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FEH I, 2L, SHIZEFICBET L EHESND. £ ThLET DL, hAIA
ATERIER T T RRIEO KD, FZLHITI - THRAIIC E CHEmicfiasns 2 &



270 % [4].

IS AL MK AT DR ILHTIE,  E OIMU O FEIEIC BT, A AR D R
L UBBE R RN NS o TWB LI SN D, 2D, 7v~%ﬁﬂﬁ@@ﬁﬁ
WZHERE SAUTW 2 Bl IS, FR L OSMUOGEER Tl GkAZEEZ b)) ik
W3 20, FRILMIZH > T R f%m\m_<ﬂmz%%ﬁo)%%‘£%w
EU, ZRICX Y RETIZEM LIEE T2 Z ER a5, KA L5 EETHITE

DEICLTERSINT- LD EHE S [4].

4 1 THREROOIE 2008 AT  HIRNEERIE QBRI OB L FDOENR Y 234, M
35 £ 00T, AEIOMEIL, ZoXk ) REAFEREETHEOT TRAE L-NEETH
5. LUFTIE, BRWEELEZ 7 0—X7 v 7 LT, EEFHEZEKRT I ERBEOPL 2 &
BRI L ORRE LS.

ERRFELR T — & 2 VAR - BiIE - REBDOBRIESR

HBEOREWHGNCT D LT, FMARRRESMIRS ZENTERY. 22T, 2EHOK
PR T, A RIOMEI AR, KA CHERREBNAZITo725]. LINTIXFHE
LCZORBBNT —4% 26 H L BESAA IS E#EmT 5.
X 2 12f% DN RESATE T Aﬁﬁi%tﬁ FAFEPE TS, RSK 45k m, 18
#) 15km FREDIENRY ThHhDH. Z0 ) HEBICHIERHICRE 0T~ 0 24& UEkix, %
OB, AEERIRH O P I 5~mkm&r@§w%@f%0(mz,%@ﬁx
MR XD DIEA Y 10 b HALICABICRWHEBTRENBEL TVDLEEZLND.
ABEFAHLIZOWTIE, BEBEROKREBESMOW RO, ZOBREIL 40 FERRE & I
WHIE A Th D, ZAUIBEE Lol TR A L7z 2003 FERALEHE (M6.4) <°
1962 FEE IR IR HE (M6.2) OEFEWE & FRFETHD.
728, ARIOHEOERO 6/14 8:01 12 M0.6, 81112 M1.6 ORIEMNFKAE LT (Ki*).
EFEMEITIWVWTNOAREOER IS LS ThHS.
—J, AROMBIZLVAELZEEZEX LN DIMELRPHERINTEY [6-8], T bILHf
%—%é%ﬁ%&;imé,_hiﬁﬁmgkiéMTw&#otmngLJMLKm
BT 5. RESMOETIERE L ZN O OHEZIRONME (KFHRo) Bkt —8HT 52 &
D, B — A RS & M D Z OB 234 (81 0O MR O BRI 1A 24 3 5 RTREME A
B D, ERBEALTIC SO TIE, RESAMAOW OO EH~DIER (T L 7E %
Wi 5 ORI E O HEWTE ONLE IG5 Lo x5 (B8, [11]).
REBBRAHIOREE T I CIIRBOWRS O FRMAELS, —J, i - Ml CiERED
HEDOTRBENMERICHD (K2)., 20K RRBEOES O FIROZERIAR LA H 0 1
BRAENOT —ADOHESNIZLOLFAKETHY, ZOHIRIZEIT 2 ERAREO TR
OHIEAE L EZ R LTS EBZ HND. HERARO FIRIE, Mtk —EMsERcR L,



ZHITREIC LV BEESNS. ALEIIEBEAE, FBBICIEERWL - By - wrnen, J
R EHA_RER L IR>TWT, 207D, HMERARO TRPES ZoTnd EHEEIN
5(2]. Fio, 2060005 K512, BRI CIEREOEEROWON LT L b IR
TRV, ZHUEARE ﬁfﬁﬁ6i#ht&W%Wfﬁ%éﬂf%iLt%%%ﬁfbé
ek Livign

KU E D~ 7~ ERRE L BIFIE - OBEf%

A e O HIEE O EIRIBIIBE A - BEEIL - R - ISkl &R L TEBY, Zhb okl
D~ 7~ ERREK L ERETE & I3EEICEDb T MBI D. £ CRESMEH
B NES T 7 4 THLNIHIER R [12]) & g L TATz.
¥ 312, WX 6,12,18,24,40km (Z351F 5 S Wk ERAZD A& ~d . AE - %%%i@%
BIROFHH L ALY ORT. M1OIZAONTLOIE, FRUME FOEREICELE L
ﬁﬁﬁ:méMMn’%WfﬁtrﬁUéﬁLgﬁkLT%ﬁu A= TENTND
FIRND AL MEIRN THIERHICE AT 5 L HIFF SN D, ZNNEE 24km (Z81F 2 1KE
FWELT%KTV%&%@%M%.:@%é%kmfﬁ,ﬁﬁﬁﬁiKM7nyFﬁT
EZORTMI GRFF) I3 L TWDERTRA LS. K7 m s ME N O ERIE
EEBIZWITHOH, EDITHE L, ZnEnkea i, R, B KILoOE T d/\f:ZDJI
I % % (18~6km). RESATH HHEE S5 EBIRMTEIX Z O L 5 ITKEEL E LTa A
— VT EINTEEKILA~D~ T~ ERREERT DO L5, ETOMICHMTSH (RS
12km, 6k m).

4 4 ZE BT RE SR LRE 9k mIZIBIT 5 S WIHERAENM L Oia /=7 . X3 T/RL
e X2 IEKILTH DA - BB - By - B AHEicid~ 7~ ERREEICHEY T2 &

BN ERHEEMN AL THEY, T2 CREEHNEHTHL Z L0 bn5.

SO ALRKINT S IR 2540 O VE AL VE— - T [ OFhE R 2 7~ 9. 2D RE
IO T 2EMICH D 2 Ebns. 6T, AERRET (WrmX b) 1Ti3H

AR D _EFRBICINT D B2 N DIMBEE N SAT 5. ZOZEhn, SEOM
BORANTHIRTRIANE D> TV D AREMEIV RIS 5.

RSB BT B HIERTES) & TREAEE

PRAZA 8] D HUE O BRI 2 5 Lo 00 JA W RIS 38 1T 2 R TE B & 1 *B%L&ODF%?J@D o
WCTHTHD., K5I, EEHEBEOERLS IO M55 UL EOMEOEENE (£X),

24km (T iéS&@Fﬁ#(El)%TT Z OH T, I@E%HL®§*M%_@
O MALF M OHBEIRET &, T E HATISHA T 2RO I b AR 2T T O Rk



Ve FmoOMEREIH AR OIS, Ziuh 2 >OMEIREIR X, %n%ﬂll_rﬁﬁﬁ
EA OEMEENE 72 2 DOMEIRICXINT 5. SEOMER, EWIZIFIEE TR 2o0
HERD, AL THENBINET D XL 9 IR 2 D HEEf T CRAE LT

ISElﬂ%bﬁéioé,_h%20®ﬁ%%® T (Mg E— D) i, [FERIC
FIEF AT O D MR GH IR RO DD, 2D OHERIGEERIY, ~> hry
:y?W®Lﬂm#%EALk%wF%€ﬂ% TR A TR, WRE BRI <
SN TVWDIEHITHDH EEZOLND. BS 20km L VIS RAT D8 KM N E
(A+ED 1%, HFE R fw(ﬁ)mﬁ NELTRY, HIEOBECEKNT S &HE
SN5.
1962 e i IR AL AR (M6.2), 2003 FF e iR AL HIER (M6.4)<° 1996 FRKH - EHk REE AT
I OHE (M5.9), 1970 4Rk H IR HGHHIEE (M6.2) O REIRITE [13] O F I bR EE ik
DML TEBY, ZOZEIE, ZhbOHBEORAEICHEL LA SN EE LT
WA RREMEZ R LTV D, ﬁm&:1%2$aﬁ%%%ﬁ 23 LU 2003 2w S R AL HE
DA, BENBOEAIESATHY, O THARBOWKA - BEEEO Y 7 MR S
AV IEWTE O KEREENIC LV A U b HEE S D [14-16]. 2O XD R@mAOIER gD (GF
Wifg & LCTo) KEsEEO-»I1E, WiEic it%<ﬁ%ﬁ%ﬁ?éﬁét =N [ 0)
MEENKLETH D B DND. BFBE FICh 5 2B TR A O R A2 R L,
RIS i WO R BRI FE O At (17112 ﬁofmé & BRIRET 5. AR O HIE DA E D ER
(A AT IREHEINA RO D Z &0, SRIOHBORAEITE N THEEHN
SHE SN RO O REEENE 2 b b.
F1z, SEIOMEOARERRIR(AYOEE, R MDAHTIC S EERA 2 HBTEE 23 4E Uiz 2 & 235k
WENTND. ZHE 2000 4E 2 H 11 BIZHAE LT M4.9 OHIES LN 19994 4 A 19 H
ICRAELT M4.5 OHETHD. Zhb 2O00HMBEBORESAIL, 656 EHEAIOMH
IZH Y, 2008 FFiETF - EIRNEMEOREDOW ROEIIERIIAET S Z L nd, Rk
JEH ETOIEETHD EHEESND. 708, 1999 4 - 2000 4EOHIFE O EFIK (4B 1%
SEOHBEORBRICE TN, I TCEABEFIEHATHS. 20 L%, RO
HEOWIE R LT, 9TI2 1999 4 « 2000 EOHIEDOEIC T NET, OT BHMRK
INTWedlZ, SBEIOHEORRIZIZZE Z TRENDVRNWI EEREBLTND.

WiEET N - BTNV E

LD X 91C, AEIOHEORIE « A5 - REOEIE DA & MR EEMEE & Oin s,
AE@ﬂE@ IR TR 2SRRI O AR E & B > TnWA 2 AR L TER
—), #x 2T =2V THREIOMBONEET LT XY SAOHE D STV D
mxi,ﬁsﬁ@7~&ﬁk(kkzih@)ﬁ%,mgifk%ﬁ?mb%ibk%ﬁw



BIEBLZE30kmBETHDL EHfEIND (BIZIE, [19] ; K2, HFEMRMUA). S5
2, FEAICSRD BVl ECoOT R SMICL D &, BT EBIIARERR (K
BELAR) DB TR A D, BF - EWIREAHL DR WIS ITALE LT D ([20-26]72 E).
HEESNTZHmRT R EFZT—F - FIEHICELVIEL 2R AH L, KEWHO T 5m LA
OB BHE SN TND

)

AEOHEE, HAFRZILMES R oS, ZERIL - BEa s - BE kil - kil v
TolE K & T 23T A LT, 1EK I TR LR & LT, HAbH s Tix
%%HL@1%6$%E-5W%F@%&(MMD@E$MHL@1%8$E$%W@t%
HE (M6.1) Z2ERNHY, K THRRTE LI ICHIE AL OB L) ET, K
(LT fs CRRE R MBRTREEI N R oN D Z L IFEMTE 5. LoLaens, SEIEFELC LI
KUGEETRAE L-REBEOME L LT 1914 FEREBHE M7.1) 2AH5b00, &KL
FECIE, MERARNENZ & - EE» S OMER O BN S < FEHMEZE R 2 silli4 5
LT, REREZEMCETRELRHBIIOFIVRELZNVEEBZONTE 2. RED
A & ME P HE RS & OB S, R ITIREE DS A O &5 2 5 2 R EE ek A 5B L F
THMLTWDZ R LN Lo, A1, K VIEEDGEOHERFT <D 554 & 5Efi7e
MBS & O AT I 2 Y, IORIRIMPMLETHA .

N

2008 4F 7 H 24 HIZ M6.8 OHIEENE FIRIBFALETR S/ 110km THA L. ZOHEEIT
hAIAT KRIET L — PN TRALZHETHY, BEEORBRZRITIZRWEBbS.
—J7, K Tk ~_7z & 5 72 NEHE O JRIK & 72 2RO RIRIL, WAL 7 L— K ThHY,
TEAIATe 7 L— NI IR 0 fiF « i S DB IZ I AATe 7 L— NN THRAET D HiE
DOFRAEWMEEES LD EEZXBND. 2008 4 7 A 24 HOETRIBFILHMORMELZ T T
B ETDUWAIATLKIFPET L — NN TIHAET HHEOEMO M FiL, WEEHIEE O3 E S
T @t IRPIAFHEBARDZ A F X7 AOBREIRO D T-DICHLEETHA ).

