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Shallow earthquakes in the stress-shadow region during 19261937, before and after the 1936
Miyagi-Ken-Oki earthquake (M7.5): epicenters (M =>4), longitude versus time, and cumulative
numbers and magnitude against time. Gray color region shows stress-shadow region of thrust-type
slip under EW-compression at 10km depth, assuming the pre-slip within or around the 1936
rupture fault. The apparent friction coefficient is 0.4 that is always assumed hereafter. The
quiescence during 1935-36 before the main event (dotted vertical line) is seen in the stress-shadow
region where the ACFF would range — 1~—20 millibars by assuming 10% slip-size of the 1936

rupture. Hereafter, for pre-slips, we always assume the 10% size of the main rupture.
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Seismicity reduction rate due to the small negative ACFF change based on the Dieterich’s equation
(Dieterich, 1992).
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The aftershocks (M >4.3) of the 1933 Sanriku-Oki earthquake of M8.1. The aftershock area (grey
color rectangle) is almost in the ACFF stress-shadow, ranging —5 ~ —1 millibars, due to the assumed
pre-slip of the 1936 Miyagi-Ken-Oki earthquake (M7.5) assuming also that majority of the
aftershocks are normal fault mechanisms similar to the 1933 mainshock (Kanamori, 1971). The
vertical dotted line in the space-time plot indicates the occurrence of the 1936 rupture. Hereafter,
vertical dotted lines with Ts, Te, and Tc show that ETAS is fitted to the events in the target period
(Ts, Te) and that the time Tc is the change-point. In this case, the time Ts is 0.15 day after the
mainshock and the time Te is the occurrence time of the 1936 Miyagi-Ken-Oki event. We see the

relative quiescence after about the end of the year 1933.

—271—



1964/01/01 - 1980/12/31 N= 2029
H:0.0 - 45.0 km M:4.0 - 8.5

-5 7 =10 mbars
2138 139 140 141 142 143 144 145 07May1964 till 31Jul1980 (Mc4.0)
> o Ts Tc Te
N :

S=0, T=3125.0 !

100 150

50

CUMULATIVE NUMBER OF EVENTS

Y

O\ 1000 2000 3000 4000 5000 ;
%, ORDINARY TIME (DAYS) :
1964 -y e o T !
(le 8_ ¥ \I
Z |
@ 2 j
T e :
s o 1
L = !
3 i :
w 5 :
= 2 3- .
= > i |
S o1 f
g . i Residual Point Process,
- 5 l
« . O 3 ! :
LONGITUDE 0 50 100 150 200
~ TRANSFORMED TIME

%4 X

Fig.4

1973 4% 6 A E R IHHIE (M7.4) OWEET VHOBET LAY v 7 (1/10 DAY v
) I LTI FORERSWT 10km OIS CHREEMEKEEZEE L ELZ0
stress-shadow (JKAfEIK, ACFF = —5 ~ —10 I U N—) L) #ullkdER[X] (1964 - 1980;
M2>4; S 45km PAYk) LIFZERI 7w b & BARHUESGS JOYM-T (X, 1975 4ELAKECH
KFRRE N LB 5,

Shallow earthquakes including the 1964 Niigata earthquake (M?7.5) in the stress-shadow region
during 1964-1980, before and after the 1978 Miyagi-Ken-Oki earthquake (M7.4): epicenters
(M =4), longitude versus time, and cumulative numbers and magnitude against time. Gray color in
the epicenter plots shows stress-shadow region at 10km depth. The quiescence after 1975 (dotted
vertical line) is seen in the stress-shadow region where the ACFF would range —5~—10 millibars

due to the assumed pre-slip of the 1978 rupture.
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The aftershocks (M=5) of the 1968 Tokachi-Oki earthquake of M7.9. The ACFF value in the
aftershock area (gray color rectangle) ranges —0.05~+0.4 millibars, if we assume pre-slip of the
1978 Miyagi-Ken-Oki earthquake (M7.4) assuming further that majority of the aftershocks are
thrust type mechanisms similar to the 1968 mainshock. In this case, Ts is 0.2 day after the
mainshock and Te is the occurrence time of the 1978 Miyagi-Ken-Oki event. We see no seismicity

changes even after the 1978 rupture.
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The left two panels show the aftershocks (M 2=4) of the Ojika-Hanto-Oki earthquake (M6.7)
occurred at 20 February 1978. We see the relative quiescence after one and a half months later from
the mainshock till the main rupture of M7.4 at 12 June 1978. The former mainshock is likely to be
interplate thrust rupture within the subducting Pacific Plate. The aftershock area is in the
stress-shadow of ACFF being about - 100 millibars due to the assumed pre-slip of the June 1978
Miyagi-Ken-Oki earthquake of M7.4, which might be triggered by the former mainshock with a
few bars’ ACFF.

