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Abstract

The geophysical and geological characters of the source fault of the Noto Hanto earthquake
(Myma 6.9) were synthesized. Based on the seismic profiles acquired by two-ship seismic reflection
profiling and aftershock distribution determined by densely deployed seismic stations, we con-
structed the 3D geometry of the source fault, trending ENE to NE and dipping 60 degrees south.
Around the focal area, detailed topography and bathymetry had been measured by laser scanning
and echo sounding before the earthquake. Unique data on onshore-offshore co-seismic crustal
movements were obtained from careful comparisons with new data acquired after the earthquake.
Using the 3D geometry of the source fault and the co-seismic crustal movements, slip distribution on
the fault surface was estimated by 3D dislocation inversion. The obtained pattern of slip distribu-
tion shows that the largest slip area is on a relatively shallow part of the fault surface, which
coincides with the location of a known active fault. The seismic reflection profiles and surface geo-
logy suggest that the source fault was formed as a normal fault during the stage of backarc rifting
in Oligocene to early Miocene. The 2007 Noto Hanto earthquake was generated by an oblique slip
on the Miocene normal fault. The landward extension of the source fault, which bounds the
Miocene half-graben, is traceable by seismic reflection profiling and gravity anomaly. The eastern
end of the source fault is bounded by a syn-rift transfer fault, suggesting strong control of the
crustal structure on the behavior of the earthquake source fault.

Key words: 2007 Noto Hanto earthquake, source fault, crustal deformation, geologic structure,
central Japan
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1. [EIL®»IC

NEEHIEE (3 REFOWES T hE) < S &ick » THRAS
5. LD &S BHIROHIED, &I TIHAET B2 HA]
TS 2 7o), Bl S T IETERTE O IS OFF
W OHET 2O b ENRHETH S, FET LN
PR ORI DLW TO FREE 2 M L& 5700
1E, FEEROPERRE OBFIKOHEREE &, FA L
EOEFME & OBIRP, HEIC X - THE U HIRRES)
LB L IR ) & ORRAEIH O T 5 2 ENER
<o b (BZ1F Shaw and Shearer, 1999).

2007 FEREECEEHIE (Myma6.9) 12 W TIE, REE
M (Sakai et al., 2008), HIEAH) (Ozawa et al., 2008;
Fukushima et al., 2008), EMZ (Kurahashi et al.,
2008) M EICk T, WiEE T VBRI SN TVWS, iE
Wy g o sk i S i > W Tid, BINE 2 (2005), FEAT
(2007), H Eidh (2007) 1 & - THEIEWITE DS h
BHSic s, RIFEEHOM PRSI S W T b IR
BEBRICE->THLMITE > TWE (EHEIED), 2007a;
2007b). —7, JEBEREIHD (FHIERRTICER L T v
GPS, L =707 » 45—, BEHFEWNEDOF -5 %
b &iT, HIEBEHIZITY, SRS I X - TlgkE
IZh 1 BHGREB ZH S ic Lic (FFEIEA, 2007; &
HE A, 2007). 72, v—¥7o07-45—-I1ck3
DEM (Digital Elevation Model) Z7EH L T, #iEBT
ELTHERINTOVA R L - s 2208 L2 (EH
1E7, 2007).

DX BEREHECE > TR ONIT— 2 %H#k
AL, RAEINIT 2007 FREE B HIE 2 FRAR 9 2 LB A
b, AR LEBELDS, J0BEOSVHET
TIVEREEET 570010, RESM - FEMEREES E
ZHlAGLET, MAENICREREOIIRERD . &
512 GEONET D 7 — & Dfth, #r/cicsked & ighbeih
MEF T — 7 AHWT, 4 o= g ik ) EiRBER
WOHIEERF O 9 ) BOfERD 2. /NgTlE, 5L
F2WFGEIC & - TS DTS - - iZRKE OF, 2007 4E
REPEHIEORE, & ICRENEOIIK - K180 %
Hl U - Hg b s & DSEIC > W TEET .

