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Tohoku earthquake aftershock activity and triggered activity near Matsumoto
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Aftershocks of the M9 earthquake till 06 Nov. 2011. Top panels show magnitude of detected aftershocks
versus time (days) in logarithmic scale and the cumulative number, respectively. Middle row panels
show the magnitude frequency distributions, and M3+ epicenter locations. Here we consider the space
coordinates with axes of NNE and ESE directions with the origin at the M9 epicenter, so that plate
boundary takes the similar depth values at the same value in ESE axis. Bottom panels show space-time
plots projected to such axes.

— 547 —



2K

Fig. 2

FALH ST AR IR O R RIE B (fie &)

311 41 421 511 61 621 7M1 81 821 911 10M 114 311 41 421 511 61 621 7M1 84 821 941 1011 117
P T T S T TS YT T N R I T T S T T TS BB B R
H H o H H
H H 8 1
| M>=5 $=0.125 T=240.4 Tend= 2404 : < M>=4 S=2 T=240.4 Tend=240.4
s H
© :
: g
8 - : 87
& mu=0.13241 KO= 89.968 c= 0.22366 : & mu= 1.3033 K0= 1515.9 c= 2.1964
o g | 1 w
5 °© alpha= 43.276 p= 1.1593 ' s §_ alpha= 0 p= 1.2043
o H « &
I : i
2 g : 2
8 H
2 N H 2
B : ¥ g
E H E 27
3 8+ M2>5.0 : 3 M=>4.0
s 7 ' H
3 : 3
o - . o
o H
8
T § i
N 1 ¢
T T T T T T T T T T

0 50 100 150 200 250 0 50 100 150 200 250
ORDINARY TIME (DAYS) ORDINARY TIME (DAYS)
0 0125 05 1 3 7 10 30 50 90 200 0 05 1 3 7 10 30 50 90 150 365
) L 1 L T
(-]
N © o |
g o $o 0 °0 4 S0 o B
« Oa ° o ° % 88 %o ‘S & 5 e &
0o oo
© °o o ® o o oy LY
o o o0
o o o o
‘Q 0% 00 085 Q,q%g ° o 00090:0 ® 0 o 0 ca°
o . R L
5 o) 0T o e 08 o e o s
§ oA o . o o ]
3 SY s, 00 322000 0F ° o g 5 °
£ o[o % e 0 S0 % oo & oo g
3 Q cBELe o T Fo o 3
> o oo o ° °
g yd%%" o, & %S ‘? 0u00° oeo ° & 9000 il
o 0 08 ° & o 3% 8%’0%g o o z
P B oo & o o po0% @ © °F
o o ° 00 oF oo S g N
s P 8o ©o & ° ° o & .
4 o g
§ R @ 3003 o° %o 0 & % T oo o0 o0 Jo° &
o o © ° o 4
20 Olw LTS $ o ® o0 O
@e "% 0 & g3°® O o 2 e o,
. s
Ot % e o2 o
o e o o
o o ® o @ o ® o =3
§- g
! i
T T T T
o 100 200 300 400
IR
s 8
° Dafm oo ° rg N &
& o © o L& L
. @ e e .o ° o [ o s
a NI & o Fe oo [ 7
g ° $F ° 4 e o
o o 00 0" ° 0@ g o . s
wwe g Tl
° o5 Q@ & o o L g
LRSI X P ° L
g SR
8 7 ® 0?2, 0 ©
B (eI o o Lo o
w H ° @ 2o o o e L g
H EACI) g0 o0 . Loy
5 #ooe , % Foo o ® o g =
a .
g B, oo o T. 0 g
g s R . H
s 81 M ® g8 o Fe &
2 o0 o TENe 0 oo, 2 Lo
2 06 P00 PA° 0 oy 2 =
E o® 00 T 5ey 0 g -~
00 7,8 og0% o’ ° -
8 4 2% 8 O, o
- RE @y o . |
° o v B o‘&b o < e
b TRRY SRR -
o 0O ° 5. & & § I | _
oD o o o e |
°° #’C%Wéézg o ® °o L =
T T T t T T T T © ko
-150 =100 =50 0 50 100 150 200 200
ESE-direction

ESE-direction

FEMIEAREO BB E M-T R (7243 M5+, A M4+, 11 A 6 HEE), FRflifi% ETAS =7
NOBERBEREL. o -fHAKRE $ 2RRBORI/NS W ORFE - FHOAHITEY), FEH
(FACALTG il ~ D S5 AT ZE 4G ] (7223 M5+, F5 25 M4+). T BRI RT SRl ~ oD S 52 AT
R (42 M5+ & 45 M4+, 11 A 6 HBUE).

