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TIAFERIDERLIEE : Matsu' ura et al. (2014)'%
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Fig. 13. Late Pleistocene uplift and geologic sections across the NE Japan forearc off Shiriyazaki. (a) Uplift rates inferred from the MIS Se marine terrace (blue bar from Koike and Machida,
2001, and green dashed line from Watanabe et al., 2008) increase eastward, implying uplift due to activity of an offshore fault (Fig. 1b). The MIS Se terrace inner edge constructed from
Fig. 8 and the actual MIS 5e shoreline angle beneath the terrace surface also increase eastward, but deformation is slower (about 0.05 m ky™') than previously reported. (b) Geologic
sections off Shiriyazaki interpreted from acoustic profiling data (Tohoku Electric Power, 2008). Locations of the sections (Nos. 3 and 7) are shown in Fig. 1b. The location of the reverse
fault inferred to have caused the fault-related folding is also shown. (c) Cross section of S-wave velocity perturbations across the NE Japan arc. The image is from Nakajima et al.
(2001), and Moho depth values are from Zhao et al. (1990). The location of this section is shown in Fig. 1a. The black dots indicate moment release values.

Matsu’ ura et al.(2014) ' [Z/0%E

Fig. 1. Location maps showing the NE Japan forearc and the study area in the Shimokita Peninsula. (a) Tectonic setting of the NE Japan arc. The Pacific plate (PAC) and the Philippine Sea
plate { PHS) are subducting under the Eurasia plate (EUR). The boundary between the Okhotsk {OKH) plate and EUR has been tectonically inactive during the Quaternary. The arrows show
the convergence between the Pacific and Eurasia plates. The star shows the epicenter of the 2011 Tohoku-Oki earthquake (Mw 9.0). (b) Map of the Shimokita Peninsula and Shiriyazaki
(Cape Shiriya). Forearc and backarc regions (labeled at bottom) are separated by the volcanic front (gold dashed line). The numbers along the coast indicate elevations (m) of the MIS 5e
marine terrace surface as reported by Watanabe et al. (2008).

Numbers in parentheses on Shiriyazaki are from Koike and Machida (2001). The locations of geologic sections No. 3 and 7 are from Tohoku Electric Power (2008).
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Fig. 1. Tectonic setting showing vertical velocities in northeastern (NE) Japan and the study area (Isawa upland). (A) Tectonic setting of the NE Japan
arc. The Pacific plate (PAC) and the Philippine Sea plate (PHS) are subducting under the Eurasian plate (EUR). The NE Japan arc is in the subduction
zone between the Pacific and Eurasian plates. Triangles are active volcanoes that have supplied ash-fall tephras to NE Japan. (B) Comparison of
vertical velocities estimated from GPS data and terrace surfaces. The vertical deformation pattern is from GPS data for 1997-2001 (Suwa et al.,
2006). The contour interval is 5 mm y~ . Uplift rates inferred from the height of the MIS 5.5 marine terrace surface (125 ka) are from Koike and
Machida (2001). Uplift rates inferred from the relative height between the MIS 6 and MIS 2 flnvial terraces are from Watanabe (2001 ) and Tajikara
and Ikeda (2005). (C) Map showing the location of the Isawa upland in the NE Japan forearc. Tephra abbreviations: HnlP, Hinata 1 pumice (250
300 ka); Dks, Dokusawa (90—100 ka); Yk-Y, Yakeishi—Yamagata (82 ka). Isopachs of HnlP, Dks and Yk-Y are from Okami and Yoshida (1984),
Matsu ura et al. (2002), and Machide and Arai (2003), respectively. Map image is from Yokoyama et al. (2002).
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Fig. 8. Profiles of fluvial terrace surfaces and the late Quaternary incision rate. (A) Profile of terrace surfaces and the Isawa Tiver projected onto the
sections shown in Fig. 2. Displacement by the Dedana fault cannot be seen clearly on the H1 and H2 surfaces because the fault trend and orientation of
the terrace surfaces are nearly parallel. (B) Relative height differences between the M1 and L1 surfaces. The height differences are higher in the
western part {upthrown side of the Dedana fault) than in the eastern part (downthrown side of the fault).

terrace surface profiles are nearly parallel. The vertical
offset of the Dedana fault on the M1 terrace surface is
clear, and a smaller offset also occurs on the L1 terrace
surface. This shows that the Dedana fault has been
active during the Pleistocene. A similar offset was not
found on the H1 and H2 terrace surfaces because the
fault trend and the orientation of the terrace surface
profiles are nearly parallel.