2. RENEHMEBEREEBELRESHICLIERREMEOER
REE L EE O L OREENANE, 2007 FREELE
HERAGREREEN V-7 | ICX D BRAEDYH,» S
ftG S h, A SSHISICEE S/ HIEiH Ic X b1
r AR > Tl & Mz (Sakai et al., 2008). I
SWLWTIR4HAEH»S 5 H8HETORN 1 7 AR, MK
HIZE i X A SE ] & vz (Yamada et al., 2008).

CHhoDET— 4 % b EICRESNBESN 2 26E
OFERFIANCTIRIFER S 5 Ao c&nr L7z (Fig.
D. zhZh oMWW B3 25l 1 km fEo
RIRZRSE Ufc, Wikt o G AN RER T 131213 NW-SE,
AT 1Z NNW-SSE & L .

BRI O JLHRER T (& Fig. | OWiE 4 2 5 —Fk 75 FE {H
FoORBERY PR OND L DI85, CORERD X<
Brb L e RESH 33— gl e, Wi l2 £ o
e 5. Wi 13 2 SH T, BRI OMEAIZRT b D
AL S DHEEL L TV B, PEEROWTH 5 5 9 T
RO IR BV, FEEEICK > THS»ITE-T
WABIERIERED L —2 GFEkiEs, 2007) & Hidkd
% &, MEIETEWTE S HEEWTEIR O 133 EREER I ALE L
TW5 CEHIZD, 2007; Sakai et al., 2008; Kato et al.,
2008; Yamada et al., 2008).

AEXFAELALIH2HIH4 905, 3H25H
18K 11 Sy 0l SR I LI TORARE M
53) = TOMRNCHRAE L AHIBEOEE %, [LTD
—LRIRIC & - TR (Fig. 2). ZOMMTORED
REALER, BIEEHEOWRE L — 22t AIC
ghd- % tRi (Wi 3) 2> S&RAREOIEMH] (Wi 13) =
TOXBTHRELTVWS, it->T, ZOXMOILEKY
FASICIAD 2 REN O EHRENME T T 2 O RE
3, AEBOIGEINETHRA L3 H 25 H 18K 11
SO THFIETITRE_ LA RO 3 A 26 B 7 B 16 230 P
R TORANRE (M 5.3) 1T & - Thlile & N REE
BThD MWD,

2007 FEHEE - BHIER RIS OMEHKIc > W TR, K0
WIS AR 5 03 B 72 DI AR SRR E R I
L5 F =y BEIEEN TV S (E#IEA, 2007b). &<
ICAE 0% NNW-SSE el 2l 2% E L, 7
RIS > CHoBR R S ESEIC L 57— 7 HUS 21T -
fo. CZothT, ARBDZEREYT 5 ES 20km O A T
B IR 2B L, T 6km 2 F TOHIT
WG DA # — vy 7T L (Fig. 3). AW <
KO RELFEE TENESGATVAWTEIZ 40 EoAE
T, #IF 2km FTEBIS N, XD EEHTIEE 60° AN
BMART S, AERMETEEESGS & ICEhnk],
REtWrd» SfEE S N A WER L TREMSEPR L TV
5. AEMEOXETRARRNCTEE ZHE N T oME
WEELTEBD (Katoetal, 2008; Sakai et al., 2008),
R TREN b 80 ORI O G M SEH 2R L
TWa, XOEEARICHET 2B - CTIE, <0
AR e Lo RBESH 1, R A i~ L <
W3 (Fig. 4). $72, Hl#R A SRR, WriRm gk B
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Fig. 1. Aftershock distribution of the 2007 Noto Hanto earthquake. Green dots: hypocenters determined by
onshore seismic stations (Sakai et al, 2008), Blue dots: hypocenters determined by Ocean Bottom Seismometers
(Yamada et al, 2008). Numbers represent the section number. The location of seismic lines is after Sato et al
(2007a; 2007b). Large red star: epicneter of the mainshock after Sakai et al. (2008), small stars: epicenter of the
largest aftershock in the eastern part of the source area, Mj 5.3, 18:11 (JST), May, 25, 2007, epicenter of the
largest aftershock in the western part, Mj 5.3, 7: 16, March 26, 2007. Traces of active fault and fold axis are after

