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The Problems of Spatial Distribution of Aftershocks of
the 1993 Hokkaido Nansei-Oki Earthquake
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Division of Earth and Planetary Sciences, Graduate School of Science, Hokkaido University
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The 1993 Hokkaido Nansei-Oki Earthquake occurred on July 12 in 1993. Temporary
observation stations were set up on Okushiri Island and the Oshima Peninsula since 3 days after
the earthquake. The hypocenter determination of aftershock was made by Research Center for
Earthquake Prediction of Hokkaido Univ.(RCEP). The aftershock distribution inclines toward
the west with a lower angle in the southern part of the aftershock region, but not clearly in the
northern part of it. Further the dip angle of nodal planes of the source mechanism solution was
determined, but not concordant with that of the aftershock distribution. In order to examine the
relation between the aftershock distribution and the dip angle of nodal planes of the source
mechanism solution, we redetermined the hypocenters of aftershocks more precisely taking into
account of inhomogeneous crustal structure.

The P and S wave arrival time data of Japan Meteorological Agency(JMA) and RCEP were
combined. The hypocenters of aftershocks were determined by using the combined data. From
July 21 to August 16, the temporary observation using Ocean Bottom Seismographs(OBS) were
carried out. Both of two results are compared with and the difference of location is calculated.
It is effective to use the combined data to determine hypocenters precisely. It becomes, however,
clear that angles between inclination of whole the aftershock distribution and nodal planes of the
source mechanism solution are not concordant with each other.
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Fig. 1. (a)Epicenter distribution of aftershocks of 1993 Hokkido Nansei-Oki earthquake
(after Hokkaido Univ., 1994). (b)The distribution of aftershock hypocenters project-
ed on to vertical planes in the region from A to H shown in Fig. 1(a) and the source
mechanism solutions projected on lower hemisphere (after Kikuchi, 1993).
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Fig. 2. Depth contours of Moho, figure after Yoshii(1972).
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Fig. 3. The crustal and the upper mantle structure of off Shakotan Penin-
sula, figure after Okada et al.(1973).

DR EOBEY, BICRIICHEY 3 BREFHEORKBIBRE,» SEL T B THRML 5 5.,

V. BEEAOLERALILRET— 9 nHEQE

TARBOFREZL > TRAEBNBASIWEI N DT, FEEZDBAE CHBMEESFIT %
Vv, 7TH 15 BICERRBE S BRAEICREZI N, RRENBNEEIBL 72, 20% { BEEN S5
B L EEFEO BARBHICEKRRE X Lz, AR, B0 d 5 EEEMm S i
HIZTH208251994F3 31 HETTH B, Fig Six@fric AW - BRIAOEERTHY), Bk
ROBRUEASSEDORGFACLBRSETH 2, SENFEL AV ZORERBRICGESBISDAT
HY, BITLIAHMENS —PEEIZIZEA LD 20BLUNTH S,

BELZHEIZIMAZEBRL 2ER 2508, RCEPHREL el =F2—F 25 EN
HEA 4400 I DWTTH Y, ExrFEEL 129 2 THAME T - 72, I b 4 AL ETEH
ENEBEHIRE > 2HETH 5. REEEIVIREFIC OWTUTORETITL - 72, BEE THAE
B HBICBR L 2B OW TS, RABTOMBORRMZEL 4 LA, ZAiomEIz 2w T
i3, MEEE DT 2 BRI E D MBI 2 A B H B % 6 km/sTHl - 2B/ 5 4 LN TH N
IBR—DHEE R L, e 2868 Lz, ZORETHET ZEMOMENEED 25413,



74

12
—

10 .
%) 8
Q
~
©
& B
<
+
&
& 6 —
[T
o
)
Q BER B
£
3
=z 4 |

2

0

0 0.5 1.0 1.5

Residual of travel time (s)

