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Abstract: The Shizukuishi—Bonchi—Seien fault zone (the western marginal fault zone of the Shizukuishi
Basin) in Iwate Prefecture is an NNE-SSW-trending, west-side-up reverse fault zone that extends for
approximately 17 km. This fault has been evaluated to be capable of generating a large earthquake of
about M 6.9 accompanied by about 1 m west-side-up maximum vertical displacement at ground surface
based on its surface length. However, due to the lack of quantitative data on activity such as long-term
slip rate and paleoseismic history, the future probability of the large earthquake is assessed to be
unknown. In order to quantitatively estimate the long-term slip rate of the Shizukuishi-Bonchi—Seien
fault zone, we conducted the following investigations on the Nishine-juzoku fault (Nishine-subordinate
fault), a major element of the fault zone; 1) classification of the geomorphic surfaces and measurement of
vertical separation of faulted originally identical surfaces based on interpretation of aerial photographs
and detailed topographic images created from lidar-derived digital elevation models; ii) accurate
measurement of coordinates and elevations of stratigraphic boundaries at each outcrop by in-situ
surveying in conjunction with the detailed outcrop mapping on both sides of the fault; iii) grasp of the
distribution of stratigraphy on the downthrown side (footwall side) of the fault by a 80-m-deep boring
survey; iv) estimation of height difference in the faulted key geological markers, including the
depositional surface of the Shinogamori Pyroclastic Flow Deposit, upper surface of the Arine Formation
and erosional surface of the Takakura Volcanic Products, based on the geological cross section created
from the outcrop observations, stratigraphic and geotechnical examinations of the drill core, and
topographic surveying; v) numerical dating (fission-track dating for the Shinogamori Pyroclastic Flow
Deposit and K-Ar dating for the Genbu-onsen Lava and the lava from the Takakura Volcanic Products)
and tephra analyses of sediments, for constraining the ages of the faulted sediments and lavas. The
eruption age and throw of the Shinogamori Pyroclastic Flow Deposit yield a vertical component of slip
rate of 0.4+0.2 mm/yr since 70+30 ka. The vertical component of the slip rates since the Middle
Pleistocene as estimated from upper surfaces of the Arine Formation and erosional surface of the
Takakura Volcanic Products are roughly consistent with that estimated from the Shinogamori Pyroclastic
Flow Deposit.
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BRI E D 72D, ZRIRR VT OFEAR ) OW KR
FOHEERWOEIZEST D (F3cX). HikH
JIA R IZ A3 A9 2 R IE, WEIK M & LA e
DEEZR L, B m ORISR & K LHEEE K



Full IE - ZEEE M5 - HIEE REED - AR ED

EREET . ARED X DORICEST AR EITA
WETHhHD.

422 FhhmE MBEOLTEE

MUZe L — VM IE 7 — & & O 72 5HAOH &1
oW E g & M O AR E L LI T 0@ v
Thod. BHREIIAERICALNDREMNREIHOH
BRI A 8 XIZRT.

OER]

T L D 43 A i FE 1 2 IR R AT 3T T & 365~
367m TH Y, FEARBIINIH - T 1.5° FREOHERA %
Ho TRIFERICHRICEEZ T, T oK —
U 7 i (RO2-NT-1; 56, 7)) i T &
32mFEEL /0D,

[BREE2H LU 1]

Bt 2 B LN I, 18 7 ZRKHEITEHEREY) D HERE
JRE 2B+ 5 EfR, 4/ XU 7RBLOZRKIE
REFORa FA4KIRT) BT 5. X
RIERBESFORalZoMT 2EEH2IZFRIASORK T
PRI L, DAL 392~396m THDH. Z D
Tt 2 VAR BT OEHEE R & 13 25~30 m FREE Ot
mELD. —F, EfJHBWICEERm?2 (2) B
JOBERm1IAomL, BREml1AEEm2 L9 3
~AmBESW. ERLEL ST, BEmE LIXER
PEJE W DTGB X 0 Pl U 7= B i 2 O TREME DS
HD. EERNOCOEREH 2 & ERE)IOIBERE
DEEIZ IS mBEETHS.

[(ByrFARREEMERREES & Cthizm 1]

& o BRKEFEHERE ) 18, W B CIx E IR R
WEEWBE L UL OML TS, TOREE T S5m
BRETHY, BT AL THREBEEINS. —F,
Wl T AR O 1% 7 R KR HERE W IAE o ARS8 % 9878
L, BENI15~20m 720, B FREICHEIR
D, AR B EE L, AT 384~387m TH Y,
AT 356~362m THDH. £7-, BREIIDOES
REEIZ I DA D 434 O JE TG E 13 AR T 380~382
mTHY, FEMT339~34lm OMICH 5 (5 8 IX).

[(ZHERAE]

ZRIEBREEL, ZREREFDPOR—V 7
JROTEH F TIHRBE IV OBIR [ A SR 213138
BRI LTV D, AL, XEiERE ST
BILFES376~390m THVY, £ TOEEITI12
~15m Thd. TILOEFICHT CofimEs T
o, JEHA E-1 10T T 363~380 m FREE D43 Af i E
L7eb. Fm, BEHSELIfITTOBEEL 12~
20mHTHD. £, FITIAR—AERT-1R2ET05
WHIZ oA EZ B, JEH S F-2 73158 T 372~
384m &7 5. WEME F2 L TOREIEIL 12 m 2
ETHD.

[(BRE]

HREE, ZRIEREHFTNHLR—V 7SO
5 FE CTEAR B/ e ORBE Wit 2 04 LTV D

JEEIX 6~8m TIRIFHETH D, i E 1L LliE
SR C370~376 m, | & A E-1 5 U7 T 358~
365m Th D, £ LT, ZRIERESERERIZNT
IN— 2R T-12 FF T 5 B 53 AR & B 2 B8, = R
F-2 £ T 363~372m & 72 5.

(&2 XLUEH Y]

EAKILmE YL, HEGED VO BRI A
BEICWrige S A3 5. [RIJE O BB O 7547 & 1%
M EH S D-2 TK 363 m, JIEHA E-1 TK 358 m,
R &S F-2 TR 363m ThH .

43.R—1) U IRE

43.1. AEME

HEE S D W78 o AR CHi R 2> 5 iR 80 m
A—1VU 2 (RO2-NT-Br-No.l1, AT RO2-NT-1) %4
HIL, A—na 7 28 L7, EH TSR
MR OIREFICALE L, Lo 34238 m T
b5 (6, T, HIXR). A=V 7aridk #
DWW iENZ S WL, 2.5m XEEICE
HEfRE L., £, a7 38g8IsL bl #
W35 K-Ar AEGHIE B L OVKILIR 8T O3k 2 B
L7,

A=V r7ariziztgddsLr, b,
Bt WhHEE, BALIEVEL IR D0 KR E D
LD KIS HERE Y, AVRERE 5 K OVE A K 1L o ok (L
H O HRRD Si-. —J7, FBANZIEL 546
T 5 LRIEREE IR SN 2otz £z, &y
AR & E A K ILE Y ORI AR 3 D b L o
JEX (Fd4d4m) 1%, HBREIOFEFECHRINDHIR
oz (JBEK 6~8m) I[ZHXTHEIZEW. £
DIz, ZOWESEIXERE & F LSO ELSE 2
XK TEXLAMMEND L. F2T, BEDOXSEH
ST BRI RS BT, a7 O E AR Z FE
L7, $FEARBRIT, #HE ORI 254 572912,
HgIc# 2~ EEBAIEZOREOMEEEAEDN
HEHEANAREZRDDL D THS. RBBIIMAS
LR BAEFTER O s~ b e g (SH-70) %
AL, WEsRIT, BEokRE, wEY VBB X
KRHERE & L, R—1 v 7 O#ES HICH -
T 20 cm FHIFE CHRIE S Z7RIT 7=, HIE S B & 7=
LA, FOBOEROREZNRE L, A—
Vo7 arBEEBLOR—Y VRN EZEZNEN
10 KB L O 11 KIRT. £72, $#H8E ARBR
RAEE SRR ILOE 12a KITRT.