Matsu’ ura et al.(2008) 1®)|ZjNZE

The incision rate was 0.19-0.24+0.07 m ky~ ' west
of the Dedana fault, and 0.10-0.13+0.07 m ky™ " east of
the fault. Because the Dedana fault is probably a west-
dipping reverse fault (Research Group for Active Faults
of Japan, 1991:; Moniwa and Terui, 2004), the incision
rate was faster on the upthrown side of the fault than on
the downthrown side; the average of the two incision
rates is 0.15-0.1940.07 m ky™ ' This averaged incision
rate agrees roughly with the uplift rate inferred from the
height of the MIS 5.5 marine terrace surface (0.14—
0.23 mky™!; Fig. 1B). Thus, the average incision rate in
the Isawa upland can be used as a proxy for the uplift
rate.

0.23m/ky&RLANILELTIND,

h3.

(. Matsu’ ura et al.(2008)'® [Z kLI, 'FJ”IEJI(LE'JODHE;’RJIII:EB('J'ZDMIS6(M1),\
MIS2(L1)IZ KB REFEEEZ, 0.15~0.19+0.07m/ky&LTLVS,

- INith - BTH$R (2001) 7012 L AMISHeiE R EY L 1 LA FEARIEE, 0.14~
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J




EHIIEIBERE
12. 4§;||3i'|ijjj_d) B_&._t F""_ (3/4) [§¥4f33—1§;.304 E#EJ 12-46
BPEFZUMEGZGOMERERE (EH)I|) : Matsu'ura et al.(2017)'®

BRI

Matsu'ura et al.(2017) 18 |ZHNEE

[+AMIS6(M1), MIS2(LNIZ KB E#EEEZ, 0.15-0.18 m/k

- Matsu'ura et al.(2017) ® (&t (X, RIAMEIDEEH)IIZE
Yy
ELTLNVA,




FE519EIBESE

12430 L 30 75 OO BE AR SR E (4/4) [fmmsas | 1247

RALMA DIERLERE . FEH

4 )\
XEEFAEIZEKY, ALt A DEREEELLTUTDENFELONT=,
e TALFEETEL : MISSeiBREEEDIATIRICELY,
0.09~0.25m/ky
MIS5e;BR R ED IR TIREEE D& KIEIL,
27.0~285m
o BUPFZNMEREZ (BRRI) : TTIEICKY,
0.15~0.19+0.07m/ky
o BAPIEZILMhERZ(EEHI)  TTEIZKY,
L 0.15~0.18 m/ky )
@
-

TRWZOVMTEMIS RSN ERHLINIEEMDEEXRETHD,

| hTHY, WEMIISEAT, SYKSHREEEETT LT NG,

o —7A, TAFEBHZFOAKLUTOVMIAIEMANIZITEFITZILMAR RS

o XEEAEICKYEONE-EEREILX £HT 14 0.15~02m/kyTHY, :h%lié\

J




12-48

€3=)



-l

13. R D A Hh=X LEFf

CHEEECEISHRE 0 e 1-1

CButhiEsafEORTEE S e 2-1

B ED D EEEMICFRAEBEER 0000000 e 3-1

. BDREE OB (30kmET) 00000 e 4-1

. S O B S (30KkmBLSE) IR B EBEE . oo 5-1

. BHhETE B O BB EE M (#E4030kmET) 0 e 6-1

. SMAEIE O B B AT (B 4a30kmLELE) 000 e 7-1

REOERRZERICETSHE 2 00 e 8-1

9. NEDERIERICET HAE

10. EHEHOEBEFREMBICEHTIHE

11. B OEEERE DL

12, B S FE L DT

13. BN AN X LEHE

131 BEEAN=XLOXHEAE

132 [BREEHDEE

13.3 EPE R LTI F EFRIOELIE

13-1



13. BREEDAN=X LE

|~I

{it

TFhEERBOBEN-XLOFHEIO—LFHEER
i &
T BB OB OTAS (7 GREFBE T HhELIBR) ) D ¥
~ /R R A A LB B R T B M%

;ERD—HDFEWEH DL E—HDHD 1$

[ 131 BEAHD=XLOXHAE ]

