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Paleoseismological trench investigation of the surface rupture associated with
the 2008 Iwate-Miyagi Nairiku earthquake (Mj 7.2), NE Japan
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Abstract: The 2008 Iwate-Miyagi Nairiku earthquake (M]j 7.2) produced the surface rupture zone with a
total length of ~20 km, along which none of active faults were previously mapped. In order to reveal
repeatability of the surface-rupturing earthquakes and to understand the relationship between near-
surface rupture geometry and pre-existing geologic structures, we excavated paleoseismological trenches
across the rupture zone. Despite six trenches in total at four separated locations, we found robust
evidence for the previous event(s) at only one site (Okayama site, Ichinoseki City, Iwate Prefecture),
where 2.0-2.5 m of vertical offsets of the late Quaternary sedimentary package composed of a fluvial
terrace were observed just beneath the ~10-cm throw of a paved road due to the 2008 earthquake.
Deformation of the strata exposed in the trench and those of a flight of fluvial terrace surfaces suggest
that the 2.0-2.5 m of vertical offsets of strata was formed by a single paleoseismic event rather than by
accumulation of multiple events with small displacement, although we can not rule out the possibility of
past occurrence of the 2008-type event(s) because the small stratal deformation associated with the 2008
event can not be detected in the trench wall. The eolian deposit overlying the fluvial sedimentary
package contains a horizon of concentration of glass shards that may be correlated with the ca. 41-60 ka
or 82419 ka Yakeishi-Yamagata tephra (Yk-Y) erupted from the Yakeishi volcano, suggesting the vertical
component of fault slip rate is tentatively estimated as <0.1 mm/yr. We infer that such a low slip rate will
result in making detection of tectonic landforms along the surface rupture zone difficult. Although the
other trenches did not exposed undoubted evidence of the pre-2008 event(s), they provide valuable
information for near-surface geometry and activity of the fault(s) associated with the surface rupture
zone. The trench and field geologic mapping along the highly sinuous rupture trace at Mochikorobashi
(Oshu City, Iwate Prefecture) revealed that the surface rupture corresponds to bedding surface of the
undulated upper Tertiary sedimentary rocks, implying the pre-existing geologic structure controls the
near-surface behavior of the faulting. In contrast, the rupture at Hanokidachi (Ichinoseki City, Iwate
Prefecture), which is characterized by straight rupture trace, cuts the gently dipping bedding surface of
the upper Tertiary sedimentary rocks. The trenches across the meter-order-slip surface breaks at north of
Aratozawa-dam (Kurihara City, Miyagi Prefecture) show minimum recurrence interval of ca 3 ka. From
these results, we provisionally conclude that the 2008 rupture zone is appropriate to define as an active
fault but the activity has not been fast enough to leave continuous and distinctive fault traces.

F—T—F : 2008 45 F - HIRARRMR, HWOEETE, U FREERA, 1EETE, S
Keywords: 2008 Iwate-Miyagi Nairiku earthquake, earthquake surface rupture, trench investigation,
active fault, fault activity

19



Fuln IE - sEERE R - s AT - MRS -

1. [FL®IZ

m%&%ﬁ14am%ibk%%W§%W@ﬂ%@ﬁ
72) ZREV, E?%!Mﬁ#%%ﬁ%mﬁﬁ 2T
IEREWAZICH O X912 FE 20km UL EOH
Uﬂ:ﬁ‘ﬁﬁ?ﬁéﬂt (1'§J7Li Toda etal., 2008 ; &
FAE7r, 200855 HIE7, AT (B 11X, %Zl
DI B, BN 17 2 1 K Bk 5 7 0 — B 7 e 22 BT 2
MURSTEE O, AMRHEKR Y e B S5 B F
AT 50 cm LA R Ol 2 A 7 o BT RE 23 Wife A9
WBlEZE ST (B21F, Toda etal., 2008 ; A LIEA
2008 ; E4AIED, 2008a ; EEIEAH, 2008 ; HH:IFEN
2009 ; mMIEA, BERT). —J7, HUEWEE R AL
SAPE T, A— bAA—F —OMBREM DB LT
GEEIED, BET). 205 b, FERATOEER Y
2Ae 5 CE, iR 2R Y > T A — LA — & —
@#m@%&oﬂ ST RE 3 700 m LA B2 7z > CTH
BENT GERIZA, 2008 ; HLILEA, 2009 ; 5% [
ﬁ#,&%@(%2ﬂ%:ﬂ%@%%%@iu\
T HIERIGERE L LTRE, MRrEnTunind
A (GEWTREMFZESs, 1991 ; FHE - AR, 2002) 2
HE L=, 2Dz, ﬂﬁﬂ’#ﬂmu CHS SR WTE D f
HBRFUZOWCiima 5l Sl 2 L7z, HuUE% I E
SNTBHMHAEL L OEFEER - HilE L — %o
ﬁﬁﬂﬁ@#% HEEWE O — AN £ O IEE) & 7
W#éﬁg Bo THIELIZZ &R EN (F
ZI%, Toda.etal 2008 ; #5K1E7>, 2008a ; HEIF D,
2008 ; ALIIEAY, 2009). &5ARIEA (2008a) X, H
ERNCHRE S22 EP%E#IJ KB IO L TR
(DX, HURSE A TIEA (8] 0 #EE W kg 2 58 8 it
WCBRVIRUIEBI L2 2 fE LTS, Lol
DH, ZHETDELZANARNZBRE HHERAT
%méMTﬁngm&$m%ﬁo4&yk@ﬁ%,
BN R, IREHEE, PR, HEWRE
kﬁf%gk@%%ﬁki+ TH SN EN TV
V. DT, HERTE T W O 2R B M S ST ER
ECTXRDPo-BRICOVWTHEELLERT 510X
o TRV, SEIOHEIZHE S HIERTE O & =
BEHLMNIT D2 L1, AT - BERNEREOL
T8 % B 57217 T <, HERBE DN ARNIAKE 220G
Wl 2> 53T B B ORI R0 & ELE1T 9 |k
THEETHD. £ C, MEMELZRLE LML
VT HREIFA A R L. ARSI 2 ISR L
724 HLS (209 B 2 S T2 EATRE Liz729

et THDH. LI, b BRICTAEM R 2
T 5.

2. AERER

2008 49 A b LT iRA S OERE &2 BAG L
k.@ﬁm%bfﬁ,nzm8$ﬂ BE D 1 3% 28 o7
ASEAREE, 2) HIFERNCHRE - SRl SR EE - i

78 L — Wl OHIFHT L BEFOWE BN HEE S

A NASE - AR ]

20

IR - )l E e IR Bk

5, 3) Wim X AKER EWEIN U WDIZET LW 53
SN HHS 2RO L., AR RAEHOESIE
HHEF AW, B HIOSGE X8 BB TR T ] G
ZATH E LB, W oM L HIRE SR E
Hids L OWPBAFREH « Mg~ B 1k XK - SvER
FREEfERR Xk G2 AR L7z, b LTk
%m%%@mwﬁuﬂ~mmﬁlﬂf%é