4.32. FR—1) VT AEM R ED DR

RO2-NT-1 FLO R R 1%, FHR )L FE DI
MBI A L, KEBEZFRIAIN TS, Z il
B R D AN I & 15~25 m O FGFE P ] & D AP
b7 — W R GAICIERT WS (B4, 5cX). =D
FEIX, OO TN EAR BN OR T 5z Fn
MICHY, KO FEFERENMEST & 72 5 D dhfRIR



T AHVERRETRE Ca T o ISR DA 0 P-4 2 s B

EEI LD, ERAEIIOMAFRETER SN
BRETHD WSS, —7F, RO2-NT-1 fLodt
ENE, e ssm BREEOEHIETH Y (5F 4, 5b X)),
M O B A A T E T (PR R T )
DOART 5B & S, 1998 4F D TNk o HiFE
DRI HHEEY OZR (BRFORGEIZAE LT LYy
r—U oL H—RL—LOEE) NiERINT
Wo (BEEIEA, 1998) (FF4 ). ZoZkix, B
FUED (1998) IZRENTWDH LR, 1998 FED i
ECTHEL-MEMEOLRFERICHIZSH. L=
235 T, RO2-NT-1 FLONLE 1T HUE W E o AR &
7=5.

433. R—) o5 a7 THONDHE

BEOFEER, R—V 7 a7k, &, wWiEE,
KARHERE Y, BEIKAMCE I X OVE LUE A DR
Shr- (510, 11). R—U v ZHEIRNSFEEN
HEE SN ZRIEREE IR =V 7 a7 TR
ST, RVEERE O FALIZ & A K LE Y o 2 (LS
BER AT T L OV PSR E N HBL L. 207w,
BRI SN AHEEEN EOXENFEAHTH .
22T, bikobtBVERICETHIERESELHWN
T a7 SN WO HEEE O B A BB Uk (LK A BT
Wt L7z, 72, a7 TR S U KRR HERE
DT b KR HT 2 S0 L 7=

a7 OBIERE L O E ARBRERBR O, EE 1.00
~8 A2 m T AT HWHENE, VREE 8.42~9.71m Dk
Hei R O HIEEE R T, $FE A AR E VDD
bz (FEI12K). £z, KEEmHEREY O FALOE
VRS X, TREE 22~25 m T & BRI B AN AL IZ B
DINRIBOLRRD LN Z LG, ErofE1 &
TALOEEE 2 1T Ay Lz, SREEB L OB ERT 5
KWK GHT OFER & EBEIC L 2K —V v V&
WS ELOME DA% 5B LT, 2 TIlREEE
| =HRE L, 82 2y g MR L. £z,
HEJE 1 O AL O KFERHEFE IOV T Y, HHE A
W DOHE D534 A BEIT U THE » FR KRR HERE ) &
R U7=. o 7THEER X O E ARKBRICE S < RO2-
NT-1 =27 OHIE X 53 %55 12b XIZRT.

DLFIZAR =Y v arichbn 2 gl L O%HE
ANARLEZFLT. £, B4 (HBRE), S48 - Y
HBXRa 7o G4 (BRiR) 28 4 F£IC
F LD,

[t (GZRE 0.00~1.00m)]

WEEE NS 5. BT 2.5~T7 cm D74
HE A~ AL TR E 95, IR~ FhL
wThs.

CoERHEEY (GRE 1.00~8.42m)]

1.00~8.42 m : WVEHL)E

TS Lem LU N O & £ 3~15 cm B O i
R ICEH M ~MEE R ET 5. WIKIEOCARR
T, BERITS0% FRETH D, HEITHR~ PR T

HY, ISR BOERT D, BEHETHD. HE
AABE 0.6~1.0 N/mm T, ¥ 0.8 N/mm TH 5.

[Ty ZFARREEY (RE 842~9.71m)]

8.42~9.71 m : KWL HEFEW)

KK, BABIOKLEN D725, BAITRE I
~12cm CHRZIIEETHY, KAG~EIKGE
2. HWEXFTHDH. SHEAARIL 1.0~1.7 N/mm
T, F¥1.4N/mm TH 5.

[(f4E 1. BIREBHEE (FE 9.71~2250m)]

9.71~9.80 : >/ NEU Y HUEBIHS =

HEFR OB T RBNR LS. IZ5 VR
wBrE LI 5.

9.80~14.08 m : WE )=

IR 1 em LA T OFMEE & £ 5~60 cm £ O Hrfit
RNCHE M~ HAEEE TR E T 5. BIKEOOR
B~ARET, ERIBELR40~50%FRETH 5.
FE TR ~HRW TH D, BERBO~IZ SRS
BERTH. B THDH. FHEAAENT 1.3 N/mm
TH5D.

14.08~14.43m : YR C W V>V N &

HEFER O KINIRE ORE v N E. $#E AAED
1L 1.2~22N/mm T, F¥1.7N/mm TH 5.

14.43~22.50 m : WY/ HE)e

TS L em LU O & B8 5~60 cm FLJE O fif
RENEHA~EAEELE TR ET 5. BIKIIOOR
E~FRBET, #BERIBB1R40~50%BEETHD.
B IR~ MR TH D, BRI A~IZ S VIR
BERETDH. BEEETHDH. HEALEIL09~3.6
N/mm C, ¥ 1.7N/mm TH 5.

[(f4Z 2 B ZEHLE (FE 22.50~53.78m)]

22.50~53.78 m : RVEL RS

BT 1 em LU T OFMEE & £ 4~80 cm F & o Hrfit
~ R A~ A A IR TS, &
20em ZBZ AL L EEND. HIKITOCRE
~RET, BRIBBTR50% EETHD. BEIT
MBI ~HRind ©, EEFRTH 5. KRB~
~IZEWRE R RET D, B THD.

FHEABBLIE, 22.50~28.22 m X [A] TR 5 A
WiBHICE < 5. 28.60m LUEIZIZIE—EERD.
22.50~28.22m COHE AAE X 1.3~5.1 N/mm T
SEHI2 I N/mm THhDH. —J7,28.60 m LLEDZ 1 3.3
~52N/mm T, V¥ 45N/mm TH5.

[(EENIUEHY (GEE 53.78~80.00m)]

53.78~71.65 m : ZZI e B BEIK MRS

FE RIS 2~10 em F2E O UL L 7222 1L A ~ 1l
A A TR ET 5. BIKITCRR T, BRI 10~
30% FEETH D, FEEITHBI~HrRrk o K LK D 5
5. BRI, B LT, aT7icaRN
AD, BNDEIRHELND. BREAE 2T 5.

71.65~78.00 m : ZIIEE DT T e

BB LZZLEEDORSA. — B TH<
7o TR, BAENAD, AN THABIRE 2T



Full IE - ZEEE M5 - HIEE REED - AR ED

NHEBIND.

78.00~80.00 m : ZZ | LI Rk fa e

BT 2~T cm FLJE D UL L7221 s A~
A TRET D, WIKITOCR T, BEERIT 10% RE
ThD. EEITPR~HADRO KUK B2 5. 4
KEICE L L CRBY, aTll8ERALND. 1K
WiRE A E R 5.

4.4 HhEHEROEREME - WEEOER - &
iz 2 Di&Et

FAR I e ik O MV SRS R L AR — U VU
EREFICI S X, VEIRNEE W 2 K80 5 HE B (]
ZER L (BB 13 K). WrkXix, SiEgstso
FEONDS KRB ALPE S, s, M TR 5 2
ED, FORIIRTIIICI SDOXMAEHREL T

B L7T-. Wi A2 B3 L7 WiaCxt b AT RE 7o Mg %
i m s LC, MBHE 1 - & r KPR AEREY
R R, ARER KOS KLY ORI
bIFons. N6 OEE S & WiE 2B /72 0% 7=
LT LY THD.