B AW IIBG KR AN AFZEAT Hinet - K87 - [ESZ K LA KR VERA BLURIFTIC
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(INES)2N AL 19 A, 20 AEEEI 5 NG L 7= N OTE W@ R A 12 255 < IR REl Tk o
REtEECERAE ST — 2 2 A L E Lz, REFEE, BRredeibhe (FERlafFseie
HH) (2008 5 F - EINEHERIZET 2R AME] XV E L. L TEHW - LE
3. 20 0 8EAET-HIRANEMERSEBN 7 V—7 (REHRH) 1%, bk, LTk, =
ek, K, 4K, 5K, @EK, UK, B, PiISEFASIML T £,
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1. (@) GPS 7—# 0 bHROT-HIEESA (Miura et al., 2004). #HIE 1997 FF~
2001 4F, AREMROONTET - EHNEEMEO BRI, RIHRO 01X 1896 FREFIHIE D
BRI GEEF - fll, 2000) Z7R9. ARAUZE CHIRIC S L7 S 40km K 0 VU
R DRI A R

(b) HUBIHE NE7/ T 7 41K DS 40km TH SIHE R4 (Nakajima et al.,
2001). 7R AIEIEKIL.
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FEF M. FHAROMNAIICPST — Z 2 X 0 HEE S BIRNTE O E A2 R 3. ARERIEE

Wik, EXc PERO~@IZH O ShERmEX, AT« RESAICIH o 7z AL R—R v 5 1
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1L VBT T B PP D AR G DU o L S DT OO, IR DL | 3 B T DA

BEAE (08RO 142114, AR AE (08K4 34)) , O: RE (6/14-7/19) ,

JREO 199740 520084 &£ TITRAE LI HUEZ 7. IS 23, RAXEFE /LA L.
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3. EPIEJEN O S WHERAED =Rt (W H - fll, 2008). X 6,12,18,24,40km

BT DFEMTRT. A, HOW, AEBIUOREZRT. AOIIREBEROB L ZO
JRDSY Ze s s, REGHR TR - 7 BEIB AR RS B M N 72 k.

PRAVEEDACKIL, ARRHITIEWE. RS 24km O B b o> 145 258 B i zE
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4. S PG & RESAN E O (ZEX) RS 9k miZB T 5 S BFHERAEN M. FL

IRE. ADEREIROI LEDIRA Y 2R Bl T - 7o BRI AR S B 23 B 72 fEk.
(FB) S PRSI D ab,c IR 5 FEWTEX. A, AOE, AERBLOREZR

7.

TRAFHEACK I Z, RABITTEWTE 2R,
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B L HUEEE) & G (A - fth, 2008).

02 15

(Z£X) 1997 45 2008

FEETOERRZ/NEHFTORT. RATEHEI KL, RABRITIEREZ R34, Al 2008 44

T - BB REE
REWROBLZOIENY 2T,
2000) % HbHToRd. AR IR E Ml A

RERREZ Y. AR
1960 FLLRE
ZRY .

ST < OFRFEMIE 2000 FI2RAE L M4.9 OHiIFED
W24 L7 Mb.5 UL EOHIEOW =T (MFE - i,

(FX) TRE 24km O S PHENRAE DA 2 HQATRY . B P IREMRE B 0 =



2008 FEF - EHANEMEDOREDILCAET =0

SLRTR B LA FERE  /IVEIERR - RS - BT
SARTRZZER T 2R L

XC®IC

2008 T - EIARRMER AR, REOKTFOMIEHER T, REORE R
H3AT, RIRIE & Z O OFEM 72 HUBRROR RS, M OREDOEIR A I = X LM ORE
B, LECHERAEBNEZIT 7. TORE, KREBEHROILNVIZE S 45km T
TEIZA 15km TH D Z &, REITESH 10km ETHMA L TND Z &, RESAA IR
PEALVEEALC, ABB L OERRBO AN = A LELRATHL Z L ENbhoTe
[ - (2008)]. Z OHIEIZEI L Cix, Z Ozt GPS BT — % OffElT [Ohta et
al. (2008)], SAR 7 — & OFFAT [ & H - fh (2008)], H13% HiZEWT & DR [$5K - fth (2008),
B - fth (2008)], BORHEHIEEZEA [Sato er al (2008)] 72 ERMThII=n, b Of
BOETHRFEMBEITE LT, ZOHMBIZOVWTOR— LEEHEBRIZE S TV,
ZOJRHRDO—21, BIUEALOREECYIEO AR EMEICH D E B2 bivd. RIFFET
X, REEMICET 5 —2OMAER D=0, REOISIIE T EZHEE L TE D2
AT A KD, MMOBLRIFER & DOk E1T R > 7.

2. BHRTEDHE

B OISR TR, BRALZ Mo a—F—JE7EK f. 0 bW O K E X2 HEE
L, TN EHIEE— A FOREGREZHWTHEEEETH 5. Sato and Hirasawa (1973) @
M7 7 v 727 Mz Eiud, Wi

r:% €))
2 f,.

ERIND. VIEPEEETHL. ST EACIE, WEEEr L HEET—A 2 N M,
ZHWT,
M,
167°
FVHEETE D, a—F—AERBUIBIR S AR FVITHER AR Mz dHTID
L2 ETHRETEZ 208, AT MVBIRITHIERIE O TORBDORRIZE > TED D
DT, a—F = OHEE TR b R THEE T 20 H D, LorLT Dl
DIZIE, BRI & O FGHFFHECBLHLR O MR R D 20 R & B ENTE-N U722 17z & 72

Ao =

2



W, BERORBELRTH I ENTELHEL LTAXY MVHERH Y, Kl TlE k<
AWV Tng [l 21X, Izutani and Kanamori (2001), Hough and Kanamori (2002), L
T - ftt (2004), HE - B (2006)]. ZOMEERZR 1R T. HEEOBEAKE N
ERIEANRT bDT7 T v M LoUbhE<, 2= —FAEEITERN O T, fhiEO 2
AR7 MV VIZKBETREND L ORI LD, AT LI
4 1+(f/fcz)

1+ (F1 1)
EERIND. TITA L AT IMBEOREL~N, f, & foldEhEhoa—)—
AT D, 2 >OMBORPDNE  BRRDFE— THiL, BEEOREREOHI &
RS OHBEFEDO RN R, A7 MV ZERD Z & TRy orrand. 3) &4
AR MHIZH TIED D L7V y RYP—=FZ4T\W,3 DDRT XA =% A /4,, for
S BRET HZ N TE S, a—F—FEdm ks, (1) e 2) KzHnTh
IR ENENOWIE LR LIS BE T EIAHEE TE 5.

R(f)= 3)

3. T—48 LEBDOE

AWFFETIE, BLRTRF N FE M L - REBR ORI T — 4 2 AW TR 1B T BEOHEE %
1178 o7z, BIAIIERESALSBICEE Sz 5 iThd (K 2). i, B
HR.GTO TlX Nanometrics £+ Trillium 40, ftdO#IH| 5 TlX Lennartz £1:0> LE-3D/5s % H
VN2, Trillium 40 (% 40 #0F T, LE-3D/5s 1L 5 ET7 7 v MM EIREFEL2 A7 5.
FT—HuH—TALT¥E (B © LS-7000 % 7= LS-7000XT #H\\ /=, T—XDH v
7 vV JEERNE 100 Hz, IREESFEGEIT 24 bit TH 5.

AT, BRIV F/ NI DAL D | NEIR Y DITE 2 7z, HIEE ORI
X, JRETIUbERS 2 v 72, BIREOEREN 3 km LN, v/ =F2— KD
ZN 10 EORETERIR Lz, FHEE L CiE~v/ =F=2— NN 33 U EoELH
AV

Rt DB A X 3 (2R, PEAIENN D 1 O L TEIMS OB EYIV L, F—#
DG S Yol 2 A 7 — /=D ZEEAI A 3T 2%, FFTIZ X > TIRIEA <7 L%
RO B ONTHFHED AT ML T/ NHED AT ")V TEI> TR VAR
W, 7V y R —FIZ Lo TIRE LIz a—F— e 1) ) XEHANT, F/hED
Wi L IS T REHE L. 0k, 7V v R —FTF—X L Ol E#1772 9 8
BAHIPHIZ 30 Hz £ CTE L, TR D o+ o R0 & Z DERTORE# D ¢ > K7 TD RMS
IR 5 REEOBUALE OT — 2 I IMHTITIIA W e hodz. £z, (2) ROHEE— A
Y hE, v =F=2— Kb



log M, =1.5M,, +9.1 (4)
DRREHWTRDT. 722, E—A LV 7 =Fa— KM, 0RVIZKGT~ 7 =
Fa— Rz .

PLEDO TR & 1K 3 D & 5 (B0 AR L TITYY, RIS, RGBS D A~
M Z —fE L TH-TZ U v Ry —F1T0, FUNIEO a2 —F —FE K LBl &
DIRMELL A, /A, %P8 Uiz, Z OB K 4 18T, #EEROGEEIL, #EICAWE
BN RS %, BHRIE R~ i E R A R S VLD BARERAE TR > 72 b DT
PR L 7=

4. [GHETEDDM

AR TIE, 54 MOP/INMEOISTIETEEZHE Lz, THIEDO~ S/ =F 2— R0
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Coseismic fault model of the 2008 Iwate-Miyagi Nairiku earthquake deduced
by a dense GPS network
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Kota Takatsuka, Kayo Miyao, Toshiya Sato, and Norihito Umino
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A large earthquake of M;7.2 occurred on June 14, 2008, beneath the border between Iwate and Miyagi pre-
fectures in northeastern Japan. We propose a simple rectangular fault model based on a dense GPS network,
including continuous GPS sites run by four agencies, to describe the coseismic deformation. The coseismic
displacements are estimated by kinematic PPP (precise point positioning) analysis. Near the hypocenter, co-
located independent instruments (integrated accelerogram and kinematic PPP) measure the same large displace-
ment caused by the mainshock. The fault model explains the observations well and reproduces the observed
complex spatial pattern, especially around the northern part of the focal area, which is the focus of a debate on
whether or not the coseismic slip occurred on the Dedana fault system. Our results show that no major slip on
the Dedana fault system occurred. The estimated amount of moment release was equivalent to My, 6.9, and the

maximum slip reached 3.5 m on the southern sub-fault.

Key words: 2008 Iwate-Miyagi Nairiku earthquake, kinematic GPS, coseismic fault model.

1. Introduction

The 2008 Iwate-Miyagi Nairiku (inland) earthquake
(hereafter IMEQ) occurred beneath the border between the
Iwate and Miyagi prefectures in northeastern (NE) Japan
at 08:43 JST, 14 June 2008. The focal mechanism pro-
posed by the National Research Institute for Earth Science
and Disaster Prevention (NIED) suggests that a reverse fault
motion occurred with a west-northwest (W-NW) to east-
southeast (E-SE) compression axis (Fig. 1). Miura et al.
(2002, 2004) found the existence of a notable strain con-
centration zone with an E-W contraction along the Ou back-
bone range (OBR), where the Volcanic Front runs through,
using continuous GPS measurements. This E-W contrac-
tion zone also shows a higher shallow earthquake activity,
with most activity occurring in the upper crust, similar to
the focal areas of large inland earthquakes, such as the 1896
Riku-u earthquake (M 7.2; see Matsuda et al., 1980), the
1970 Southeastern Akita earthquake (M 6.2; Hasegawa et
al., 1974, 1975), Shizukuishi earthquake (M 6.1; Umino et
al., 1998; Miura et al., 2000), and so on. The main shock
of the IMEQ and its many aftershocks were located within
this tectonically active region. Furthermore, an active fault,
denoted the Kitakami-Teichi Seien Fault Zone (KTSFZ) ex-
ists close to the IMEQ focal area. The KTSFZ is composed
of several small active faults and the southernmost fault is
called the Dedana Fault (DF). In this paper, we describe the
coseismic displacement field observed with our dense GPS
network and GEONET sites, and we discuss the character-
istics of the coseismic fault model and its relationship to the

Copyright (© The Society of Geomagnetism and Earth, Planetary and Space Sci-
ences (SGEPSS); The Seismological Society of Japan; The Volcanological Society
of Japan; The Geodetic Society of Japan; The Japanese Society for Planetary Sci-
ences; TERRAPUB.

fault systems around the rupture area.

2. Data and Analysis

GEONET, a nationwide GPS network composed of more
than 1,200 stations, was established by the Geographical
Survey Institute (GSI) (e.g. Hatanaka, 2003). There are
not enough GEONET sites near the OBR because of the
area’s mountainous topography. For moderately sized in-
land earthquakes with magnitudes between 6 and 7, the
spatial density of GEONET is insufficient for determining
detailed coseismic fault motion. Between 1994 and 2003,
Miura et al. (2006) established 13 new continuous GPS
stations in Miyagi and Iwate prefectures to complement
GEONET and improve sampling resolution of the inter-
plate slip expected during the predicted Miyagi-oki earth-
quake. In addition, in October 2007, the Japan Nuclear
Energy Safety Organization (JNES) established a new con-
tinuous GPS array along an E-W traverse running through
the northern end of the IMEQ focal area and across the DF
(Fig. 1) with the aim of studying methodology for improv-
ing the seismic safety of nuclear installations through seis-
mic risk evaluation. The National Astronomical Observa-
tory of Japan (NAO) also operated three GPS sites in Mizu-
sawa, to the east of KTSFZ on the same traverse as JNES
stations.

