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Seismic activity associated with the 2014 Shiraoi earthquake (MJMA 5.6) in

middle east Iburi region, Hokkaido

Masayoshi ICHIYANAGI, Nikolay V. SHESTAKOV*, Satoshi OKUYAMA**,
Mako OHZONO, Minoru KASAHARA and Hiroaki TAKAHASHI
Institute of Seismology and Volcanology, Graduate School of Science,Hokkaido University

(Received February 7, 2015)

A M5.6 shallow earthquake occurred on 8 July 2014 in middle east Iburi region, southwestern
Hokkaido. Maximum seismic intensity of 5- was observed at Shiraoi town. Three temporal seismic
stations had been installed in the focal region from 9 July 2014 to 30 April 2015. We determined
384 aftershock hypocenters by the double-difference tomographic hypocenter determination with
proper seismic velocity structure. Relocated aftershocks were clearly distributed on a southeastern
ward dipping plane with 5~10km depth. This configuration agreed with a nodal plane of
mainshock focal mechanism. Aftershocks occurred in surrounding part of a low seismicity patch.
Mainshock was located deepest part of aftershock zone. These facts suggested that mainshock
rupture propagated from deep to shallow, and a low seismicity patch was mainshock slip area. No
clear correlation between this earthquake sequence and nearest active Tarumae volcano activity
were identified.
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2014 427 A 8 B 18 I 5 73 [ MBI 5 Hh ST D 11 HT 2R B 443 C Mima 5.6 DWW IR 2358 4
L7z (Fig la ®EF). ZOHET, HERTARTE AETGETEES, TRiEE - JHRGHED
U ARKT « /N AR - /NGB B BT CRBEE 4, ALIRT - BRI - BRET 72 & ALiEE R vEE o
IRV CRBE 1L L2 L. ZOMBICX VEER 34 DIED, HEETOFEOEREELT
ENZNHBER E OB ENPRE L. FLIRE XX SR, 2014). AEFHA%, 12H31H
FCICHRAEE 3 OHIEN 18], BE2 OHMEN 4[], BE 1 OMEN 3 RIEH S iz,

Fig. 2 121%, KRBT BRI X 2 BRSH & BRIHEREAZRL Tn5, REIXTASH
ISHR S ZMCHAL, HHIT19E, F9 I B EOXRELEBHLTZ. TO%, BAICRBERAKT
WAL T7TH23RICIE3EEZRY, BAERAERBHOEHFEATH 7.

eEE R AR K UBFEETE o 7 — T, FEMAMEREE 2R 5 2 L2 AME LT, g
FAEROTH 9 B RO EFEGT < ICHERREBUIR Z3RE Ui, [FH 16 X TICEEE3 B0
BB ARE L 2. ARETIE, ZNUDLERBIR 0T — % LEFHIEBENSOT— & ZHWT
TH 23 AETOHHEORENMZRDIZOTHRET 2.
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Fig.1. (a) Map of study area. A red star represents epicenter of the M5.6 main shock at 18:05 on 8 July 2014,
determined by Japan Meteorological Agency. Solid lines indicate municipal boundary. (b) Seismic stations used
in this study. Open circles and squares indicate permanent stations of Japan Meteorological Agency and
National Research Institute for Earth Science and Disaster Resilience (Hi-net), respectively. Open triangles
indicate temporal seismic stations of Hokkaido University.
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Fig. 2. (a) Epicenter distribution determined by Japan Meteorological Agency from 1 July to 30 September 2014.
A green star indicates main shock. (b) Daily earthquake number by Japan Meteorological Agency catalog.

I. EREFHERERA & RIFRTE

ABFAEHO 201447 A 9 BIC 3 HATOREREHS 23%E L= (Fig. 1b © =4AHD). &
VAT HE LT, Serce #HLL22D-3D (EAJEH 2Hz) OMEER, 77— & PEREERE LR
HKS-9550 (F—##%> 7Y v 7 100Hz), EIRIL 12V 80Ah DA — v F V) —%fEHL, GPSIT
FOBAIRE 2 T o 72, 77— TBHUNER CHE & L BRI X RN 21T 5 72, 7 — & 138
TEEICHE S TS 16Gbyte D CF I —RIZ1 9T DO WIN 74—~ b (MEB, 1994) T
HEEICREEE S LTV D,