[y FARRHERRT, tizm 1]
31m

T o B HEFEHERE 13, Wi BRI © LR R IE
HEWEBLTHHLTWDS (6, 9M). FDEX
ESmEEETHY, BTIFAMICLs THREIND
(FE8K). —J, Wik TR O%E » FR Xt HERE Y
IE s RE AL, BIEN 15~20m 720, BT
KB SN D, oA O R, BT
384~387m TH Y, FEMIT356~362m TH2 (F
8X). LMo, FHERONHEEDEFEITR 22~
3imERMELLND (FI13K). ZOEEITHIEK
XD AL b= E 1| O EAK T o %=
Bom ) L THD (Fs5alN).

FAR B D2 FE R BEIS 0 & 3 D A& o AR KB TRHERE
Wy 53 A0 O JE TR 13 BRI T 380~382m TH Y,
THEMIT 339~34 Il m OEICHDH. T72bbh, WifE Lk
REM & FARACITEIED 10~15m FE L, Wrlg F
MICEL 7o TWD. UL, & BRSO
MO LA T, ZIEWEICIn > TR E D
B 10~15 m FREDENFIEL, it N LT 7o kiR
NEDREEE > CTHREOMMBNIHERE L2t o L HEE
ahb.

A—VU 27 (RO2-NT-1) 272 & ZR KT HE
Rt Tnd (10, 11, 12bK). £D5
FEE X, 332.67~333.96m TdH v, BERH)IDE
FRBEIZHA LN D TRE DA EE L DKy, A—1
U7 AT TIRAE o BRI HERE Y O AL D30 T e
B chHv, LEFAEREY ORISR —U 7
ST TUEAE 7 B KR HERE Y O R AR 1
BEICLV b, DPTNICEE 1 mBRENMEEN
Lt HEE I NS, 2, A=V A DIHE
EEmT, BSRENLEESEOZNLY 9m R

EER 22~

7o TWDHD, ZHE, K OME R Iz 0
TAR—V 7 #iR &SRB R T IC H 2R
DEERER B 0, KWL Z O 8 A e & 8 -
b EERIND. ZOEEAREEIIEEHINC
TN b, BEEMIECTH D LTSNS, T/
Db, &y ZRKPTEHERE Y 3 AR 1) LA e S BEAF
TTITYEEOR LD FRIICESL, —F, ®v—VU
THSAETIEE OB LY —BHRW B i aE
DOLEEOILERZWRE L-bDEEZ NS (513
).

[(BiREB] %&ZE$32~39m

HREZ, ZRIEREFNLR—U 7SO0
J5F CEAR W OB BEZ Wikt AIZ oA LT\ D
(6, 9X). BIEIXZ6~8m CIFIEFEHETHD. &
fim L, LEIERE T T 370~376 m, | &M
E-1 firT358~365m TH 2 (5F8,13X). LT,
O ZRIBIRIE S & RIERIC b7 3N— 20 T-12 43
D5 A A e A B P, & F-2 3T T 363~
372m &7 h. — 5, Wik MM TR A L 72 RO2-
NT-1121%, R 9.71~22.50 m I[CHREICH YT 5
EHBONDBERBN AT H. T ORI 332.67~
31988m T 5 (410, 11, 12b[4). RO2-NT-1 ®
AR b ra & W U O B S B-1 AR s OV
S F-2 (T O[EE Ll O Af s & g5 5 &,
BETITNENHIR2ZmBLION9Im ER5. L
Do T, AMRELEmOEET, $32~39m EHEES
ns (513 [X).

[EEXLUEEY ERE] %EEH69~74m

Wil B @A kK ILE T, IHEER VO
R R BE Wi I o325 (86, 9X).
M OFRE ERE OSSR, HEHA D2 TH
363 m, JHIEHS E-1 TKI 358 m, JIEMSF-2 TK
363m THDH (FYIX). FIETHMRTEIHRY, [H
O EREOERIZ I mBEUTFTTHY EHTHD
(FEIX). —J7, Wrfa M CHEI L7 RO2-NT-1 C
RS S U7 = B K e Y B FR M O RS 1 53.78 m
ThV, FTOEEIL288.60m THD (510, 11,
12bX]). L7=n->7C, g LBRmoE =T 69~
74m (RO2-NT-1 @ & & K ILME ) b & & S
D-2, Jl&E#sS BE-1 38 X OVl E#S F-2 DR L o
EIIZNETNH74m, FH69OmBLOK74m) & A
BHLonsd (G 13X).

PLED X 5 ICHERIEBKTE TIx, BT
NHFEANE FOBEENRBO L, F B0 RN
NSV aWial

4.5 A

g OFEMRIZET 2 &R 2155 720, FT RGHE
K-Ar ARSI E 8 L OVK IR 34T % ki L 7-.

FT HEIE, Wi PRI oM 28a8 0K
PR HEREY) T o D18 7 R KW HERE ) 2 )T G & L,
SHFREBHIE IR N O EfER R o fEsE (6 6,



T AHVERRETRE Ca T o ISR DA 0 P-4 2 s B

8 XD EH A 1-1) 25 1 52 ERE L 7= (5F 3d X)) .
WEIIEASHETE 7 4 v a v T v 7 IR
L.

K-Ar ERHIENE, ERIEBREAEB I OER KL
WH D 5 BLINERE TIT-> 7. 209 bEZERIE
WYL, ERIBREFOE (e, 7IXOEIENE
A A-4) o 1REBIZBRILL72. @a K ILEHY
\ZEIET A YREZ DWW TIE, b A o SR ||
AR T a1 RE (B, THO®E
G EHS F2) BLOR—V 7 a7 THREh
7ot 1 kB (REE 73.5~73.7m) Z0Hrktg & Liz.
HIE IV AR Y ExHRE Lz, 728, K-Ar
FERME EXITLT, 3RBHCOWTEAETB X
O REAC AR M 2 320 L7z, 2o HT - 8 1Rk
Dt LV E AR FE AT IR L 7.

LRI R T ORIZAMT DB REOFRICEET
HEMEGH T, MiER B oMy (58
OBEHEPEH S A2 BLONA3) &2, A —V
a7 OENTIC LY 4 LB (BAroARE &
TALOE 7 #kJE) DIFRIROZ LM E2MRFHT 5729,
A=V T arhblEDREL, TNEFNERL
KPR 2 i U=, o Hridsk s b e 1
HeAE L7z,

451. 7q4wayv - bFIVOERAE

AT LT3k, miRibez= 0 - Rl sr 4
HRE R OB E NG E L, BENb Y Lar &4y
BEL7-. b a i, RIECHmEBEICHR D OFE VN
BOBNDLN, HAFHCTH LN THETDH. 2o
RS, FH S U0 3 TS TG & OIRTEN
HESNSbO0, EEBbicEY +07=—0>
Tzl MRS h—% L) &y b X7 REM:
DEWEHEr SIS, oirxtg L U i& » ZR K
HEREW) & IR —ME kA X F O & S D FiR
R TIFFITE N L3 FTHER (67€7 ka, 7
BRIEDS, 2007), F7z, HJF (1995) RSN TS
BT 75O YN ay FTHENRT—ZIIBT5H
TEREEE &R T B OB E BB LT, SRS
ITEE O 4 ERRE D 120 5D v a3 k- ORIE %
1725 7=.