% Lo FRBEm TIE, K, (2 1 m [EIFETK
%%%D,%Rum@x&/%%ﬁot.%ﬁﬁm
EAHL 50°~60° & L=, P L UFRBEMICHE LM
BOEREHTE T HI2D, KA, K, AEI L
ZERECL, “CAHEMMEIEZFEM L (s, UKL,
TSR & LA o HE) . —07, “CHERREINE
S =MW b v F T, KLKER - L
Mg (F7 Vw7 LA)RICEEN- T 7 7 OB,
REXHE LT, @7V 72470, kil
T A L OEIEYOEGAH R & EITHEE, K
LT Z A D FERIC R T 2 Fhi L 7=, C 4R
WEX BR) MEER M ZeaTic, 7 7 7 o frid ()
WEHE I E VKR L7z,

2.1 tfinth

2.1.1 2008 FHEETE DMK

BHEETIE, BT BT AR B k54T, (L)
DOFIRICKE L BT 2 HEME N E S 700m 2L E
WZbhlzo> THIL L7z (Bl x21X, Toda etal., 2008 ; L
(EH, 2009 ; EHIED, BRd) (FE3X). #iE
Wl oW EREIE, WM IS A B v D FE kY Pk R
(EARAAD) TR OBE S 2% £ 5 Bl B TR
T oD, HUENE A E KOS & B D fFIE Tk
H—RL—LOBEMReT A7 7L hOERZ: Y, K
EEMEE R TEENRO b, B TFAMIT XM
TR~ L2380 2R, —J5<, dbdbd—FERg v
AmXECIERAET IR, BEERXKE AT
B EfES . T ORTNENMIE, ALl 7 2 v
I REEAFRICEEIL, AT ey 7 1CEET 5
ZETHMHTES. ZZToO ETENME I — R
7181 D A HEAE Bl XD S A K 50 em F2E & G
iz,

2.1.2 FDDhEEE

IR CORKOFFHR TH DL RKRELE#M LZWE
L—ADKKNEMEA+THZE2AMELT, b
FHREIFRAT (24T L CEFTI O O HUVE A 2 2 it

llf;. ZORER, 1) R E AN A1 % B
&#%ﬂékmAE%a@EENFE@(F
’f’f@ DOV MR m~% 10 m DR A Y

LTV%:&,Z)%K%%%Et%%Ti,F@@
OEMDEE b L— X LFRFICEHR L 0D &,
3) AL IE~TEITH 30°~40° L {K~FHET
boHZ RSN (F3aX). Loz &b,
AR (Dl & MBI T HEWEIXE



2008 5 F - EIRABEEHEEIZ AL O HUERE O N Lo FHREI A

2SI & 0 AR L7238 =R o g B 2 R L7
JEHET VB TH Y, KAWL T
R b L —AnEih Lo LHEESND.

213 AEH A DETEH
BEAT)INAEROKRE (A v F) &KHE B b
LoF) O2EFT CHENBAERMUIS XL
FERAI L7z B3, FH4R). WO H| R
EHLEFTOBED S O e 2 m O AR D B
o BICALET 5. BRSO E S, HRAKAL
Bt ORBERIIES R e ES N, 20
WS TR U T A A2 e L2 R, 1) B o
HESA D b L2 T IR SR PN C RS (B
THZERTHIN, EdROEBEESHTE LT
S A O B A & R oMk oBf% e
RO WrkE) A EEMERTELAREERHD L, 2)
AR M S O RN X E T O FR Ik L C B
KTFTAEME L RAZRT I EnD, EFHEEZEIC
[RBR DIEEN 2N & AR B AT 2 HERE ) S b Z > 7
SNSEH B OIEENE I 2 SRS T & 5 e
MNRHHZ L, D2/ THD. Ik, ZOBmIZIE,
8 EOTEE) &2 R T HANEITRED H AL, MR
&b 2008 AEHUERZ 13K 40~50 cm D b RN £
A B3 0 oEEZSTE A U (55 3b X))

214 B85 A FLUF

2141 FLUFEEROMME

itz A LU FTIE, A LbHESE 48), =
NEBEEIZEI KB L - L NE (3, 28)
DAL, Bt (1) BIOHHEL (08) »nE-
T2 (BESK). 2B 4 BITEHBLOEGH
LD SISO =y MR S5, BEmWN
OHENIZIZZE DK « B LB EAEL TV 5.
ZTD b, BEmif P OWESE 4bfE) FlcEdEn
LR (ROMOAROE) O "CHERBIEEIT- -
LA, AD1683~1930 4FDFFEL L NE L
7= (MCA-NO1 : % 1 % ; LLFASTH O “CAHERITE
FERG AR O 26 OFIFAZRT). —JF, BAMKIZZ
NEY L EICH T AREm P OB (2e Jg)
WWEENDBEREE S L - OEMNIT AD894~1018 4E
(MCA-E02) & FAIEE D &<, FRMMEA L L
TW5. BB MCA-NOLIZIZEAERILLTE ST
it EREETHAAROETHDL L OO, HiE LT
ITIZEHILTERY, B L EF~E L2
ED, HETRALEARDREITEZ LN,
L7=Mo T, 3B MCA-E02 IZHWEREDIRALT
WA RREMES EW ST L, A b L FRENIC Sy
T HHEX 17 AL I H LWL O EfEIR L7,

2142 MIBEMBIE L 4 NV MER
BERINIC AT 545 2=y ME, b o EHEW
JEHBEALE (7Y v 5 2~4) TRBERORESH

21

EHARAEZLTWD (FE40X, FS5K). BEmE
W CEIBEOMRBIC M T 2K 2=y NOFEEE
WU E 30~50 cm & 2008 AE D HIFRZE (T & [R5 T
HDH., ZoZ L, RS OMENEILZ <A
b - CTH 17 AL LIBRIZ A B ORERIZ X 2 N H
CHTEND.

215 $H&EB LT

2151 FLUFEEROHE

R B N LTI, b kILER 2 ST
BEREBLONDEIKEW A - Vv e (48), #H
BEROVIV MEaDOMERE FIRE T 0 (3b)E),
JEREE SV v Ty ZIRED O Galg), IHH
Bt RrbNDEHET L Q8), Wi (1),
BHHEL (0/8) 0325 (e, dXM, 56 X).
DL, Ja@PICEENDIHM (LK) D
AD1675~1942 4 (MCB-E01) OFEARE LN (5
13%). —7, FERICrHcE SN EmE s v
ro>7 w27 (MCB-E02, MCB-W01) BLUOAE
EO2EPOBRHE L N (MCB-E03) OFERIT
WP BB MCB-EOL LV <, BfEA ML o
ERIBRICE R EERBEOFIERN A LD, 72721,
B MCB-EOL (3810 O3 F 2K THY, =D
FNZIEAKRETHDHZE (BacX) o, 2EE
BrIC EFNBRALZ EIEEZ LRV, —F,
JafEl, %Rk X o xRN, BEMOE L
ELTEEINTE AL LEORREMER D S.
EhIZENEEY 2RBIIEHELEAONS. Lz
Do, Ja@BLU 2 EHOEHE TV b kHE
FEDH D WVITEWIRENDIRA L mTREMERE <, A b
L U FITIRL 55495 3a JBlE AD1675~1942 fELLKE
(CHERE L 7= &l L 7.

2152 MIBERBEL AN MER
2008 FFEHIEE O HUEWE MBI E (7Y v REE2
~4) TIE2~0 BIZAL B3 Y OB TE RO
nn (Fac,diX, FHo6X). HglhicLrK5ME0 E
TAEMEIZSOcmBRETH Y, ZiuIhR il
Nz ETFEMNEEFSETHD.