IKR & KESBHA1X10 H 2 HE TR ZEK L, KMR&RIAIX8 A 8 HICHFT 2B L T
BUED 2015 4E 4 A 30 H £ THIHI 21T - 72, BERERIOWIE T —# L Fig. 1b ISR L2 ERHE
BEOKIET — 2 2B L1 57 7 A VEERL, ZOEFREFIEHPS WIN e/ J A
(MR- R, 1991) ZHWTP M L SIEMAORIIERE 21T - 2. MRIIEAER, Fig IbiTRLTz
BSOS 5 6 BRALAE TP IAANFHE AR D Z AW HERHIE TH D, TOREE, 201447 A
9 H 16K 0043425 7 H 23 A 23 B 59 43> £ TOHIMIC 384 8 D HIE Z Rl L 72

4 8] 0 FE R I D AL AR 2 BTG (A T 3 2 TR C B i E A I R A % 1999-2000 R I T
(Iwasaki et al., 2004), Z OHUHOFENIZL P I ERE OWIHK S SN TNWS, ZOREREFIH
LT, AEPEA L IR OBRIRIEIGE G ORI E T — 4 (Fig 3a DFEHR) ZEHEICHNWDS
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Fig. 3. (a) One dimensional P-wave velocity structure models. Solid line and dashed lines indicate the models used
in this study and the JMAZ2001 velocity structure model (Ueno et al., 2002), respectively. (b) P-wave velocity
at each grid point along a west-east cross section for tomoDD hypocenter estimation (Zhang and Thurber,
2003). No velocity changes were assumed in north-south cross section. Solid squares indicate seismic stations.

PEHEME L L THRAL, BEGHE TR 7T A hypomh (Hirata and Matsuura, 1987) % fWTC
PIEABIRIRE 21T > 72, Fig 3a l2iX, D 7ZHIT Fig. 2a DRET — AL EBROEEIZHEH L T
W5 IMA2001 @ P i E RS E 7V (REF - fl, 2002) ZAGRCRL 72, 3RS 12km £V HEW
FITRNT, AW TN LICEHEMEE TV (EHR) 05, IMA2001 71 (BHR) KV
BEL RO TWNWDLZ RGP

Z O P IHEMEEE T V2> T 1 RIHORRGEZ

Table 1. Station corrections used in initial

1TV, FOREERRD &S B OBRIER: & & hypocenter calculation procedure.
ERDZE (0-C) % Z OIS OB S IE(E (Table 1) Station | P wave (sec) | S wave (sec)
LUTHR, M, BIRAEET > COMERERD I, KR o oo
KES 0.041 0.549
Z 0)51_%( I, Vp/Vs ZE 1B EIRELE. =7 = KMR -0.022 0.166
F 22— ROWRER, SRS O TERD DR AKIRIE & TANS -0.094 0.363
BUEREZ VST (1971) OBk 72, ARG 011 0.788
SOIH -0.203 -0.180
WIT, WIER & FHEO Pk & SPEAED> 5 Double- OHTH 0.022 0.852
Difference tomography % (LT tomoDD) (Zhang and NBBT 0.683 2.220
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Thurber, 2003) ZHWCEFREFHHEZITo72. tomoDD 1L, X7 — & 72 2 HiZE DR BN M TOERZE
ERXT—HIED PIE L SO OFEFRE Z AT 3 ot EME & BIR 2 RRRET S
Tu 77 ALTHLN, SWHEMELE 2, BELZZ(LSEFITRERELZT 2175 Z & balkE
Tho., SETHEMEE S 2, X7 —MEOEREDHAEHWTEHREEZT T, 5272 P HE
1% % Fig. 3b IZ/R 3. RBREHFMIZ5km Z &, W HMICIEO0km, 5km, 10km, 15km, 30km I
Ay a2V, Iwasaki et al (2004) 1Z K DEZEETFRICE 2T, {HL, Iwasaki et al. (2004) &
BEHRO 2 RTHEEETH Y, BEFAOEEEITDLE VDT, SEITHEE O
S5km ZED 7Y v MTEHER A E 2T, T_XTRUEZERA L. SIEFEICH L TIE, 3T
DYy NTVp/Vs b4 173 L L TEBIREIE 21T o 72, BIRGIE TR b 72 B & BIRALE
ZROFEICHERARAT 2 FAEFHHR 217V, BREPPOR L 72 12 B H O R 2R EBIR E L.

. ERERBEBACLLIERSM

Fig. 4a 2%, 20174E7 A 9 A 16 B 00 43725 7 H 23 A 23 B 59 73 % TORERELENIC X 5 BIR
DA ERT. ARB TR ESRLERENICRAEL TV D), ROFGIETERMELH#EL -
(Fig. 4b). ST — AL BR CIRESNERED S L, HIRESNZBROF NS, KEITITW
WTCHRAELTL 2 OORBERS, ZO2200REBO—LEBR CTOBFREZEL, HILEICXD
BIREREDOREE - R - REHMENTNOHEBEOEDO VG E L 5. ZhE:— T UEROABMEIC
A TR SR T, TOMBEERBEME S L.

