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Rupture Process of the April 11, 2011 Fukushima Hamadori
Earthquake (44 7.0)

—Two Fault Planes Inferred from Strong Motion and Relocated Aftershocks—
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Tokyo Electric Power Company, 1-1-3 Uchisaiwai-cho, Chiyoda-ku, Tokyo 100-8560, Japan
(Received December 20, 2011; Accepted April 11, 2012)

The rupture process of the April 11, 2011 Fukushima Hamadori earthquake (34 7.0), which is one of
the induced earthquakes by the 2011 Tohoku earthquake (M, 9.0), is investigated using near-field strong
motion waveforms. After the Fukushima Hamadori earthquake, distinct normal fault type surface rup-
tures were recognized in the source area. Those surface ruptures line up along the previously-known fault
traces, Idosawa fault and Yunotake fault, which exist about 10km apart each other in echelon. We first ap-
ply the iterative decomposition method to confirm that these faults acted at the almost same instant
whether or not. Additionally, relocation of hypocenters of aftershocks using double-difference method is
performed. These results show that the two normal faults slipped with the delay of about 10 s. Two fault
segments are assumed according to those results and the multi time window inversion method is applied
to determine detailed rupture process on the faults. As the result, total moment of 1.1X10"Nm (M, 6.6)
and the maximum slip of 25m on the Idosawa segment are recovered. The result shows that the Idosawa
segment acted first and the Yunotake segment slipped after that. Finally, the static Coulomb failure stress
change (ACFF) on the Yunotake segment gained by the slip on the Idosawa segment is calculated. The
ACFF in the large slip area on the Yunotake segment is positive and it suggests that the stress change
gained by the Idosawa segment induced the slip on the Yunotake segment.

Key words: Source process, Fukushima Hamadori earthquake, Strong motion, Stress change, Triggering
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Fig. 1. Location map of the Fukushima Hamadori
earthquake. The star denotes the epicenter
[JMA (2011b)). Shallow earthquakes, larger than
M3 which occurred within two month after the
2011 Tohoku earthquake, are shown with circles.
White and gray circles correspond to the earth-
quakes before and after the main shock, respec-
tively. K-NET and KiK-net stations used in this
study are shown by squares and reverse trian-
gles, respectively. Bold black lines represent the
traces corresponding to the Idosawa and the
Yunotake faults [The research group for active
faults of Japan (1991)}
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Fig. 2. Example of observed waveforms. Velocity waveforms of EW components, which are inte-
grated from observed acceleration waveforms, are shown. The value following the trace shows

the maximum velocity in cm/s.
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Fig. 3. Result of the analysis using the iterative
decomposition method of the Fukushima Hama-
dori earthquake. The star denotes the epicenter.
Black circles show the positions of assumed
point sources. Resultant three sources and total
mechanism solution are represented in lower
hemisphere projection. The values above the so-
lutions denote the lapse times after the occur-
rence of the earthquake. The parentheses under
the solutions denote strike, dip and rake angles
in degree for each solution. Gray circles are epi-
centers of the aftershocks which occurred be-
tween the main shock and the April 12 largest
aftershock. The moment rate function is also
plotted.
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Fig. 4. Comparison between the observed seismograms (thin gray traces) and synthesized ones
(bold black traces) based on the result of the iterative decomposition method. The values above
the station codes denote the maximum amplitude in unit of cm/s.
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Fig. 5. Distributions of the earthquakes which occurred within two months after the Tohoku
earthquake. The upper and lower figures show the epicenter distributions and cross-sections of
EW direction, respectively. The left figures show hypocenters by JMA and the right figures

show relocated hypocenters using DD method.
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Fig. 6. Relocated hypocenters of the aftershocks

which occurred between the main shock and the
April 12 largest aftershock. (a) is the distribution
of the epicenters and the bold black lines denote
location of the Yunotake and the Idosawa [aults.
(b} and (c) are cross sections in the areas shown
in (a). The black straight lines correspond to the
assumed fault planes as the Yunotake segment
(b) and Idosawa segment (c). The vertical lines
on the top of cross sections show the positions of
the surface fault traces [The research group for
active faults of Japan (1991)].
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Coordinates and geometries of the assumed fault planes of the Fukushima Hama-