—J, ZTOTFHIERETIX, EEE 45E) 283
IR EEAECTHE L LTS (B 6X). HEE
HEIWZEBR T 5 &, 3al@nsmra M (i) <FE<
HFELTWD I NG, WMEOHEA R MZED
Rk ST & OWrfgE 2 L - g Tch oAl
BEEbHD (6. LLansd, kg Fmc
SAT 5 3a BLON3b BOWEEL = v kA FEMICH
LA, FALOMAEEEZ ERET 5 3bEIE, 1)
LTSRN AT D0 SR - VOV N
EREHMMUTWD Z &, 2) HEREEENFTRD DI
Z &, 3) JEPHOE: RS & F e V) A i~ A )
LB L, 4) AEEROZERNPAREIRIZEZ N LT
MM T o5, £77, 3af@8lconTh, 1) BEE



Al IE -

VLN Ty 2 BARANCEIE b oK )y
fHLTWBZ L, i) NARIZUI SN AbND
Y10 OnEREZ LR (MCB-EOL) e Ens. Lk
DOFFEMN D, Zhb2Eomda=y F GbEk XL
W 3a @) 1%, WO IRLEZ N TS L7
g OFREMEN @V E R L. HooER (FLry
FHRH S OHIMES) ~OXEvick b e, BEIT
JINEIEREEIT LTl v, BIFEOEFTINEA TR HE
Hl, MEAEINTZEWVWISWMBEIARHD. 2ZL,
MBAEFEORFIIIARATSH S, Wifg FRANEL &
i+ 58 GfE) 13FOEOHE] 3o T EEME A
HDH., ZOMRBELWETDE, FLUTEEHERN
W2 B D REEIT A [F O HE D Jx TH U 7= W HedkE
EV, FOBS, A OMEWE I, AD1290~
1400 £ LIRS RO RIEE) L7z L HIB s s,
LZAT, BHEB ML UFICHE L WEE O E
m - EHENE, EREEO 48R ET D EEE &I
FEAT LTS (G 6K). BT RFETE & FEEIC
HEEWT IR RO BHEE TRV METH S.

2.2 [l =

2.2.1 2008 i EME DMK, FDDHA - #hE
BESLUVREHROETEERR

AR & Z DO SIEPE L) DSTE R U 7= 1] ol B B i e
DA D — BT Rk W] 5=l | LB TiE, 2008 4R
HEBICLE, T A7 7L MfEEEK, 27 U —Fh
UK 72 & A i3 2 iR W 23 AL AL 3 — F pE 75 5
M WrierIZERR S e (B 21X, Toda et al., 2008,
FHIUNEH, 2008 ; E£1EH>, 2008 ; EHIED, HFE)
(567 X).

NN A ROMILTIE, 727 7 /L MEfEERKIC
VA B30 10 cm RS, /KRG 20 cm B2 2 0 B2
BEENBDH LN (BT, $£8alX). ZoHFEE
o T, Bifim bicdbdbs —mm i s ZE o
B S 2~3m OFF R & OKENE S5 200m (2
iz TRDLND (FIEH, 2008 ; LT,
2009 ; 3D, 2009) (55714, %5 8alX). Ak
HEMEIL, ZOEERWVICIFE-HTSLH10H
FLTWD., ZOEOEBITHEALET DEHI - EL
JINCHKI L TRELSBRLTEY, ToDREEL
e R GRS = = € ;1= =3 Nl | R [ 1S Pl Y AL
O EZE LTS GLILEsy, 2009). 295 L
TR S, Z OIR R LB il & 2807 S 5 P
20 OWrEEENC X Rl E Sl D.

FEEIZ - OERESBEOREER TR SN b
DONHSNCT D E & HIT, FOHEAELERCE
BB ARG 5720, BE2M8Y5 bL o T HHIGE
TAEE L7z, SEIOMRAETIE, ZoBEihELZITS
ATEHCEHN T, EES20m, fH10m, ESHEK5m
DORBFZ: Mo TFEEAI L (GF8b X, % 9~11
).

TR - & RHEAT - MRS - BRAIESE - R4y B ]

22

S AR - a)I By e i Ak

222 FLUFEEOME

U TFREEmNIZOAMT D HE X, NGB R
HAHER T 2SS (4, 38) LFNEE Y IEVE
BkIKEn—2E (770 v 7L R) Q@) BX
Ot (18 <hbs E11X). 2B@HICITART
T E BT 7 IR bR, WX D )E
M, A, EV EALGE 11 KIORT L D ICEEK
DOHFEL= v MR END. 2=y FOREE
%2 RITRT.

WHSE (4, 3J8) T o ix CAEREIEREHTE
b hotz. 2 CTEREHREYMOEN O EIRE A
HETH720, 2BBLO1LETNSES 10em fF
\CHEFERNC R 2 BRI L, SREHZBIT D kLT Z
A L EIEMOEHE BOF & TR OWE 2 AT
JEITROMNE T EIT R (1995 1I2HE 5 . AT DG E,
B12MICTRT LIS, 2~1 BaEIcT 7 F R Ek
TR ENT-. 2D H b, B GRERE S 2.1~1.7)
X, 1) RNIZABLIUOARNT AT 3 —H AT Dk
T AN TALOJBUEC LR TRETHZ L, 2) B
HWARADEEREIZE— 7 BNH 5D 2 & TR
Fonsg., ABES2.1I~1TICEENLT 7 T EE
RT1X, KU T 2 DJRYTRCHLMR N S, BT -
B (2003) O (TP, Nr-Y), B4 (b
A, YK-Y ; BEAAIEE, Yk-M) &2 WX s
F (WEFEH, Iw-Y) BROBYEHIT 77T
HARREMENSH H. 72720, TbldkUT T AD
JEPTRICHBERE VR RN &G, BITRORT
ILEARE 7R - R IIREECH D, —F, REEAR -
HTH (2006) 13 B ARIZ A3 2D B Ik % W sk 7 —7
T OFELHEMBAER L, K,0-Ti0, D/ 7 —
NOT 7T OWBINAEETHAZ EEEHLTWA,
T, ABEE 2.1, 1.8, 1.6 3 REBIO KLY T
A D FERR AL TR & 3BT Ude. oW 7 iR 8
(2008) 2D . OHTRERAZF 3 RITRT. F 13K
WETFHEAR - BTHE (2006) 12 K 5 Bk S5 oo % 151 5 57
7 7 7 O K,0-TiO, K AF A Tl L7z 3 3kt 4y
WiRE2zERZLOTHD. 3REDI B, Fiz2
J&_EERORERR S 2.1 B IOV 1.8 DILZEALARIE, FA.
BTHE (2006) @ Yk-Y, Yk-M B LD Iw-Y &I1FIE—
HIT25DIZx LT, Nr-Y SIIBBICE 2> T 5.
F7o, SEMHERICIER TS L, Yk-Y, Yk-M B IO
Iw-Y D55, FHEFEME L THRAREENDDIX
Yk-Y DA THY (BTH - #HFE, 2003), AKAOH
PrEEOWFE S, WTH - FHH (2003) O Yk-Y DZ
NETPLTWD., ZH LT 77 DFENG, 2
J& E¥IE Yk-Y OREIKEHET o 5 AlBEMEDS BV &)
WrEihsd. YkY 77 7 OHAERIZE L TiX, JBir
FHIREHC S &, >41ka b L <% 50~60ka (BT -
B, 2003) EENTWAS. —J7, EIEH (2003)
AT 7 I hicEEn D U a fsgao FT AR
EIWZLD, 82+19ka DFERZHEL TWVDH. ZDT
TIORIENDELWET DL, JRHIHLS OB [ o



2008 5 F - EIRABEHEEIZ AL O HUERTE O N Lo FHREI A

BEAKERENTA 4~10 HAERTL D W2 ik 5.
770, SEOSHTIE, YK-Y 77 T OnHEMERH
L7 7 7P ENT, KILKEe—2E (7
7V w7 VAKE) ORERRIIHIHLNIENT
WRWZ Enn, TIRHER O FREM 2 R RICTET
HZEIFTERY. A%, BB T HEB DB
ERICOWT bRELED, Z OFENRBlOZ YA
RREET D ERH 5.