Inoue et al. (2007). Red and blue triangles on the section are trace of active fault and fold axis, respectively.
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Fig. 2. Aftershock distribution of the 2007 Noto Hanto earthquake before the largest
aftershock of May 25. Gray dots indicate aftershocks provided by Japan Meteorological
Agency (2007/03/25, 9:41-18:05). Traces of active fault and fold axis are after Inoue et
al. (2007). Numbers represent section number, same as in Fig. 1.
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Fig. 3. Comparison between deep seismic reflection profile and aftershock distribution. A: Deep seismic section
obtained by two-ship deep seismic reflection profiling after Sato et al. (2007b), Arrows represent a fault. B:
Aftershock distribution for 2km width along the seismic line after Sakai et al. (2008) and Yamada et al. (2008).
Red circles are hypocenters determined by land stations after Sakai et al. (2008). Blue circles are hypocenters
determined by OBSs after Yamada et al. (2008).
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Fig. 4. Seismic reflection profiles across the source fault of the 2007 Noto Hanto earthquake. The hypocenters
within 1 km in width from the seismic lines are plotted. Aftershock distribution is after Sakai et al. (2008) and
Yamada et al. (2008). Seismic sections are after Sato et al. (2007b). Triangle represents the trace of active fault
after Inoue et al. (2007). Location of the seismic lines is shown in Fig. 5.
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TIERAL LR E TR T, RERXOMEEMIET S
TEWTE & ORIICER L TR, o OMEMEL & 0 FEH
DOWE» SNIE L TWBEEHITHAS. B CTHR
B L e i Rd T &3, Wik & 2 e
DORJREMED S 5.

2007 FERERFEHEROBREWNEIc W, HlfE AT
W 4km L%, HWHEEB - C Tl 2km PIERIT>LTIRK
FHEtEEE CE S LW CligmoiRE#HEE L, = hld
HITOWTRAENME b & ICWEIOHET 217 - 12,
Fig. 5 ICHFERCWiBHOIRE R L, ESNIE
TR OWEHE I3 2 & L TERSEEERT. EiR
Wi oML, FERoERD - TV 2 EEEFuL T
e d 5 &, WiEoERNERE NB5°E 60°S &85, K
EOJLH 5 km ORFELTIE, REND 5 RIZIFTEE
BEREMESHEES NS, BENEOET TR, EBIKE
WiED b L — 28K E CFdtA RN ERNET 5
JINEA», 2005; [k, 2007; H Eidas, 2007). C Ok
OFERIER T, EEWE IR IZERE B0,
JEdh L 2R E R LTwd (Fig. b).

RESD S 1E, FERORRELE Z 7~ 3 T Wig ofth
1, JuEREPE R RIS W g bkl s s, ABO
PR M TEE 75 O ENE Sl oER 264 2 bk

136:30 E

DOWETH 5 (X 1 W 8-9; Kato et al., 2008; Sakai et
al., 2008). U FHIER T IIEIRIEM A OfLES OREH D
JbiE T % & o, PHdEithicIEk s hicdbERli o
EWE EHEE s NS (B - AR, 2007). AR &[ER
12, BIRIJISHIEIC W T b HEENRED NG, Fi,
RIS O B T HALER O KBRS R S h, T DR
DGR & R O TEW ERE O RS ICH 5 LW 9,
MR EEE I X 2 5 (R 130, 2007b) AL
TR R LTV 5,

3. HMIEBRICHESHBEHEMEBMLOTXYENT

T CTRAENN & FHEHEEE » & 5K 12 E 5K
fBOKE S Lic, HBABEH WA v =Y a viT
£-T, WiEH LETDT XD mERD I, EH L
EMSE T — 4 0d,  HEEIC o W T IR HIE R4 O a2
FiFoBE,rsESNTWS F— % (EHIZD, 2007)
RO, Mo wWTR, B HERO GPS
B> 25 & (GEONET) ic kg ashics— %, Jb
FiEE ) DI R & HIERICHIE S 1Lfc GPS Ic & Bl
F—4 (BEIZ, 2007), & SICHIERIZROL —+ 7o
T A5 —ICE - THESNLT— s OIRIC K 2RE
HlroHEAEE T — 5 EFEIE2», 2007) %20,

