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On December 2, 2010, Mjma4.6 shallow felt earthquake occurred beneath southeastern part
of Sapporo city. Three temporal seismic stations were installed near epicentral area. Reliable
hypocenter data estimated by double difference procedure with local seismic velocity structure
indicated clear southeastern-dipping distribution. Fault plane from focal mechanism estimated
from P-wave polarization well agreed with this hypocenter distribution. Geometry of hypocenter
distribution was also well consistent with an anticline structure and possible buried active fault
estimated for earthquake disaster damage assumption by local government. Recalculation of
hypocenters of the 1985, 1990, and 2010 felt earthquakes under equal condition implied that
epicentral locations of these three events were approximately same. These facts implied possible
stress concentration in epicentral region.
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2010 4£ 12 H 2 A 6 IFf 44 AL T ZRIRE T5KRRT~ 7 =F 2— K 4.6 OHEDFE
A L7 (Fig. 1 O#fFREH). [GTICE 2 L, EBIFTALIRTREEOEHXBEMEOES 3km T
b5, TOBIZEY, BRIV TR, TN 0RBOEY 5 2 BEIN D %EDOWHENRRK
AL 7z, BRIFICHR b I VWE EEBLIR T & % B KB 5E At © K-NET JA B 81115 (HKD182)
TOFHUBEIX3 Thole, —F, HRABEELES A V¥ —F o U VICRBE SN TV HIER
EHAOBEF TRBEBESHIBRISATRY FLREXKSAH, 2010), =iE - #h (2011)
WCEDT v — FlEORRE TIIRAREE 6 FRECENZE U ZERPWDI 2 E, BRICEW
BT CIERPTHNC IR REI DR B - To FTREE 3R .

AR OBEFE LTI, REOK 14 HER10 2010 45 10 A 20 H 26 MEHRENIERLL T
BY, BEEHBOESNZ 1BRS CE/L TWed, REORAZZITTHERIZ2 HEEBMLkz. K
FZE T, ERFRFHUEBAIC K> THONERBESMORE L, BEICHERAL ZZOFMEDOHE &
DERICONWTHRETT 5.

. BRAFERVERRE

2010 £ 10 A 20 HicdbIEBHH O B2 EBR 325 M3.0 O BME (RAEE3) A Fig 1o
HEIK A THAEL . To%, EETOMBIREMNERIL o/, dbiEKFEHE K LRFIEE
HtE 2 — (LLTF, ISV) TIX10 A 26 BICHEBEH S 2 1 S3%E L7z (Fig 2a, b D&M
M4 KTH). BEEER <X, B hE» L ERIEE TRV N R EHETIebic, v—7

141° 142°

Fig.1. Map showing seismic activity in Central Ishikari area determined by Japan Meteorological Agen-
cy (JMA) from 1" August 1923 to 30 June 2011. Star indicates the epicenter of the 2 December
2010 M4.6 earthquake. Dash lines indicate Ishikari-Toen active faults. Regions of A and B indicated
epicental areas for October, November and December 2010 activities, respectively.
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T a2y o LAC-3D EEHMER (BAEM 1) &Iy b atfloR—7 7 Vgt
JEP-6A3 Zfff% L7z, F— I UEEE L L CixAIl TEHR O F— % v 5 — LST000XT (& A
FIvrLrrY2dbit) ZHV, F—4% 7Y 7% 100Hz, HEIELRZ0dB & L7z, S,
2Gbyte D7 v 7T v a (CF) I— REHAWTT =% ZBHINEEL TWen, 0k,
WEHEBEFAALILARA VZ —3y MBRATY 7Y A JMCT—FEF 52T 9 HRICEFEL
72 CGERE, 2011). F7z, 12 A 2 BHIT M4.6 OHIED Figl O B THAEL O &%), 2 36
O BB 25 7 23R E LTz (Fig. 2a, b OIS 4 NSO & KSM). i fi#A 1%, &I
i L7 KIH Bl A L AU TH 2.
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Fig. 2. (a) Seismic stations used in this study. Open star indicated epicenter of M4.6 mainshock.
(b) Operation history of each seismic station shown in Fig. 2a. Red line indicated day of main
shock.
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Table 1. Travel time corrections for each station
used in hypocenter calculation.