We have aggregated the data from the continuous GPS
stations from four different institutions, including Tohoku
University (TU), GSI, JNES, and NAO. The GPS data
were sampled at 1-s, 30-s, or 1-min intervals, depending
on the receiver type and telemetry system. Dual-frequency
receivers were deployed at all stations. Data from the TU
and JNES networks are transmitted on a public telephone
line or broadband Internet every day.
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Fig. 1. Location map of GPS sites around focal area. OBR denotes the
Ou Backbone Range. Red rectangular represents the study area. The
aftershocks measured by the group for the aftershock observations of
the Iwate-Miyagi Nairiku earthquake in 2008 (GIMNE2008) between
14-17 and 20 June 2008 are shown by colored circles. The sizes of
each circle are proportional to the magnitude of the earthquake. Gray,
black, and open circles denote GPS sites operated by Tohoku University,
JNES, and NAO, respectively. Open diamonds represent GEONET
GPS sites. The earthquake mechanism is determined by NIED. Black
triangle denotes Mt. Kurikoma. The thin dashed rectangle and the
thick rectangle indicate the Kitakami-Teichi Seien Fault Zone (KTSFZ)
and the Dedana Fault (DF), respectively. Thin dashed lines denote
prefecture borders.

Precise point positioning (PPP; Zumberge et al., 1997)
kinematic analysis coupled with GPS measurement has re-
cently become one of the preferred methods for observing
dynamic crustal deformations (e.g. Kouba, 2003; Takasu,
2006). We used GPSTools version 0.6.3. (Takasu and Ka-
sai, 2005), which is a GPS processing suite developed in
Japan, to process the data using the kinematic PPP strategy.
The PPP method uses data such as precise ephemeredes,
GPS satellite clock corrections, and earth rotation parame-
ters provided by various analysis centers, such as Interna-
tional GNSS Service (IGS), to precisely estimate the site
coordinates without any reference sites. We processed 14
and 15 June for kinematic PPP solutions by dual frequency
analysis. The time-dependent unknown parameters (three-
component coordinate, zenith tropospheric delay, and sta-
tion clock) are estimated using an extended Kalman filter
(forward/backward). Carrier phase ambiguities were not re-
solved. The GPS receiver coordinates were estimated using
a strictly constrained random walk stochastic model (ran-
dom walk sigma is 10 mm s~!/2) every 5 min (required be-
cause data from each GPS site were sampled at different
intervals). Most kinematic earthquake studies adopted for
the independent (white noise) stochastic model because of
these studies seek unbiased dynamic displacements, such
as seismic wave passing (Larson et al., 2003; Ohta et al.,
2006). In this study, our aim was to detect the coseismic
step. Therefore, some level of correlation between the po-
sitions is negligible. The strictly constrained random walk

Y. OHTA et al.: COSEISMIC FAULT MODEL FOR 2008 IWATE-MIYAGI NAIRIKU EQ

model also produces a low-scatter time series. The N-S,
E-W, and up-down component for the root mean square
(rms) error for five epochs of all GPS stations before the
earthquake are 5.2, 4.3, and 10.4 mm, respectively. In this
study, we adopted the IGS final products (Dow et al., 2005).
The IGS final orbits and clocks are provided in the IGS05
reference frame. Consequently, the position solutions are
also defined within the IGSOS reference frame. Following
kinematic PPP processing, we chose GEONET site 950154
(Iwasaki), located about 200 km NW of the epicenter (not
shown in Fig. 1), as the reference site to remove the satellite
origin’s common-mode noise.

3. Results and Discussion
3.1 Coseismic displacement detection by kinematic
GPS analysis

Kinematic or sub-daily GPS processing can detect exact
co-seismic displacements, whereas daily analyses can be
contaminated by a mixture of true coseismic and short-term
postseismic signals (Miyazaki and Larson, 2008). Figure 2
shows an example of the kinematic GPS coordinate time
series with a 5-min interval at the ICNS station located
2.5 km southwest of the epicenter (see also Fig. 1), which
is the nearest GPS site to the hypocenter. It is clear that
the kinematic PPP strategy successfully detects the large
coseismic step of the mainshock. We defined the coseismic
displacement as the difference averaged over 25 min (five
epochs) before and after the mainshock. If any GPS station
experienced a power outage after the main shock (shortest
power outage was for 2 h, and the longest power outage
reached 3 days), we defined the coseismic displacement as
the difference averaged over 25 min before and after the
power outage. We summarize the coseismic displacements
in Table 1 for all GPS sites used in this study and show the
coseismic displacements for nearby GPS stations in Fig. 3.

Near the hypocenter, co-located independent instruments
measure the same displacements. As shown in Fig. 2,
the ICNS station clearly undergoes horizontal and verti-
cal displacements, with magnitudes of 44 cm (east), 34 cm
(north), and 156 cm (up). NIED (2008) also reported co-
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Fig. 2. Time series of coordinates at the ICNS GPS station with respect
to 0154 (Iwasaki), estimated every 5 min using kinematic PPP analy-
sis. Shadowed areas denote power outages. Notable coseismic displace-
ments of 44 (east), 34 (north), and 156 cm (up) are clearly recorded.
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Table 1. Coseismic displacements estimated by kinematic PPP analysis at each GPS station used to develop the coseismic fault model in this study.
Stations were ordered in increasing longitude through the network. Some sites are located outside of the figures. TU: Tohoku University GPS
network, INES: Japan Nuclear Energy Safety Organization (JNES) GPS array, NAO: National Astronomical Observatory of Japan (NAO), GEONET:

GEONET sites operated by Geographical Survey Institute (GSI).

Site name  Longitude (deg) Latitude (deg) Height (m) de (em) dnlem) du(cm)
haj_ 14016798 39.34335 135.6 24 -1.3 01
omn, 140.38059 39.28874 1224 47 -18 1.1
nnn_ 14038173 3947618 122 ki) -21 36
aknm 140.53976 3895604 4208 16.2 -0.3 -04
hrn_ 140.62729 39.256821 1820 8.1 -49 -0.2
Eny_ 14071488 38.85795 453.2 280 -2.2 -0.4
iwdy 14086257 38.65338 1231 -0.5 04 -0.7
iens 14086314 39.01206 4685 439 339 155.7
U hitg 14088311 38.85800 3598 =195 253 -13
gto. 14090800 39.23870 653.8 33 11 03
nam_ 140.99393 3946811 2774 -0.5 0.2 -05
WYE_ 141.11979 3874221 59.4 -5.9 39 14
hagn 141.12408 38.86978 1188 -11.7 53 =01
dit_ 141.42169 39.06466 4421 -49 05 -28
tygw 141.42656 38.84869 214.7 -39 1.3 -0.8
natr 141.55474 38.72233 66.6 =16 11 -08
kg, 141 56144 39.38918 4154 0.5 00 04
kmi_ 14168501 39.20848 580.8 -1.2 -20 28
srhn 14062827 39.15275 2515 143 -8.2 1.1
isbd 140.90437 39.11496 3509 232 ans 380
hmyo 14094555 39.11592 2876 17.2 252 16.2
JNES awhky 141.03033 39.12859 192.0 -89 0.5 -24
ntst 141.08678 39.13907 13711 -8.8 -0.7 -1.8
atsr 141 25388 39.12021 2202 -5.3 -0.1 04
idek 14132258 39.16618 276.1 -34 -0.2 03
mizw 141.13282 3913523 175 -13 -0.7 03
NAD mizu 141.13283 3913517 170 -1.2 -10 -08
mzsw 141.13345 39.13396 105.7 -8.2 -0.4 -08
0154 13992812 40.57764 480 0.0 0.0 00
0192 140.16198 39.16421 2884 38 -08 26
0930 140,18347 3893810 1740 50 -0 1.4
0827 14027893 39.29674 179.7 28 =17 06
0033 14031874 38.75860 1815 34 04 =18
0929 140.44733 39.05438 199.8 105 -23 0.6
0831 140.49726 38.75216 2361 36 0.0 -0.1
0554 14050669 3919910 138.6 13 40 06
0180 14055978 39.32700 1043 32 -25 03
0193 14062959 39.05190 345.0 215 -8.6 -20
0928 140.71505 39.14620 3220 205 =131 -0
0544 140.76918 39.35130 3009 23 -1.3 02
0174 14080164 38.74894 3434 ~3.2 18 -4.4
0913 14083318 38.93403 690.7 931 ~116.6 2080
GEONET 0736 14098846 a2 2280 -0.8 22 00
o173 14099058 38.81534 108.5 -138 126 -0.7
0915 141.00433 38.68613 105.4 -4.0 36 =1.1
0912 141.14852 38.99546 131.7 -1386 31 -0.2
0916 141.16072 3866063 51.0 -1.9 24 0.2
0029 141,20392 39.11062 1721 =71 51 1.6
0309 141.29300 39.46469 2446 -0.4 06 -1.5
o0g10 141.31167 39.23538 2224 ~-22 -03 02
0914 14131786 3874322 583 -37 20 -0.7
oan 141.40085 39.01211 2122 -4.2 04 01
0175 141.44937 38.68270 840 -20 15 ['h]
0169 141.53416 39.33806 3170 -0.6 -0.3 0.3
ai72 141.57255 38.90286 826 26 0.5 -03
0546 14157549 3914309 1248 -16 0.0 0.3
o1 141.73985 39.02378 106.8 -0.7 00 o7

seismic displacements, which were obtained by integrat-
ing the accelerogram at the Ichinoseki-nishi seismic sta-
tion, which was located 200 m away from the ICNS GPS
station. NIED found displacements of 45 cm east, 44 cm
north, and 140 cm up (NIED, 2008). Integrated seismogram
records are possibly contaminated by biases during the inte-
gral operation, which may degrade the signal-to-noise ratio.
Within this context, the fact that these two independent data
sets show approximately the same coseismic displacements
suggests that the displacements observed are independent
of instrument type and are caused by actual ground motion

associated with the mainshock.
3.2 Fault model of the mainshock

A detailed aftershock distribution was obtained by the
dense temporal aftershock observation network. This tem-
poral seismic network is operated by group for the af-
tershock observations of the Iwate-Miyagi Nairiku earth-
quake in 2008 (GIMNE2008, hereafter). GIMNE2008
(2008) determined the precise aftershock distribution using
the double-difference hypocenter determination technique
(Zhang and Thurber, 2003) to reveal a coseismic fault dip-
ping west-northwestward in the northern part of the focal
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Table 2. Model fault parameters consisting of two rectangular faults. Longitude, latitude, and depth denote the location of the upper-left corner of each
rectangular fault plane, looking down from the hanging wall side.

Fault plane Longitude Latitude Depth Length Width Strike Dip Rake Slip
(degree) (degree) (km) (km) (km) (degree) (degree) (degree) (m)
North 140.979 39.109 0.46 20.57 12.06 195.2 44.9 105.5 1.83
South 140.907 38.927 0.40 12.57 10.10 2253 25.0 80.9 3.53
=
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Fig. 3. Comparisons between observed and calculated coseismic displacements. (a) Horizontal displacements and (b) vertical displacements. Black
arrows and bars denote observed displacements caused by the IMEQ main shock with their associated error ellipses. White arrows and bars indicate
calculated displacements from the estimated fault model. The model fault geometry is shown by the red rectangles with broken and solid lines
indicating the lower and upper edges of the faults, respectively. The blue diamonds denote significant surface ruptures and deformations found by
AIST (2008). The red triangle represents Mt. Kurikoma. The white star denotes the mainshock epicenter.

area. In contrast, the southern part shows a slightly lower
dip angle relative to that of the northern part (Fig. 1). The
National Institute of Advanced Industrial Science and Tech-
nology of Japan (AIST) (2008) found significant surface
ruptures and deformation based on field surveys. These sur-
face ruptures were formed coseismically and are character-
istic in thrust faulting around the eastern edge of the focal
area (Fig. 3). These observations also suggest that coseis-
mic fault motion generates ground rupture and deformation.
Based on the aftershock distribution and surface deforma-
tions, we assume that the W-NW dipping fault planes also
apply for the coseismic deformations. The rectangular fault
parameters in an elastic half space (Okada, 1992) were esti-
mated by inversion analysis with a priori information. It is
well known that inversion results depend on a priori infor-
mation. We constrained the fault plane location (latitude
and longitude, 0.01° limitation to change), length (5 km
limitation), and dip angle (5°) for the inversion analysis,
and we changed the initial value by trial and error process.

