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Figure S1

Distribution of events considered in this study. The yellow stars indicate the relocated
epicenters of three medium-sized earthquakes (FO1, SO1, and S02), and their focal
mechanisms are shown near the epicenters. The orange star and circles indicate the
relocated epicenters of the mainshock and 24-h aftershocks, respectively, of the 2021
Fukushima-oki earthquake. The red star and circles are for the 2022 earthquake. The gray
broken lines denote the plate-boundary depth at intervals of 10 km (Iwasaki et al. 2015).
The pink line shows the lower depth limit of the area where interplate earthquakes occur

(Igarashi et al. 2001; Uchida et al. 2009).
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Figure S2

Observed (black) and synthetic strong motion waveforms (0.05-0.4 Hz) of event SO1.
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Observed (black) and synthetic strong motion waveforms (0.05-0.4 Hz) of event S02.
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Figure S4

Observed (black) and synthetic teleseismic waveforms (0.01-0.4 Hz) of event FOI.
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Figure S5

Three-dimensional 24-h aftershock distributions of the 2021 and 2022 earthquakes. The
orange star and circles indicate the relocated epicenters of the mainshocks and 24-h
aftershocks, respectively, of the 2021 Fukushima-oki earthquake. The red star and circles
are for the 2022 earthquake. The black circle shows the location of the possible fault step-

over structure.
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Figure S6

a Another fault model and the relocated 24-h aftershock distribution (orange circles) for
the 2021 Fukushima-oki earthquake. b-e Their cross sections along lines AA’, BB’, and
CC' for subregions 21a, 21b, 21c, and 21d in Panel a. The blue meshes and lines show
the preferred fault model. The purple meshes and lines indicate the additional subparallel
fault. For each cross-section, the viewing direction is displayed in the lower right corner.
Gray-white and red-white focal mechanisms represent the first motion solution by JMA
and moment tensor solution from the F-net catalog, respectively. The gray broken lines
in Panel a denote the plate-boundary depth as in Figure S1. The shapes of the plate
boundary along the lines in Panel a are shown in the cross-sections. The gray dotted lines
represent the surface at a depth of 8.4 km from the plate boundary. The pink line shows

the same depth limit as in Figure S1.
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Figure S7

Source inversion results of the 2021 Fukushima-oki earthquake with another fault model.

a Slip distribution. The orange star represents the hypocenter of the 2021 earthquake. The
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purple square indicates the location of additional subfaults and the shift of their slip
distribution on the map. b Snapshots of the slip distribution. ¢ Slip rate function of each
subfault. d Apparent moment rate function. e, f Observed (black) and synthetic (red)
strong motion velocity waveforms (0.05-0.4 Hz) and teleseismic displacement
waveforms (0.01-0.4 Hz). The station name, component, maximum observed amplitude
(cm/s for strong motion and um for teleseismic) are shown to the left of each waveform.

g Observed (black) and synthetic (red) horizontal static displacements.



a
38.0°N 1 r
6
37.8°N 1 -5 r
L4
3E
2
1
0
37.6°N 1 r
2m
20 km
37.4°N T ;
141.4°E 141.6°E 141.8°E
e 42215 42215 42215
ub NS EW.
— OBS3.350 2.013 3.059
—SYN
MYGO11 MYGO011 MYGO011
ubD NS EW
3.805 2.861 4553
MYGO008 MYGO008 MYG008
ub NS EW.
3.531 1.564 2.603
MYGH11 MYGH11 MYGH11
ub NS EW.
3.726 1.624 3.959
MYGO007 MYGO007 MYGO007
ub NS EW.
3.841 1.405 4107
MYGH14 MYGH14 MYGH14
ubD NS EW.
3.288 1.659 3.692
MYGHO08 MYGHO08 MYGHO08
ub NS EW.
3.186 4.393 6.257
47245 47245 47245
ub NS EW.
3.295 4.078 4157
FKSH17 FKSH17 ' FKSH17
ub NS EW
3.917 3.153 3.642
FKS005 = FKS005 = FKS005 =
ub NS EW
2425 5.715 10.874
FKSH19 FKSH19 T FKSH19
ub NS EW.
1.573 2.012 2.158
42228 = 42228 42228
ub NS EW.
1.772 4.039 7.614
FKS031 FKS031 T FKS031 m
ubD NS EW.
1.741 1.752 2.441
47374 47374 - 47374
ub NS EW
1.075 1.482 2.149
FKSH12 FKSH12 FKSH12 =
ub NS EW.
1457 1.414 1.371
0 15 30 45 60 0 15 30 45 60 0 15 30 45 60
Time (s) Time (s) Time (s)
.
Figure S8