REBEATICABORMMICEFT L TEREL TS, T, BEFEEILS5~ 10kn THY, AEIZ
REBORGEICOIE L TWT, AEMIESERE OEEICEA TZFTREM: 2 7R"2 5 5. Fig 4a 1T,
B SRR A BN FERT O Fnet IC X 2 AFED CMT f# &, ARBFZE CTHRE L 72 Pi## 2 v T
WELIZA =X LFERLTND, 728, KR TO A I =X LFHEE TIE, FRE S EIR
JEAE A AN TWS, Wi & b AL — RIS E A 2 R, ORI s 13 & 2 T fE i &
725 TW5, Fig.da ® A-BWiEL, BIRZZ DA W= X LFEOEN EERTHHENCEREL -
YO TH D0, FEE TV OHM & REBEHMOERF MPMFIERMATH S, £7z, Fig.4da D
CDWiixR5 L, REITERICEEL TNT, FFICEPLTREL TWDREMOHEOGEIIX
6-9km TH 5. —F, REIFAELLILHEMTIE, AEOFES 8-10km FE LY b 4-6km DOEV
EZATHIENRSZ AL TWD, £/, S 6-8km fHLICiTid & A EHEDFHAEL TR
BN RSN, REBFZNEZMOBEL LS ICHEL TS LTS, K- (2001) 1,
1968 SERETHHIFE & 1994 SE=REIZ D APHIBED 7 22 T ¢ L RED A DB S, KTV D
O CHRBEIFEL TD Z L ERL. SRIOMBEORBIFBIHMEEEIE, ABRFO KT K
RS L TV DA D ZE XA B D,

Fig. 5 12i%, BEREH B 2 L 2 A FE O BIFALE &, [ET — LB O M1.5 LLED
HWEOBRMEZ i L K2R Uz, AFFROBRIE, [ET T LER & ik L CTHxgic
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Fig. 4. Relocated hypocenter distribution from 16:00 July 9 to 23:59 July 23 of 2014. (a) Epicenter distribution
with relocated main shock (red star). Color grade indicates hypocenter depth. Focal mechanism of the main
shock determined by this study and the F-net of National Research Institute for Earth Science and Disaster
Resilience are also shown. (b) Hypocenters of the main shock by Japan Meteorological Agency (solid star) and
relocated (open star). Two aftershocks used for the relocation are also shown. Solid circles are relocated
aftershock hypocenters adjusted to mainshock. Tip of the lines connected to the solid circles indicate initial
hypocenter determined by Japan Meteorological Agency. Relocation procedure is written in the text.
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Fig. 5. Comparison of hypocenter locations (M>1.5) between this study and Japan Meteorological Agency. Solid
circles are relocated hypocenters. Tip of the lines connected to the solid circles indicate initial hypocenter
determined by Japan Meteorological Agency.

FALE G ACBEIL, WMHOELS ko TW5b, £, —mLERTHES 0km OHIEI, A#FFE
TS ~9kmBBEDESICRES>TND., ZORROEWT, AWFFE CHER L 72 FEEFEL S 2
EBFEITMELTWD Z L, Fi, —It LB TiX Fig 3a DR TR L ic &FEH— O EBE %
FIALTRY, ZOHMBOEBEOEEEELEZELDHLZLREICIDbDLEEZEZLND,

V. MEES) & ERTIL O KILES) & DR G

Fig. 6a & Fig. 6b i, 20134E1 H 1 H2~5 2014 4F 12 A 31 HE TOKRT—fbERIZ L D

BRSE E R NS U e R 22 i 2R L T 5. K72, Fig 6c (R U1 ORI o0k 1L
HED ABIHERE Z R L TW5. Fig 6b ORFZERIDAMZ B D &, AEFHEA 1RO 201347 A
11 BB & Z5 NIRRT (R A) CREFERY MR MBI L, 2013 48 9 AEHICIEE MR T L 72
b OD, 2014 FLEBIEENIIMF L THREL TWeZ LB 5, £z, HEiEA THUEEERN
MESTK T H A% 2013 4 8 A 5 AEHIZIE, SRIOABRREAFIR (FIKB) THHESIHAE

LU, AEFEA L THIERICHIRIEE 256 L Tz,

AEIFEAE L IR OTANCIE, [T OHREHRKINTH SEATLSH 5. [T O 20138 £
7 A OKITEEARERE R (2013) I KAUE, RERTILTIL 2013 4F 6 A TR 5 7T H LA T,
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Fig. 6. (a) Epicenter distribution from 1 January 2013 to 31 December 2014 by Japan Meteorological Agency
catalog. A green star is main shock. (b) Space-time distribution of epicenters along a north-south profile.
(c) Daily volcanic earthquake number in Tarumae volcano by Japan Meteorological Agency’s volcanic
earthquake catalog.

