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Moderate Repeating Earthquakes off

Kushiro, Eastern Hokkaido, Japan
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We identified 10 moderate sized repeating earthquakes from 1954 to 2010 off Kushiro region, eastern
Hokkaido, Japan, by careful visual and quantitative inspections of waveform data. Relocated hypocenters
calculated by reconfirmed arrival time data indicated that these earthquakes occurred at the same loca-
tion on the interface between the subducting Pacific plate and the overriding plate. Reanalysis of focal
mechanisms of recent three events showed approximately the same solution. These facts strongly sug-
gested recurrent rupturing of an asperity. Average magnitude and average recurrence interval were
M49 and 6.2%0.88 years, respectively. Estimated average slip rate was 6.5 cm/year, which is equivalent to
an interplate coupling ratio of 78-86%. The next earthquake is expected to occur in a period between May
2015 and July 2017 with a 70% probability based on the small sampling theory with a lognormal distribu-

tion model. Recurrent interval tended to shorten when

large earthquakes occurred in the surrounding re-

gion. This might suggest recurrence interval is probably affected by the stress disturbance due to coseis-

mic and postseismic slip on the plate interface.

Key words: Repeating earthquake, Waveform similarity, Recurrence interval, Off Kushiro, Hokkaido
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Fig. 1. (a) Seismic activities in the eastern Hokkaido and the surrounding region. Open circles denote epi-
centers in the period from October 1997 to September 2010 (M =45, depth=70km). Thick ellipses de-
note the focal regions of 1973 Nemuro-oki, 2003 Tokachi-oki and 2004 Kushiro-oki earthquakes. (b) Focal
mechanism solutions of three earthquakes in the ‘region A’ by P-wave first motion polarity data. (c)
Magnitude-Time diagram of the three earthquakes.
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Table 1.

Data set used for the identification of repeating earthquakes.

Double circles and circles denote digital and analogue data of repeat-
ing earthquake, respectively. Mark ‘X' denotes analog data of non-

repeating earthquake.
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Fig. 3. (a) Original displacement waveforms (the
UD component) of the repeating earthquakes in
2000, 2005 and 2010 observed at five stations.
The correlation coefficient of each pair of wave-
forms is indicated on the right side. (b) Locations
of the five observation stations. The star denotes
the epicenter of the repeating earthquakes.
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Fig. 4. (a) Filtered displacement waveforms (the
UD component) of the repeating earthquakes in
1992, 2000, 2005 and 2010 observed at the Hok-
kaido University Okushiri Aonae (HU.OKS) sta-
tion. The correlation coefficient of each pair of
waveforms is indicated on the right side. (b) Lo-
cations of the observation station in (a) and Fig.
5 (a)-(c). The solid star denotes the epicenter of
the repeating earthquakes.
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Fig. 5. Records of repeating and non-repeating earthquakes. (a) Seismograms (the UD component) ob-
served by the type 59 seismograph at the JMA Kushiro Local Meteorological Observatory (before
move) (KUSHIR). (b) Seismograms observed by the type 59 (the UD component) or type 61 (the EW
component) seismograph at the JMA Nemuro Weather Station (NEMURO). (c) Seismograms (the UD
component) observed by the type 53 or 54C seismograph at the JMA Obihiro Weather Station (OBIHIR).
Circles, inverted triangles and squares denote their characteristic phases.
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Fig. 6. Result of hypocenter relocation of seven
repeating earthquakes in 1954-1992 based on the
waveforms observed at six JMA stations. (a) Lo-
cation of the observation stations used for the
relocation. Rectangle expresses the area shown
in Fig. 6 (b). (b) Location of the epicenters. Cir-
cles: relocated epicenters. Squares: JMA catalog
epicenters. Bars: error ranges of the latitude and
longitude directions.
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Fig. 7. Result of hypocenter relocation of five re-
peating earthquakes in 1985-2010 based on the
waveforms observed at the Hokkaido University
stations. (a) Location of the observation stations
used for the relocation. Rectangle expresses the
area shown in Fig. 7 (b). (b) Location of the epi-
centers. Circles: relocated epicenters. Squares:
JMA catalog epicenters. Bars: error ranges of
the latitude and longitude directions.

DHEHCTEEFEZITo72. 2R, —Ieibi
BTHLITHA L CTW/2ZRIE, 1km DIAICINE -
HEESHMLEDT, [ZIT1HEIICETY, Chon5b
THOWEIEF—HAT CHRE L2 LI TE 5.