The top left and top right panels are cumulative numbers vs time and M-T diagrams of aftershocks of
M5+ and M4+, respectively. Here the superimposed red curves are of the ETAS model that are fitted to
the data. Here, the a -values of the ETAS is very large, indicating very close to the Omori-Utsu formula.
Plots of transformed time against the projection axes that are shown in Figure 1. No anomaly is found in
M5.0+ data, but in the bottom right panel we see that M4+ aftershocks has become sparser in the recent
few month in the middle of aftershock zone.
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Fig. 3 Right side panels show space-time plots that is detrended by the Omori-Utsu cumulative curve (red curve
in top left panel) for the aftershocks of M3.0 or larger. Top right panel indicates that events in the middle
zone (western side of the trench) have become sparser than both side regions. This zone corresponds to
the zone of higher p-values (red) that is estimated by the hierachical space-time (HIST) ETAS model
fitted to the M4+ aftershocks.
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The aftershock activity of M6.6 earthquake of 17 November 2011 at Iwate-Ken-Oki. Top left panel
shows magnitude differences between the mainshock and the largest aftershock , b-values of G-R law,
and p-values of the HIST-ETAS model. Right panels show cumulative curves (red) of the ETAS models
that are fitted to the aftershocks till 8th November 2011.
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Fig. 5 Seismic activity around Matsumoto for the period from 11 March till 6 November 2011: Epicenters
(top left), cumulative numbers and M-T diagram (left middle), magnitude frequency of the detected
earthquakes (top right), serial number of earthquake against its magnitude (right middle), time vs
longitude plot (bottom left) and latitude vs time plot (bottom right). Shaded zones indicate lower
occurrence rate than preceding and later periods. These may be compared with the stress shadows in
Figure 7
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Fig. 6

SHILHMNOLOMS. ADHIEE

RIS O M REE).

R 7 00 RERATINUETIV
. B L& 0 km
w & oy 36.5 > 04 "
87 \ . . BB T 415 km
° - ‘s BHEAMTN10cm
o0 fERI00°,
&1 R RELUEIRBEORR
0.2
7 FHRARET.5km
| g, 33 o1 L2r—/8334°/90°/0°
r "t g
o - 0
' g
81 £ 2 01
3
- -0.2
87 3.1
-03
o |
87 3 -04
o,
. o 5
T i T T T T 1978 1378 138 138.1 1382 1983 o8
137.8 1379 1380 138.1 1382 1383 Longitude (degree)
Couab 3201 14-W3-2011 1176354 Goluul.slerta mat
i*x Specilied faults: 334/80/0 Depth: 750 km Friction: 0.40
it
321 41 5M S0 61 W1 721 81 91 921 1011 111 321 4n 421 511 61 621 7M1 81
T T T T Y T M B B B T T Y Y S T S ST Y S S S|
2
g4
- 8
8 A . s
84 R R A ‘o R
8 . .
" 40
g o
o 87 g, LR
5 Mp=-4 o oo
: 1 R
£ g it : G
: b i e
w %‘E © . . .
3 8 8., v B
3 |
2 ° i
o - .
g .
. Y
&
T T T
0 50 00 150
d H%FEﬁ 111
- ® TR L
ra
L= &
ra
ra
[ &
e
. rE
:b'.". [a
- . & [ =
o . @ L [ &
8 < S AR
o - ¢ L
: LR -
AP : : ‘ :
- - . e oBye’ o 8 0 50 100 150 200
137.90 137.95 138.00 138.05 « bl
ORDINA i%x E#FEﬂ
it

M5.4 DHIEE DREIN T OMEIRE), BERH(E L) Ml S e 2T OMED R L M-T X (%
H), RSFITE % 7213 M5.4 OAREWEO—H2 5 { D I _Ro 7z ERGE L 7z & S12ALdLin -
FERASWEROLEMINEZTF L LIy —u YUK (GHEH, FEBRZR K5t
EHER AR, B & ORERK (BB e TERE) T, BZIIEROMENIHRTED X
IR DR & BHI.

Seismicity in the M5.4 aftershock region (inset rectangular region ) for the period from 11 March till 6
November 2011. Epicenters (top left), cumulative numbers and M-T diagram (left middle). Top right
panel (courtesy of Prof. Toda, DPRI, Kyoto University) shows Coulomb failure stress increments of faults
with the similar orientations to the source fault assuming slow slips on either Gofukuji fault or the M5.4
earthquake fault . The right middle panel shows latitude locations against occurrence times. The bottom
left and bottom right panels show the coordinates of time vs longitude and depth vs time, respectively.
Shaded zones suggest period of sparser occurrences than preceding and later periods. These may be
compared with the stress.
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The aftershock activity of the M5.4 earthquake at Matsumoto. Top panels show the cumulative curves (red)
of the ETAS model fitted to the M0.5+ aftershock activity in the period until 6th November 2011. The red
curves in middle panels are due to the Omori-Utsu formula that is fitted to all detected aftershocks. The
bottom panels show plot of space locations of all the detected aftershocks against the transformed times
that is detrended by the Omori-Utsu formula (red curve in the middle panels).
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