HEOFESR, FTHEMRICERET 2B 7T,
1200 T2 RICLTZICHED LT, h—% L TR
DHThH-oT-. L LEBARHIFEREI DD, 2
TR 120 @S b—2 vy Xz b o & K7
L, MNEEHfEE LT0.07£0.03 Ma (70£30ka) O
FERPELNT B6HR). ZOREIL 647Dy
Jba kiR RE L BHEAOFR I Y HRREN
RKEWHDOD, ZOFEMRMEILTHEIZD (2007) 12X
HEMEA EEANTHY, &y BRI HEREY &
EVHR AN FRF R TH D A2 XL T 5.
ZOREREZIT T, %IRRT DIE r BRI HERE Y |
1 (MERER) ZfERE L LR kg o LT

MO E OFE 2, FmOERENE LTA
MRS R (70£30ka) ZHAWVWD &L BT, FHEA
DHFER (67+7ka) #BH LA B LT

4.5.2. K-Ar FEEIE

K-Ar FERHE %2 £ L 723 — 25 7 #IR
T K-Ar S RHE L R URE 2 W CaAETER &
O EEA LR T & 1T - 7.

a) BRETE
1) #kF RO2-NA-KAr-1 (ZEIEREE) (56 14 [X)
EAL WAL

AR - BEIRAARE, o v —P— & LR
BEA CBHER, BhEn, HEAeNES

g " D REMRAYE, BHEA, HEAE, RBHIY
BEAREITK 35% THDH. fEA (<49mm), &5
BEA (<2.01mm), HEAVEA (<0.75mm), i
¥ (<0.0l mm) Z&Te. IO EEIZIZERMEIZIZ
EAERBD LN, ORI EAEERE
2T T WA, RS E XD T I - 74
EEL, WEAEETILAERDD. £, FhiC
IKEALSREEM 2 A LT D, A A OSSR IZ LIE
UISHRNEA L RREAD O 2D Kk E > T 5.
LI A =V —HF VAR E T

2) ik RO2-NA-KAr-2 (&8 kg ) (55 15 [X)

A4 s WA

EAMAE PR, A H =TT =2 Tk

D CRRA, HRES, SO, A%
iEIRY)

EEp:S R, A, RNEWIRY, R
=5,
HE E

B BTN 15% Th 5. #HEfA (<24mm), HE
A (<21mm), RS (<1.6mm), RiEHEY
(<0.58 mm) % Ete. BESLELY O Kl 7 m) i3 e
BRI IRWVD, AETIIBEROBEBZIY &< X9
WZHETHE L CW AL ERED LD, S0 KED T
FEAEEEEZZ T TORWVD, BEAEIZDT )
WCHEo T BlEREL, KBBEETHILAERDD.
Flo, FNITKEBICEIED ZE L TWD. RIGHEEA
DOBEGIE UIE LT ERE S & RREA D 72 5 SO
PEoTWD., AREIIA V2 —0 T =2 T k%
NI

3) #UBF RO2-NT-KAr-1 (£ LM i) (55 16 1)

VEEeE S ) v giip=

AR BRIRKRR, BB, 12— —
V% kit

BE CREA, BHEA, HAEREA, RF
BEEIRY)

Pap-e CRHEA, RBIMSE, HEAE, RED
EIx7)]

PESLEITR 20% TH D, BEA (<46 mm), &S



Al IE - 7R

WA (<1.3mm), HAHEA (<1.8mm), NEHILY
(<0.48 mm) % Ede. FLW) O EHh T AN E R
ENERBRO LN, MO RIS IXITE A EEE
T TR WD, BEERE LD T 0N E - 748
EEL, BBARERETHILANDS. ElENITK
M V8 2 2 U TV DL BRI LIS LITEEBRIR T
HD. AFITA X —P—H VAT

TR REEEL &AL ZER (<1.5mm) 4 U T
W5, ZERORIZTOCMR I TOCARBAITH S,
ZERRIT A RO 10~20% FRES £, Edh7mix
DT ITERMEE R,

b) EEHA RS (XRF 247)

XRF 7381 (85 X #o0br, o7 A — RiE) 12X
% 3Bt O 2B AT (L ¢ Si, Al
Fe, Mn, Mg, Ca, Na, K, P) OfEREZH 8 KITRT.
728, ML Kimura and Yamada (1996) (ZHE-~7-.

AT ORER, @A KILE ) O 2SRRI
& FEMl (RO2-NA-KAr-2) & T (RO2-NT-KAr-1)
THEEILTEY, WERE—OKITEENC LD %ES
T D AlREMEN B,

c) K-Ar ERABIERR

K-Ar AEAHIE ORGSR, KRIBREE O K-Ar 418
L L7T0.16£0.07Ma (160£70ka) 2NMFHn7= (5
9, 10R). 7=, BAXKLENY ORI EESDZ
L& LT, 0.64+0.06 Ma (640+60ka) I L O
0.54+0.07 Ma (540+70ka) 2G5 7z (59,10 ).
A K LTS A O K—Ar AEAE 3 Bl (RO2-
NA-KAr-2) & TRl (RO2-NT-KAr-1) THEILTH
0, EEbFEHR ORE R & RS, WE A E— Ok
HEENZ L DA THDH I &2 L TV D A[HEMED
=AY

FLRIRIR TS CEE - A, 1987 O/MAR BRIES)
DOFEMRITBEA L TIE, ZALE TIT Itayaetal. (1984) 1T
F v, 3B RO2-NA-KAr-1 & rHd 2 #5056 2
K-Ar fUE & L T 0.954+£0.068 Ma 23RS ST
5. Fiz, mAKUEHYICBE L TYH, g (1985)
(2& 0 1.2+0.5Ma D4E K-Ar A A ST
W5, ZNHOBEFOFERMEIE, WIS RIES
NIAERIZETHEEICH Y. SEIOAITEE, 59,
10RIZRTEBYAEXZFRIZL TS, UK
(2015) 1%, AEIOSHEEID X 5 2B AR O 8
BT AEORENIIFEES 2WRY, a2 HlE
T5HZETHREO/NSWVERBE LTV EHRE
LTWa., ZOAND, Rl d 5EMEEDLFES
iZiE, AEEsNT-ERERATS.

4.5.3. MRS HT

KILJR T %2 Fifi U 7=kt — & &2 5 11 FIRT.
YRIBREFOREICR OGN FREOHK EHICHOW
Ti, BEL7z s 3 BT _XTIci&aen o kiby

10

- s BB
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Table 1. Surface geology exposed around the Nishine-juzoku fault on the left bank of the Kakkonda River.

@4 SEHH - HEREAR JEHE - 43 AA AR - REEE S B HE
; . YETHE. BTREZRER20~200 e D27 LA L
k2 _
PHITRAR) IEERY e k5. IR
TS HER ) o 1
o g e lid YETHE. BTRERER20~200 e D22 LA L Y
I EHERS A R o M [, -
b SRy TVHEEERE T 5. R
A S TR A S 5 N ) i3
T I L e e ARG O -
e |1 W R ke KUK, AU 7, KINEES & B4 6 72 -
KIERHERD oo —psterin 5. 062 2T
B LR XU TR %R L
T HER DI T 5. R, B2 ER20~
B EHERS TEAHERN 50 emOLR LI I~ EE Bk LS5, BT -
WK HERE BRI O By EHERSU 2SR, S
DB EHER N L MR T B
KIK, BB L KNS5, BABE
UK L3 ~20 e S CH L LB Cd 70£30 ka
% o BRAIFRTEHERE WEBHRY v, BEIRAG~ER G E R, EEEE 67+7 ka™*?
BAHCHY, —ICARBABARS DRBIED (U a L FTEMA)
HBHND.
ZIWWEEOWE. JEFE10~15 mTEEHEIIARR
HHEEARET 5. B OBmX IR o EiE
WFEREL, WIS IR 1 & B DR SRR 160470 ka
ZRIR A LA B S A ZHHERSND. e FEICIE, JEE40~100 (KAATEAL : 7525)
cmD A RE L WUREN B 72D 7 U > I —EA 3T - B
5. 7V O NIIEI2m bV FEE
O FERETE O 2 WK A S 5.
YRR, PE10~100 e 022 L Y ~ P f
WEGERT. BEMENERSND. BT
e e HLRIRD CHERRTH D . LR R AN T3k #3530 kaLA[&
, AR FH512 8 70 emREE DD S /0 TRV S A8 20T #9130 kaLlFE
ARG TR ’ A 16070 kaLART
K HERSY) 5. T (2000) TIXBEEEE: R L OVEAE: I (1152112 ka3 *°
(SR LT B3, T TR O 1 o ZEHEIC —Hls kA
AT By BB L IBRAKE S R s D b
M, AFE T LT 5.
——— RERE, HUBIRRE, KILBEEIREE 572 5.
%ﬁﬁ;% Wi AR O 5 LIS o BRI CIE, 45 4 AR
%o 208 +ﬁ;ﬁ;% TEHERS S TEDI T T 5. Lt RIS &
S DIBEEIE R T 5. 19 (2000) 1HiER
LA HERS e
23S SRR Y NS TH e S 1=l PR AN
RIETOVE, BRATE, JlfiEss k
TSRS OEKENDLARS. KRR OBRM)I 0 540470 ka
L VIR 4 B TR AT 5 FAIGE, BER AR & J L 640460 ka
" o PRI T ERERERL, ESEmO% LSS L kil (AR - T2
IR BAEIR A S HAET 5. HIED X ORICEET B :

LWHITRREATH .