The estimated fault parameters are listed in Table 2. Our
very simple model explains the data well and reproduces
the complex spatial pattern, especially in the northern part
of the focal area (Fig. 3). The vertical component also
basically successfully reproduces the observed one. At
the ICNS station, however, the model fails to explain the
NW horizontal displacement, and the vertical component
of 0913 and the ICNS station are not consistent with the
observed one. These discrepancies may have been caused
by slip heterogeneity along the fault. The estimated seismic
moment of the mainshock was 2.70x 10'° N m, which cor-
responds to M,, 6.9. The coseismic slip reaches 3.5 m on
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Fig. 4. (a) GPS displacements identified in Fig. 3. The red diamonds
denote significant surface ruptures and deformations found by AIST
(2008). Red rectangles denote the coseismic fault model. The dashed
blue rectangle denotes the approximately area of the E-W displacement
profiles shown in (b). Red triangles represent Mt. Kurikoma. (b) The
E-W profile of eastward displacements. Solid circles represent observed
displacements at each GPS station. Open circles represent calculated
displacements from the coseismic fault model. Shadow belts denote the
surface trace of the DF.
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the southern fault, but on the northern fault, it is less than
2 m.
3.3 Relationship between the Dedana fault and the
mainshock

The JNES sites provide a strong constraint for estimating
the coseismic fault parameters. It is clear that the HMYO
(JNES) and ISBD (JNES) stations are located on the hang-
ing wall side and near the edge of the fault plane because of
the horizontal displacement vectors showing NE displace-
ments. In contrast, OWKY (JNES) and 0796 (GEONET)
are located on the footwall sides of the fault plane be-
cause of the horizontal vectors directed north-northwest
with small displacements (Fig. 3(a), 4). Figure 4(b) com-
pares the observed eastward displacements with the theo-
retical ones calculated from our fault model. The location
of the upper edge of the model fault is obviously different
from the surface trace of the Dedana fault. The GPS data
suggest that the upper edge of the coseismic fault is located
several kilometers west of the surface trace of the Dedana
fault (Fig. 4). The estimated depth of the northern part’s
upper edge is less than 1 km (Table 2). We can therefore
conclude that IMEQ occurred on an unidentified fault sys-
tem, and not that of the Dedana fault. This result has pro-
vided an important constraint for investigating the process
of strain accumulation around the Dedana fault.

4. Conclusion

We propose a coseismic fault model for the 2008 Iwate-
Miyagi Nairiku earthquake (M;7.2) deduced using data
from a dense GPS network. The coseismic displacements
were estimated by the PPP kinematic approach. The results
indicate that a simple rectangular fault model could explain
observations, except for the data at the ICNS station, prob-
ably because of heterogeneity in the slip distribution. The
amount of moment release was estimated to be My, 6.9. The
coseismic slip reached 3.5 m on the southern fault. Based
on the GPS data, we conclude that the coseismic slip of the
mainshock did not occur on the Dedana fault system.
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Abstract

We detected an aseismic slow slip event on an inland active fault in the seis-
mogenic layer based on the GPS observation directly above the event, which
is induced by The 2008 Iwate-Miyagi Nairiku Earthquake (Mj 7.2, on 13
June 2008) that occurred on a nearby but separated fault. The induction
of the event suggests that the release of strain energy due to aseismic slip

on active faults like this case causes misestimations of seismic risks of the
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inland active faults, however, such small aseismic slip events are difficult to
be detected by existing GPS network because the density of the observation
sites is not enough. We also detected postseismic slip on the coseismic fault
of the 2008 Iwate-Miyagi Nairiku Earthquake and found the zones of co-
and post-seismic slip do not mutually overlapped based on a time dependent
inversion analysis of the displacement time series that is estimated from con-
tinuous GPS data observed by temporal dense array that was constructed
immediately after the main shock had occurred. This spatial partitioning
of the stable and unstable sliding zones indicates the validity of the asper-
ity model, which is being accepted as an explanation of the process of the
earthquake generation and repetition on the plate boundary, with respect to
earthquakes that occurred on the inland active faults. The spatial variation
of the coupling strength on the inland active fault in the seismogenic layer
suggests that the precise mapping of the asperity on the inland faults is nec-
essary to improve the accuracy of the seismic hazard assessment with respect

to the inland active faults.

Key words: Slow slip event, Inland active fault, The 2008 Iwate-Miyagi
Nairiku Earthquake, Slip partitioning, Asperity model

1. Introduction

The earth’s crust in the Tohoku district, northeastern Japan, is contracted
in the east-west direction because the Pacific plate is subducting beneath
the overriding continental plate (Fig. 1)(El-Fiky and Kato, 1999; Hasegawa
et al., 2000; Suwa et al., 2006). Large earthquakes repeatedly occur on the

plate boundary and release most of the accumulated strain energy due to the



contraction. However, small portion of the accumulated strain causes inland
earthquakes that occur on active faults and have longer recurrence interval
(more than thousands of years) than interplate earthquakes (several decades
to several hundreds years).

The Kitakami-Teichi-Seien Fault Zone (KTSFZ) is one of such active fault
zone located in the middle of the Tohoku district (Fig. 1). The Headquarters
of Earthquake Research Promotion (HERP) of Japan reported that the fault
zone acted at least twice in the recent thirty thousands years, and they
estimated the magnitude of the potential earthquake as 7.8 from the length of
the fault zone, the dislocation per event, and empirical low between the size of
earthquake and the length or the slip amount of the fault(The Headquarters
of Earthquake Research Promotion, 2001). Recent GPS observation revealed
that this fault zone locates in the strain accumulated zone(Miura et al.,
2004). In order to grasp the precise strain accumulating process around the
fault zone, we newly constructed a dense GPS array crossing the Dedana
Fault (DF), which composes the southernmost tip of the KTSFZ, in October
2007 so as to complement the sites of GEONET, which is a nationwide GPS
observation network managed by the Geographical Survey Institute of Japan
(GSI) and whose average interval of observation sites is about 20 km in
the Tohoku district while the average separation distance of the new array
is about 4 km. The investigation project around the DF is conducted by
Japan Nuclear Energy Safety Organization (JNES) to establish evaluation
techniques of seismogenic faults.

The 2008 Iwate-Miyagi Nairiku (”Nairiku” means ”inland”) Earthquake
(Mj 7.2, hereafter we call it "IMNE.”) occurred on 23:43, 13 June 2008 (UT)



around the boundary between the Iwate and Miyagi Prefectures, Tohoku
district. The hypocentre locates at about 20 km southwest to the DF, and no
active fault of high seismic risk has not been confirmed in the neighbourhood
of the hypocentre until the occurrence of the IMNE. Sato et al. (2008a)
suggested that a rupture of deeper extension of a fault, which composes
northern part of the "Mochikorobashi—-Hosokura Tectonic Zone”, caused the
IMNE, rather than any activity of the KTSFZ caused it.

We constructed a temporal GPS network in order to measure the postseis-
mic deformation associated with the IMNE immediately after its occurrence,
and obtained the displacement time series by analyzing GPS data that ob-
served at all GPS sites around the hypocentral area. We present two notable
phenomena revealed by the analyses of the displacement time series data in
this paper. First, an aseismic slip event on a nearby but separated active
fault in the seismogenic layer has induced by the mainshock. Second, spatial
partitioning with respect to the slipping style (stable and unstable sliding)
on the coseismic fault is confirmed. The implications of these findings are

discussed.

2. Postseismic deformation of the IMNE

We estimated daily site coordinates based on the baseline analysis by
applying the Bernese Processing Engine of the Bernese GPS Software Version
5.0 to GPS data that are observed all sites, including the permanent sites of
GSI, Tohoku University, JNES, and the National Astronomical Observatory
of Japan (NAO), and our temporal sites that were constructed after the

IMNE mainshock, in the study area. The data from October 2007 to July



2008 is analyzed. We used final satellite orbits and earth rotation parameters
provided by the International GNSS Service. The site coordinates were fixed
in the International Terrestrial Reference Frame 2005(Altamimi et al., 2007).
The total zenith tropospheric delay was estimated for each epoch of 3 hours
as a constant. Finally we converted the site coordinates into a local reference
frame in where a GSI’s site at Iwasaki (See Fig. 1) is fixed.

Ohta et al. (2008) estimated source faults of the IMNE and confirmed
that the DF did not slip coseismically based on a displacement field derived
from kinematic analysis of GPS data. However, we found significant site
coordinate changes that apparently point the occurrence of an aseismic slip
event on the DF by analyzing GPS data obtained before and after the IMNE.
Fig. 2 show the time series of site coordinate around the DF. The time
series show clear step-like displacements due to the IMNE mainshock and
transient deformation after it. Eastern two sites, "MIZW” and "NTST,”
and western two sites, ”ISBD” and "HMYO,” moved westward and eastward,
respectively, at the time of the mainshock and afterwards. On the other hand,
the time series of central sites, ”"OWKY” and 70796,” clearly show opposite
moving directions between co- and post- seismic displacements. They jumped
westward coseismically reflecting that these sites belong to the foot wall side
of the westerly dipping reverse fault together with the eastern two sites, while
their eastward movements after the mainshock suggest that they locate on the
hanging wall side of the fault together with the western sites. This strongly
suggests that an aseismic slip event have occurred on a different fault other
than the source faults of the IMNE after the mainshock. If a source fault is

deep, we may be able to explain such an inversion of moving direction by an



aseismic slip on the shallow extension of the same fault, however, the source
faults of the IMNE is shallow enough to produce the surface deformation at
many points(Toda et al., 2008; Ishiyama et al., 2008). The moving directions
invert after the mainshock between the sites, "NTST” and "OWKY”, where
the surface trace of the DF runs. Thus, we concluded that the DF has slipped
aseismically induced by the IMNE.

3. Inversion Analyses and the Results

We carried a time dependent inversion analysis out to estimate the spatio-
temporal evolution of the aseismic slip after the IMNE in order to infer where
and when aseismic slip occurred. We applied an inversion method devised by
Yagi and Kikuchi (2003) for several fault models constructed based on the
location of the surface deformation, source faults estimated by Ohta et al.
(2008), the aftershock distribution, and a subsurface structure model derived
from a reflection experiment around the DF(Sato et al., 2008b) by expanding
the original computer codes to applicable to the multiple fault model. The
weights of prior constraints on the smoothness of slip distribution in the
spatial domain, on the smoothness of slip rate variation in the temporal
domain, and on the slip directions are optimized by minimizing the ABIC in
this inversion method. ABIC was proposed by Akaike (1980) on the basis of
the entropy maximization principle(Akaike, 1977) and gives us an objective
measure of the goodness of the model; that is, ABIC should be minimum for
the best model. We performed a grid search to find the optimum combination
of hyper parameters that control the weights of constraint conditions. The

constrain about the positivity of the slip is not adopted in the analysis in



this study to keep the consistency of the method in the theoretical aspect
with respect to the Bayes’ estimation(Fukuda and Johnson, 2008)

We defined the northern fault based on the structure profile derived from
a reflection experiment around the Dedana Fault (Sato et al., 2008b) in sev-
eral models. The models without the northern fault are examined, however,
they can not explain the observation without unphysical slip distributions.
Finally, a westerly dipped plane fault whose dip angle is 30 degree is config-
ured as an approximation of the Dedana Fault.

Two plane faults estimated by Ohta et al. (2008) are extended to define
the southern fault. The dip angle of the southern half of the southern fault is
changed to examine the fault models while the dip angle of the northern half
of this fault is fixed as 44.9 degree as estimated by Ohta et al. (2008) because
of the consistency with the aftershock distribution. We finally adopted 30
degree as the dip angle of the southern half according to the ABIC, the
consistency with the aftershock distribution, and the locations of the surface
deformation points.

The coseismic slip distribution is estimated for the final fault model from
the coseismic site displacements reported by Ohta et al. (2008). We made
virtual time series in which site displacement is linearly increase or decrease
zero to the value of each component of the coseismic displacement at each
site, and then applied the time dependent inversion to the time series. The
resultant accumulated slip distribution corresponds to the coseismic displace-
ment field because of the linearity of the inversion method in the temporal
and spatial domains, and is regarded as the coseismic slip distribution.

Fig. 3 show the coseismic slip distribution and the aseismic slip distri-



bution accumulated in 4 weeks after the IMNE together with comparisons
between the observed and calculated (predicted) displacement and displace-
ment rate for the final model. We choose this model as a final one because of
its ABIC and geophysical demands, such as consistency with the aftershock
distribution and slip directions that should correspond to the motion of the
reverse fault.

Fig. 4 shows the result of the time dependent inversion analysis for the
postseismic deformation as the series of snapshots for every 7 days with
estimation errors. We can robustly resolve the spatio-temporal evolution
of slip rate larger than 400 c¢m/year (adopting a confidence interval of 2-o,
taking the estimation error into account). The results show the following

features with respect to the aseismic slow slip evolution.

1. The shallow part of the southern fault largely slipped immediately after
the mainshock, and this slip decayed rapidly in 2 weeks.

2. Slip on the northern fault also decayed very rapidly in a week. It mostly
terminated before a month had passed.

3. The southern fault has been slightly slipping after the slip on the north-

ern fault finished, however its rate is no significantly large.

We plotted the accumulation of released strain energy by the estimated
aseismic slip in Fig. 5. The total released moment exceeded 6.35 in moment
magnitude scale. Moment releases on the deeper portion of the southern fault
and northern fault had almost stopped as shown in the plot corresponding
to the distributions of the estimated aseismic slip, while shallow part still
sliding slightly after 4 weeks passed from the mainshock. This different of

the curve of slip rate decay may be reflecting the frictional properties on the



fault surface, however, further study is necessary to discuss the distribution

frictional properties on the fault in detail.

4. Discussions

The results show three distinctive features; 1) there is no significant co-
seismic slip on the DF, while accumulated aseismic slip reaches 20 cm on it
after the mainshock, 2) most aftershocks occurred at zones of small co- and
post- seismic slip, and 3) the regions of large postseismic slip surrounds the
region of large coseismic slip.