223 WIBERBE LA N MER

FALMBERICIBWT, 4, 3BLOENEED 2
JEIXA Bl HEW S MBI EME (7Y v REES
~9) LW B2 0 OB e BRI A A2 1T T D
(BB, F72ZIUSHBET 2 & 55 KA
RO ENEEHER I NS, 20 ) HALEEE O 4¢
JEBND Y v REFH 5~10 (130 Tl, 1EANKEIC
X5V T I L O~ E S L KR O
~ PRSI BT b 10 em F2EETE{H] FAS W OZEAE R
LTS, —F, MERTIZZY v REE5~71Z
FEET D dalE~3aEN b IRzl N B a4y
DOERERZ B MR 72 W KT SRR E S D, PHEER T,
4b BORBIENK 2m & 720 AL EE L 2 L~ TRV
A, ZAVIFEENEEMARIC I VI EENTREER,
AT EELS oTWaboEtEZLND. HED
FroBFEFNEENG, ETEME L HIZHERAKF
BREONHEESIND. 29 LEEERAEIL, 2008 4F0
HELEIE L TH D, 2L, WEEDK L=
hOETFEMEITEMEZEA T2~2.5mIZB LA T
W5, 77, 4a~3af@ L7V v R&E= 6~8 TITIE
HEMLTW3E., 295 LEARIL, ARloMEICELS
MR LD HIL DN RKRE W E OO EEfHTE D2
NMNEEFHMNTHD. —F, BEmNSIE, SROH
B I 0REE (EFEAM, KEEME D
10em BELLT) M3 o2 LiXTER. 29
Li=Z&mb, 4, 3BBIU2BICALNDENZE
EOKEIIIE, A RIOMBIZHITT DH-E LS N b
THEU-EHMEND.

L2 AT, 2008 EHIFERF DML EN L TN T
HolmZ Emb, FLYyFHNTO25mIZB LS E
FEMLD /N R BN OFEAERQTELZET DA
b HVELS. LrL, TDOXIR/NERd D
DIEERE Y K U2 2 & 2 RERRAI R I REIL AR,
FHESIZLLFORB NS ZOAFEMITE D TIKL,
1ROANR NTELREEZEZTND. 1) 4, 3ED
o=y MEICIHE ETEMICERBED IRV (%
WE=y FNETOETFTEMNEDSLVOELIL, A
Ry NERETDHEOTIE L, JBEE(L TR
HETh D), 2) EMEEDIKTMAIED S L9 o H
R AR LR, 3) 2/ Hhict A Xy NMIBhET S
X oA MEHERE Y (colluvial wedge : il % 13,
Carver and McCalpin, 1996) 1ZfF7E L 72\, 4) Heh
BEIAATRE L CTA 7= W & Hig o B 22 BT - #t

23

BRARRD Ly, 5) I RN AN 545
B kL FHEIREZITo 2B Em L0 b —BHEAL
OB GEHIED, 2009 D L2 ) ITIRENED
Ly (7)) GuliiEss, 2009). >F v, #HE
iR IR H U 7245 5 0 B I kg C /2 R o0 B,
KR X 0 st EIMICER S, FE2 @
HERER 1 [ OHRT, TORE2~25mEED EFEN
BT Z L THHRRETH Y, KiTTH4 X |
TOWMEMTOT ) EFEFELY HITHINITRE
W, 727U, Edo kol b Lo FREmNTAEOD
HiFE (2008 05 T« EIRNEEHER) (2ffE 5 B KR
HTERnWZ enn, wBEIASEIO XS (MFET
DTNRT R E/ES) ARV NEZDEALTND
ZLERETDHIEIETE R

2.3 WIARILH

2.3.1 2008 FEhEWE DMK

— B ERT AR TIE, KX 400m UL Eicbdi=
DK, BEH, TAT 7 v MEEEER e 8k
AN BV NiE D3 AL B — 1 e 76 A ) O AR 23 D
OHEMENECT- (Bl 21X, Toda etal., 2008 ;
LIE7, 2008 ; $5AK1F D>, 2008a; i HIED>, HEFEH)
(3614 X)) . HEWE I ZEE IR OWimREEZ R4 2 &
ME, MIEEBOWKEIC L AR LHE ST,
MW IR > TS T NEMITRO bitZewn. &
77, ZOHENEOK 100 m Hizi, LM Easy
DOEEHET-CHEBV AT NS ST D @ARIED,
2008a; 3% FHIED, $EFE ) (55 14 [4) . $5AK1F 7> (2008a)
WEACEER EAY 0 oW E A EWTE & L, BALOARR
P B30 O REZFIWTREIC L D60 LR L7

2.3.2 fAEH mDEEEH

MURSZJE D Cl, HEWIEIC L0 Bz A Uik
HOE IH LN —BITHIC L > T 2008 4E 11 H 12 FEHi
ENbHZ Lo TWE, 22T, FOBEIHLHEE
ATZ Y 40 cm AL PEARITE H OFERM A 23E U2 /KA T
MU TFREIEITo 7 (B 14~17K). ML TFo
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bbb, ZOLHTSE L EMEBEEMNFERETH
HZEIWCHERT D E, 4dBEEOENNIE, SRloH
BICEXDENOHLTHHARGETHD. Z 054, 4d
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DOHER L=y MM TE D (B 16 [X). JuhEm
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\ZEeno TR BB T 5, Wb b EREIC LD
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IRIBEIND. 72720, /K ORT u EWTE IR
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TR EWE OB TN E S T2 ONIIAHTH 5.
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1E7y, 2009 ; EEIED, &fFET) (F 18 [X). HuEWr
X, 1) mdbEmomEXE, 2) HA~FILHE—
PR PE M o PR X L 3) dbE— gm0
HXMO 3 >OXENS/45 (55 18b[K). HyeX R
T, 7TA7 70 MEEEK, WE, EIVRA SRR
ICHEMT L, SAICERT W Em B, K
B 20°~45° TEIME S SR Bl S vz, AKX
MToEThEIZ4~Tm LS. —F, e
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BEfh IR OWmBR E R L, BIEO TRIT oy
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PEAEVE — SR B~ BV [ OB ATE S HEE S Db
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A g D IR 2 AR DRI SV T, B0 H
TR BN X AT BE & DR G 7 ZT
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IS LW ET Ve 8 R AT LIRS R,
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= 7 IR RN O RREME RN B WD E R L TV B,
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D OHIUERRIO MBI AR T o HiE L Hrsns. 3
JE I HITERREBI R E SN o 7283, 251X
AD423~563 4 (ARE-E01) , BC193~18 4F (ARE-WO01)
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Table 1. Results of “*C dating.