137°00°E

A

—=Z

~ surface trace
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with the mainshock

10 km

3700'N +

Fig. 5. Geometry of the source fault deduced from the aftershock distribution and seismic
reflection profiling. Contour interval is 1 km in depth.
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INSORIEZFED 7 — & &2 Hid 28, LT
EOoREAEOT . L—FEHID SR Sl
WTIlIdEA%Z 1 & LT, GEONET OKERH D F— %
% 5f%, E N Z 25 f5, JEBESEIANIE L 72 GPS @

K2 A fE, BEREGOYZ 2 £, IR0 EELE) S5
fEE L. =951l oK femEAF IOV T,

200m 2 v ¥ 2 TOEAER L 7.

2007 B S EHIRE ORIEWEIC > W T, WifEfo
HEEfR oM ER 2 & S X KR L 7SR mTTRRIL
fo. TR DHEEWET 5 20 OHERER I RESHE
» SHE L e BEWERm o mfl 2 2 2N 10 km L3R
L, B#% 136.87 &, Jb## 37.39 &, %S 0km % IbH ol
& LT, #EF%E NBIE, HENE 55.66° & Lic. X045y
HZAWEE T 2 RO E & (3 408 km, A HITO
WIEDOIEIX 239km Th 5. ThiERHGEIC 17 8, 18
BT 12D 3kB 2754 v CTREBL, 2754
VBB D %E % Yabuki and Matsu'ura (1992) D5

THEE L7c. Wi Lo~ Mmoo BB bomEs 137
o 281 F—v 3 ¥ (CVSS) TR, Wrfdof@Eslhmo
k%, AEEFTNARNCIEAOIERE T . BRI
FWE LSRRI 4 N0 2F L, £hLHo 3 HET
BHRBEHOMETET XD o & WS HEENIT TV S,
L, Wiigms LCEE L o 1T o275 4
D55, FEPEERD 3 HIC D W\ T IETEEENIZE T
EFMER S NI - 7272 (FHHIED, 2007), Figis
TOITNY ZEoiZd biagzngi.

BonrWiEm Lod < 5fhe, MK LicEE L
(Fig. 6). 50 cm Ll L4~y 25HEE & 15 0 Wi
T > THI 20km DX TH 0, REDIED SFE L
ERMEE S BIE B L TVWE, COXEDEETIE
Wil O T8, & 10km » 5 5km O T~y &8
K&, WBOWEH TR T TIREHBLIERDOT D &
gD, LETo2m 2T REBINYEERT. T
AN OSFNEHER TS N D T 548, PEHT
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Fig. 6. Estimated slip distribution on a rectangular fault plane. The larger star in-
dicates the hypocenter of the mainshock and smaller stars represent the
hypocenter of the largest aftershocks after Sakai et al. (2008). The thick solid line

of the fault shows the upper edge.
hanging wall against the footwall.

White arrows indicate the motion of the
Contour lines indicate the magnitude of

slippage with 0.5-m intervals. Red line is a fault trace of active fault after Inoue et

al. (2007).
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F EAICE» D BROT XD BT 5. EHTIND
MREWESD I, BEOTEWE Ml E —H L THD,
2007 FEREB L BHEICPE S T O EFELL L 729X
DOSBERENNCREL TELTEARLTOL S,
Wrigmio 4~ 0 437 ld, GEONET ® GPS 7 — ¥ &
B L — & =12 K AHGEREE I 5D 4 Vo=V g VT
Zo-oTkHoNTWS (Ozawaet al, 2008; Fukushima
etal., 2008), WIEHEERD LTI~ @EA/DIT N E
WO ETEARIOER LT TH S, Hb LoD
TR DHCEHARORED LA OB L 728 T~
DENRORKEBEEL > TWEDIIN LT, SEozt
HTRWEmToRT cRRDIRDEERL, POE
MOFEERD bRELH->TVWAE, TN, BT
HEESTEWTIE OBl T K & SR EE BB o h/i 2 &
(EHEHEIED, 2007 1AL TWA. XD ERD 1
Wi FEE TR Lz b D Th D, Sk, RS
A E AR O X > THO T > TV A W
ORI EE2ZE L TG LTV REDNH 5.