Feature 1) was confirmed by the analyses using fault models without
northern fault corresponding to the DF. Such models can not explain the
observed displacement data. The accumulated aseismic slip on the DF dis-
tributed its centre at around 4 km in depth and its deeper limit is around 6
km in depth. Its released moment reaches 5.94 in moment magnitude scale.
This aseismic slip event almost finished in 4 weeks after the main shock.

lio and Kabayashi (2002) estimated the brittle-ductile transition depth
as around 11 km from the temperature profiles and strain rate with respect
to upper crust around the Nojima fault, which caused the Hyogo-ken Nanbu
Earthquake in 1995. They assumed the strain rate as 3x 107 /sec. This rate,
~ 1 x 1077 /year, is comparable to the strain rate around the DF estimated
as by Miura et al. (2004). Iio and Kabayashi (2002) also pointed that the
transition depth is almost independent to the temperature profile. Hasegawa
et al. (2000) relocated microearthquakes and found that the depth limit of
shallow normal earthquakes is about 10 ~ 15 km. Therefore, we can expect

the brittle-ductile transition depth around the DF not shallower than 6 km



that is the deeper limit of estimated aseismic slip on the DF after the main
shock. Thus, we concluded that the aseismic slip event on the DF occurred in
the seismogenic layer. It suggests that a part of the strain energy accumulated
on the DF, which may be going to be released seismically, is released by an
aseismic slip event at this case.

Some researchers have been performing GPS observation projects around
the active faults in the Japanese Islands(Sagiya et al., 2002; Tabei et al.,
2002; Ohtani et al., 2003; Hirahara et al., 2007). However, no aseismic slip
event in the seismogenic upper crust as large as the event of this case has not
been found. Ohtani et al. (2003) tried to verify a possible aseismic slip event
implied by a borehole strainmeter data and concluded that it is difficult to
decide whether the strain change corresponds to an aseismic slip event or not.
Hirahara et al. (2007) reported that they have not obtained the evidence for
the fault creep in the central portion of the Atotsugawa-Fault, which was
observed by repeated EDM (Electronic Distance Measurement) observation,
from GPS observation yet. It must be first detection of an aseismic slip
event in the seismogenic layer on an inland active fault by the dense GPS
observation array.

Some studies surveyed the triggering of the seismicities and tremors by
large earthquakes. For example, Miyazawa and Mori (2005, 2006) reported
that deep low-frequency earthquakes (DLFE) beneath the Japanese Islands
were triggered by large surface wave due to the 2003 Tokachi-oki (MS.0)
earthquake and the 2004 Sumatra-Andaman earthquake (M9.0), respectively.
DLFEs and tremors are possibly related to the slow slip events(Rogers and

Dragert, 2003; Obara et al., 2004; Obara and Hirose, 2006). DLFEs, tremors



and slow slip events occur around the transition zone between the locked
area and stably sliding area on the subducting plate interface in southwestern
Japan. Low-frequency earthquakes are also founded by The Japan Meteoro-
logical Agency (2008) after the IMNE mainshock in the region between the
northern and southern faults of our final model, where no slip is estimated in
the co- and post- seismic cases. Even though the triggering mechanism of the
aseismic slip event on the DF is waiting for further study, these low-frequency
earthquakes might be closely related to the occurrence of the aseismic slip
event.

Features 2) and 3) strongly suggest that the spatial partitioning of sliding
behaviour on the inland active fault stands as well as on the plate bound-
ary(Yagi and Kikuchi, 2003; Matsuzawa et al., 2004). This means that the
zones where unstable sliding coseismically occurs and where fault coupling is
strong in the inter-seismic period — we call such zone ”asperity” hereafter —
eliminate areal overlap with the zones where stable sliding dominantly occur
on the inland active faults depending on the frictional properties of the fault
surface. The region where the aseismic slip event occurred as reported in
this paper occurred must be a non-asperity and must be partitioned from as-
perities on the DF or KTSFZ, if the spatial partitioning of sliding behaviour
stands with respect to inland active faults as well as the source fault of the
IMNE. Because strain energy around the active fault is accumulated by the
fault coupling on the asperities depending on the strength of the coupling and
the size of the asperities, the accurate mapping of the asperities is necessary
to estimate seismic risk of the active fault precisely as well as evaluating the

risk around the plate boundary.



However, such small aseismic slip events are difficult to detect by GEONET,
existing nationwide array in the Japanese Island, because the density of the
sites is not enough to detect them. We fortunately found the aseismic slip
event on the DF' in this case because we had started a research project with
respect to the DF just 8 months before the occurrence of the IMNE. This
implies that a dense GPS array with average site intervals of several kilo me-
ters is necessary to evaluate the seismic risk and to predict the strong ground
motion with respect to an active fault because precise mapping of asperities

is essential to realize such estimations.

5. Concluding Remarks

We found two notable phenomena about an inland earthquake, which is
occurred on 13 June 2008 and is named "The 2008 Iwate-Miyagi Nairiku
Earthquake” based on GPS observations. First, an aseismic slip event on a
separated active fault has occurred after the mainshock in the seismogenic
layer. Second, spatial partitioning with respect to the slipping style (stable
and unstable sliding) on the coseismic fault, which had not been known
as an inland active fault with high seismic risk, is confirmed. First finding
suggests that the release of strain energy due to aseismic slip events on active
faults like this case is able to throw off the estimations of seismic risks of
the active faults, however, such small aseismic slip events are difficult to be
detected by existing GPS network. Second finding points the validity of the
asperity model, which is being accepted as an explanation of the process of
the earthquake generation and repetition on plate boundaries, with respect

to earthquakes that occurred on inland active faults.
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Figure 1: Map showing the locations of the Detana Fault, the hypocenter of the Iwate-
Miyagi Inland Earthquake in 2008 (Mj 7.2, a yellow star) and a distribution of the GPS
observation sites. GPS sites are represented by coloured open circles. The sites pointed
by red and blue ones belong to a nationwide GPS array, ”GEONET”, managed by the
Geographical Survey Institute and local GPS network managed by Tohoku University, re-
spectively, and they had been being operated before the Iwate-Miyagi Inland Earthquake
occurred on 13 June 2008. The sites represented by green circles are newly constructed
temporal ones after the occurrence of the earthquake by the Japanese UNiversity COn-
sortium for GPS Research (JUNCO). The codes of 6 sites whose time series are shown
in Figure 2 are appeared. Small dots show the aftershock distribution with representing
their depth by their colour corresponding to a scale at the left of the map. Black solid
lines indicate the surface traces of active faults. Brown dashed lines are the boundaries
between the prefectures Akita, Iwate, Yamagata, and Miyagi. Red triangles point active
volcanoes. Black rectangles show coseismic slipped fault with indicating their top by bold
lines estimated by Ohta et al. (2008) based on a displacement field obtained from GPS
data. Inset shows location of the study area by a solid rectangular. A black star points a
reference point of all GPS analyses in this study at Iwasaki. Solid lines are approximate
plate boundaries between Eurasian (EUR) or Amurian (AMR), North American (NAM)
or Okhotsk (OHK), Pacific (PAC) and Philippine Sea (PHS) plates.
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Figure 2: East-west components of displacement time series from 03 June to 12 July 2008
for the GPS sites around the Detana Fault longitudinally ordered (see Figure 1). Each
symbol represents daily average displacement. The offset of each site is proportional to

the distance of the site from the most west site.
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also appear in right panel as blue solid
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Figure 4: Results of the time-dependent inversion analysis for the optimum faults model.

(Left) Snapshots of slip rate on the faults at 7-day intervals. The contour interval is 200

cm/year. Thick contours, which correspond to 400 cm/yr, represent the 2-o confidence

limit approximately. A yellow star, red triangles, purple diamonds, black lines, brown

broken lines and regions surrounded by black solid lines indicates the hypocentre of the

IMNE mainshock, active volcanoes, points where surface deformations are observed, the

surface traces of active faults, the borders of the prefectures, and the surface trace of the

modelled faults used in the inversion analysis, respectively (Right) The estimation error

corresponding to each snapshot. The contour interval is 100 cm/year.
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B EN7-1F7, KiK-net HUAHABHIS, KiK-net —BIRELNN T 1g 2 2 2 EE S itdk S
H, BEFLYETZVTRY 6 MThor-. IO OBMIFEIZ, EIRTEE R F Y
DFENCREONT-Z L2 RBL TN,

Fex X, 2008 HEF - HIHNEMEOMBEEOKKNZH G0N T 5720, MERE & H
WMF—2 WY a gy A R_"—=T g k0 EFBREZHEE L7- (Hikima et al.,
2008). RWNT, 1-Hz GPS & H\W 7 R IR FE AT 21TV, AHUEIZ 31T 2 B OHEERE
J1% G ~<72 (Yokota et al., 2008). F7z, EIFITFHIZI\WTHENM L /- FRRF RGN SN T

WL - ATBRE « MARIEIRARVE 2 HEE L OKFS - fil, 2008), 412, 2008 44T « Hhk
NIEHIEE OSREE AR O — K & 72 o 7o HEZHRIZOWTHE L L (Bl - i, 2009).

IWTH25 2008/06/14 DE42:56 Seizmic Intensily . 6.40

Mo = 10038 Me

D ket o e

Timee [sf

X 1.2008 45 F « EIEPNFEHIEERF 2351 5 KiK-net —PEVEELHIS (IWTH25) o HiZ ik &
FoEk. oS ALy - B SY © BT ASY



F 1. MR TR S 7B e i K LK@ & B RS

HiE K- SN M, & WrfEE
(8L 5340 (em/s®) | (cm/s?)
2008 AT - EARP PEHIE 1143,1433 | 3866 | 6.9 (/=)

(KiK-net — B4 74)

1985 4 12 A 7774 + Nahanni #iEE | 760,660 | 2322 | 6.7 (¥ilkr)E)
(Station 1)

1979 4FK[E - Imperial Valley Hi5E 420, 430 1622 | 6.5 (BT L))
(El Centro Array Station 6)

1976 fE 7 RA_F A K 2 - Gazli HIFE | 738,656 1300 | 6.7 (filrfe)
(Karakyr Point)

2003 AR E IR AL ER R 667, 850 1242 | 6.0 GUIkIE)
(B S I R AT

2008 45 T - BRI 1318,2449 | 1094 |69 (UHiE)
(KiK-net )

2004 4FHTI I B ER R KRR 1639,2036 | 549 | 6.3 (UMJE)
CHHE 1| [ T)

2003 £l AL R AR 603, 2005 584 54 GUITE)
(e S W)

1994 4F-K[E « Northridge H1fE 1744,970 | 1029 | 6.6 (i)
(Tarzana)

2004 4RI LRI ER 1716,850 | 564 | 6.6 (iilkrfE)
(K-NET + HHJ)

2. ERINIE L JIH T — 2 s HHETE L7z 2008 4 T - E IR ENE O R L

SREE O A R ACHIE DR AR OV TERT 201, AR ERBREMS 2

LIZEETHDH. £IT, 2008 F5TF - BHNEEHEICOWT, MENE &My — % %
AW BRI FEAEHNT (Hikima et al., 2008) 1T - 7=.

BRI, BISEAMF K-NET (Kinoshita, 1998) 35 X OF KiK-net (Aoi ef al., 2000) THLHI &
AR AT 0.02~0.1 Hz D32 R/SRA T ¢ )V E Ze RSy U T2l B R 2 7=,
15— 2 X E - HERE GEONET (25 % GPS D 30 4> 7V v 75— 2 Offr 247\, Hi
O 1Rl EHIED 2 5315 & OZEE B -T2 b O % HERFO A B & & U CRTICH W .

FU I, MELEE AW TA D =X LROHETE & PR 2170, Zhbx b L

(CRBOARCH WG O ATREVE NS B 2 2SR L DAL B (PEEBAN IR A RFFERT - I AF e &
Y H—,2008) 72 X ASEBICWIEEEZRE Lz, BIRAEIXRRT ki X 2Bz A
V)T Double-Difference % (Waldhauser and Ellsworth, 2000) (Z & Y FRE L72fEE AW =, &
BIREIE 6 km Th D, WiEEIL TN IC X2 &M 201 B, A 41 EoOFEEROHE A



FEARE LR, BEEAGBISATE 5 GPS BLS O ~Y ML O %A 572D
X, OB FBRANCAIET A LERS D LD, BEKICITERIEALT CliiEm &
EZTe 2 BoWEmZ5%E Lz, ZoEmicxt L CREkE, ity —% 222
NWTT AR GAiERD, S LIZENOGEZFRIFICHW Y a A b o= Da 2 FE L
72 BIRA > /3— 3 2% Yoshida et al. (1996) Zk B L= ikl Lk viT-7-.