e AERIIE RS AL

Pre- 13 14 ad 13 14, e
LabNo. = Sample  Trench o1 trer:l 53C (%) (AMS) o Cconesed Caue o meamected G nee fi Caﬁi u?'ed Calendri (16)™  Calendri (20)™
K - 60, Libby A or calibration Calendric age range (1o alendric age range (20,
(AAA)  No. wall ment ;YBYP) 8 pMC(%)  Age(¥BP)  pMC (%) (yBP)
Mochikorobashi A trench
899AD - 919AD (18.6%)
81858  MCA-E02 E Organic silt  HCl  -26.71 0.71 1,080 + 30 87.42 = 035 1,110 +30 87.12 + 033 1,079 = 32 950AD - 997AD (44.3%) 894AD - 1018AD (95.4%)
1005AD - 1012AD ( 5.2%)
1697AD - 1726AD (21.1%)
1814AD - 1836AD (15.3%)  1683AD - 1735AD (26.7%)
- =27 . + ) + 0. + . + 0. +
81859  MCA-NO1 N Wood AAA  -27.61 043 90 30 989 039 130 30 9837 038 89 31 1S47AD - 1851AD (2.4%)  1806AD - 1930AD (68.7%)
1877AD - 1917AD (29.4%)
Mochikorobashi B trench
1683AD - 1706AD (12.1%)
1720AD - 1737AD ( 8.6%
1758AD - 1761AD2 1 1;’; 1675AD - 1778AD (37.9%)
81860  MCB-E01 E Wood AAA 2625 0.59 130 =30 9839 = 037 150 +30 98.13 + 035 130 = 30 1804AD 1820AD(8‘0"/0) 1799AD - 1894AD (42.5%)
- 0%
1905AD - 1942AD (15.0%
1833AD - 1883AD (27.0%) ( %)
1914AD - 1936AD (11.4%)
L 1326AD - 1343AD (22.7%)  1314AD - 1357AD (38.3%)
81861  MCB-E02 E Organicsilt  HCl  -20.57 0.44 550 + 30 9339 + 034 480 + 30 9424 + 033 549 + 29 1394AD - 1421AD (45.5%)  1387AD - 1433AD (57.1%)
L 1318AD - 1353AD (46.0%)  1301AD - 1368AD (63.6%)
1862  MCB-E E It HCl -22.12 4 + 02 + 034 + 57 + 034 + 2
8186 CB-E03 Organic silt C] 0, 580 30 93.0 0.3 530 30 93.57 0.3 580 9 1390AD - 1407AD (22.2%)  1382AD - 1418AD (31.8%)
1298AD - 1321AD (27.4%)
81863  MCB-WO01 A\ Organicsilt  HCl =~ -22.39 049 620 +30 9254 + 035 580 +30 93.03 + 034 623 + 30 1349AD-1371AD (26.2%)  1290AD - 1400AD (95.4%)
1379AD - 1392AD (14.6%)
Hanokidachi trench
81864  HKD-NOI N Organicsilt  HCl -18.43 0.51 470 + 30 9437 + 035 360 =+ 30 9564 + 034 465 + 29 1426AD - 1447AD (68.2%)  1411AD - 1463AD (95.4%)
- 0
ORI e o2
= 00 .
81865  HKD-N02 N Organic silt  HCl  -29.33 0.52 2,530 +30 7297 + 027 2,600 + 30 7232 + 026 2,531 + 30 642BC 592BC(254°/°) 693BC - 659BC (17.8%)
- 4% . .
S76BC - STIBC ( 2.0%) 652BC - 543BC (44.8%)
969BC - 963BC (3.7%)
97BC - 986BC ( 2.19
81866 ~ HKD-NO03 N Organic soil HCl -16.93 0.63 2,760 + 30 7091 + 0.28 2,630 + 30 72.09 + 027 2,761 = 31 931BC - 888BC (35.7%) 998(388-55938163((2:((93 30//0))
883BC - 843BC (28.8%) o
1693AD - 1727AD (17.5%)  1682AD - 1737AD (27.5%)
81867  HKD-SO01 S Wood AAA 2293 04 110 =30 9864 = 034 180 =+ 30 97.77 £ 033 110 = 27 1813AD-1891AD (45.2%)  1758AD - 1761AD ( 0.5%)
1909AD - 1919AD (5.5%)  1803AD - 1937AD (67.5%)
2276BC - 2255BC ( 4.0%)
2201BC - 2131BC (47.9%
81868  HKD-S02 S Wood AaA  -33.31 0.6 3,740 + 30 62.78 + 026 3,880 + 30 61.72 + 024 3,739 = 32 20(8)632_20;35 22(7) g;; 2227BC - 2225BC (0.3%)
o 2209BC - 2034BC (91.1%)
1408BC - 1370BC (33.1%)
- -28. . + . + 0. + B + 0. + - 49
81869  HKD-S03 S Wood AAA  -2829 0.74 3,080 + 30 68.14 028 3,140 + 30 67.68 0.26 3,081 33 1357BC - 1315BC (35.1%) 1425BC - 1267BC (95.4%)
Aratozawa North trench (E trench)
435AD - 492AD (47.5%)
81870  ARE-EO01 E Organic silt  HCl  -24.37 0.5 1,560 + 30 8232 + 031 1,550 +30 8243 = 03 1,562 £ 30 507AD - 520AD ( 9.5%) 423AD - 563AD (95.4%)
527AD - 541AD (11.2%)
81871  ARE-E02 E Organic silt  HCl  -25.32 0.53  Modern 101 + 034 Modern 101 + 0.32 Modern
193BC - 36BC (91.2%)
- o
82430  ARE-WO01 w Organicsilt  HCl  -24.59 0.86 2,080 + 30 772 + 032 2,070 +30 7727 + 029 2,078 + 33 115197?3% f:;cc (5117'11“;’) 31BC - 19BC( 2.0%)
) GL1%) 13BC - 1BC (2.2%)
Aratozawa North trench (W trench)
4226BC - 4204BC ( 4.3%)
L 4166BC - 4129BC ( 7.7%)
-. ¢ S 2] =21 . =+ N + 0. + . + 0. + - .2
81872 ARW-NO1 N Organic silt  HCI 21.6 0.6 5220 + 40 5222 025 5,160 + 40 52.58 024 5219 38  4045BC - 3975BC (68.2%) 4113BC - 4101BC ( 1.3%)
4074BC - 3959BC (82.1%)
81873  ARW-NO3 N Organic silt  HCl ~ -20.87 046 460 =+ 30 9449 + 033 390 =30 9529 + 032 455 =+ 28 1428AD - 1450AD (68.2%)  1415AD - 1469AD (95.4%)
81874  ARW-SO1 S Organic silt  HCl  -22.04 0.36 2,820 + 30 7037 + 026 2,770 £ 30 708 + 025 2822 + 29  1009BC - 928BC (68.2%) 1055BC - 900BC (95.4%)
749BC - 687BC (15.9%)
L 666BC - 644BC ( 4.1%)
- - 9 - 0,
81875  ARW-S02 S Organicsilt  HCl  -21.16 0.69 2,420 + 30 7398 + 029 2360 + 30 7457 + 027 2420 + 31 538BC - 408BC (68.2%) S91BC - 578BC ( 1.2%)
563BC - 401BC (74.2%)
L 1258BC - 1232BC (15.5%)
- -24. X + 15 + 0. + 24 + 0. + 1299BC - 1056B 49
81876  ARW-S03 S Organic silt  HCI 24.4 0.62 2,960 + 30 69.15 028 2,950 + 30 69.24 026 2,963 32 1219BC - 1129BC (52.7%) 99BC - 1056BC (95.4%)
L 1256AD - 1303AD (89.5%)
- =21, . + K + 0. + A + 0. + - .29
81877  ARW-S04 S Organic silt  HCl  -21.88 031 720 30 91.48 031 660 30 92.06 031 715 27 1269AD - 1290AD (68.2%) 1366AD - 1384AD ( 5.9%)
465AD - 482AD (19.99 432AD - 497AD (28.1%
81878  ARW-S05 S Organicsilt  HCl  -21.25 + 0.5 1,520 + 30 82.71 + 0.32 1,460 + 30 8335 + 031 1,524 + 30 (9.9%) 97AD ( %)