Strike | Dip | Length | Width Reference point

) ) (km) | (km) | 1a¢¢) | Lon () | Dep. (km) | definition
ldosawa | 50 | g 2% 16 | 369451 | 1406780 | 57 | Hypocenter'
segment
Yunotake | o0 | g 14 16 | 370667 | 140.6857 20 Upper left
segment

*The hypocenter is located at 17km in length, and 7km in width from upper left corner on Ido-

sawa segment.
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Fig. 7. Slip distribution of the Fukusihma Hama-
dori earthquake. (a) Surface projection of the re-
covered slip. The gray star denotes the epicen-
ter. The aftershocks, which occurred between
the main shock and the largest aftershock, are
shown with the gray circles. The boid black
lines represent the fault traces. (b) Determined
slip distribution on the fault planes. The initial
points of rupture are indicated by stars. The ar-
rows show the slip vectors of the hanging wall.
Left and right planes are corresponding to the
Idosawa and the Yunotake segments, respective-
ly. (c) Moment rate function determined by the
slip inversion analysis.
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Fig. 8. Comparison between the observed velocity seismograms (dashed traces) and synthesized
waveforms (solid traces). The peak velocity for each trace is indicated in units of cm/s above

the station code.

O/ TR A Y T 2 BRI 8~ 10 O 2% B
WOIEB L2 BB L s ot LL, HmEM%
TR SHIEWBHFRE L RICEREShE LD, —
EOMBEEHOBB L FOERUE L BEERBORE
W, BRI B B0 RICEIE L T B,
FIT, FOBFIIOWTHRETT 5.

21 THARZZL DD, OB TIREROSEES
HoPLOEREIRELTEERA N AL ERET
B, R LRI B 35° O F N SRR 2 BLE L
b DTHLH, T OMIZ L FAEE X IABBOBAT
RAITOERBMN R L HRE L7 Fig 10 @ KA A
PSSR L B oBRE L St ERE ok
BLUOFoOBIELN BT A MERLA. Bl

R ENC+H8~—8km DEHIC 2km BEIC
FREZEE LT, Az 0~180° DM TEXRHFD
fRIT L& Z A, Hife 35"k Lk JICEREN /A
Lot —HT, HAfaE 70~90° & LHA T,
BEDP L VNS HEFESNRTYE. LL, Z0BO
f#iE Fig 10 W) 2R T X 512, FUBFICE-o -8
FATORRLANZALNRE D 2 ERARBERT
HBH. T/, FIAE Fnet 2011 12X 5 CMT fECiddk
FINHy TVESPEC OO, (GER, #Hit, T
D) =1(132°, 50°, —82°), M,=96X10"Nm »#E 51
TWAED, GEDADZALRLIOHREKEER
5. fEoT, BEELEHERELOREINIVLD
O, EEOBEAEEEELL TOWiWETHL LHETL



252 GALZIUN

0s 8%
Salozerwa Yunotake [~
- -
s 9s
L3 ] F
25 108
35 iis
© kY
4s
.

Ss

65

78

Fig. 9. Snapshots of the slip velocity distribution
in every 1 second. The gray star denotes the ini-
tial point of rupture.
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Fig. 10. (a) Residual and resultant seismic moment
by the iterative decomposition method. The
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supposed point sources is shown. (b) The result
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Fig. 11. Apparent slip rate function on each subfault. The propagative velocity of the time windows

is 2.8 km/s. The initial point of fault rupture is shown by a star.
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Fig. 12. Static stress change on the Yunotake segment induced by the slip of the Idosawa segment.
(2) Distribution of ACFF. The ACFF is calculated with apparent frictional coefficient of 0.8. (b) and
(c) show the distributions of the shear stress and the normal stress, respectively.
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