- BPBFRILMEFRELIERAD=XLIZE
FTEXEMND, BERANDZXLEIC, TNAEL
StEFHEEET D,

132 BREEHOER

s TAFEBIOMELZICOVTEILEZR L
EDHEEHEDIELEND, ZNTHEEAD
ZALETRY,

133 BPpHR LML
TAFESHEMBOELE

c BPFERIUMET I ERARLEHBEE,
- thEEEICKYEET S

WA, RAEHELDICKYEEL, i
MERT D,

< EHEFE>
Oz tE &

« YOMADEMBEMA ML, FEEEL T
BEILTWLS,

Otthftz - th B 181

« EAICENVEREEASML, AN
HEATLELY,

« EpAIDEBEALHAIIERL TS,

= X

:=>X

\. BEREDEN, TTIETOLLEILT S

OIBAA 7 (FEsE 4RI RS
%IPK&L,LB%E)J

[C&YEMELTIHEREMICERT D, BT
MAEREICEEEHELNHLIEEICIEE
BETAELH D,
<FLEFE>
OHEtEE
oﬂﬂ I:F""IH i’C*B MARIEAET D,
'ZFﬂME'J(;EL‘EQEE#WE%IE&’G%\?E
L, A EA TS,
o EBEA LM AVS A ZMERIL TLVS,

/klll'ﬁa'?&& ERAE L T= st R AV IR T A G jj\

e

::>O
::>O
4= O

\_ BEEOEH TTHETOUTTHS. ~ ()

ESIEEERE
[ﬁ¥41—1—2 P1002 ﬁ?%} 15-2

(Fmoam 3\
. TREEFDOBREAN=ZLE
B9 5=, ALk LzavkC
DS AEIZ BT ZEFE RN
WOERAN= X LEREL, B
FEZ2LUMOMBEEHEEZTILFEER

HELLBRT S,
=4

((

@ﬁ.‘%% 3\

THFEEBBEINLFTTHY,
BUHEF 2 LD kL ERFRIZ,
BAE LB AR A EMEIS D&
UiEiEL CIEEMEMICERT H5E
HEmt=-7,

e TIHFETIPICHTHERIEE
DHhEEE (/NS F-EBICEE
FEHLNEGEUN=6, lEZED
HWNBAAMT I DEEFELEBD

&&‘#”E’ﬁéhéo J




13.1 ERAHD=ZXLOXERAE

CHEBSICEAYSE e 1-1
CEutisaaEomESFEm S e 2-1
Bt ED O Bl RAEREN 00 e 3-1
. BiDREE O W B RS (30kmET) 0000 eees 4-1
. B REE D B B E AT (30km LLR) (TR HEMEN «---- 5-1
. Bt E BB O M E R (E4930kmET) 0 reee 6-1

. SMAEIE O B B AT (B 4a30kmLELE) 000 e 7-1

REOERRZERICETSHE 2 00 e 8-1

9. NEDERIERICET HHE

10. EHEHOEBEFREMBICEHTIHE

11, B0 E BN ERE O T

12, B S FE L DT

13. BREDOAN=X LEFHE
131 BEAD=XLDOXEFE
132 [BREEHDEE
13.3 BB PHF R I Uh L T EFRERDLELIE

13-3



o - [ FES5IEBFERSE ]
13.1 B’é@%ﬁ:ZAODXTﬁkﬁJﬁE (1/4) EH1-1-2 P.1004 B3 13-4
EfEAHD=X L 1: i (1989)1
]