533AD - 596AD (58.3%)

502AD - 605AD (67.3%)

THIE T HEIZAMSEE. I E R NSRS MR R T, T A T LibbyoD 5 5684F A fi T

21 0xCal 4.1(Z, Reimer et al . (2004) Matomospheric curveT — % = ~ & ffi f.

s

“Bronk Ramsey (1995,2001) D7 11 75

" All samples were analyzed by AMS method at Insitute of Accelerator Analysis Ltd., Japan. e ages were calculated using Libby half-

time of 5568 years. " The calibaration was conducted by OxCal 4.1program (Bronk Ramsey, 1995, 2001) with data set of IntCal04
atmospheric curve (Reimer et al ., 2004).
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Table 2. Description of stratigraphic units exposed on the Okayama trench.

Unit Description Sedimentary environment

0  Spoil (disturbed by excavation). Man-made

Black soil (so-called "kuroboku"). This unit is distributed over
1 the entire walls. The thickness varies from 10 cm to >60 cm. The Surface soil
boundary to the lower unit (unit 2) is usually indistinct.

Yellowish brown to pale brown loamy silt and sand. This unit is
distributed over the entire walls, but thickens to the east from grid
Nos. 7 and 8 in both the north and south walls. No distinct
2 sedimentary structures developed. Lower part contains Eolian tephric loess
subangular andesitic and dacitic volcanic rocks granule to pebble
gravel. Upper part contains glass shards possibly correlated with
the Yk-Y tephra.

Dark grey gravel (partly cross and parallel laminae developed).
The unit is distributed over wide area on the south wall, whereas
3a restricted like the lenses on the north wall. Thickness varies from Fluvial terrace deposit
30cm to 100 cm. Gravel clast: subangular to subrounded andesitic
and dacitic volcanic rocks with weathered granitic rocks. Matrix:

fine to coarse sand.

Yellowish grey massive silt with gravel. The unit is exposed
continuously on the north wall. Thickness: 10 cm-100 cm. Gravel
clast: granule to pebble of mainly weathered andesitic and dacitic
volcanic rocks.

3b Fluvial terrace deposit

Reddish brown massive silt with abundant gravel. The unit is
distributed continuously on the south wall and eastern part of the
north wall, whereas discontinuously with the shape of lenses in
the western part of the north wall and west wall. Thickness varies
from 10 cm to 90 cm. Gravel clast: subangular to subrounded
andesite, dacitic and tuff.

3c Fluvial terrace deposit

Pale grey massive silt with spotted sandy gravel. The unit is
exposed over the entire walls with thickness up to 100 cm. Upper
part: silt with gravel. Lower part: weakly laminated sandy silt
with fine to coarse sand lenses.

4a Fluvial terrace deposit

Grayish brown gravel containing boulder with ¢ 100 cm (partly
cross laminated fine sand to granule lenses intercalated).
Apparent thickness at the western wall is > 3 m and thins to the
east on the north and south walls. Gravel clast: granule to
boulder, subangular to subrounded, andesitic and dacitic volcanic
rocks and tuff. Matrix: fine to medium sand (partly silty sand).

4b Fluvial terrace deposit

Pale greyish brown to pale brown sandy silt with weakly
laminated coarse sand to granule lenses. This unit is limited in the
lowermost part of the west wall and westernmost part of both the
north and south walls. The unit is interpreted as contemporaneous
heterotopic facies with unit 4d. A gently dipping thrust with
apparent slip of 10 cm occurs at the north wall.

4c Fluvial terrace deposit

Dark greyish brown gravel (partly parallel to cross laminae
developed). The unit is exposed only the eastern side of both the
north and south walls. Gravel clast: granule to boulder,
subangular to subrounded. Matrix: medium sand to granule.
Black colored portion due to precipitation of the manganese
oxide is widely distributed.

4d Fluvial terrace deposit
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Table 3. Major element composition of volcanic glass shards taken from tephric-loess layers exposed on the Okayama trench walls.
a) Sample No. 1.6. b) Sample No. 1.8. ¢) Sample No. 2.1. Sampling horizons are shown in Fig. 11.