P wave (sec)

S wave (sec)
STZ 0.132 0.003
MSK 0.110 -0.010
NKN -0.16 -0.748
HSS 0.222 0.242
ENWA -0.137 -0.367
CTSH -0.221 -0.964
NGJ 0.336 0.140
KTH 0.122 -0.384
NSO 0.195 -0.642
KSM -0.185 -1.561
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Fig. 3. One dimensional P-wave velocity structure model
from Ichiyanagi et al. (2010). Solid and gray lines in-
dicated velocity models for Double-difference hypocen-
ter determination method (Waldhauser and Ellsworth,
2000) and HYPOMH program [Hirata and Matsuura.

1987], respectively. Dash line was the JMAZ2001 veloci-
ty structure model (Ueno et al., 2002).
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Fig. 4. (a) Relocated aftershock distribution from 2 December 2010 to 24 January 2011 determined using the
double-difference hypocenter determination method by only permanent stations. Open square is STZ permanent
seismic station. (b) Relocated aftershock determined by KTH temporal station (open triangle) and permanent
stations. (c) Relocated aftershocks determined by three temporal stations (KTH, NSO and KSM) and permanent
stations. (d) Hypocenter location comparison between Fig. 4b (open circles) and JMA catalogue (tip of the bar
connected to an open circle) from 22 October 2010 to 24 January 2011. A red and blue star indicated main
shock hypocenter from Fig. 4b and that from JMA catalogue, respectively.
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Fig. 5. Relocated aftershock distribution from 26 October 2010 to 24 January 2011 determined using KTH station
(open triangle) and permanent station (open square). Vertical sections along the line C-D and E-F are also
shown. Red star indicated main shock. Focal mechanism of the main shock determined from P wave polarities
is also shown. Dash and solid lines indicated Tsukisamu fault estimated by Sapporo city and this study,
respectively.
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HICRE L - BIROES Oz L TWWb, E72, Fig 6 IS IAICERE L - BIRORZE M
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12 H 2 BORBZEOHEE B OREHME, LR - M s mcEaRicamTs e e b
12, BREJFMCITHEE RS ICHK 55 EOMERI TR 725 £ 9 el LicaAi L Tw5b, Fig. 5 1T,
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Fig. 6. Space-time distribution of epicenters along N-S profile from 1% October 2010 to 30 June 2011. Red star
indicated epicenter of main shock. Solid line is operation term of KTH station. Epicenters were concentrated in
region A and B.
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KL T B oA AP IR T UL, SIS e A & CraE S A b mic s L
(Fd, 1997), TEWiIE Td 2 IR L RWTER SEEST 2 (ME -, 2002). FLIET (2008) i3
THREECIEHEEORE/HE» SALRTHE FIC3AROREENELEEL (Fig. 7 DIEFR), %
o OWEZEERE L L THEBEERELZERL T\, 22T, SEELNERS L,
FLIRT (2008) AMEE L 728 & OBIR & a1 5.

SEIFE L ICHEOERBIL, 3OOBEKBD S bOVE>THL HEME (Fig. 7 D B I
J8) ORMHTICHD. ZOWEIE, ALRTHEREIICEVW TV D HRERNCHIET 2 b0 L E
zZ b ([, 1997), FLig (2008) 12 X 2 AHEMBED/RT X —& TX, Wi EE 28 km X 20 km,
Wik Edso%E S 6km, HEFHIFAIC 45° THEAIL TR Y, M7.3 OHEBORAENPBEINL TN,
ZORBEWTE OETOHERAIE, 12 A 4 BORBO A 7 =X AMEOHIHE LR TH 5.

AR O HE O RESA L FLIRT (2008) 1T X H487E A EWE % Fig. 5 1</~ (Fig. 5 DEHR).
SEFAL HBEOBRIY, BEALNE LY LEWESICRE> TS, ZOWER % 6 km
HERMCBEE I E 5 & (Fig b OFEMR), HEEKA OBEIFE L HEK B O BRI ERR IO,
ZOMERAIBIRA 7 = X LR EFIE—ET D, fLIRH (2008) OMEEWIEIL, A T rH A2
I XD HEEFROR— Y V77— 2 22 0 DHEE S IR 72 B R I RICE S WTERE
SNTZHLDOTHY, WEOMESIRICONTITREEERRKENEEZEZ OGNS, SEFBELT
—HOMBILENL, ALEAICH EZEHNCEE L ZIEB Th L FREM R D Y, A ZEWIE OB
RICBET D HEMN 2T — & L2 D Z NI SN D, FrIclE EoEs L, MEHTHEZn
WCEDSSPWEREICRBWTEER ST AL THY, WiEEMmIE <R ICHE-> TR TOREN
bRELRDILENTRINDG, BUEOHEWNE O LML 6km IZREIN TV A, SEIOIE