4. HEEBELERWE S ORSE

EEE O Ficik, BAREBOY 75 1 v 7 ORIHIOHE
RVIMILL 539 %5 (Kano et al, 2002; /KD,
2005). ChooHiEly, BELICEE L CZISEs

137°45'

(Lopez and Ishiwatari, 2002) 7[JI[{E DS &hs 5
kS N 5. o REHEHREERIE T, EEEE
PRI A < W hciEB L e —7 775 —

VERSHT B (EHEIE D, 2007b). RHEHEEEA
#1 A, B, C (Fig. 4) 125\ T 2007 FEREE N B 1< B
L7l i, mafdEsl chaieflicEvy 7 s oY%
HL, KL 7 MEEIRCIES) L 7o EWE &Rl
N 5. HILE-PEREPE A [ O Wig O EAE, KM 7S &
D—fER EFATTH O, LIS HRATERED 7 7 b
— I 2EBEETS.

WIS E RN, MR B O S %
& EAARET, fEBEEHIE ORIV T
b, TTICHBELENEENSARINTVS (Honda
et al., 2008; Fig. 7). GEBFEALAEH I 2MAE LTiEdm
HOREARTHE TR S 20, £odcEMA5km
BEOHEI I WRIROENEE S b, o
DL OEJETEG, HARBERED ) 7 -~ FREHEREY)
oafiicAons boT, YimEttoy « 75 4 v
7R LT B AR R bEmb. WL DO LoD
FIbEEITE 508, RGEHT NG, wEoE
[&7» 5 NE~ENE A R OREEIER I EE T 2 HEO
BWENEEETH 5. BIRIBROMEFG W THEM L 72X
FHEHREE T, COMEOEENFICEEVY 7 b

L%rgesr;

ershotk

LEGEND
5. Contour line of Bouguer anomaly
H L High and low value in Bouguer anomaly

Early Miocene sedimentary basin

Distribution of Granitic rocks

Active fault after Inoue et al. (2007)

fault

Estimated fault

Probable basin bounding fault

s % NN \ @

Concealed fault after seismic reflection
survey (Sato et al., 2007)

Fig. 7. Geologic and density structure around the focal area. Bouguer Anomaly map is after Honda et al. (2008).
Assumed density is 2,670 kg/m®. Contour interval is 1 mGal. Traces of active faults are after Inoue et al. (2007).
Distribution of granitic rocks is after Tomioka and Sato (2007).
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Fig. 8. Schematic diagram showing the geologic structure of the epicentral area of

the 2007 Noto Hanto earthquake.

FEAHEHEREI DA 5 C EMBBH S M > TH Y, Kz

L CHHIE L 75 > TO A RTEWIBD b L — X 2 HIRITIE
ET2L, HEORENEE» S SGENEFICE(NT S
BEL->TWE, LEh-T, TOHENOEEHFELELT
BN TV A BENTICRES D SRS N5 EHETE T
b5, ZOENEFHEDOZEHFD ENE HHNOEE (E,
BIEo b5 —>D KA TH 5 NNW-SSE HHDEE b
itk - Tz (Fig. 8).

—fEIT ) 7 b TURIERE &R TS R E R o fthic,
FNOEERTE TV RT > —WiENEREINS &
NE WV, CoHIROEEE» SHEE SN R0k
iz, THLkbsvr7y—WBIIESNIN—77
7 =NV ERLTWAAREESEV. Lichi-T, »~—
775 =Xy EREIL O EE s FEB S T
AR OEERES, <9 Lkdos kL <
NNW-SSE~NS ARIOH &Il s T s 2 v Mg
RAFER L TCWD EHand, 25 L1, ERAHOD
RS2, HE#GEO B o) 7~ )R
O FLOZIERE» SRR S N 5 oK@ R o)
BaEmEDEEKRLTHMHT I LR (B - K,
2007), FES I 7 4 —ICk B EEHE (Kato et al,
2008), EIENWEDER SR OIFETIEE LD & 5 LB
EoRENEEEOREcEbd 5 & ERBIFR—%
R LTW5 (Yoshimuraetal., 2008). %7z, D& E
AEFeHE% 8 Rfil O RE M (Fig. 2) OHIETH 0, Hi
Hi T~ 72 HIERZEE 0 © & & o - WiBI E o D Hil
LTS,