o ELABNVIZENIE, TU—MEBITHEVEBER LMD KILDESTIE, #iEARMBLTEGYREITHELTS
Y, HRDEBRBEICHBEFHNELHEEILHHEL TS, =7, KIUNGEN TSI TIE, HRA DM T REPITE
IHEMBEN RSN HELTIVS,

o TNLEEADZZXLOENTEMDEE (FEEE, ML) IZBHNHELTNS,




. _ [ FEVEBERE ] 135
131 EEAN=ZXLOXEFAE (2/4) F#H1-1-2 1005 R
EREAN=X L 2: KABI)NIEH(2004)2Hasegawa et al.(2005)%
REEROREAHN=ZZ L
| )
Fig. 6.
Japan showing the upwelling flow with varying thickness in the Hasegawa et al.(2005)3) [Z/in%
Hasegawa et al.(2005)3) [ZfNZE (EAIZHM2004)2) Ofig. 1046 )
Fig. 11. (a) Schematic illustration of across-arc vertical cross-section of the crust and
- o . uppermost mantle, showing the deformation pattern of the
SEMERICESERD2/88—y ) |
SR PEES e
! 4 . o)
i E o RB/NEM20002 (&N, BPHR
N . I DSI6< U MLy o ifiEEh S A
jrmmmmm = mmmm e O LD E (FhB KD E) A B0k L
! iTAZA7 ] Tl A HILL, RAEREERE W
! ) MRICIRIRT HDITHL, EhiIcEEFERD
I I EETEHHBEREOMENFKEL, EET
. ) | BELTLVS,

Hasegawa et al.(2005)%) [Z/N&E

Fig. 111 (EBNIEH(2004)2) Dfig. 1048 4) EABIZEH(2004)2 2N




[ FE59EEBEES J

Z4H-1-2 P.1006 548 13-6

131 BEAHD=ZXLDOXHFAE (3/4)
e AN—X L. 3: Matsu ‘ura et al.(2017)%

* *Matsu ‘ura et al. (201 7)PIZEN (L, 20085 F EHMEBEDEIRME LHERMBRBE OB T EDpop-upl 2K A LMD ERET L
ZRL, NSURAMEEICE S ERERLN L, REEEZLEO TS,




13.1 BEAN=ZXLOXHRFAE 4/4)

BBiHAH=XL 4:FED

OXHRICKHEPERILUMMDERAN=X LDBE

[ FE5I9EEEES

&E¥1-1-2 P.1007 Hig

13-7

]
\

[« B98Ik NIE, TL—NEBIHELEBIE DO KILOETIE, HEAERHLTECY RS T 5ELTE |

Y, i DIBRERRICHTBERNELDHEETLHDHELTND, =7, KIUMGEHN TLSHIEITIL, R LM TRABIZE

JROEMBEMNMRSNDSELTND
ETNLEEANZXLDENTFEHOEE (FEIE, L) [CBENLEHELTIVS,

J

[« ERNNEAQ0002 2 NIE, FURERUMNOSE T LTy S A EBINDALEDE (THbEKDE) ALK |
LTl AL, RAEHEEREEEENICIRINT Z0ICHL, 2RITHEND AR CIEERBR D ME AR
HL, BETHELTNVS,

r

\.

Matsu ‘ura et al.(2017)¥[Z&N(E, 2008 B FEHIMED ERMBEFERMEZDEE T &EDpop—uplZ& DLt D EFE
ETIVERL, N\SURAMEEICKAEHERZ RIS, hREHREZLEHTILNS,

OFH
BPFZIUMOBEADZZALIZE T HIXHAEDHER, XAMICEYVREFEAZCRENETELZLLDD, RD2DOD

fEEAN=X LIZEHEIND,

OEMBZE T HRELIERAN=X L
-

. 5*125]%5%”&lJ.liﬂl,’H%o"ﬂJ.liﬂ{E'J(:ﬂsﬁﬁiﬁ'éﬁ:{t\
ERD—MDEMEHDNEI—FDHDHE
BTEAY, RAEHGCHICEYFEEL, LA
29 5,

e UT, COBRBAN=ZALEIARLT L&

OFFEMEMLGEREEHRELIERAD=X L
(o R LB Ut A R AR D12

el TIEEMERIZIZET B,
- RFRNGEREICEREHRBNHLESICIE
BEEBTHLLHD

e UTF, COBRBAH=ZXLEIBALT L&

\E y

\_>° Y,




13-8

€3=)