Db 2 o0l SREIC X 2 BHEREERE T, 3
121985 4E & 1992 FF O HED B L T b, fiE- T, 2
OOEFHFREAMARIY, MUK LMEEL LT L7z
10 18 0 #7213 R IR E 12 B\ CTUIZR U Co8E L
TV EEZLN, #VBELMBEPE—OT AR T 1
THEAL TV REEZHRTRERE R o7

MBSERERIC & 2 UIEAR I OMERE, K OB SRR E 2
LB BEFRH 2T o 724K, I TIERBEDORED
IR U HLEAS 1954 4F 6 H LIRE 10 584 L T 5 2 L 31
SN olz. COMEDRED R LFEIL Fig. 8 12787
LI, REN49E, HENVTHETFHIL62FE (B
#lRAE 088 4F) Thoie.

SEITREES &0 7 BRI N TW 2 EOHE (=
F=Fa—F, M, #SHINFEFESHEICL S
THER D, F72, AW TITo Z2RIEFEF R X ) =R
MEPKELELZDONH L. 22T, 10O
BT TN MR [T H (2004)] % AV 724
RIH—SNDEHYFEE L. 2ok X, BlSED
LRV WHETIE 1 2OBMEOFET M OMENRE
W EEL RN D L. F2 T, —Ie LRI 7
DOHEIZOWTIE, &TOMETHE L CTEMIRIEO &
HEL) EAH 5 5 B (FIRE, W=, #E, #{, AL
W) DL T4 ETHNSOFEEIZLDITHDE
DENEN M % ko7, —In LD 3O #EICD
W, BHEAKE K EDb o 72720H18 L 72 5 Bl
DZEFLFLERI IS, ZALIRIE O 5t A HUY BUM A%
<, BUMEOFIIZ X 52BN I T 5 & L
T, ETCOBAROTIEEEN ML L7z,

FERIT O I | EE B E 2 Mt~ 7 = F 2 —
N, MR- % & - T Fig. 8 12R"9. MI347~51 D
HiPH T, FIHHBEIL ML TH o7 (3T CFIHBE
(M49) THh AEA MO R L HERTIO# D R L HE
TP 56 4 (R AT 4, WE6T4), BHERZE 067
£ [N - i (2010b)] TH A, T/, =EhELEOH
(M5.]) TP 594 (RS04, wmEG69F), 1E
HAFZ 073 4F [ - f1(2010)] TH Y, Ml ToE
L7oH#EHE ) K LB & LT, 6220k
JEIZR & 2EN TR,

WIZ, ZORYBELHERVIOTY) EE2HEE LT
Uchida et al. (2003) ¥l « 4 (2010) |2 My, E— A >
YT =Fa—FWM,) L EE— X M) DRI
& Hanks and Kanamori (1979) &=

log(M,) =15M,+16.1 (1)
T, WEE—X Y PP TR)EANDEHRIZIE Nadeau
and Johnson (1998) » 3k

log(d) =—2.36+0.17log (M,) @)
EHW 2L, BEME LB MEE— AV MY
J=Fa—FeAh LRI L. #R% Fig 9
IZRT. FHTRY)FFIL 65em/ARE o7z, —H,
T EMEHEICBI A RKFET L — FOEM 7L — MR
HAR S Y) #EE, 7.6 cm/4F (Sella et al. (2002)], »



K[EG T ARS8 725 2014
FgIh o WA LER 1 R L MRS E) 159
M 450
Tokachi-cki MNemuro-oki Tokachi-gki
{1952:M8.2) (1973:M7.4) {2003:M8.0) z 03 1 =
7 ¥ [Kushiooki | ¥ V[ Kushiro-ok 5 0
F e (=8
{195;.&&7_2} intervaiime (vear) (2004:M7.1) g o
8- 60 63 65 59 61 75 75 49 49 o B
™ 200 4
M5.1 M4.9 MO MA.B M50 MAD M9 MLTMAEB M4S 3
5= 5 g 150
QO o 4
50 4
4= 4
1 : ’
1950 1960 1970 1980 1990 2000 2010
1850 1980 1870 1880 1990 2000 2010

Fig. 8. Magnitude-Time diagram of repeating
earthquakes and their interval times. The large
scale earthquakes (over M7.0) occurring around
the area of repeating earthquakes are also shown
on the diagram.
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