The 2003 Miyagi-Ken-Oki earthquake of M7.0 has a similar mechanism to that of the
Ojika-Hanto-Oki earthquake, but so far we see no relative quiescence in the aftershock sequence
(M 2 3) (the right panels).
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Shallow earthquakes including the 1983 Nihonkai-Chubu earthquake of M7.7 in the stress-shadow
(gray color) region during 1978 — 20 July 2003 assuming the pre-slip of the 1978 Miyagi-Ken-Oki
earthquake type, epicenters (M =4), space-time plots, and cumulative numbers and magnitude
against time. The pre-slip should decrease the stress with the ACFF ranging —5~—10 millibars.
On the other hand, if we assume the pre-slip of the 2003 May Miyagi-Ken-Oki earthquake, the
region would have increase of the ACFF ranging +0.3~+2 millibars, which may better explain the

fact that we do not see any relative quiescence.
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The aftershocks (M 2>3.5) of the 1994 Sanriku-Haruka-Oki earthquake of M7.5 and background
activity in and around the region. The aftershock area (grey color rectangle) is either in the stress
activation or in the stress-shadow with very small ACFF values ranging +0.1~+0.4 millibars or -
0.5~+0.1 millibars, due to the assumed pre-slips of the 1978 Miyagi-Ken-Oki fault or 2003 May
Miyagi-Ken-Oki earthquake, respectively, assuming further that majority of the aftershocks are
thrust type mechanisms similar to the 1994 mainshock. In this case, the time Ts is 10 day after the
mainshock (i.e., after the largest aftershock of M7.2) and the time Te is 20 July 2003. We see no

relative seismicity changes.
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Recent aftershock activity of the 1962 Miyagi-Ken-Hokubu earthquake of M6.5 (A), aftershock
activities of the 1996 Miyagi-Ken-Naruko-Machi earthquake of MS5.9 (B), the 1998
Miyagi-Ken-Nanbu earthquake of M5.0 (C), the 1998 Iwate-Ken-Shizukuishi earthquake of M6.1
(D), and 2002 Miyagi-Ken-Oki earthquake of M6.1 (E). Below each of the signs A-E in the five
top panels we denote ACFF values assuming precursory slips of either the 2003 Miyagi-Ken-Oki
earthquake of M7.0 or the 1978 Miyagi-Ken-Oki type rupture of M7.5 (the ACFF values in a
bracket). All the analyzed results are consistent with the assumed pre-slip of 2003 Miyagi-Ken-Oki
earthquake of M7.0, contrary to the assumed pre-slip of the future interplate rupture of the 1978
Miyagi-Ken-Oki type.

—277—



1998/01/01 - 2003/07/31 N= 6457 1998/01/01 - 2003/07/31 N= 11016
H: 70.0-666.0km M:1.7-8.5 H: 50.0- 90.0km M:2.0-8.5
139 140 141 142 143 144 145 139 140 141 142 143 144 145

42 42

(AR 2 5

41

40

39 -20~-5mbars |

(+10 ~ +8 mbars)

38 ; 38
37 ' 37
36 : : 36
1998/01/01-2003/07/31
2 2000- - 700
£ L 600 ~
2 15004 500 E
2 1000 490 £
I 1 | 300 §
E 500 - L 200 y B, 0508 »
5 L 100 550 z%%go R g 9]
© 0 L T T T T T O : L2 oj;i"%o 8}“;% 020 had M%oan ‘o
98 99 00 01 02 03 00 01 02 03
0K HED Z o 7 O—iift T — 212X 5 1998 AELLE D 2003 4F 5 A =i R i B o 7 L —

Fig.10

NEROMFERIES), ZKIX 70k mELE (RO FALHT T oK A5 O HETEE) A3
TRORNRED BRI L > TREN, 0955 RO RPN O HIRA T
OB D BRI L > ORShT0 D, ARIZ EXOKREGFERA (387 -40° N) O
WEROVR S KFR A, 22O & H 2002 45 11 H 3 B OEHEMMOME (M6.1) (2X-
T 2003 4F 5 A OEHBEMHIEDO 7 LAY » 7 &% (ACFF=+4 10 I U \—1) L, &
s OHEREBO#EE (ACFF=—20 ~ —5 IV \—/; & 9 MO EZMR) 1227
Bo TWDAREME A E LR, 1978 S EIRIRMRHBR O 7 L 2 Y v 72 UE L7258,
Z ORI TIL ACFF =48 ~ +10 X U N—/L (fEIAOT) ThH Y #f bz Bl L,
Seismic activity during 1998 - 20 July 2003 around the plate boundary near the source of the 26
May 2003 Miyagi-Ken-Oki earthquake of M7.0. The left two panels show interplate activities
beneath Tohoku region deeper than 70 km. The thick gray and thin black cumulative curves in the
left bottom panel respectively stand for the earthquakes (M > 1.7) from the whole gray region and
the embosomed region by the thick gray lines in the top panel. The right bottom panel represents
the depth against time of earthquakes (M =2 in old JMA magnitude) from the shaded region shown
in the top panel. From these diagrams we speculate that the 2002 event of M6.1 triggered the
precursory slip of the 2003 event of M7.0 (with about +50 millibars) and that the pre-slip then
inhibit the activity in the neighboring plate boundary region (with —20~—5 millibars): also see
Figure 9E. It is less likely that the quiescence is triggered by the future interplate rupture of the
1978 Miyagi-Ken-Oki type, owing to the ACFF values ranging +8~+10 millibars in the same
region.
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