HEMER : 7 g v va - M Ty Z4ER

RURBEIE A (2007) 10X B EHEEA DU 3 LFTHE

HIRT D L DT, AR D\ 2 KRR & 5\ R 2 B L7 e R AR RO KL 5 A AT
RIN L, ABTFRT 77 (Toya) BIROKIINT T ARMES RN L, BLOWT 77 OFER (ITH - B

JE, 2003 ; THEIEA>, 2019) (XD,

14



FamraEETES CEFI) s LI o0 S 2R AR

H2F. BRENILRICI T 5 REER S O - B
Table 2. Coordinates and elevation of outcrop survey points on the
left bank of the Kakkonda River.

R T B A 4 X (m)™! Y (m)*! Z (m)
A-1 —23290.57 9685.94 376.92
A2 —23298.64 9692.57 376.95
A3 —23316.14 9706.47 377.38
A-4 —23323.61 9716.95 382.94
B-1 —23371.85 9742.71 388.42
B-2 —23464.28 9731.92 380.90
c-1 —23553.50 9692.43 371.79
c-2 —23571.54 9685.75 367.65
C-3 —23592.41 9682.49 367.05
C-4 —23609.15 9680.67 368.17
c-5 —23619.46 9680.36 369.39
C-6 —23658.90 9663.54 369.33
D-1 —23679.27 9664.76 369.07
D-2 —23699.04 9658.30 361.97
D-3 —23739.42 9670.04 371.99
D-4 —23774.47 9670.04 370.88
D-5 —23800.54 9673.35 364.75
E-1 —23845.67 9696.98 362.46
F-1 —24010.85 9815.75 378.32
F-2 —24067.33 9830.08 360.51
F-3 —24097.27 9843.50 350.28
H-1 —24127.49 10045.05 343.71
H-2 —24124.35 10087.55 342.93
I-1 ~24045.54 10132.37 346.24
12 ~24003.98 10141.71 357.95
I3 ~24150.39 10207.67 343.26
1-4 ~24183.80 10251.35 337.04

USRI M R R X (R - M SR2011)
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Table 3. Coordinates and elevation of Nagayama-tate boring site.

Hh A4 X (m)™! Y (m)*! Z (m)

RO2-NT-1 ~24161.80 9920.96 34238
FIE i R RX (IR < M R2011)

HFak A—VY 7 a7 RO2-NT-1 OHIEFH.
Table 4. Logging data of core R02-NT-1 retrieved from boring at Nagayama-tate site.

(e SE4H - HEREHA i 27 5 BB BRI
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(0.00~1.00 m) ATHEE  ~EREEERE T 5. R~ R -
o .
LG HERT -~ WERE. HEA%20~200 cof&HE O 22 1L Tl Y _
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KIIK, BABIOKILEEN LS. Ak
T8 o FRIN T HERE ) B HERE ) FOUK LI RR T ~12 e CH L ILIAE T -
(8.42~9.71 m) LR HY, WAEIKRAG~HKEASY R, LEY
BThb.
T 1 WEEEZ ERET D, 9.71~9.80m : TV MR
FAHRE AR Y e — U0 MRz fE, RS, 14.08~14.43 m - —
(9.71~22.50 m) BERC WPV ME.
ﬁ%gﬁ?ﬁ%ﬁ - EEEE. 10~ 100 e[ 0% L1 T ) ~ 1 B
(22.50~53.78 m) MEEEET.
N N 7E R
K L A EEIR A R RIWEEDOVE, BIKABE, KLIAEAER 540+70 ka
(53.78~80.00 m) Kl e K OREREN D2 D. (K-ArfEAR)
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Table 5. Result of needle penetration test.
L wEa BHEAGABR e S BHEAGABR
e e o A HOLA o st o A HOLA
™ Nmm) PO Lfmm) ™ Nmm) PO Lfmm)
1 1.10 0.7 7 10 52 30.10 4.4 44 10
2 127 0.7 7 10 53 30.25 4.4 44 10
3 1.45 1.0 10 10 54 30.73 3.8 38 10
4 1.65 0.7 7 10 55 34.06 4.6 46 10
5 1.90 0.6 6 10 56 36.60 4.4 44 10
6 4.21 0.9 9 10 57 37.62 43 43 10
7 4.88 1.0 10 10 58 37.81 4.2 42 10
8 6.15 1.0 10 10 59 38.18 4.0 40 10
9 6.35 0.7 7 10 60 38.34 3.8 38 10
10 6.65 0.6 6 10 61 38.69 3.6 36 10
11 6.85 1.0 10 10 62 38.80 4.1 41 10
12 7.08 0.7 7 10 63 39.24 4.8 48 10
13 7.27 0.6 6 10 64 39.46 4.7 47 10
14 7.40 0.6 6 10 65 39.70 4.2 42 10
15 7.67 1.0 10 10 66 39.85 4.8 48 10
16 8.46 1.0 10 10 67 40.59 4.2 42 10
17 8.65 1.4 14 10 68 41.05 4.2 42 10
18 8.85 1.3 13 10 69 41.25 4.8 48 10
19 9.05 1.6 16 10 70 41.85 43 43 10
20 9.25 1.6 16 10 71 42.10 4.2 42 10
21 9.48 1.7 17 10 7 4236 4.6 46 10
22 9.65 12 12 10 73 43.23 4.2 42 10
23 10.10 1.3 13 10 74 43.53 33 33 10
24 14.10 1.2 12 10 75 44.05 4.5 45 10
25 14.25 2.2 22 10 76 44.25 4.9 49 10
26 14.47 1.2 12 10 77 45.65 43 43 10
27 14.85 3.6 36 10 78 45.78 4.8 48 10
28 15.69 1.7 17 10 79 46.31 4.6 46 10
29 16.73 1.6 16 10 80 46.83 5.1 51 10
30 17.87 1.7 17 10 81 47.14 4.7 47 10
31 18.58 1.6 16 10 82 47.88 52 52 10
32 21.41 1.4 14 10 83 48.05 43 43 10
33 21.59 0.9 9 10 84 48.21 45 45 10
34 21.75 1.4 14 10 85 48.64 4.8 48 10
35 22.40 1.5 15 10 86 48.84 5.0 50 10
36 23.57 1.3 13 10 87 49.48 4.6 46 10
37 23.88 1.7 17 10 88 49.64 4.9 49 10
38 24.05 1.6 16 10 89 49.89 4.7 47 10
39 24.24 2.0 20 10 90 50.33 4.6 46 10
40 24.68 1.3 13 10 91 50.58 4.4 44 10
41 25.77 1.4 14 10 ) 51.23 5.0 50 10
42 25.95 3.0 30 10 93 51.41 4.9 49 10
43 26.14 4.8 48 10 94 51.77 4.8 48 10
44 26.35 5.1 51 10 95 52.03 4.7 47 10
45 26.45 4.4 44 10 96 52.26 4.7 47 10
46 27.65 23 23 10 97 52.38 4.5 45 10
47 28.22 35 35 10 98 52.66 5.0 50 10
48 28.60 4.6 46 10 99 52.94 4.7 47 10
49 28.73 4.6 46 10 100 53.05 5.1 51 10
50 29.46 4.7 47 10 101 53.24 4.6 46 10
51 29.70 43 43 10 102 53.45 43 43 10
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Table 6. Result of zircon fission-track dating of Shinogamori Pyroclastic Flow Deposit.