)
Sample No. 1.6
Point No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15  Average  Std.dv
SiO, 74.61 72.70 72.48 71.48 74.30 75.70 75.58 75.40 76.97 75.14 73.89 75.50 76.32 75.10 74.85 74.67 1.49
TiO, 0.36 0.47 0.55 0.54 0.24 0.25 0.26 0.25 0.30 0.32 0.38 0.45 0.17 0.29 0.35 0.35 0.11
ALO; 11.30 12.64 12.73 12.58 11.64 10.90 11.45 10.26 11.31 11.06 11.49 11.19 11.19 11.11 10.89 11.45 0.70
FeO 1.61 2.64 2.53 2.25 1.34 1.50 1.23 2.31 1.50 1.39 1.86 1.97 1.58 1.73 1.65 1.81 0.44
MnO 0.07 0.19 0.17 0.10 0.07 0.00 0.04 0.00 0.14 0.00 0.09 0.02 0.00 0.00 0.05 0.06 0.06
MgO 0.25 0.64 0.55 0.61 0.14 0.17 0.13 0.43 0.15 0.19 0.32 0.22 0.15 0.16 0.23 0.29 0.18
CaO 1.34 2.64 2.62 2.67 1.24 1.66 1.34 1.89 1.36 1.20 1.76 1.77 1.58 1.48 1.66 1.75 0.51
Na,0 3.38 3.56 3.73 3.74 3.54 3.03 3.07 3.26 3.48 3.00 332 3.23 2.38 3.58 3.05 3.29 0.35
K,0 2.85 1.17 1.25 1.27 291 2.69 3.03 2.10 1.74 2.94 1.29 2.66 2.55 1.69 2.63 2.18 0.71
Total 95.77 96.65 96.61 95.24 95.42 95.90 96.13 95.90 96.95 95.24 94.40 97.01 95.92 95.14 95.36 95.94
Point No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15  Average  Std.dv
Sio, 7791 75.22 75.02 75.05 77.87 78.94 78.62 78.62 79.39 78.90 78.27 77.83 79.57 78.94 78.49 7791 1.54
TiO, 0.38 0.49 0.57 0.57 0.25 0.26 0.27 0.26 0.31 0.34 0.40 0.46 0.18 0.30 0.37 0.36 0.12
AlLO; 11.80 13.08 13.18 13.21 12.20 11.37 11.91 10.70 11.67 11.61 12.17 11.53 11.67 11.68 11.42 11.95 0.72
FeO 1.68 2.73 2.62 2.36 1.40 1.56 1.28 2.41 1.55 1.46 1.97 2.03 1.65 1.82 1.73 1.88 0.46
MnO 0.07 0.20 0.18 0.10 0.07 0.00 0.04 0.00 0.14 0.00 0.10 0.02 0.00 0.00 0.05 0.07 0.07
MgO 0.26 0.66 0.57 0.64 0.15 0.18 0.14 0.45 0.15 0.20 0.34 0.23 0.16 0.17 0.24 0.30 0.19
CaO 1.40 2.73 2.71 2.80 1.30 1.73 1.39 1.97 1.40 1.26 1.86 1.82 1.65 1.56 1.74 1.82 0.52
Na,0 3.53 3.68 3.86 3.93 3.71 3.16 3.19 3.40 3.59 3.15 3.52 333 2.48 3.76 3.20 3.43 0.37
K,0 2.98 1.21 1.29 1.33 3.05 2.81 3.15 2.19 1.79 3.09 1.37 2.74 2.66 1.78 2.76 2.28 0.74
Total  100.00  100.00  100.00  100.00 _ 100.00 _ 100.00  100.00 _ 100.00  100.00 _ 100.00  100.00 _ 100.00  100.00 _ 100.00 _ 100.00 _ 100.00
b)
ple No. 1.8
Point No. 1 2 3 4 5 6 7 8 9 10 11 12 Average  Std.dv
SiO, 75.81 76.42 75.58 74.74 75.17 75.50 74.50 74.94 74.90 75.30 74.87 74.04 75.15 0.63
TiO, 0.22 0.42 0.30 0.17 0.16 0.37 0.32 0.34 0.26 0.43 0.33 0.36 0.31 0.09
AlLO, 11.37 11.47 11.38 11.73 11.55 11.52 11.35 11.04 11.32 11.61 11.55 12.12 11.50 0.26
FeO 1.41 1.28 1.36 1.22 1.37 1.60 1.67 1.97 1.56 1.43 1.34 1.67 1.49 0.21
MnO 0.05 0.12 0.00 0.06 0.00 0.00 0.04 0.04 0.09 0.04 0.04 0.00 0.04 0.04
MgO 0.21 0.18 0.29 0.12 0.09 0.29 0.24 0.35 0.23 0.19 0.20 0.42 0.23 0.09
CaO 1.19 1.23 1.42 1.07 1.09 1.37 1.33 1.91 1.35 1.44 1.40 1.97 1.40 0.28
Na,0 3.50 3.52 3.53 333 3.22 3.44 3.45 3.41 3.46 3.54 3.41 3.65 3.46 0.11
K,0 2.73 2.80 2.70 3.33 3.24 2.75 2.85 2.05 2.76 2.76 2.79 1.44 2.68 0.50
Total 96.49 97.44 96.56 95.77 95.89 96.84 95.75 96.05 95.93 96.74 95.93 95.67 96.26
Point No. 1 2 3 4 5 6 7 8 9 10 11 12 Average  Std.dv
SiO, 78.57 78.43 78.27 78.04 78.39 77.96 77.81 78.02 78.08 77.84 78.05 7739 78.07 0.32
TiO, 0.23 0.43 0.31 0.18 0.17 0.38 0.33 0.35 0.27 0.44 0.34 0.38 0.32 0.09
AlLO; 11.78 11.77 11.79 12.25 12.05 11.90 11.85 11.49 11.80 12.00 12.04 12.67 11.95 0.29
FeO 1.46 1.31 1.41 1.27 1.43 1.65 1.74 2.05 1.63 1.48 1.40 1.75 1.55 0.22
MnO 0.05 0.12 0.00 0.06 0.00 0.00 0.04 0.04 0.09 0.04 0.04 0.00 0.04 0.04
MgO 0.22 0.18 0.30 0.13 0.09 0.30 0.25 0.36 0.24 0.20 0.21 0.44 0.24 0.10
CaO 1.23 1.26 1.47 1.12 1.14 1.41 1.39 1.99 1.41 1.49 1.46 2.06 1.45 0.30
Na,0 3.63 3.61 3.66 3.48 3.36 3.55 3.60 3.55 3.61 3.66 3.55 3.82 3.59 0.11
K,0 2.83 2.87 2.80 3.48 3.38 2.84 2.98 2.13 2.88 2.85 291 1.51 2.79 0.52
Total  100.00  100.00  100.00  100.00 _ 100.00  100.00  100.00 _ 100.00  100.00  100.00  100.00  100.00 _ 100.00
<)
Sample No. 2.1

Point No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15  Average  Std.dv
SiO, 73.71 75.27 74.53 74.34 74.99 75.82 75.49 74.86 74.14 74.42 74.76 74.91 73.50 73.54 76.48 74.72 0.84
TiO, 0.25 0.21 0.38 0.24 0.19 0.32 0.27 0.12 0.29 0.28 0.32 0.05 0.21 0.25 0.30 0.25 0.08

ALO; 11.21 11.46 11.22 11.32 11.43 11.41 11.71 11.00 11.37 11.42 11.26 11.52 11.50 11.14 11.37 11.36 0.17
FeO 1.52 1.23 1.72 1.36 1.46 1.32 1.63 1.11 1.35 1.35 1.37 2.11 1.80 2.01 1.77 1.54 0.29
MnO 0.00 0.06 0.08 0.11 0.00 0.00 0.12 0.11 0.00 0.00 0.00 0.13 0.07 0.01 0.07 0.05 0.05
MgO 0.26 0.16 0.25 0.14 0.14 0.29 0.26 0.22 0.22 0.21 0.22 0.05 0.09 0.03 0.21 0.18 0.08
CaO 1.42 1.08 1.65 1.34 1.30 1.37 1.37 1.19 1.32 1.39 1.18 1.27 1.46 1.27 1.24 1.32 0.13
Na,0O 3.35 3.25 3.19 2.94 297 3.21 342 2.99 3.36 3.28 343 3.75 2.54 3.28 3.35 322 0.28
K,0 2.66 2.67 2.54 3.18 3.16 2.76 2.69 3.08 2.84 2.89 2.74 2.63 3.34 2.84 1.76 2.79 0.37
Total 94.38 95.39 95.56 94.97 95.64 96.50 96.96 94.68 94.89 95.24 95.28 96.42 94.51 94.37 96.55 95.49
Point No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15  Average  Std.dv
SiO, 78.10 78.91 77.99 78.28 78.41 78.57 77.86 79.07 78.13 78.14 78.46 77.69 77.77 77.93 79.21 78.30 0.47
TiO, 0.26 0.22 0.40 0.25 0.20 0.33 0.28 0.13 0.31 0.29 0.34 0.05 0.22 0.26 0.31 0.26 0.09
ALO; 11.88 12.01 11.74 11.92 11.95 11.82 12.08 11.62 11.98 11.99 11.82 11.95 12.17 11.80 11.78 11.90 0.14
FeO 1.61 1.29 1.80 1.43 1.53 1.37 1.68 1.17 1.42 1.42 1.44 2.19 1.90 2.13 1.83 1.61 0.30

MnO 0.00 0.06 0.08 0.12 0.00 0.00 0.12 0.12 0.00 0.00 0.00 0.13 0.07 0.01 0.07 0.05 0.05
MgO 0.28 0.17 0.26 0.15 0.15 0.30 0.27 0.23 0.23 0.22 0.23 0.05 0.10 0.03 0.22 0.19 0.08