7" ) — > B%% 13 Kohketsu (1985) O reflectivity 152 FHWTHE L, D7D —RIT/AKF
FRE R 1T, BRIRATL CHA L7- 2008 45 6 A 18 H 16:55 O Myya 4.5 OREWIE & V723
JEA 73— 3 > (Hikima and Koketsu, 2005) (2 X 0 BUHIA 2 &SRR E L=, BRERA 72 i
BRI, BRI OHEE LI EEMEE b &I ROuK PR B S 23R E L7 1T,
Zhu and Rivera (2002) |2 L D FH5H L7z,

X 2 IZHRAET R BOSAERT. BROMICKE T _OGEE (TAXY T 1) BfF
EL, ZZTOHRKTRVEITHN S m THDH. BRIVIEHTIEZ ORENFKEL T
HH, I HORNEE T AR T BWFEET D, BIROMEINET 5T AU 7«
TIE, AN S REBICKRE T X ERER L TERY, T30 5400 6§ 722056 7 %
TEREZHETLE, RKRKWAOMPa & RERETHD. ZhiE, ZOT AU T 156k
HFLE NS & A TSR S i Sz 2 & &R LT Y, KiK-net —BIVEELHI AT 4000
cm/s” ZHBZ HINEENEI S 570 &, Wi CRIEE Sk S o 2 & LR &

W2 5.
141°00'

(m)

OO sNNWW S B
oubhouhouwhwowouno

39°00" -

B 2. Kb & E LT
SREEY L T — % DY
aAf > A= g 0C
X057z 2008 A
F o BN ERED TR
O3AT. Y ITRERLA . A
WKL OALE. BY @LE]
% RT

20km




3. 1-Hz GPS 7 HHEE L 7= 2008 4E5 T « EHR N FEHE o B E

I, A L— b GPS KLU OB SICbICH I TR Y, HEICK LT,
FKHIEE O34 CTld Larson ef al. (2003) (2 X » THUEBINBH SN2 FRSN 0D, &
WZHETIE, v/ =F2—F8 7 7 ADOHEOEFIMEHEICHISH I TEY (Miyazaki
et al., 2004), HIBIAIZHHFHIEE ISR L CH W BTV S (Ji et al., 2004; Kobayashi et al.,
2006). L2>L, 1-Hz GPS HijliC AR HIE @aﬁL&%m%ﬁokiwiﬁw.ﬁﬁ%f
I%, £7 1-Hz GPS LB8EFHOE AR L, AMBEOERERHEEICHSRT —2ThD
Hafifess L7-1%, HhG%%ﬂTﬁ%%/A—Va/%ﬁok.Eﬁ,% ST & e s
OV a Ay hAN—T g ORER Ll - 5 (Yokota ef al., 2008) %17 - 7=.

AHIEEIZ 1T 5 MR (7T GEONET OBLHINEIZ L > T1 Y 7Y 7 TRl ST
%. 1-HzGPS 7 — X (X 2 6 O@IA 5, Larson et al. (2003) |2 & 2 Fik%& FHW AT X
STHLN., BEFOERELOHELREEZB LT, YT /NATIERND A XRDT )
WZAONDHDD, 1-Hz GPS THAITHEEBNIEZ DL TWD EHEE Lo, AWIFETIHE
RNHELZE 50 km NOERFAITH D GPS BLIILE, 12 o7 —FZHL, P, SHE%
+ricETe 60 MO EEZH W, 7V 7L —MITIBOEEFLE LTV,

HEE BT 11X Hikima er al. (2008) (23 THEfHE M THWZ, &S 40 km x §§ 20 km O 1
Kbtk e7 v %25 %z, (strike, dip) = (203, 36) & L C, fEERRAA S A dLfE 39.028°, HUf%
140.880°, £ 6.5km & U, H#EE L72WifEE 7 /113 200 f# D 2 km x 2 km O/NETJEIZ53E L
TWb. F70, Wilgm EOmEEEE T 2.6 km/s & L7z, 7V — 2 B%3 Zhu and Rivera (2002)

\Z LD WEFE I 1E A W CEHA L. RS £ 7 /W IZ-DW\ Tl Hikima ef al. (2008) 1280
THE LN EMEBN A (K-NET, KiK-net) TO 1 RTHEMEET L OH D, % GPS Bl
B AR BRSO T NV EMEH Lz, A 73— 3 1%, Hikima and Koketsu (2005)
(2 &> TR & 4172 Yoshida er al. (1996) O Fikz T 5.

1-Hz GPS A v /"— 3  OFE R, #E— A > F&IE 2.5 x 10 Nm (M, 6.9), e KT <0 1%
58m EEMRSNZ. ThBIX, KW A E LI RERRE & R AEIC L5V a A ok
A R—=T g BB 24 x 10°Nm (M, 6.9), 48 m &9 EHERER L Bisieilk
HTHD. ﬁ%@#«@ Mia W THD L, $M®k%&7x«U74&%M®mé@7
AXRY T OACEMZTFELLS, EFRERTARNDZEHMABIZTELYL. £, WHED
KWrE coE (J?E#F'HWF%%I@X‘}‘/7 vav hERTHRDLE, EEZ%F‘%?D“ 7> & AL A
HENERT DT, M~ OBIERFREE N E LS, mMUOT A 7 0 BEIZT DO
v—7 2z, MOT ZANY T 4 OIS BB Y PBEDERTFRENAOND.

ZOX DI, MEDORRIL, ERWEIZR T 2B RBEEORRT- 7217 Tl < B R 22l
EROKRTHEATHY, BWVIEE CAMEOEBFEAHE I N TWDHHEND, 1-Hz
GPS |2 L 2 HHBHUE OFR ) DB R BEE ORHBOREE R ) AT 2 Z LW TE L.



iMnment: 2.5e+19 Nm (Mw 5.9) | Moment: 2.4e+19 Nm (Mw 6.9) |
Max slip: 5.8m _3 IMax slip: 4.8 m

1-Hz GPSE-& - b tion and geodetic
TR R T =2t

'y

i

1417 1417

Xl 3 1-Hz GPS OB A 3=V g () EMBERELEHMT -2 DY a4 A X
—Yay (f) POHEE I 2008 FAETF - EHAEHEO TV 56 WE LB
AW A RE LTV DL ST ER AR ATKILOALE. @B,

4.2008 F5H T+ B IR EHLEE O FE IR R AL

FUITRLIZEY, 2008 5T - EIRAIREHE CIEIRE Lo KiK-net —BIFE T 3 iy
B R RN i 4022 eny/s” MBI S L5 72 &, BRIFRUTEE O KiK-net BUAKHE (2600 cm/s) <2
KiK-net —BH# (1372 cn/s”) (2BW T, FEFICRE BB AT SNz, Z ORmE
DOERZREL =0, ERRERNZFEET 5 & L i, BEXOMESINING & R4 = El
DOIREFLERZ AW B - ARSI - USRI 0R REE O 5y BEFRAT 21T > 72

ERRFIREBLANE, 2008 426 H 15 A BRI 1 7 HRIZHEY, 4RI 7 RIZBENT
fTo7=. Z®HH, KiK-net —PBIFE~KiK-net —FIH~K-NET — B =E % EARIHEEY 20 km
DX N E SRR 6 RUE, Wi R~ = < EF~Wig TRICE T 2
TUABHZRE LD, BIHEEE L SMAR-6A3P (24— : 2 LS-7000) % >,
UD %4y 5enys® b U A —d 100 Hz %> 7Y o 7 CHEAIL7-.

B - ARIRRREE - MR E 2 BT 2720, S OAEBNRSEE AV CE R - A
B (1986) DTFIEIZ LD AT LA o R_R— g 2T, K538 XTN6 107k S 45 Kk
ZHEE L7z OKKS - A, 2008). EIFITE CTIE KiK-net —BI7H (IWTH25) Z B\ C, Mg
ELEPECBERT AN 1 BAHLOHEENEE TIXR NI N ghoTo. E, R
7 R AR AFE 2 2R L72 K-NET —B8 (IWT010) ZFR&, 5 Hz DL BN g3 58]
HLENZ N LRI E T,



K-NETM#{AKTO23]

s,
WL
[mmmerEmn] [mEm—aman] THOOFF [K-WETERIMYGOOL)

4. 2008 o5 T E IR FEHN R E % (C5%E U727 & IO R A (ITG000, HNDOFF,
OCA000, SMM000, MNMOFF, GNB000, TKDOFF).

10!

HNDOFF | [SMM000 | [MNMOFF | [iwirize " [GNBOOD
€ 10 i
S " [IwTHz5 ‘-w'/\ \'V'P ,_,-ﬁ "
N
Al
< 10°
o
& IWT010
iﬁ.l ] = D 3
S N, :II . PR, % =
% ITGOO0 M _ B w_ﬁ
= & bt N Y,
E 1" \ o 1! 1o ([
o ] 3 3 Frequency [Hz]
uA ot
{1 - T T o
Frequency [Hz] ot w0
Frequency [Hz]
5. HEXE S AT BRI BB AR oD HAR SR AR
-Ihl' 5 15 hl":ﬂ 45 15 .ﬂ”iﬂ 45
10" = = - 10" 10-" | |
5 (a) xi‘,-"'_‘-" g (k) = oo (c) e P 1'[d:l pas
g A 2 F e i =L, :
S - st 1t - o-? i
%m" + ‘E -Tn' sl ot %‘ '\J I
= o>
J- .
fm“ EJ - ™ -3 g T
e w' we " Ty 't 1o M ™ (RS 10! 100 10!
M, [Nm] (F-net) M, [Nmi M, INm] Froguency [Hz)

6. (a) F-net OHUEE— A ¥ M OHEE SNTREOHEET— A M HEE SV HE
F—A L MIKT D (b)) 2—F—J8HE, (o) MEHEEEJH A~ ML L~ LDB&. (d)
HEE 7z O fil.



5.2008 A F - EHANERIE O FBESRE OB

Wil EEN I L S MBS W T, EBIRIEO MBI FE RN RS R EEE 2D
Z EERE S LTV D (Abrahamson and Somerville, 1996; Oglesby et al., 1998). FAZZHE & 1%
Wi O FARBLALRIC BV T, HEREN O 58 S 2 BRERAIC T3 2 BB E IS R T 1.4
~2fERRERE RMENBI SN BIETH Y, 1994 45 K[H - Northridge #1755 THI 6 T &
iz, HESROEEIIR L CTEHATERWVEL DL LT, KENGA 7Yy b Tid i
NI D A BRBER AU LT A (151 213 Abrahamson and Silva, 2008). —77, HA®
PR RLIRIC B WO CIE, B R AT TR L 72 Bilix Za vy (13210, 2005; PN (L -1, 2008).
Z ZTABISETIX, 2008 AT - EIRA IR o & E iR EELI AR S BV T RN
BETHoT=E D 0ERE LIz (F# - i, 2009).

£, BFILFO K-NET X KiK-net, K%RJ7T, ETHEANECRERAGHFIEITIC K 5 iRE ek
#6%kWLF(Hﬂ)&%kLW(HW)%ﬁ@k.%k%ﬁﬁk%kﬁﬁ%ﬁm%%

B REN AR INTOWDEEIE, RAXINEEICE L OIEF» G o7 —%
%%@ii%mf%% B DEZRD T BRASHEIZE LT, MEEERIZZ 0.1~10 Hz
DR RRRAT g W —% e B LR Lz, BRSNS AR I T RWEgGS
ARENTWDRKKIMEEDOHZZFH L. RIZ, Zhbo0BHIEE, BEREREXZ Hv
THEEM & DOFRZEE L, NI -l (2008) D J5iEEZE ZKE O AR & TR OB A
2T T, R L W E R EERE & OBITR A KRSy & BRGSO S KINEFE - S KL
SWTENENRO . BEEEEEEL, AR L TiEFE] - 21 (19992 L, &
KAMEFEIZE L CUIIHRIZI T DA, SRR EEITE LTI V30 O IEZ 1TV Ly A
LOMEEST-. BRI eiE (2008) A L, HiEICK T A EE ST,
ZORER, THEACITBLRME & HEEE ORI/ N S VNS S o 7228, HERRICIkZE
MRE L RDMEMDB B, 2008 45 F « HIRAEMEIZ W T EEEIRS MR I,
Flz, WEREB SN TETAKERTOHR BT, ETFERSICENTS BB EZ#ERT
R L7z, AL, HEISAEZRND L, WiEoEBERERS N HRAITEREN K

L RDBEENZNE OO, BIEERERAMEON R LIC Lo TR THRENRKE 2
DRERLDHY, SBEMES I 21— a VI IBRABPMETHDIEEZLND.
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7. PREEECGEAUSKT S 2008 AR5 TF + EIRNREHIER O SRR RCE O B AR E. AN
AEE), AN ETEZRL, BBRISRINMEE, FERITRKHEZRT.