O 2),0) “4) ) ©6). (7). (8)

238y 1=y
AL 23811213 9 URt% LA-ICP—
o FI FE A% 53 B Ust$ (7v) (25 o S 1) Zetalt - R 55y x
S Sl 4y TR FHEIR SR s e MS-FT
BV T7E F i ¢ Pr (x2) WEE "
(fi) P P » > r ” opmy AR (Ma)
%, s 4 Ny “s,'g Nousu {em®yr™) ) Agetlo
(em™) (cm ) (cm°)
RO2-NT-FT-1 Ext.S 120 1.70x10° 7 1.34x10" 52,501,065 1.273x10' 114,555  42.9+2.1 0.327 96 88 0.07+0.03

(1) PIFE ST - LALICP-MS—FT (Ext.S : 4Msbii)

QUIrHvy ML (NGHRmRE A~ OHIE)

3) ME MATIER « NGHEERY LV — Y — AR >~

U L R HERLRL © Nancy 91500 (FEH @ 84 ppm i 2 7)

(4) p, & p DAHBALREL

(5) Pr(d) : oM B 1 E (n-1) Oy 534 12 3513 % _EAUFE=R (Galbraith, 1981)
(6) AU+ t=(1/Ap) In[1+Ap (N /N ) Pusal

(7) #455 < ot = t X [IUEN FI/EN F1/EN yit(07/0)"1"

(8) PUD BB TER : Ap=1.55125x 10" yr!

557 2. K-Ar AEARHERR— 5
Table 7. List of K-Ar dating samples.

EvEZa PR PR U FeXiE!
RO2-NA-KAr-1 EAWITE Y ) ZRIR RS RS
RO2-NA-KAr-2 BESEIR VO R K LN ) RIS
RO2-NT-KAr-1 A=V 7 3 T RO2-NT-1DHEET3.5~73.7m A LR 22 L R

5 8 %K. XRF DHTIC & 2 KILE D aE LAk
Table 8. Whole-rock chemical composition of volcanic
rock samples based on XRF analysis.

REHE S 1 2 3

e RO2-NA-KAr-1  RO2-NA-KAr-2  RO2-NT-KAr-1
Si0, (Wt %) 54.21 57.62 58.81
TiO, 0.77 0.86 0.85
AlLO, 18.17 17.21 16.94
SFe,0, 9.66 9.87 8.89
MnO 0.17 0.17 0.16
MgO 491 2.70 2.44
CaO 9.84 8.18 7.48
Na,O 2.31 2.94 3.26
K,0 0.44 0.68 0.62
P,0s 0.09 0.11 0.13
Total 100.57 100.33 99.58
Igloss"' 0.40 0.51 0.38

" B

18



gl

FRVERRIETEA CEFIR) Ol ST i DU 0O S ZEnd

CE N R Ry iy o

Table 9. Result of potassium analysis.

HE) HY T LEEE T FHELE

BUEHE (KfR) (We%) (We%) %)
0.4848

RO2-NA-KAr-1 (187€5§§ y —— 0.483 0.81
=t um 0.4809
0.5740

RO2-NA-KAr-2 <187F25%0 ) 0.593 0.40
=l um 0.5916
. 0.5834

RO2-NT-KAr-1 (187/352‘5 ) 0.586 0.87
=t um 0.5885

5510 . K-Ar AEAGRERE R
Table 10. Result of K—Ar dating.

Py y 40 _ 8 L S0
Soph4 HE KR AV U LEARE BE TR Ar K-ArfEfR RO PRI Ar

(Wt.%) (10cc STP/g) (ka) (%)
RO2-NA-KAr-1 Ak 0.483+0.010 0.30+0.13 160+70 96.2
(187-250 pum) ’ ) R )
RO2-NA-KAr-2 A 0.593+0.012 1.46+0.14 640+60 84.6
(187-250 pum) : ) B :
Peps
RO2-NT-KAr-1 0.586+0.012 1.23+0.15 540+70 87.5

(187-250 pm)
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Table 11. List of samples for tephra analyses.

k4 BRI R TRERE (m) & i BRI
NT-T-1-1 A2 AR e 1T ALY FARJE
NT-T-1-2 A-2 AR fe D HURZHS HARSE
NT-T-1-3 A-3 AR I L v NERD ARNE
NT-T-1-4 A-3 AR JE i 3 v NERY HARJE
NT-T-1-5 A-3 AR Fre D TV NERD AHHRE
NT-T-B 1-1 RO2-NT-Br-No.1 7.00-7.14 Mk TR R HE R
NT-T-B 1-2 RO2-NT-Br-No.1 7.20-7.29 HLRIES O U HERT )
NT-T-B 1-3 RO2-NT-Br-No.1 7.37-7.45 HRLRY 1O U HERE )
NT-T-B 1-4 RO2-NT-Br-No.1 7.60-7.70 HRLAD LR
NT-T-B 1-5 RO2-NT-Br-No.1 9.68 [155] T o RRARRHER
NT-T-B-1 RO2-NT-Br-No.1 14.12-14.16 v NERD HEL CEREMN S E)
NT-T-B 2-1 RO2-NT-Br-No.1 14.16-14.25 SOV NERD BUE1 GBS E)
NT-T-B 2-2 RO2-NT-Br-No.1 14.25-14.35 v NERS B (HREMEY)E)
NT-T-B 2-3 RO2-NT-Br-No.1 14.35-14.45 v NERY BEL CEIRIEH Y )
NT-T-B-2 RO2-NT-Br-No.1 21.2 bitk R g BEL CEIRIE Y )
NT-T-B 2-4 RO2-NT-Br-No.1 22.50-22.60 HURLRY BRE2 (F o FRFEHR Y E)
NT-T-B 2-5 RO2-NT-Br-No.1 22.60-22.66 Btk a2 BE2 (R FRFERE Y E)
NT-T-B 2-6 RO2-NT-Br-No.1 22.74-22.84 HLKIEY BE2 (o FRFEREYE)
NT-T-B 2-7 RO2-NT-Br-No.1 22.84-22.91 HLKLHD BE2 (5 - AREAR L )
NT-T-B 2-8 RO2-NT-Br-No.1 23.00-23.05 HURLZRD BE2 (T - ARFEAR Y E)
NT-T-B 2-9 RO2-NT-Br-No.1 23.24-23.34 HURLRD T2 (6 AREF )
NT-T-B 2-10 R02-NT-Br-No.1 23.34-23.44 HURLRD HhE2 (- RS E)
NT-T-B 2-11 R02-NT-Br-No.1 23.50-23.60 Ltk IR WE2 (T AR L )
NT-T-B-3 RO2-NT-Br-No.1 24.7 HURLRD BE2 (T AR L )
NT-T-B-4 R02-NT-Br-No.1 283 HURLRD BE2 (E  AEAR L JE)
NT-T-B-5 RO2-NT-Br-No.1 33.9 HLRLAD BE2 (7 - FRFE L)
NT-T-B-6 RO2-NT-Br-No.1 45.8 HURLRD WBE2 (T AR L )
NT-T-B-7 RO2-NT-Br-No.1 523 HURLED WE2 (T AR )
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Table 12. Result of tephra analysis of samples collected from the uppermost fine part of the Arine
Formation at Nagayama-arine.

KILH 7 2 DGR

EAHE (/3,0004F)

il

EEW O EHRE (/3,000 1) iEES

EREZd (3,000  fEE*
Bw Pm (0] Opx Gho Cum )
NA-T-1-1 0.3 0 0 14 0 0 0.4 glass EDX
NA-T-1-2 0.6 0 0 10 0 0 0.2 glass EDX
NA-T-2-1 0.2 0 0 3 0 0 0.2 glass EDX
NA-T-2-2 0.3 0 0 1 0 0 0 glass EDX
NA-T-2-3 0.3 0 0 8 0 0 0

*1

Bw: NT WU — N H AT, Pm: NIAXAT, O: K& A7
*20px : BIHEL, Gho : FREMHEAKG, Cum: A I kMG
*glass EDX : KILH T 2 D FRAMLFHIR S BT E Mk

H13FR. BIER—V 7 a7 h bR LB ORI FUR AT 36 X OV B 20 i 3.

Table 13. Result of tephra analysis of samples collected from the boring core at Nagayama-tate site.

