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Quiescence of the 2003 foreshock/aftershock activities in and off the coast of
Miyagi Prefecture, northern Japan, and their correlation to the triggered
stress-changes
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The aftershocks (M 2=2.5) of the 2003 July 26 mainshock of M6.2 at Miyagi-Ken-Hokubu
region. The panels show the cumulative number and magnitude against the ordinary time (top
diagrams) and transformed time by the applied model (bottom diagrams). The modified Omori
model (left panels) and the ETAS model (right panels) are applied, and the superimposed thin
gray smooth curves are theoretical intensity function of aftershocks and expected cumulative
number. The AIC comparison shows a better fit of the ETAS indicating further cluster within

aftershock sequence.
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Fig.2  The foreshock sequence (M = 1.5) led by the 2003 ecarthquake of MS5.5 occurred at

Miyagi-Ken-Hokubu till the mainshock of M6.2: their cumulative numbers and magnitudes against
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ordinary time (top diagrams) and transformed time by the fitted ETAS model (bottom diagrams).
The left two panels show the fit of one ETAS model throughout the whole period of foreshocks,
while the right two panels show the best fit of the two models (ETAS for the former and stationary
Poisson for the latter) for the two periods divided at the possible change-point. Hereafter, vertical
dotted lines at the times Ts, Te, and Tc show that models are 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 0.01 day after the first
event of M5.5, and Te is the occurrence time (about seven hours after the first event) of the
mainshock of M6.2. The right hand side case is not negligible even taking account of the model
complexity including the searched change-point. We see the relative quiescence after about Tc = 4
hours. If we assume the preslip in the mainshock’s fault, the stress-shadow ranging ACFF =-0.1~-1
bars covers the foreshock area. Indeed, it is notable from the space (latitude)-time plot that
aftershocks after the mainshock around foreshock rupture zone is sparse compare to the whole
aftershock region.
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Fig.3 Plots of foreshock-mainshock-aftershock sequence in space (latitude) versus time during whole
day of 26 July 2003. It is seen that the main contribution of the relative quiescence in foreshocks
relative to the ETAS decaying rate is the gap around the forth coming mainshock. Incidentally,
the inactive part of aftershocks (after the mainshock) corresponds to the asperity of the fault

owing to the seismogram inversion.

—264—



%4

Fig.4

139 140 141 142 144 145 2002/08/01 - 2003/07/27 N= 9772

42 H :0.0- 35.0km M:1.5-8.5
Miyagi-Ken-North Area (M >=1.5)
TJ TF
T T ™
41 » 8 |S e
584
409 i :
40 7 w3l
E’) ' Ts=50.
o ' Te=298.
a9 k L3  TM=359.75
2g]
% < 7 ) "
1
38 w o |
2P
< I
37 $ =) o +
= ! i
o)
Oﬂ
36 o X ° ¥ N " P
5~50 mbars TF 0 30 100 150 200 250/300,;850
2002/08/01-2003/07/27 T TM ! ORDINARY TIME (DAYS).*
39.2 .' ey
. TF,” ,’TM  Tend
q) 5 H [l
39.0 E 3 ! Cot
3858 1, L&y | EMms Lo
i o . u=0.91 !
38.6 o 84 ' K=00099 /o
T o ' ¢=0.00037 v
38.4 wQ{ | 0=12 Lo
s » p=1.096 [
D 8 1 ] ]
Zaq Vo
LLI ] 13 1
> 1 : ]
1412 E°T7 -
| i :Residual Point Process: !
141.0 281
D 1
140.8 O
0 200 400 600 800
1406 TRANSFORMED TIME
140.4