REGITD3FRE U 7o i 6 LU B AL O R C IR O Pal & IR L 32 IR o M S8 3@l S
7o, T OHBZEEIDNE T L BRI AV TR LB ML 72 L &L Tnd. 2okl
HFE DS Fig 6b ORI A OHIBICHIGT 5. FEIK A ORI 2 RARY, ABRAENCESLT,
KILPEHE OF AN IZ A SR, £z, BRI E ST D EAEH GNSS [T L 2
BUNTYS, AEICK o THRTLORBZEENCTHHR R ZMIT W L E SN TV D (KEGUTKILITESE)
fRFERE, 2014). —7, BHIKB T, 2014 FICA - THIELA XV ITHEEE RS £ > TWic
b OO, AEFRARM CTEERHMBEOHEMIIR SN T,

Ao X 90, KIUEREO IO A R 72 &8 S i KL 0T < THREEMHEE SR A
L7zl e LT, 1998 DA FILO KGR HIT b5, AFILTIE 1998 4 1 B Fa2 5k Lt
HEEMNFEAE LR (HF -, 1999), 2 A _BANCIFIKRDREE 2/~ T M B @ oM O3 2 gt &
AR (e - dm, 1999) <o, [UAZBede GNSS THIMI Sz (FEA - fb, 1999). Zh b0
KIS B SR 2 R T, 199849 H 3 HICAFILOmMER 10km &R E 32 M6.1 ©
HWEAIEAE LTz, ARIORERA | FRNICERTILTE 2 o 7o KILMERER L OE% 2 5, #ATLE
A Bl OAR BT AL TRIFFICHBISBIAE (L L TWiz Z & TR,
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2017 47 A 8 H 18 [R§ 5 23 [ MR HL J5 Hh B D 11 2 HT R B £ 32 C Mjma 5.6 DHIE 2364 L,
RRBEESHEBNL 72, RBAEZR I, BRI 3 SOERERNSZREL, JOHRR&RL
EHEMOT —Z I3 WHERELEH L CTBRIREZITo 7. TORR, REIEIA =X LR
5 HIEALTE > B R IR D 8 EICaffid 2 2 L3ninoic. £, RETHBEEB O
FEIRZH YD P X D ICHA L TWe, SRIOMB ORISR T, BT 24a0L O EHl TARERAE
1 RN BI S NI AR O HUB A B O E % 2> © HIEBTE B A OTE T Z0REB & 72 > TV D TR A
Uz, RERARFC TR ICRERTIL O XL HESE BB LT R b e o e,

EF T TFig 4 OBRT —# 2E AL L TEHRL 2.

HEE BERHEBNZIT O CHIY, AETRY, ALVEERR SRR = R B8R
HERT, AbEERR R E R ARG, LRE AR A e E TS R e e s T ) 2 TH
EE Lz, NEIRFARWE S B ORBEICB LFFrl 2THE £ L7z, Bl o %R <, 1k
ERFHEKLFERGNE 2 —D2 2 v 7 ICHHETEEE L, £, K[ESTOMANLOKILIPE
HEBOHED ¥ v 71OV T, fLIREXREAEOE FRRKICHEREZMoCTIHEE L, £, B
KBVEBANTFFERT Fnet TR SN 7z CMT 2RI L £ L7, £ L T, KEJT & TR E
L, K[ERIT, ESCHGEETEE ARG KBRS T, HUE AR Atk S, JbiE K7,
BARIRSE, WALKYE, HEKT, AWEBERY, FEKE, @AKRT, JUNKY, BIRERY, Ex
WIERIFEIE NREESINIR S RIZERT, E AR, TR, S, SR, PR IR SRR FERT,
KR, EINTAFZERR SR MR BRSO B BIALS O 7 — % ZFI A L TER S hie &g
F—rfbBRZEAL £ Lk, BT, [T & ESLFZERRRIE AL KRBT 72 BT e ek LT
#8 Hi-net OMBEIKTE 7 —# ZFM L £ L. EEKFE S M E#E Fmtet v 2 —&
WRFR I ET o> LU 48 s Bh 2 & AL K R K LA e 8 & o 7 — oA s 1121, tomoDD
Ta 7T AOFRFEZEBEIREW ., KOERICIE GMT (Wessel and Smith, 1995) ZfffH L
ELz. TNHDZ LICOWTRL TRSEWZ L%
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