KL Z ADIE B &4

W DG4

ey O 5 e (EGuies) o i KA F ADRITH (1) T
Bw Pm (0] Opx Gho Cum HF) 2
NT-T-B1-I  7.00-7.14 0.6 0.4 0.7 2 0 0 0.2 YK-Y glass EDX
NT-T-B12  7.20-7.29 0.7 02 L1 34 0 0 0.1 YK? glass EDX
NT-T-B 13 7.37-7.45 0.4 0 04 30 0 0 0.1
NT-T-B 14 7.60-7.70 0.6 03 1 2 0 0 02
NT-T-B 1-5 9.68 722 935 0 131 0 0 0 1498-1.507 (£— F1.498-1.501)  L718-1.725 glass EDX
NT-T-B-1 1412-14.16 1 0 1 253 6 0 0 glass EDX
NT-T-B2-1  14.16-1425 0.1 0 0 743 0 0 0 Olivine&ts, %2y 72
NT-T-B22 14251435 02 0 0 495 0 0 0 Olivine%< &, 22y 7 1700-1.719
NT-T-B2-3 14351445 04 0 02 445 0 0 0 glass EDX
NT-T-B-2 21.20 0 0 0 92 0 0 0
NT-T-B2-4  22.50-22.60 0 0 03 12 0 0 0 Hkd-2i8(%  glass EDX
NT-T-B2-5  22.60-22.66 0 0 0.1 14 0 0 0
NT-T-B2-6 22742284 0.1 0 0.1 19 0 0 0
NT-T-B2-7  22.84-2291 0 0 02 19 0 0 0
NT-T-B2-8  23.00-23.05 0 0 0.1 8 0 0 0
NT-T-B2-9  23.24-23.34 0 0 0.1 17 0 0 02
NT-T-B2-10 23.34-23.44 0 0 02 13 0 0 02 glass EDX
NT-T-B2-11 23.50-23.60 0 0 02 17 0 0 0
NT-T-B-3 24.70 0 1 2 24 0 0 0 Hkd-2i2/E  glass EDX
NT-T-B-4 28.30 0 0 0 61 0 0 0
NT-T-B-5 33.90 0 0 1 39 0 0 0 glass EDX
NT-T-B-6 45.80 0 0 0 86 0 0 0
NT-T-B-7 52.30 0 0 0 80 0 0 0

HBw i AT 4= A AT, Pm: RIAZA T, O ERIES AT
*20px : AHRAT, Gho : AREIEEANA, Cum: H Y bW
*Sglass EDX : KILIH T A0 ERAMEERLAL 5357 S 30k
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Table 14. Correlation and age of strata exposed around the Nishine-juzoku fault on the left bank of
the Kakkonda River.

I=E4 N BEfE g DA
. 7030 kalL [
o =5 5 e s i HAL 79 —
Bt e HERE ) T8 4 AR AN HH I LA (6727 kL) ¥
67+7 ka™!
Gt &N 5 HilEA DTV
= VFTAEAR)
" i 70430 ka 0 70430 ka
T8 o BRI HERS . >40,000 yBP s
Suas . ) 5
(P v = VFTHAR) 41,030 yBP™ (67 £7 ka)
>40,820 yBP**
(MCHAR)
x4
I 16070 ka 0.954+0.068 Ma
LR (KRR - 7525 (K-ArfEft: 2) 160+70 ka
o IS B R SRS
#9300 kabl [ #1300 kall e
RS 160+70 kaLA BT WREE T - EiaB ™ 160+70 kaLL Al
(115-112 kalARi) (115-112 kalARiT)
64060 ka Ll [ 540+70 kalA [
4 R0 16070 kaLAfi BB - g R 16070 kalA i

(115-112 kalAgi) *

(115-112 kaLkRi)

R K LR I O 53 A IR

54070 kalL %
16070 kalAfiif

(Rt (1152112 kalL#)
540+70 ka s
e ” 1.2£0.5 Ma”* 540+70 ka
= e L1 HE 4
A LT ) 64060 ka (KA ft : £o28) RA0L60 ka

(K-ArfEAR A JR)

UG B B D T D L = VFTAER (FHEIE D, 2007)

HERE (1983)
4k (1984)
*taya et al . (1984)
HOEIE - 13 (1987)

KR 75 (Toya) DAL (112-115ka) AT - FE (2003) 1235<

71t (2000)
S (1985)

915 K. BNIEMEDEFE LAERD DHEE SN 5 WIRTEEWTE 00 b T 518 O S AR

Table 15. Vertical component of slip rates of the Nishine-juzoku fault estimated from throw and age

of the faulted markers.

PR % (m) R (k) S
T IR MRS 1022~31 i Mt
AR L #3239 3()3(;)371(1156f)i72()>)*2 (091':)2?*2
e

MUy AR ORI L LT, (MR & MIFFEA (1JF, 1984, 2000 ; (P, 2002) & &h
2 EHEA OFTENR (JHEIE), 2007) Z8H L-5E.

R O LIRE L LT, IAFT 7 F (Toya, 115-112ka ; BTFH - $iHk, 2003) ZEH L7354,
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TICHAE LIRS 20 km LR OMEEZ /R, RIAT — 2 I3RGUT (2021) Z MW7, 199849 H 3 A D
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Ma : BUEYE, Om : KIAAIL, Ta: @&, Wa: FI8E, Yu: BakL, Za: RE&RL. BoLMBLIOTF
RIOERE (m) (T FHEAEER (XR).

Fig. 1. Major active fault zones and seismic activity in and around the Shizukuishi—-Bonchi—Seien fault zone. Distribution of
major active fault zones is based on Earthquake Research Committee, the Headquarters for Earthquake Research
Promotion (2005a). Seismicity shown in the map are earthquakes with a depth of 20 km or less that occurred from
January 1998 to December 2018. The epicenter of the earthquake of September 3, 1998 (M 6.1) is shown in yellow.
The epicenter data used was from Japan Meteorological Agency (2021). The background topographic map was
created using GSI (Geospatial Information Authority of Japan) basic map information 10 m mesh DEM (Geospatial
Information Authority of Japan, 2021). Ak: Mt. Akita-komagatake, In: Mt. Inukura, Iw: Mt. Iwate, Ma: Mt.
Mabhirudake, Om: Mt. Omatsukura, Ta: Mt. Takakura, Wa: Mt. Wagadake, Yu: Mt. Yumori, Za: Mt. Zarumori. X and
y coordinates in meters at left and lower parts of the frame are from Japan Plane Rectangular Coordinate System X.
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Fig. 2. Geological map around the northern part of the Shizukuishi-Bonchi—Seien fault zone (modified after Doi, 2000). The area of
this figure is shown in the black frame in Fig. 1. The distribution of the surface ruptures associated with the 1998 Iwate-ken
Nairiku Hokubu earthquake (M 6.1) (shown in open circles) and tectonically active structures (active faults: red line, barbs on
downthrown side, active anticlines: pink lines with orthogonally oriented arrows, active tilting: pink arrows) are based on
Koshiya et al. (1998) and Yagi et al. (2002), respectively. The background slope image was created using GSI basic map
information 5 m mesh DEM (Geospatial Information Authority of Japan, 2021).
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FI3M. BAMEILNARNORITELGEOEBB)IAERICHAT HHE. o) SXHERRK (3, 1984 [24%).
Gll, AF, TV OxtibidtH (2000) BLOAREIC LD, b) KRR (FAITRILER) R OB HT
HMME (AiE) L2na285 ZIEERS (XRIBREE). ARTHAZHFORSIZ4m. o) FAIT
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& T DM r RARHER. TTROESIX I m. BIHIEE S, 13 MORlEHE 1-1.