141° 142°

Fig. 7. Location of three active faults estimated by Sapporo city. A, B and C are Nishi-Sapporo,
Tsukisamu, and Nopporo faults, respectively. Solid lines indicated Ishikari-Toen active fault. Solid
circles are epicenters determined by Japan Meteorological Agency (JMA) from 1% August 1923 to
30 June 2011.
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HTORGEVERPES SkmBETH L Z &, LT (2008) 2REM L 7231 7 m A 2E
EPOEBOWE P 3 km BEICHESNTND I L, ZORIETHEETNVBEZ LA
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ERTHLEERD.
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ZOMBETIE, BRATTIIEE 6L LoD EZLHEESNTEY, YFMANEEL T
WIZF AT O CRBAE 23 B OWENRA L i2iEh, Rk b <HEshTtnd (L
MR KA %R, 2000). 48 - =IE (1998) 1%, ZOHIBIZOWTOE LELTIRLER 2 & %
BEL, BERSNEOHRTILH T 2 AHEESEWEHEL TWD. KL 100 4EHE O FLIg T
[ OHBETEENC OV T, BB (1981), FLIRE XX %H (1985). AFJE - =g (1998), #Li%
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Fig. 8. Magnitude-time diagram of earthquakes in Sapporo region from January 1% 1923 to 30 June 2011. Open
circles and triangles are earthquakes determined from JMA and Kasahara and Miyazaki (1998), respectively.



10 —H B3 -t

M-T ¥ Z7R"L T2 (Fig. 8 JLHD). FICAR - El (1998) 1T & - THH&E S uicklig & £ D JE
WTHRAELLABRMELMZ THD (Fig 8 =AH). ZOKERD L, 720 OFLIRTT ELE
TEERETIAEBMBIEALTRY, ZOHBOHBIFENEL TR 2N DD 5.

ISV DAL R BLIETIE 1973 42> S U NUEBIH 2 BAa L, 1976 45 I13ER 9 BLHH TD
TUA—F B EFERT S Z LT, FLIRE THRAT 2 HBIEE & X IRk S Lo
Role, Eie, AR TEE 2 Z5CskL 72 1985 FOHE (M3.5) OV T, #K - A% (1985)
WX o TERIFME - A D=Lk - BEORMEMTOHLTND.

T, 2010 FICHA L IMEBEOER L, MEICHELICHBORIKL OBKRERS -
8, 1985 4 M3.5, 1990 4= M3.8, 2010410 H 2 H M3.0 2L T 20104 12 H 4 H M4.6 O 1=
IZOWTHHZ1T9. 198541 A 23 H M35 OHIBIZOWTIE, ERBEDRIFIRIENE <,
FOANET — 2 Bt + 2 EMTE o ey, WHON— R a b — L RAMESBGFET 5.
1990 48 A 6 H M3.8 DHIEICOWTH, T VXN EEOFALTHEK R0 b DD, KRl
TR STV,

£, RIUMEZ AW TRIROBIRE 21T > 72. Fig. 9 1R LB (BUT, [REEHIE) T,
INDL3OOHMBEEZTRTEAL TWS, 2ok, FUBHAE - P EEERSE - BIRREHE
ERWDZLICLY, 3OOHMBOBRMEDEZITO ZLMNFEETH L. —IRt P IKHERE
I8 VLR SIS D T FE A 1 A SR U 72 Fig. 3 OIREEMR TR L72b D &2V, HYPOMH 7' v 7 5
2 (Hirata and Matsuura, 1987) IZ KV BEFIEZERL 2. ZORHE % Fig. 9 1T-F. 1985 4%,

ﬁ Relocated epicenter by permanent stations
QO JMA epicenter

A Relocated epicenter by temporal stations
[ 1985 epicenter by Suzuki and Motoya (1985)

Fig. 9. Epicenter locations of the 1985 M3.5, 1990 M3.8, 2 October 2010 M3.0 and 4
December 2010 M4.6 earthquakes. Inserted map indicated seismic stations used in
hypocenter relocation for above four events. Focal mechanisms for the 1985 from Motoya
and Suzuki (1985) and 2010 mainshock determined by this study were also shown.
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Fig.10. Seismograms of M3.4 on 23 January 1985, M3.8 on 3 August 1990 and M4.6 on 2 December 2010.
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