis for which damages in Aomori was documented,
and seven recent tsunamis for which run-up heights of >1 m were recorded. Abbreviations: N, northern Pacific coast of Aomori; S, southern
Pacific coast of Aomori; N.D., no data; N/A, not applicable.

Pacific Ocean

Pacific Ocean

FRERE RO KR : , _ o
Figure 2. Estimated epicentres of historical and recent earthquakes.

(Tanlgawa et al. (201 4)) The numbered stars correspond to the numbers of the earthquakes
listed in Table 1. The solid and open stars represent historical and
recent earthquakes, respectiverA The triangle (shown in red in the
online graphic) represents Komaga-take volcano (its eruption in AD
1640 caused a tsunami).

AD1453-2003[ZF HFE N E X AR HETHRAEL-EREHMEDER (Tanigawa et al.(2014))
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Fig. 1. (a) Plan view and (b) section view of the experimental model. The inset in (b)
shows a magnified portion of the section view. The x-axis is defined in the landward
direction from the entrance of the channels and the z-axis is defined in the vertical di-
rection from the water surface. The sand bed is set in the dotted area.

Fig. 11. Source of (a) onshore deposits and (b) offshore deposits. The offshore and
nearshore regions were defined as x = 0-38.0 and 38.0-41.0 m, respectively, to avoid the
area affected by the water leakage.
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0 Fig. 5. Sectional profile of the topography with geological information in the area shown in Fig. 4.
5 Table 6. Classification of sand dune according to the characteristic and estimated age of the formation.
10 Sand dune | Characteristics of sand dune terrain | Estimated period of Basls for period Link with
15 (udgement of serial photograp sand dunc fOrmetion |« o - o) eic,research results Field survey buried woods
Sand dune A | Fixed by vegetation. Conspicuous 6000-4000 Regression period following -
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fength 100-400m, relative height up B-Tm volcanic ash (approx
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determined by acrial photograph) (Approx. 600 ycars sgo) Sakyounuma
Sand duse D| Unfixed. Large-scale sand dunes of From80-150 | Ohys and Ichise(1958)™ | Fits with the messured sge | South of
length 500m and relative height 10- years ago wp of Redpine Akagawanuma
:?:'Es“'“ to four lines of sand until today (approx. 70 years old) Lakeside of
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Figure 2. Estimated epicentres of historical and recent earthquakes.

The numbered stars correspond to the numbers of the earthquakes
. ERTIN listed in Table 1. The solid and open stars represent historical and
Bl /0 (MISE;EE%&;(E{-F) recent earthquakes, respectively. The triangle (shown in red in the
(M85 RXLLTF) os 3 _ N " . online graphic) represents Komaga-take volcano (its eruption in AD
‘F i’%{E vBIL—+k TL—rERRBOBEFEIL, EF RN 1640 caused a tsunami).
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