Fig. 3. Surface geology on the left bank of the Kakkonda River along the section from Nagayama-arine to Nagayama-tate,
Shizukuishi Town. a) Schematic geological columnar section of the (modified from Doi, 1984). The correlation of units
Gl1, AF, and TV is based on Doi (2000) and this survey. b) Gravel bed (Arine Formation) and overlaying andesitic lava
(Genbu-onsen lava) exposed on the cliff to the east of Genbu-onsen (Nagayama-arine, Shizukuishi Town). Length of a
ladder surrounded by white ellipse is 4 m. ¢) Gravel bed (Arine Formation) covered by the Genbu-onsen Lava and covers
the andesitic tuff breccia intercalated with crack-developed andesitic lava (Takakura volcanic products), exposed on the left
bank of the Kakkonda River at Nagayama-tate, Shizukuishi Town. d) The Shinogamori Pyroclastic Flow deposit mainly
composed of pumice exposed at Nagayama-shinogamori, Shizukuishi Town (site I-1 in Figs. 8 and 13). The length of a
carpenter’s ruler is 1 m.
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Fig. 4. Geomorphic classification map around the Nishine-juzoku (Nishine-subordinate) fault in the section from Nagayama-arine to
Nagayama-shinogamori. The area of this figure is shown in the black frame in Fig. 2. The distribution of the surface ruptures
associated with the 1998 Iwate-ken Nairiku Hokubu earthquake (M 6.1) (solid red lines) and active fault traces (translucent thick
red lines) are based on Koshiya et al. (1998) and Yagi et al. (2002), respectively. Presumed active fault trace along the lower reach
of the Shotokuzawa River is shown by dashed red line. P1-P1’ to P3—P3’ indicate lines of the topographic profiles in Fig. 5. The
road colored in yellow is the presently closed section of the Shizukuishi Town municipal road “Tate—-Genbu-onsen Line” (former
prefectural road “Nishiyama—Obonai Line”). The area where the geomorphic interpretation map was created is indicated by white
dashed lines. The background shaded relief image was created using airborne lidar-derived 2 m mesh topographical data provided
by GSI. The location of Onogiwara-zawa is based on the 1: 2,500 city planning map issued by Shizukuishi Town (X-KE 82-2).
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Fig. 5. Topographic profiles (line of each profile is shown in Fig. 4). (a) Topographical profile of surface 1 that crosses the
Nishine-juzoku fault (profile P1-P1”). (b) Topographical profile of surface 1 on the upthrown (west) side of the
Nishine-juzoku fault in the orientation of almost maximum inclination (profile P2-P2’). a: Surface gradient in the
section shown in blue points. (¢) Topographical profile of surface 1 on the downthrown (east) side of the Nishine-
juzoku fault in the orientation of almost maximum inclination (profile P3—P3”).
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Fig.6. Geological map around the Nishine-juzoku fault in the section from Nagayama-arine to Nagayama-shinogamori based on
outcrop mapping. The area of this figure is shown in the black frame in Fig. 2. Topographic profiles in Fig. 13 are created
by projecting the profiling data acquired along the topographic profile measuring line (thick black line) onto the
topographic profile projection line (thick brown line). The distribution of the surface ruptures associated with the 1998
Iwate-ken Nairiku Hokubu earthquake (M 6.1) and active fault traces are based on Koshiya et al. (1998) and Yagi et al.
(2002), respectively. The road colored in yellow in the figure is the presently closed section of the Shizukuishi Town
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Fig. 10. Photographs of core R02-NT-1. (a) 0-10 m, (b) 10-20 m, (c) 20-30 m, (d) 30-40 m, (e) 40-50 m, (f)
50-60 m, (g) 60-70 m, (h) 70-80 m.
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Fig. 11. Geological columnar sections of core R02-NT-1. (a) 0-5 m, (b) 5-12 m, (c) 12-19 m, (d) 19-26 m, (e)
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Fig. 12. Stratigraphic division of core R0O2-NT-1 based on core observation and geotechnical test. (a) Result of needle
penetration test. (b) Simplified stratigraphic column. Detailed columnar sections and stratigraphic descriptions

are given in Fig. 11.

50



Wity CaFIR) o TS LARE 0O - 2 (o

(73

I

4

S e i)

'9 *31,4 ur UMOYS SI UOI}03S SSOIO A} Furjeard 10y aurf o[yoid omyderSodoy pue ourf uonoaford sown g st

uoneId33eX0 [BONIA AoAIns SuLioq pue uonednsoaul doiojno uo paseq IOATY BPUOSEY Y JO Jueq 1Yo oY} UO J[nej njozn(-ourysiN Y} SSOIOe UOI}I9S-SSOID [BOIS0[0d0) "¢ "1
2] 9 5

(] SR L A k) 0 SR A 3 e UG B T () € BRERRINE) DA Tl & (G5 % B T © (IS 21 (BN > CH IR L A (— 7 BRI K] €1 8

(W) DI LMBIN
00 00€ 002 004 (W) @ Qe LMoLEN
% % % Loge 002 00} 0 (w) 33T L MSN
_ _ _ 009 008 00v 00€ 002 00t 0
08¢ — | | | | | | 052
xg = YhEEILE
WENEBWER - SHEHS NN —.._.z..mom HREmYge n
BB EHEWEE LY Bxox m
% Enas Bmb U 008
ommETEE // SYETEE W
Y EFHYAY L N
e 2 X L5 |
] - BT - HE -
09€ —| — oge W
o F. A £ o 3
Tl wig~geny| | e
0ot —| — ooy
MSN

(014

51



Full IE - 7EEE OB5 - ERE R - R ER

SRR

EHOZ-NA-KAM"

%514 M. 0Bk RO2-NA-KAr-1 DFCEMEITE. (0, b) ABEELZRET DMMORI. (¢, &) AEEHD ORIV
(a, o) Bfk==1, (b, d BEZR==)L. Cpx: HEE A, FeOOH : /KL ILY, Opq: NEYIILWY,
Opx : B A, Pl: fHEA.

Fig. 14. Photomicrographs of sample R0O2-NA-KAr-1. (a, b) A part of texture that represents the whole sample. (c, d) A part of
the groundmass. (a, c¢) Plane polarized light and (b, d) crossed polarized light. Cpx: Clinopyroxene, FeOOH: Iron
hydroxide mineral, Opx: Orthopyroxene, Pl: Plagioclase.
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(a, o) Bf==aL, (b, d) BAR==2L. Cpx: ¥fMie, Opq: FBEVIGEY, Opx: AIHEA, Pl: AHEA.

Fig. 15. Photomicrographs of sample R02-NA-KAr-2. (a, b) A part of texture that represents the whole sample. (c, d) A part of the
groundmass. (a, ¢) Plane polarized light and (b, d) crossed polarized light. Cpx: Clinopyroxene, Opq: Opaque mineral,
Opx: Orthopyroxene, Pl: Plagioclase.
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Fig. 16. Photomicrographs of sample RO2-NT-KAr-1. (a, b) A part of texture that represents the whole sample. (c, d) A part
of the groundmass. (a, c¢) Plane polarized light and (b, d) crossed polarized light. Cpx: Clinopyroxene, FeOOH:
Iron hydroxide mineral, Opq: Opaque mineral, Opx: Orthopyroxene, Pl: Plagioclase, Px: Pyroxene, V: Void.
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Fig. 17. Whole-rock major element compositions of volcanic glass detected from the uppermost part of the Arine

Formation in Nagayama-arine. (a) SiO,~TiO,, (b) SiO,~AI20;, (c¢) SiO,~FeO, (d) SiO,~MnO, (e) SiO,~MgO,
(f) Si0,—CaO0, (g) Si0,~Na,0, (h) SiO,—K,0. The analytical data of the volcanic glass from samples “Hakkoda
2 Kuroishi”, “Hakkoda 2 Towada” and “Toya Ohata” are provided by Furusawa Geological Survey Co., Ltd.,
and the analytical data of Toya volcanic glass are after Machida and Arai (2003).
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Fig. 18. Whole-rock major element compositions of volcanic glass detected from the boring core (core R02-NT-1) collected at
Nagayama-tate. (a) SiO,~TiO,, (b) SiO,—ALO;, (¢) SiO,—FeO, (d) SiO,~MnO, (e) SiO,~MgO, (f) SiO,—CaO, (g) SiO—
Na,0, (h) Si0,—K,O. Legend for the figures is shown in d and h. The analytical data of the volcanic glass from samples
“Hakkoda 2 Kuroishi” , “Hakkoda 2 Towada” and “Toya Ohata” are provided by Furusawa Geological Survey Co.,
Ltd., and the analytical data of Toya volcanic glass are after Machida and Arai (2003).
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