Fig. 4. Histograms of the residual of
travel time difference between aver-
age residuals observed at Oshima
Peninsula and Okushiri Island about
the deep earthquakes which occurred
under around Oshima Peninsula.
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Fig.5. The map showing observation stations. S wave arrival times are used at solid
mark stations.
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Fig. 7. Magnitude-frequency relation of aftershocks. (a)Aftershocks which occurred within 63
hours after the mainshock. Hypocenters were determined without Okushiri stations. (b)
Aftershocks which occurred from 63 hours to 456 hours after the mainshock. Hypocenters
were determined by including Okushiri stations.
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Fig. 8. The aftershock distribution and the projection of the hypocenters on to vertical
planes parallel to east-west in the region from A to C calculated without the correc-
tions. The source mechanism solutions (after Kikuchi, 1993) are added.
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planes parallel to east-west in the region from A to C calculated with the corrections.
The source mechanism solutions (after Kikuchi, 1993) are added.
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Fig. 10. Location difference between aftershock groups calculated
with and without the corrections. Solid circles show the
hypocenters without the corrections.

2. BEBBEHOBHRTEONI-EBR

WEMENC L AHEEE 7T H21 825 8 A 16 B T27 BRETAN, ZOMHLE 1600 L
EOBESBEAM (1994) ik -> TN (Fig. 1), ZHEES [OBSEE]| Lty £ER
PRYEHATEFOELCEEINCEBEREIC L > TS LN ABIRIZ, BRTEE2HEIC O
THAERDIEHEEFLLNTWANT, OBSEEFE BT S Z Liz k) ERY» &L Eud 2 BIFEDIERE
BEWEPHLIEDTRETH 5. D LOBRTRREI DL R 2ABRILETY, OBSEHE
R ESEEEHNL VAT VEV ) 23w, ZREBBEMEFTRIEOBEELH L2
RLTWS, 727 LTENOBEIZ DWW TRBEBZEHOBRIEI LANTHL 0T, ARHTIRLLE
B HFkbwz EicT 5,
OBSEENHREMGLIAE42.9° £ 42.2° TR Y, b2 5MEICA, B, COMEBicHIT 5.
ADFAEMERICIITERLr L RELOMMIH 5, HEBICIXIEF IR ICHEICESL T3 —F
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Fig. 11. The aftershock distribution determined by the ocean bottom seismogram observa-
tion array {left, Hino, 1994) and distribution of the hypocenters projected on to
vertical planes parallel to east-west in the region from A to C (right). The source
mechanism solutions (after Kikuchi, 1993) are added.

Table 1. The average errors of the hypocenters determined by the different data sets.

Components Latitude Longitude Depth Travel Time
Data Set Error(km) Error(km) Error(km) Residuals(s)
MA t for h ters determined
JMA (except for hypocenters determine 193 398 2.84 unknown
depth=0 km)
Hypocenters with Corrections 1.63 1.14 2.26 0.49
OBS H t t for Esashi-Oki
ypocenters (except for Esashi i 0.68 193 118 0.17
earthquakes)

ThHbH, OBSEE*Z#|\c LFig 8, Fig. 9% RET & hRINED—8EL & LBy 12 T 5
ZEDbh b, EMERIOERFE, EAAE L COBBUIEFFEICR KL TBY, BEELrLLE
EAMORREIEZ 51D Z LRI N,