Eils

FEATIC IR SR AR EAT K-NET - KiK-net, <ZTRER, [ LHEAMTEGRGR G HFIERT
OFRFERLER, [E L HEFE GEONET ORIMIFER, [EUT e bR M2 H S g T e
XFE L. E70, BEREENSREORICIE, 2L OBREO A ICTHEE ZHhhE
THEF L7z, s LTV LET.
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EFc BERABRMBICIVRELLIDKE

1

[(EWKEI V=TT WIHEH - EHEE ChisKRTF)
iEEPNIINCINGIPNE D)

HIEE (RAEFEE R Y)

INARERE] (IR

TARBEHEGL - HERF - mME UK )
HLYEAF S (SLAnfE RK2)

1. XL

2008 /£ 6 H 14 HIZHE LA P-EWMNEME (M.7.2) 12Xk-> T, EBLFEZLO—H
JIL Zaa il =sa)i, ) KON B a2 o & LT, g Y - fE%E%
SOLTWEENREAEL-, THEKEOBATILZIGICE > TS, KBTI, £FTEAR
EAB ORI &SI DOV TR~ B O - AR & Rl A B OREE, i3~ b
R T 2B A B DEFNCOWTOBEMER LT, S HIT, i KRB O TR M
F Y _owf%%&@@%%%ﬁﬁféo

2. FEEBORKX L Hm KGR (LK)

MR O 2008 42 6 H 15-16 RICT T MANC K- TR SN2 /1 H AT —2EHE R
OHFEIZ LV 2200 EFTLL ECRIm A OFRAZHEE Lz, fmLshEiEoRAHEI1C 1/2.5
THEE Bz 7wy b U R R E o Am 2 Rk U7z (-1 JUKRIE 2> 2008a) o £ Difil R
T HAAN BRI R DA m A EE, R R-F ISR T D L v D B
WAEENRBO b, AROMBECTERAEALZRMEESL, BE#HELLALIETVTFALE
WY - JAETH LN, BELOEEH TRV | EET Y BKERES IO LA
TIZX STz,

2. 1. BE#MS D

R <D X, EWHBEA T X0 @ E&2 % GRS 5 VX EED I L > TRENL -
LDOTH D, RHIE T, RFERE O E MR EE LA R L2 KILEES 20
VEREGEIK AN O HERE, T 2bbXy vy vy 7 lEZ T TRO LN, BENRN
A7 Z—LVEBEOLODE X, %FERETH OB THRE L,

W ETEEN I K D RIE TR0 #%yﬁmy7ﬁﬁ%ﬁTwW?\%E%ﬁ®L%K
R S VT2 CTRRER O TR E Ik > Couflm AT 2 X5 ICB#H L0 T, A
ﬁ%ﬁ@%%&%@w@@&7~«/%®%&mﬂ%ﬁéh1wéoit\%QW@%@
BRI L DO THOMICREMNZ L EDTND, AMEBIZIDZZOX A TORET
RO OFAFNID IR FRERIR A A B THRAELZRKBBEZ ORI NICHY 35, i
RR M3~ 0 (3, @iﬁﬁ&bfi@w HAERTOEPERHFICLD &, SRIOHZE T
TR SN TBEREICH > CTHWEEESCHREEZRDOOND Z LG, SR MT <0 X
FEE TR L) 2 LRSS,

2. 2. RBRE

AEIFEA LA A S 2234 EFT0 9 H 1855 EpTid., IERE TH 5, ERISHIIH W
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DO T EARBERENIR > THAMT D, ZRE LI o5 A 3 D KA it HE A58 1 2 B0 2 43 BE AR i VR
WIZB DO RE R D01 %< &V DITHE 100-300m OIFITEELIZLT VY T/ Y 2 N
T 5 =B ERSEH) ERICETRICOMBRRO N D, 6 TESH T HE & & THE
ELTHAEL, BEEMELTHILEZEBZOND, BEICITWERBEIKS - AT
Ehy TANOMELIELOLEEXLNDLD, T TIEHEMRBEIZ-FHLE, ZboRmE
EENX, FEORIZ—HBEDHEEZFETALLMLS, ZORKOMEm#lz2 A3 (B
H1), ¥/, REZHEDTCEBRGPOBAELELLAROEO LN D, LaL, BRI
W )I /AL TR A LB B EE O BB —B8 IR D b DIt~/ < 72 b,
BEH)NLLAE T, HEr s b EEFT IS 20 T ks 230 L, BARE O/ S 72 DL
MoTWNDZ LN, MEBEOMPHBEOHBI AR ZELSETWD LN D,

2. 3. FAEMHT Y (Debris slide)

RAEEMEM 9~ 0 13 FEAETUTH B IR O W& ENEE L. B i Iic B E K23 55 i
THIELbOLE Lz, BEEVER-& VI3, RERER &Rk, —8)l1 i LI 5% O ¥l K s
ZOUID AT AN Y 2 W TRO b D, REET DX, REREICKBEH RO &
MREV, BEAKRIGZ, ELTCILIZERTME L THRELHEBEL, Z2HOMT~Y
X NEGR LT,

2. 4. +FAHP (Debris flow)

W2 A T7OREEBORFIEARTH L, EAROL T, Ldo@Y EEHE,
AT N DI L > TREND b SN EBEMMERY S, RIEZHE L 2O LR
MLEbDOTHD, THOITE LMK ILEOH K, WHMIOREMOBIETHEAELT
W5,

TAWICIE, Jedt (Mud flow) & L CREREZBEH L2 DN H 5, HEEE L1 THH
THRAELLEBEREN, FYURZ 1I0km ICH-> Tt F L7z (BEE2), AKIEHOEAMmE
BAREUT 0.107 TH D, PRI FEO FY DRFEIZIE, 2 THRIRLELNKRE RBEY
TSI TV, FBAEWME FTOKRSICE., REDENR T LIZRICES LN LE X
LN DIRKDIRIKIC X D2HEPRD BN D (JUKRIZA,2008b), EEH T~V 1T K D{HE
PHEED T2 PR A —IFRIZ R L7272 08/ SRR A M LKL, 28D Amaz & -7,
—J7. FUMIT R Y OPRICEEEET 5 pEZ)I Bt THAE L7zleitid, 1.6km LB E) L 7220
ST(ERE2HMOEAMEBR), 20X RBBIEBEOE VL, AL OME KM T
KEBWESTDERTEOEIIRDOND, T74bDL, FY UK EHTIE, ZREOEWT
TNFX—= IR GHMLED EHERWVERENE > T2 Z &iZxt L, EL) & B TIE,
FEVE D @ W EEIK EHER S 8 oA L. MBI AR ICHTZIL T TR L TWIZ Z ERREY
HOBEBICRESSEHELLEEZELOND,

B E Ik

1) RG] - ERERD - LRHE — - IR ZER(2008) : 2008 FiE TR - R ARERUEIC LY
FEAE LIS _Y - FAEs A
http://japan.landslide-soc.org/education/report/iwate_miyagi_ EQ_080717.jpg

2) JURIER] « IR ZE AL - B 3E 2 (2008) 58 F - B R N B ER C R AR L 72 BUEE B (L
DRE L A, BARMT XD 2,452, pp.63
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3. BIFRBOME - HEHBK L AEEBOLEME THEZ CGRLFRERT)

EREE L RO DM 8O FAEML. HE 10-20km, FEILK 40km O VEEEE, HEZAIC
(3 BRI UR B o0 = L BE A B L EEES . BEA oKL & ) I B E S Hidkiz . 2,000 & T
BZ D, MRx RE K E NI Uiz, R KENE RIS A L #ik & RS S B
IEAT L. R E MBS E OMGREES Lz, AT, & L THRE T RIbH T &
MEHRNARE LEZHEZES THULWOREER L, EENBELEEREZH W,

BUPLRIZ . BRIy & Ak E o L L F CHERE 500km (23 5, mbic# e
LMEWVWILE CTH D, ZO—kK& OBEMRIT, HE ROHERE THEKIN, 5F - AR
Wae T AL (1440m) PR EFT T, £ <1E 1200—1300m O EEEZH T 5, B LR
WX ED UL KA, SHE TR 72507 F A X —%E->THMLTND
(BRIZ D>, 1996), ZEB LT SER) — e KL ikc & v, BEAEIEE OB 2
KILTHD, ZnbOXKINTHEES FiIcz0x, RERUEEZREL kUL, ZOHREY
DOEEFLTLHE B, ([IIRZ BT 2 WINERTE R - 6 E - B 7 E o RFicE
Mo, EERXE+FeRBEOIRNLZ VOO, ELUBEMITEHEEGEHEA— M OR
KRR EFEZERT 5, BRILIROFESIL, KILIEOHERED > & 72 D FER NI 2N E 2 5
LA EENEMEOMPEZEE T2 REMNLRIGAEEND D, SO HE KR EYW
KM TS TE e, MRZRIZTHAHBERSML TWD, 20K D RMBEED S
e, ARIOMEKFEOHRMEBHEICT H2RZRE LTRHEINLIRETHA I,

3. 1. BEPILAREMOHE - #E OEF] & &L K E O R

B — 2 alz, BP LR BMANZ T T 5 T & #HE oMKW Flg b LR XIcR L,
FRIWROEFIEL, MREEdE mro T oy, B0 KRRELEER IO, B
REEERTHAENZ N, ZOF ZROEED EAICKIIEOHEM N ER > T D, K
M DHEREW I, B - KRR HEREY) - IRIRHERE S5, £ ORI - [EREE - L - Mk 7R
ElZBWTEETHD, IWETICEE =KL ENULPEIC T TEKRINZ EBbR
HHANT INRELIL, ZO—HMITEVCRAERY CREI N, HIBWICHERATE RN E O
B, [ - mEHOBEE R L, AR A AR E L TR S, IERTE R 2
T 52 & bZ, WK 400-500m (2 R 7ET 2 BRI I RE L OB ERRO b d
GENSLI 0, RBETEEERNRV AR LA E X 5 & MBI LM O
VIO X b LA, BMEMMIZH D HEVER (FRH2) Lo kiiFicZz o4k
HHIE I NEY E BN D, KILOWEIZITE < OBA . KAFHERE f Vs BE K H O HE
P, JRHERE 2 EORBENES BEL TWD, BIZZORITIE, BEOKRICH
S TRETDHEOWMEERENR OGN D, lE P8R0 KIEFE 72 & 03 B HEIZ IR A0 iff
FEIZET S, b X oz, BPLAROFM oM L, ELBE»HIEIC, Kilftm, Fk
e b, LR - el BeRmEiE, WECEE ERSIL T D, T a5
O KITREOMRE L CREIEABR TU Ll S 12 WRAEWE 2 k3 5 . KRIIZE T,
It O R E AR TR O K E WM E 2 W LEAR THY . HozhEh o E
BT EHAR TR O D, RMEWTdAR & JF ORI mEEOME 7 07 7 4 VA ER
it WO B (BIEmE cida) 12, FLLLkmoRERFEE/HATLHZ L1
D, £, MEBENTAENREERSBN L, WO FHARE LN & EHE-
T, WRICER R REEEZFORE LA I HIE - B KEEZAH BT 2 &
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270D, BEHERHIE - HUERERR & I O TR MR - T, xR oM mEA® 2 5 E S
HHFRMEAIDVHL TS, K—2b 21X, TNENOHIE - HERE CHBPICHEL T 2
REEBZ R LT, T, SEOMEKED ZRERHMXIZI T 5B EFEG 2R LT,
Bl 20X, BEELEANE O K U RIEEEEICRAE Lz e & A, KLRE Z2 BT 5
K2 T — D EEGIZHAE LT O T, KILFAOBERCE L OSE - FIZEO
JRHIA 72 I « K SCRMER EDIEBIC R E S BEBRLTWD L Bbivs, TodnBICEER: L
THRAE L2 BE R GEE O K e =0 1, EL)IEER (R, 2001) THAL
TZbDT, BHELEZEDOTMOEIRELE NI F Y vy ay JEEPRERNOREZIZLD RE
BMPEEEADH L, BEICRE LT RO MEOREME . FITHEKT D X ICHENE
U, Wi+ 0 MREO KB LIc R s AN R c& 5, —@J)Il Ekod 7 At
KB X, JIFUNRIR P 2 RS AE U7z KRB 2 (LU E AR Ix . R & 83 D L%
EDOWEMN 150m ZiT X5 RHBICET DI ETAREATLLGFIICRAEL TS, 22
TIX. VRS BRI 5 K LRI O %5 0 AE D RERE & A EETR =R T & o ISR & TR o
RESOBESHRPERLINTEY , HUBEB)DHIE SN D M RIENE S T2 & MEICH - T2,
BEge X & B9 2 a1 3t 7e SIS, R L0 A - LR ASEAS LoRim
KEIZ, REBO LI RANETTLEAICHKELEZRKEL LTEREINS, KIURHEZ
BAMT T 2 /N 22 T Y — IR O pEHh, Ve, K7 O R E RS
NTEFTIEHEV B2, SRR A A EJfROBE RT3 XY | EIT e 787 7R,
VAIZFREETRERAELL KRB T DX, 2R ETHZELE XD 2 &40
HL7MEKELFINEOLDTHD, T D RBEERENERE T X MO <D
DFAT, ERIEBRRE NEE, AR EE VS ZOEOMELMEEZERNE LTIEE X
#, HEHEZOLOICKEEMT R OREDHEREZ KDL Z LNRBRENTHA I,
3. 2. %O MEH) 7R MR MK E O E 4