A SONDUJFMAMUJJ

E IR AL & s IR E O (K G ORRTE SR O Rl OFFE), 2002 4F 8 - 2003 4
7H; M>1.5; & 35km LA, O] - BEZER oA (L2, % —727 > MK (Ts, Te)
IZ ETAS E7 V&4 Tk 7= RS E M-T X R CHfE EIXI23 @ % ORFZ) T T
AETIED T ETAS (2 & - TRHRE S U7 ASHIRG ], TJ C/R SA072 /BRI 2003 4F 5 H 26
HOEWREMH#E (M7.0) OFEEZLDL, ZOHEIZE>TI0kmOES T OHIRKD
PG ERMEE (BT IR S 0.4 Z2RE) 12X LT +5~+50 < U /3—/L®D ACFF T
MU A—ShERILLEBEZBND,
Shallow earthquakes (H<35km) in the shaded rectangular region during the recent period (August
2002 — July 2003) before and after the 2003 May 26 Miyagi-Ken-Oki earthquake of M7.0 (vertical
dotted line indicated by TJ). The panels show epicenters (M 2 1.5), latitude and longitude versus
time, and cumulative numbers and magnitude against the ordinary time (the right top panel) and
against the transformed time (the right bottom panel) by the ETAS model fitted to the target
interval (Ts, Te). In this region ACFF value ranges +5~+50 millibars assuming the E-W
compression thrust type mechanism triggered by the May 26 event of M7.0. The foreshock activity
during the first event of M5.5 and the mainshock of M6.2 (the both occurred at 26 July 2003; i.e.,
TF-TM) was more active than the predicted rate by the ETAS fitted in the interval (Ts, Te). But its
aftershock activity (during TM —Tend in the right bottom panel, but overlapped in the right end
boundary in the top right panel) seems similar to the predicted rate.
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2003 May 28 Miyagi-Ken-Oki Aftershocks till Aug 13
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The aftershock sequences with M >3 and M 2 1.5 of the 2003 Miyagi-Ken-Oki earthquake of M7.0
shown in the left and right panels, respectively. The aftershocks are applied by the modified Omori
formula for the target time intervals (Ts, Te) = (0.03, 55) days and (20, 55) since the mainshock
occurrence time, respectively, to extrapolate the theoretical (predicted) curves. The time TJ = 60.5
days indicate the occurrence time of the 28 July 2003 mainshock, and the triggered coseismic
quiescence is seen after that. In the aftershock volume of the Miyagi-Ken-Oki earthquake, ACFF
takes —50 millibars.

—266—



CUMULATIVE NUMBER OF EVENTS

CUMULATIVE NUMBER OF EVENTS

756 14

Fig.6

2003 May 28 Miyagi-Ken-Oki Aftershocks till Aug 13

M>0

Ts Te TJ 1410 1415

8 2003/07/01 - 2003/08/13 N= 4408 %
S M> O:Ts: 20 Te=55 H :0:0-1500km M:0.1-8.5 © °
 TJ=60.5 Tend= 79.2 °
8 A 1 P °w
g ! 8 ° o
. : "DO P ° v
8 _ , 39.01 & o i
™ ]
] o v
Q 1 QO: 9
S - -
S mu= 43.58563 2 v
K= 4522.48599 o o,
§ - c=0 ° v v
- p=1.46176 o
& v ®
o o ° v
1 1 [} v o v
bt 38.5 ° -
o v
8 @ oy
— ] v
’ ; I v v
0 ,720 40 , 60 79.2 é o v
.” ORDINARY TIME (DA}YSi A\ °
, , . ; |' . v
] ] 1
o |I1M>0 Ts=20 Te=55 . °
8 TJ=60.5 Tend=79.2 1 - '
5}
l A T
1 mu=43‘58563 ' o lllllLLl_LllllI||IlllII(l‘llIlI]llIIIIllllll
g |!' K=4522.48599 vt S !
o _J1 [} | ~N 1
IS y c=0 [ - !
1 p=1.46176 to %5 .
1 1 1 E O 1
o P [ 5L
S o < '
1
- ' [ g 8 1
! [ T S 1
1 [} 1 S5 )
1 1 | £ [
o e + + £ o '
| 1 8 8 E :
I
. o IllllIIIIIIIIIIIIlnTIIII‘IIIIIIIlIIIIIIIIII

010305070911131517192123252729310204 06081012
2003/07/01-2003/08/13

0 500 1000

2000 3000

TRANSFORMED TIME

2003 42 5 HEWREMOME (M7.0) @8 A 13 HETOREED (F LK) ICHRREA
XY TIHebo HiE), ZAOKIE~Y =Fa—FORES7T—% (M>0) (x4
LTH =7y MRHIZAED D ORERZ Ts = 20 H, Te =55 HT, £O®RIIPIMEL =
DT D, MlhT L@ ORZIT TS B RHRARIC L o TEM S R, #E
%] TI=60.5 HIZIE7 A 26 HEIRALET O (M5.5,M6.2) 2AFEAE LT, e
LY A A2y 7 IR ML £ TR R D, 2003 FERIBALMEO 7 LAY v T TH
PRR PR O RRITIE -5 I U N—/LRiiE O ACFF % & 5, A FORIZIZ 7 A LD
PREREHOMBRE CBFORH) 252 Thb,

The aftershock sequence of the 2003 Miyagi-Ken-Oki earthquake of M7.0 is shown in the left
panels. The modified Omori formula is applied to the aftershocks with M > 0 in the target interval
(Ts, Te) = (20, 55) days to extrapolate the theoretical (predicted) curves. The time TJ = 60.5 days

- >
— —

represents the occurrence of the 2003 July 28 mainshock, and the preseismic quiescence is seen
before the M7.0 event. In the aftershock volume of the Miyagi-Ken-Oki earthquake, ACFF takes
about —5 millibars. The epicenters of aftershocks are shown in the top right panel, and their

cumulative curve after 1 July 2003 is shown in the bottom right panel.

—267—



	本文
	第1図
	第2図
	第3図
	第4図
	第5図
	第6図