T

along strike (km) o
S c N15°E
—~ 10 0 10 20 30 4
E 10 s P I b
o
"E 2F b o =lo Freds oo
g a—
g 1 g e ol | b
= [ = Y on
0
l i o
pe—
6s
d 2 . . . .
g
3 - = 1.51 H
=
o
Z
b o 1 3
©
2
=
[0}
ﬂ E 057 I
S
=
0 - - - - -
0O 5 10 15 20 25 30
Time (s)
| N JOHN KAPI KURK
PZ PZ Pz 274
—85391.44!\/“«‘1414;8!\\/,\ 103.074 6425€W
BILL XMAS [le]ele} KIV
PZ PZ PZ PZ
72538 106.527 81.156 61.812
COLA RAR Qiz ARTI
PZ PZ PZ PZ
99.518 73.311 80.816 60.744
KDAK TARA CHTO GRFO
PZ PZ Pz 274
82737 136.264 63.773 80.341
PD31 MSVF PALK KEV
PZ PZ PZ PZ
79.966 115.286 61.036 71.786
TX31 HNR KMI KBS
PZ Pz PZ PZ
53.538 117.158 74.448 81.746
SLBS CTAO uoss TIXI
PZ PZ PZ Pz
57.855 90.918 62.410 73.893
KIP WRAB KBL 0 20 40 60
Pz PZ PZ i
127.6(M01 .sﬁlv\\/ﬂQ 55.95{\J\ Time (s)
MIDW NWAO AAK
Pz 274 PZ
133.482 81.852 59.919
0 20 40 60 0 20 40 60 0O 20 40 60
Time (s) Time (s) Time (s)
g 39.0°N ¢
38.5°N
38.0°N
37.5°N
2cm
— OBS
— SYN
37.0°N 50 km
140.0°E 141.0°E 142.0°E

3.0m/s

Source inversion results of the 2022 Fukushima-oki earthquake with six time windows.

a Slip distribution. The red star represents the hypocenter of the earthquake. b Snapshots



of the slip distribution. ¢ Slip rate function of each subfault. d Apparent moment rate
function. e, f Observed (black) and synthetic (red) strong motion velocity waveforms
(0.05-0.4 Hz) and teleseismic displacement waveforms (0.01-0.4 Hz). The thick blue
lines indicate the phase where the reproducibility is clearly worse than that in Figure 4.
The station name, component, maximum observed amplitude (cm/s for strong motion and
um for teleseismic) are shown to the left of each waveform. g Observed (black) and

synthetic (red) horizontal static displacements.



Table S1. Datasets used in the inversion analysis.

Dataset Strong motion Teleseismic Geodetic (GNSS)
2001 15 stations 34 stations 72 stations
45 components 34 UD components 72 horizontal components
2022 15 stations 34 stations 74 stations

45 components

34 UD components

74 horizontal components

Table S2. 1D near-source velocity structure model for calculation of the teleseismic
Green’s functions.

Thickness (km) Vp (km/s) Vs (km/s) p (10° kg/m®)
0.20 1.5 0 1.02
0.34 2.0 0.6 2.00
0.17 24 1.0 2.15
0.27 2.7 1.3 2.20
0.51 3.2 1.7 2.30
0.49 35 2.0 2.35
0.35 4.2 24 2.45
8.30 5.8 34 2.7
11.80 6.4 3.8 2.8
20.57 7.5 4.5 3.2

0 8.1 4.6 34

Table S3. 1D near-receiver velocity structure model for calculation of the
teleseismic Green’s functions.

Thickness (km) Vp (km/s) Vs (km/s) p (10° kg/m?)
15.0 5.57 3.36 2.65
18.0 6.50 3.74 2.87
00 8.10 4.68 3.30
Table S4. Source parameters of the medium-sized events.
N . . . . Rise
Origin time Latitude Longitude Depth (Strike,dip,rake) .
Event o > o Mo (Nm time
v (UTC) ) ©) (km) ) P
2021-02-14 . 166 .
so1 0731:5000 37521517 141431022 49462 (201,19, 88) 6.58 x 10 1.8
2022-03-18 . 166 .
S02 \5.574877 37735128 141711344 57.901 (16, 38,91) 2.02 x 10 1.2
2022-03-16 b 170 d
FO1 4340700 37683923 141605160 57493 (22.6,49,98.2)° 63110 2.0

a: values are from the F-net moment tensor catalog. b: values are from the Hi-net moment tensor catalog. c: values were obtained by
using equation (1) in Ekstrom et al. (2012). d: value was obtained by trial and error.