13.2 [EfEEHDEE

CHEBSICEAYSE e 1-1
CEutisaaEomESFEm S e 2-1
Bt ED O Bl RAEREN 00 e 3-1
. BiDREE O W B RS (30kmET) 0000 eees 4-1
. B REE D B B E AT (30km LLR) (TR HEMEN «---- 5-1
. Bt E BB O M E R (E4930kmET) 0 reee 6-1

. SMAEIE O B B AT (B 4a30kmLELE) 000 e 7-1

REOERRZERICETSHE 2 00 e 8-1

9. NEDERIERICET HAE

10. EHEHOEBEFREMBICEHTIHE

11, B0 E BN ERE O T

12, B S FE L DT

13. BREDOAN=X LEFHE
131 BEEAN=X LD XHAE
13.2 FEREEHDEIE
13.3 EPE R LTI F EFRIOELIE

13-9



13.2 [BEFHEDEE (1/8)
EHQO KEMEhEREE

Fig.5 1z, ®FHEHETOHES 40 km i
BIE Vy/V KOS E7RT. KV, - B Ve & Vo/ Vi

ESEEERE
[ﬁ¥41—1—2 P.1009 ﬁ?%] 13710

Vp/Vstt

(e LTd £ -9 yashs LRERS R, € il

TTkL7 oy i - TIEREEGEIC R 2 C &0 |
bipd, ERERICEENT O A0 ML, BRI

IKESHEnde, bavdichicEA+as. 7L,

HiEtN TS h—8BE LS 2 &, 2 2hokbiiz Sl

é;h., %ﬂ(ié‘ bﬂ»i?;kﬁﬁdé L.@J:']iut,t
A Z ZHEROQ KSR i - TR ¥ cullg |
Alcftfs s h sz Lol 3,
L
EABINIEH(2004)2) [ZhNEE
VsfmZE R D90 R

R&IFEH(2012)9

TAS4T (EMBE ERELIIER) I,
[BRA7 (GEEMEHIGERE T HRELIZIER) |

9 HESKRFEELTERATND,

RENELA=HDI KB R E | EB)I1EH\(2004)2

RANIEHI(2004)2, RANIEHIQ2012)D(2&NIE, ﬁqqﬁ;@mﬂbbﬂ‘[@
HEI5DIE, HERERHBAAMISES TEHFRICAILMOKS N ZE
I5HEITED, TN, ROBFHICKYHIEIEINS,
OMEREREBTEHDRES A XL
. iﬂj EHERDOTRELT, ZOFRILLEIZN0% L EDHMEMNFEZ HFES (DO)

95 (EBNIFH2012)9),
O'F"Biﬂ RETIZHITHAILED ST
- ALEEED EERIE, 1BV, {EBVs, BVp/VskbigiéL T A—VEN 5,

O LERMARE FIZHTHKD 5
= AL EERL KT, R TETRBRCHETHIEEHNHY, TNILRE

Rn

BEERB/NMNMEBEELTRASND, EMBRFEICIVRICBZLGLTHE

J



[ E5EEESS

BH1-1-2 P.1010 ﬁ#%] 13-11

13.2 [REFHEDEE (2/8)
ZHQ HEEEE

Fig. 9 @HFRIMICIG > TE > 72 Vo /V, LD SR
fThs, dbEEIcHs >0k IHIEOB iz, #5
BRMEEHEE SN D& Vy/V BB ST L, #hoid

Fig. 9. NS vertical cross section of V,/V; structure in NE Japan along a line in the inserted map
[Nakajima et al. (2001b)]. Red and blue colors represent high and low V,/V, respectively,
according to the scale at the bottom. Other symbols are the same as in Fig. 8.
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