Table1ic JMAEE, #IEERE, OBSEBEOERFEICBIT 2BE2%75, IMABRIAR
FFOBRESRZHICLTEY), BEVFHRICRE L IDIEREBEVTw3, TMAZEIZ, BEHFHEO
B N TREFADRELKRE W, Tt ] MAOBRMIC KB HRDES ) 7 +54 Thwizd
EFEZLNS, FIEREIZ ] MARRICHNTREFBEORENWEHIE L (, EEHM LRSI L
OREZFHD, FRE3DBREL 0% U LWEES N, THITEEFEICHE ) BElS L, BERICE
WRICHRE L iZ e Lz kick b ez 60, HHELMENERARERTLNOTHS, OBSE
BUIEEE, BE, BE30LTIIBWw(, BEFBEEL, SEDLERL VIS, BENEWI LHUR
ENTWa,
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OBSEBERIEBESHDITLDEINI L L FEICBEIL TS, A, B, COZHEEBI LI, ##
FEHE L OBSBENEBIENZENEY % KOEEDFIEE & L7z, Table 2ic &8 =& 0, RET
ERHMBOE, RUKEE, &F BISNEELTRT. 295 L UEEZEMIELEBEY EEHEE
Bl s, FERA TOEREIZL L, F2BC ORERIZHOBBIC - THE~NJAL Tw
5%, ZOFFLYMICEAL 2, FEHROBEEMEMII NS Vo T, EBEMELZITI»EIICE-
TEREISHMECET 22 sid v, 27-Fig. 1313, OBSERNER % HiE L L THEER ER
WENBERL > Tnbh%E, FMEEHICOWT 70y F LAEKTH S, BEicO>WT2kmIEn
[LMEHNTH L, BREHI12kmE ) KEWHIBRBVTH B, ZHic2wThA, B, Co»
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Fig. 12. (a)Location difference of epicenters between aftershock groups calculated with the
corrections and determined by the ocean bottom seismogram observation array (after
Hino et al.,, 1994). (b)Location difference of hypocenters between aftershock groups
calculated with the corrections and determined by the ocean bottom seismogram
observation array projected on to a vertical plane parallel to north-south. Solid
circles show the hypocenters determined by ocean bottom seismograms.
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Table 2. The average errors of the hypocenters which occurred in A, B and

C regions in Fig.8.

Region A B C

Number of Earthquakes 10 124 235
Correction Value of Latitude (deg.) —0.030 0.014 0.016
Correction Value of Longitude (deg.) —0.01 —0.004 —0.011

Correction Value of Depth (km) 1.0 3.0 2.5

©

Fig. 13. (a)Location difference between aftershock groups calculated
with the corrections and determined by the ocean bottom seis-
mogram observation array (after Hino et al., 1994) in the region
A in the Fig. 12(a) shown by a distance and a direction. Con-

tours are drawn every 2 km.

region B. (c)Same as Fig. 12(a) but for the region C.
as Fig. 12(a) but for the whole aftershock region.

FHEBICHT, ENThORRE Rz, (a) DFBA CRREREED D% W, MIERKIZOBSE

BEOEMICEE > TS, - HIZDOWTUI-EY L2 EIREZ W,

MDEIEAMIERE % R T

(b)Same as Fig. 12(a), but for the
(d)Same

(b) DFEEB T3 IEER
MILALIZOBSERLDAEICHET > Twd, HURIEANBEH» S Twa, (C) D
CTHXRFGOMEBEH,» OB SEBIH L DdtMicsx ), i AmyERL T35,
BUSEBNAKE & TYH, BEMIEIC OV THOIEBIMEIIES N,
728, T b BEERIE 2T W2 WHHIRAIC, OB S BiF & MG T 2 sBH L 4o - /2. Fig. 14ic &80 HA

Z DOREE NS
Ly LELEE, LI W



83

Distance (Km)
0.0 20.0 40.0 60.0 80.0

0T I 1 r | ﬂ
3 °
4 %‘%,@% 0% o
< °8eq
£ L 4 —
£ 20.0 P ,°
| A
43.0 40.0
00— T T | T
g o ,,o '&9’ oo . Kikuchi 1
£ 20.0 00 o —
[}
g & .
40.0
0.0
42.0 ! ‘
Kikuchi 2
E 20.0 ° —
2
s o
Q
S 400 o —
139.0 140.0 C ° 0
60.0

Fig. 14. The aftershock distribution and the projection of the hypocenters on to vertical
planes parallel to east-west for total analysis period. The source mechanism solu-
tions (after Kikuchi, 1993) are added.
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