CaO 1.50 1.13 1.73 1.41 1.36 1.42 1.41 1.26 1.39 1.46 1.24 1.32 1.54 1.35 1.28 1.39 0.14
Na,O 3.55 3.41 3.34 3.10 3.11 3.33 3.53 3.16 3.54 3.44 3.60 3.89 2.69 3.48 3.47 3.37 0.28
K,0 2.82 2.80 2.66 3.35 3.30 2.86 2.77 3.25 2.99 3.03 2.88 2.74 3.53 3.01 1.82 2.92 0.40

Total  100.00  100.00  100.00  100.00 _ 100.00  100.00  100.00  100.00  100.00  100.00 _ 100.00  100.00  100.00  100.00  100.00 _ 100.00
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Fig. 1. Map showing the epicentral area of the 2008 Iwate-Miyagi Nairiku earthquake and the surface rupture.
Epicentral locations of the mainshock and five-day aftershocks are from Japan Meteorological Agency.
Inset map showing tectonic setting of the study area. Base map is from Kishimoto (1999).
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55 2 [X. 2008 AR5 H RN REIERICAE D MIERWTE HBUE ORO) & L FiidR (). Mo,
Ok : i |11, Ha : #ARSE, Ar: SRR L4007, FEROE, ELHEERT (2001) ZHVWC=woci
Yy 7 7 =7 Surfer8 (Golden Software, Inc., CO, USA) {Z J ¥ /.

Fig. 2. Map showing the locations of surface ruptures (red quadrangles) and trenching sites (black arrows).
The shaded relief map is created using Surfer®8 software (Golden Software, Inc., CO, USA). DEM

data is from Geographical Survey Institute (2001). M: Mochikorobashi, O: Okayama, H:
Hanokidachi, A: north of Aratozawa dam reservoir (Aratozawa-dam north).
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Fig. 3. a) Map showing the trace of the surface rupture along the Mauchi River (Mochikorobashi, Oshu City,
Iwate Prefecture) and surficial geologic structure. Bedding attitude of the upper Tertiary(?)
tuffaceous silt and sand along the surface rupture is shown. Barbs point to hanging wall of the thrust
rupture. b) Locations of the Mochikorobashi A and B trenches are shown in red rectangles. Shaded
relief map is created from airborne LiDAR data acquired after the earthquake by Aero Asahi
Corporation. u: upthrown side, d: downthrown side.
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bty .

F;s_u_rféiée Tuptl
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surfacejrupturels

H4X. a) BHE A BIOHHE B b FOME. b) A ML FPaEER. HIF IR REIMATR 2R AHEO L AN,
2008 FEHIFRIC KD HIR AN LFRFI TH 5. ¢) B Lo FHEER. d) B Lo FaEER.

Fig. 4. a) Photograph showing locations of Mochikorobashi trenches A and B. b) West wall of the Mochikorobashi A trench. c) East
and d) west walls of the Mochikorobashi B trench.
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& surface rupture
O fault exposure (Toda et al., 2009)

557 X, b LR OB OBEE, 2008 FEHIERWTEIS LOW LML FALE. BB R
MRS KA L — D HT — & & .

Fig. 7. Airborne-LiDAR-derived color-coded shaded relief image shows the pre-existing 2-3-m
high east-facing flexure scarp on fluvial terrace surface. Note that the surface breaks
occurred at the basal part of the pre-existing scarp. Location of the Okayama trench is also

shown. Base map is constructed from airborne LiDAR data acquired after the earthquake
by Aero Asahi Corporation.
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Fig. 8. a) Photograph showing that the 2008 surface break with ca. 10-cm-high east-facing scarp
that occurred on the pre-existing 2-3-m high east-facing flexure scarp at Okayama
(Ichinoseki City, Iwate Prefecture). Location of the trench is shown as a dashed white

frame (photo taken 20 August 2008). b) Photograph showing the deformed strata exposed
on north wall of the Okayama trench.
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Fig. 9. Detailed topographic map showing the trench is excavated across the east-facing scarp at

Okayama site. Contour interval is 20 cm. The map is constructed using ground-based LiDAR
data (ground return data).
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Fig. 10. Mosaic photographs of the Okayama trench walls.
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Fig. 13. K,O-TiO, diagram of glass shards from Sample Nos. 1.6, 1.8, 2.1 and late Pleistocene marker tephra
layers from Mt. Iwate, Naruko Caldera and Mt. Yakeishi volcanoes in the Tohoku district (modified
from Aoki and Machida, 2006). Sampling location is shown in Fig. 11 and result of the tephra
analysis is shown in Table 3 and Fig. 12.
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Fig. 14. Shaded relief image showing the 2008 surface rupture and location of the Hanokidachi trench site
(Hanokidachi, Ichinoseki City, Iwate Prefecture). Traces of the surface rupture are after Toda ef al.
(submitted). Circles mark the trench sites investigated by Suzuki ef al. (2008a, b). Base map is
created from airborne LiDAR data acquired after the earthquake by Aero Asahi Corporation.
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Fig. 15. a) Surface rupture that warped the rice paddy at Hanokidachi. A view from southwest. b) The
trench excavation was conducted during restoration work of the rice paddies by courtesy of
landowner and Ichinoseki City. A view from northwest.
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Fig. 17. Photographs showing deformational characteristics exposed on the Hanokidachi trench. Stratal deformation along the
principal fault zone in a) north and b) south walls. Close-up views of the stratal deformation along the principal fault zone in c)
north and d) south walls. ) Minor fault displacing base of the fluvial gravel layer vertically exposed in the south wall (grid
no. 18). f) Minor faults, which do not displace overlying gravel layer, expose slickenside striations plunging sub-horizontally
(south wall, grid no. 8.5).
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Fig. 18.

KHD) AoRT EEENCIE, E - HPRRE R 42 T B B http:www.gsi.go.jp/topographic/bousai/photo_h20-
iwatemiyagi/photo/C006-0971.jpg DO—iBZ M. b) HEEWE NL—2A & MU FALERK. L EFALEROPE X GF
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a) Aerial photograph taken immediately after the earthquake showing the surface rupture that displaces forested
mountain slope at north of the Aratozawa dam reservoir (Aratozawa-dam north site) in Kurihara City, Miyagi
Prefecture. Yellow solid lines are rupture zones. Paired half arrows show strike-slip sense. Tooth on the hanging
wall side. White arrows depict horizontal displacement field (Kamiya et al., 2008). Background aerial photograph
from Geographical Survey Institute (http:www.gsi.go.jp/topographic/bousai/photo_h20-iwatemiyagi/photo/C006-
0971.jpg). b) Shaded relief image showing the surface rupture zone and location of East and West trenches of
Aratozawa-dam-north site. I: western thrust segment, II: central dextral strike-slip segment, I1I: eastern thrust
segment. Base map is constructed from airborne LiDAR ground return data acquired immediately after the
earthquake by Aero Asahi Corporation. Area of the image is shown in Fig. 18a.
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Fig. 19. Photographs showing the near-surface deformational features of the 2008 surface rupture exposed on the East and West
trenches of Aratozawa-dam north site. a) East wall of the East trench. b) West wall of the East trench. ¢) North wall of the
West trench. e) South wall of the West trench. For details see text.
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