EXR7vy 27754 FELTORBRMTRY @ KRS~ 0@ offzEs Z oMl
KOWEBRDOILERVIZONWTOHLGEHT D, ZO K IRERHMT N0 I1E, BEEATH% O H
BT — 4R AET — AN AFTENIE, TOREP LA B 2HfE T 5, HERAE
OB BIITEEMBRRIC LA EPEEREN I, TICABINE, £, ZoHEg
IZBIL TiX 2006 FEICiRE SN ZFREELEHENATWE, 22T, 20 2 FEHOZEH
FEZLE LU CHEBEROMT R BB EHEET L L2l B, WK, MmAERER.
MBS, SIET HBMEN G TE2HETH L, FH—3 -3 IBHEROT DR H K
B2 b O DEFRILTH 5, 500m W12 K SE KRR AFHEFTEZBEEIL, 300m 1F
EBE LN, THOERIIRELE L o, BEIZIFIZAKET, @EXIT 10m~15m
BELNMUR2ol, ZOBENAXNVE LOBEZEEKBL TS &ETE, AR
UMD TERT, AT 2EUTEVWI Z LD, TO—5T, ZORFICITAN
WELMEICHERE T2 Y — U BABE G RICEATL T, RRIMKROFHE LTER> TS, 20D
oy B AR EELE &S, —HICEN T A0S - BEOERBIXIEAEOEED TRE BiF
TWn5 (BE—3—6), ZIITFHMT RO BEAERTO X LIZFEL TOWEAK (60m~
TOmbFH EFLNTND), EROXIE, BOo—MEBoN2RNy 7 AT N N—
ERREAEBR->TND (BFE—-3—5), ZhiE, be& b EFXAITWAL TWIIEHR DO
WO TBB A LMAD L) REREA LD TIEAVWMAEHIIEND, ST
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KB T0 95T 51 FET ~ YDA
X — 2 BPHFZINIREMAE @O IZE Y] (a) &F IR AET 2RHEKE (b)

DHIFICETLEARILN DY | 2Oy BBERETICHY L, Riiko mE##ico Lk
FeboltAonsd, TNODOEMAICHONDERCHE AR EOBENRNEZ LD &
JE i 8 EL A O E TR BN EIT 200m BRI L, S OISR E OB E &1L 100m R IZ
FTERTTD2ZLRHD, DFEV ZORBMEARBEARIL, AT 300mMBEEIZITKFEICE
gL, ZORmEITIT N0, O L RS LRSS, ElHmoBaEi&i 100
mEEIE T L, ZOMPRYOEMEREZSISEILEZENW) ZEILRD, ZOEK
RBEAROT D EIX, TRERIZIEIIAT SAKDORFEDO, FTROZITOIEK IV & FALIZ
Holz B, HMOEMOAME THREmBOHEIT EN Y REC TN EEEEZLNDS, E
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DO - BEOERBFICHFEAET D, ok, B (2008) X, Z O FHTE KA ®) & DR
AL L T, iEESAKEMRAEL TS,

BH—3 JRERMT D OB L EBTE O KK
1 ElEE LW DBEAR SR ERIR S A, 2 0 EWEEOMEMK & g8
3 ELDBEEL LD MO AFHIB L OHFOBEELHR, 4 : F2 VU v POBER L&
FEAVEG (RED) . 5 @ REMRBELFOR v 7 20— 6 @ F#EILHEOHEY S
ToHbiE - ek O HJE OHRE

oL RNBET Y ORXOE RGBT~ T, FoHMEMAEICHERIK
D HNDA, A EIOMEE TITHERE AT, B OES) 2 53 #9 <0 #E O FF7E R
BHEREREZ R L eHEIND, SRIOMT Y TiEX, FRERY L ERIZHHA LT
D RBL 2T~ WO h T BRI KBABER2EEZOBEEO T~ )6k s
NTWEEG N —ERICEI Wb D EHESND, 20X Ty 7 774 FROEKX
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T _DIZK o TR SN L B 3 R0 M I, 55 T2 PN B R o gk 58 Hi s 5
WCHHRIEL TV D, BRI TH HALm OB A FH O EE LA 5 2 M3 EE TOHPAT
g0 HE O - RO RIENRREZED =A% (1983) 1. Fi AR HE A
TARKTHT7ay I 774 REALTOMT R LLT, 3OOMAEREL, £NH 28 &T
DA EWELNZL TS (K—3),
—38)I EWE o KRR REE (UE) BEE . ) BB oA KB X, JIE /)
BIRSCAE /IR ENTHEAE U7 RBUBEZ2 ER B. BRB K IL DS IR & » TR S e
IWEERE A, SR IUACHIBRIC M L 7e & b D IR RS IR A OHERE T D44 5% 0 & 5% 3 RE AL i
EN, IR, NE/NRR, HORAR EERERICE > TFA S h, BERNARE & W
RO E N 150m Z 83 KHE 2 TV a DR S TW G E L, —alll el
FUNBRAFH A L0 B OB EfE T 44.58km2 T, 4R OMEIC L0 NI LS B8
2% 269 TR CT&, MBI X 2 EmAEIT 2.57km2 (2 L2, Wik 5.7%03 H
BICIVEEZZT VD, TRENDHR
T CRBM A P~ N ERAEL
TUWNTC, HUEFEAE B A% I JE PAJE A 7 & P
RSN, 20N, &/ BlERHIK L
Gt X I E R 2 K 3 B AT H B
BREANTWS, BICAEPE L& 100 5
m3 & BT K O R KRB AR R, 2D
L0 MM EICET L THAEL TWD,
Bl—42ix, £onpmiRkizr L7, &
150m (2 &SRB R ESRmIL, B
OFERNE Z 21X, WREEEICE 72 & IR
DA DED RER R & AR R & O
(A THRR D K@ OB E Ak L
THY ., HETHIE I LD HE SRk
S TG IRIC & o T2, ZE D E P ZE %
AL T—BNoh T, BiiERAEO KRB
PR R (AEPE L&Y 300 J7 m3, %
REEFE W) & 160 J7 m3, HABE/E L& 140
i m3) & BIR IR AT O KB B A B
(AEPELW & 176 )7 m3, IR LW &
65 7 m3, gAEEL & 110 77 m3) @ 2 i %
ML L THEORNEZIERE L, &/ &
ERM X ORET, Ak 510m, FHiE
120m T, FRARE OGBS 2 Eil
MRS d, TALOEIR M HEA & LI TR
LA I8 2 PAZE U7z, Y0038 PR SE T O 6 0E fie K
JE I3 A 30m, HEREME 13580 90m, P ZE [X i)
R34 550m TH D, Z DOAZEIZ K DK

M—3 BEAFNLEELE TORYH
ZRICE T D KRBT 0y 7 774 K
B4~ #E D o3An & E/RE
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200m, HEFEXRIER 1100m TH 5, HEIX, FNOL &0 EKEEES, KiUAass, B
B, BCAERE, EREEEIRE, BEIKAMEE T, WARIKEIL, EERD NS, BAE
KA, BKEDOV LV N~ EEE L L TEBOXKILER, BAXEZATHT, —HICKE
HAEE SR IND, %@%m AT N58° E12° S ¢, A&7 & &y m 23—
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T I O WA IR 200m (2
i L GRREL T BREEAREATER S, 20
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oAt EBRMUERAS AL, g
DRI D A N—ITKRE
R o7, WEERT D,

M—5 %/ AaMX (k) BXO%E#MX (T)
DR EmEE NI 2009)

5% Uk
IR N« A7 - EIREZ - A M (2009) : —8)IREOHT =D &I
2NEN

4 FWEEFE N ER A RS E (FRIH)

A4 (1983) : HALHE 7 25 = A J& Mg 12 58 248 3 5 KA 3E O i 2 r0 ik 78 . BJE K
TR RHME 5 SC. 119ps.

TEARSCHE - KRR - o B (1982) M~y B mK 5 14 THE - #HM).
85 9B 55 H fivr F 5%

AT - fGRE £ - TEHMER - TINE— - HE®EZ - hEfE (2008) @ HF - FIRN
ez (2008 4F 6 H 14 H)IZ X 2 HZ Glieh), P HERE, 114 & 7 75, 697-703.

HATE D - m o2 (1983) @ BEENE G AR O M - HUE . B280[E G 2 B 220 i A s

1-15.
WAL R EE R (2008) AT - BIANEEICMHR D L ESRRTTSER (8 1\~
3\).

MRAS KBS - 4 I =] - £ HERE - P2 2 R32- (Lo IEMK- KY5 & - AR A FE - R PR (1996) :
FALAAR, FWALILOREZESA (1) — &I~ K IIEEOIER (HE). B
AR TRRATE. 88.

PR Z - BRAIEE] - mAGERE T - MEEE A - ARMEORER (2001) ¢ FEEK IO L, K
[, 46, 269-284.

B Z (2008) : 2008 AT - HIRNEMEO MBI AT L BRI AT <D H
.53 % 11 5, 21831 BL L& - R
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4. WY - BEICHTIBEARKEOKRE T AR

BHF - BRANEHEICL > TEZOoMT XY - JRENRBEL, 0L TR AREIKE N
BR LTz, 22Tk, M50 - REEICxH T 2B A KA ORE L. ZO/KHIZoON
Tk %, Y HE O RSP E IS O W TIEE T 525, 3 &P O A& H T & ik o i %
2L, T O EEICEEH & S D ARG RS (DVEFEEIR ) A oA L (B, 1989) |
Z O AL RIS, BEIKER A 72 EDNAKBICEWEEZ S > T LTW5,

4. 1. {TEOBEORE (FHEEE230m, AAEEITI0—20m, & S40m)

AL, HEEAIA0m OWERERIR S D REDORETH Y | BREEIK S O AL B A B IS
WHY, TNRRETHLIDICHKELICRETHD (KM—6) . AEORRE. HAEROE
f72810—20m #IB L7z, 2 2 Tl RIS O FICBRAEIKE, I HIZED FICEIKE
WAEMFIZAKEREEEZ S > THfM L TW5D, FAEO EERITHCRET B O R E U 7 855 5K
AETHY ., HEIXIZEREL SRR FHICAEA LTV,

R EEHERE M) O Ko (I3 BRI S O NEE L, Z DS O IS IR IRETEE & %
NICRZT HEIINE THOME SN EIKE DA M L TWe, REEECIX. BRE
JRAE OB FAEEMC > T T, 2 ICHE&FICBEERER R #E-> T 5, EE
e LT, WREEIKCE I, ok THARmAACEESHT Lo ZhindnoTnsd b
ORBO LN (BFE—4) , £z, FAEROERICL > TSN TEHOFENERRD 61
oo U EDZ &6, ZOREIR, RANCHEOHE AP, H o R EE 42 R T 5
HLHETEHSICLTHBVELLELOTHLZ NS, ZHIEEL e E T FmoEE)IC
ERERLTWD,

WA B K T, WE OB ISR REK1LOen KO\ AT 0y 7 BRKREBEICEEND H DT,
wE I AERICRZ DO THD (BE—4) , BAIXKA»DLKRFEAG T, REITHE
BTHDHBAFTEGITIHETOSTIENTE L, TOEEME THMETHELEHE -5 (T
R, MM OREEBIRE & 12, Chigira and Yokoyama (2005) 2845 L7- D & FEED
BRIZLDIDZERBO LI, HTANEL > TV AHIKFHRDODLNDL, ZD X DIT,
KIWAZANBKINTHEEBICERINTHBOD THLAL o TWEZ &N, ZOHRED K
ERFERTHDL, ZOBAZX MOW LIZRER, ZEHIEME L TOTNIZAATZ XA R
B b,

4. 2. fTEOEEFOMTY (HR, #E400m, & X400m)

COHTRDIT, BEOLLSBARKAPTICT XY ENEHRI I, ZO EIZHEH S E S K40m
DEFREEIKENT RoT2b D TH D (K—6) , WEEITITERMEIKE &2 OHE F O Ak
JRAENEH L, WHOERITAMNCmT THRH40 EEALTWD (FE—6) , T DD
w FEONFITITRAERKESCEHENFEHL (FE—6) . T X0 EIZMIKELY & N4 8
D, BERICTHL EHEIND, HIT XD ORMEITHE FM200m OFEELAFE2->TEBD .,
T, BEMEAR X EICHE R L T EXR-sT/R R Ths tHfiES NS, ZOREHE DR
AT VA e S 72 R A LR RO OV RS B IR B AL L T D, ZORO/NEE, AR
RENLOEAICLTE, KEAKEL, £, TOBIRKELAAARTH D, EAFEIC
WA RSN BT DR IR iR e bICHEESEN L B AENEO L TEY,
INHOENEIX, T RXVIZEI bOTHL EHTcnD (BFE—6)

M~ EAFTOEFEEBRIC I T, HETICIET TICHMT DR H 0 | 4EOH
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BTCENDNHIEHT 2L LI, BEENETICRBLEZZENDN S,
4. 3. #HE

ZITHEH RWERECRROBENREL, TOTHOonZED (KM-7) , BELT
WZIEZENDRRE L2 2 - T HROBRENRO b, B LSO CmEN RN T2
eI, MBHRBRLREVWE )RR ZZT0T VA, -7 LE5EHEH—-8 (TR L72LD
. REFEICHSEK I b TR E I RSB S 2T T BB L TV,

T EAI560m OEHLZRRAR O FITIEE SK40m OEFEEKE N H Y . 2O FIZES 1. 5m
DBAERIKAE . 1.6m O KNG AEIRSE Z G K ORER H 5, Z OB ARSI, &K
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