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Source Rupture Process of the 2011 off the Pacific Coast of Tohoku Earthquake
Derived from Strong-Motion Records
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Abstract

We derive the source rupture process of the 2011 off the Pacific coast of Tohoku Earthquake from waveform inversion
using the strong-motion data observed by K-NET and KiK-net. Total slip distribution shows one prominent large slip
area, which extends from the area around the hypocenter to the shallow part of the fault along the trench axis, with
a maximum slip of 48 m. The main rupture of this area started 60 s after the initial break and continued for longer
than 40 s, generating the very-low-frequency seismic waves. The area between the hypocenter and the coastline has
a slip greater than 5 m. This deeper area experienced two down-dip rupture events, which seem to contribute to the
two distinct acceleration wave groups observed at northern part of source area. The rupture after 100 s propagated
southward, generating the distinct phase for the southern stations. The shallow large slip is considered to be responsible
for devastating tsunami and wide expanse of the rupture area resulted in large ground motions across broad regions of

eastern Japan.

Keywords: 2011 off the Pacific coast of Tohoku Earthquake, 2011 Tohoku-Oki Earthquake, Source rupture process,

Waveform inversion, Strong motions
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Fig. 1 Schematic illustration of the multi-time-window linear
waveform inversion method.
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Fig. 2 Fault model (pink rectangle) and strong-motion
observation stations (A: K-NET, A: KiK-net) used in the
source inversion analysis. A star and gray circles indicate
the epicenters of the mainshock and the earthquakes
that occurred within 24 hours following the mainshock.
Epicenters and F-net moment tensor soulutions of three
M7-class earthquakes within the day are also shown.
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Table 1 Information of strong-motion data used in the source
inversion analysis.
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AOMHO6 KiK-net # 7 fir 100m | 2607
AOMH13 KiK-net i fi 150m | 2657
AOMH15 KiK-net > ¥ 100m | 2657
IWTHO1 KiK-net = J 3 200m | 2707
IWTHO08 KiK-net “x 252~ 100m | 2707
IWTH14 KiK-net * 57 100m | 2757
IWTO018 K-NET % 2 240 75
IWTH21 KiK-net =2 100m | 275%
IWTO007 K-NET £ & e 280 75
IWTHO4 KiK-net 2 7 106m | 2757
AKTH15 KiK-net 7 100m | 2657#
AKTH19 KiK-net 3 - 180m | 275%
MYGHO04 KiK-net B Fn 100m | 275%
MYGH12 KiK-net .21 102m | 2807
MYGO011 K-NET 4+ fi.. ¥ 260 7
MYG014 K-NET {&" e 280 F
MYGHO08 KiK-net %73 100m | 2757
YMTO005 K-NET B ¥ e 27575
YMTHO4 KiK-net =" 100m | 2757
FKS004 K-NET pyad e 230 75
FKSH02 KiK-net .2 j7 100m | 2807
FKSH19 KiK-net %32 100m | 275%
FKSH09 KiK-net 23~ 200m | 2757
FKS013 K-NET & B P 250 F5
FKSH14 KiK-net 1 &8 147m | 2757
FKSHO06 KiK-net =% 100m | 270 7
IBRO02 K-NET # #k P 225
IBRH18 KiK-net 0= 572/ 504m | 2757
IBRH19 KiK-net D <iE 210m | 270 %
IBRO18 K-NET fo/d 2 2757
TCGH13 KiK-net 5 58 140m | 2707
TCGH14 KiK-net & 2 100m | 2657%
CHBO006 K-NET g.” 22 280 7
CHBH14 KiK-net %1 525m | 2707
CHBH10 KiK-net + = 2000m | 2657
CHBH17 KiK-net 34 5 822m | 2657
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Fig. 3 Slip distribution projected on the map. The direction of the
arrows indicates the slip direction of the hanging wall side.
Contour interval is 5 m. A star indicates the rupture starting
point.
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Fig. 4 Slip progression in terms of slip amount for every 10 s.

Contour interval is 1 m. A star indicates the rupture starting
point.
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Fig. 7 Comparison between the observed waveforms (black) and waveforms synthesized from the derived source process (red).
Maximum values are indicated upper right of each trace.
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Fig. 8 (a) Total slip distribution (contour interval of 5 m) and (b) rupture progression process (contour interval of 1 m) derived from
the source inversion analysis using the strong-motion records band-pass filtered between 0.02 and 0.125 Hz. A star indicates

the rupture starting point.
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Record section of the normalized acceleration waveforms
for EW component observed at surface seismometers
of K-NET and KiK-net. Three distinctive wave groups
are indicated by gray curves. A star and triangles in the
left panel indicate the epicenter and the strong-motion
observation stations, respectively.
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(a) Distinct rupture events in the rupture progression process. A star indicates the rupture starting point. (b) Contribution from the
distinct rupture events to the 0.01-0.125 Hz velocity waveform synthesis. Bars indicate the S-wave arrival times from the possible
initial rupture of the rupture events. Acceleration waveforms are drawn in the background.
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