29 LR O ERIR oS BIH 3, 4%, M

LD RERERIE 21 9 2 Hls TR AR 4 2 PNEERIEE o RN
[@DILA Y Af#Ed 5 ETEETH 5. 2007 FEOFEE
EHZETRPEETE & 5 km XENCHE - THIE N O Z kK
8 DOEAENSTER S NIchs, RIFRNTE O FAERR < 3%
B BERIE R OA Ly (Bl I - 5 R
2002). 2003 FEDOEIHBALEHIE (M 6.4) OEES,
RN FE ) EE > SHEE S 0 A HTENTEIC—B L -
73, HURICTEWTB 375\ (Kato et al., 2004; 2006). L 7z
Mo T, BIHEMTEDLD D ZHANHEE T 2 B id I
EWEORE L -2 iciEE T 0T, EHRE
15 & OHIBRYIER I ISR S, HUE2ER - BN
(757 — % HlNA, ZDIEMDITOW TGS 2 HEH
b5, Fil, WEBOHEHEORSH, S, MBS
NIBROHBEFHIEFIc b EET 2 S L0 EEOFL
=IEINTE £ 7V DRSO ATREIC 1S 5.

5, £&H

(1) 2007 FHEBFBHIE 3, KRB P KEHE RS
7, HEHE L OG5, gt iEWE & LTk
SN BEEO MR O G 60°) WifEhs, fHEd 1k
o il EEE AITS S LItk TRELK. R
BT & IR I & - THEE L 2B ERB O
KRAES &EIT, WERIHZOL—YT o745 —9, #IE
DEENET — 7 DIFEHTIC X - TS DITIT - 72 iEkE
EHGEER) 7 — 4 AWl v N—Y a3 vick-T, W
@l o0 N ARSI Bontcd X0 0
[E PR IEHRES 5 O EER T DT~ R EDL - T &
ZRLTED, §X)EOKE SHIEILTERTEOHTHX
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& —E39 5.

(2) WEDOLRY L, WiEPTES hicdgritgiio 7
7 h=7 RKEENTEY, WEOWRIEIHET 7 b
=7 2 DBRICTEE) L 7cpgdbiE O Wigic & > Thiric 5.
C DOFEMA N OREIREWE O ki, =R - B
K WEFHS kD SHEE S h, EBEOREWEOH
Ui & BRI —EA R A, PEimcBa L <, BEKiSHED
2% b L — 2SR E B Z R IR L, R o
WiEIZR S35V HThils © 2R LTV 5.

(3) RRIEWTE ITEMIE DA 2 X & D ROVIKR D &
BHLTWS, 95 LAEENBOILESD ZTFHIT 2k
1T, MO A8 5 THTE - HIBRYIERAE 1S 57— 41T
HE L CORFRMBARTE T 2 0808 d 5. 2007 HEREEE
BHIFE T, HIBRYEESE0Y 36 R A IS X » CHIFR 73
7 — & SIS IR EE AU O HEEHIHI A S 2275 -
fo. TOLIARR, 4% BENEOLNM D ZHEES
% ETEESRHEL S,

E I

ARFFEE TR 19 FREE L EHIE ICBE T 2 AL
(FFERE: EBLEE) o—BRELTEShEZbD
T, MLEERESOEERATIAT OMMNITEE I
3, BB CHERVE Wi, JLEEHEE o1,
HIFERIR O L — 9 - #EEED 53K 7o A Ehic
SVWTOF— %, WEEJIEICESVICENETERIC
SVWTOERERMEW 2 Wi, EERESUIETOH
B, BEENEO P L -2 W To &R %
I ETOIcE Wi, o, RPFFEIT IR 19 R
BIRFZEEAESS [2007 FERESFEHIEOREICRT 28 E
BHFe) (RFE  £IRIBE, FEES 19900001) O—if4 (#
MLt BLoBZRED» I, Nard#Ed 3 ELTHE
BEE A5/, WL T icHEsFRT.
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