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1 Resolution tests

We conducted clukerboard resolution tests twnfirm the reliability of the obtained
tomographic images. To make a checkerboard, we assigned alternative positive and
negativevelocity anomalies of % to all the 3D grid nodes. Random errors with a
standard deviation of.D s were added to the syatit arrival times calculatetbr the
checkerboard model to account for the picking errors existing in the real data.

Figs S1 and S2 show thinite-frequency results of the checkerboard tests at four
layersin the crustunder the area wherthe 2011 Iwaki earthquakeoccurredand the
Fukushima nuclear power pla(fENPP) is locatedor the Vp and Vs structures, while
Figs. S3 and S4show the finitefrequency results at fw layers in the upper mantle
beneaththe whole study @a. The correspondingst results with the ray tomography
method(Zhao et al., 1992are demonstrated in FigS5-S8. Although the resoluion is

lower at 12.0 kmdepth the results of resolution teshdicatethat he twotomographic


mailto:tongping85@gmail.com

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

method can well reslve theheterogeneities ithe Iwakiearthquake anBNPP areaTo
further demonstrate the recovery ability of the tomographic methoelsadepted the
structural similarity (SSIM) indeXTong et al., 20110 quantitatively measure the
recovery rate of syhetic test with respect to the checkerboard mdetel both the finite
frequency and ray tomographyethods, Table S$hows the SSIM indicebetweenthe
input checkerboard modelnd the inversion resul&t different depths. Each index in this
table correponds to one subfigure in Figsl-S8.The SSIM indices indicate that the data

set used in this study guarantees satisfactory recovery rates for both tomographic methods.

2 Ray and finite-frequency tomographic images

For the finitefrequency traveltira tomography, it is important to correctly compute the
sensitivity kernelsSince the bantimited sensitivity kernels in homogeneous media or
smoothly heterogeneous media are venseto those of the domant frequencyit is
valid to construct the fite-frequency traveltimesensitivity kernels at the dominant
frequencied(e.g., Dahlen et al., 2000; Liet al., 2009. Similar to our previous work

(Tong et al., 2011) he Rwave dominant frequencies are directly determined by ubking
approximate relatin betweerthe corner frequene f” andmagnitudeM as follows,

f” =105.36143 104", (S1)
The dominant frequees of the Svave arecalculatedby using a similar relation as
f5=98.321631047>M, (S2)

The approximateelations (S1) and (S2) are determir®danalyging the displacement
spectra oflocal earthquakes as that in our previous study (Tong et al., 204ihyg the

regressive relation betwedime dominant frequencand earthquakenagnitude(equation
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Slor S2) we can directlyestimatethe dominant frequenydrom the magnitudéor each
earthquake, and compute tensitivity kernefor the dominant frequenc

The finitefrequency results of thecrustal Vp and Vs tomography at four
representativéayers in the haki earthquake anBNPP areare shown in Figs3 and4.
The corresponding results oy tomography are demonstrated in Fi§8 and SD.
Strong lateral heterogenieis are revealed in the study af€&s. 3 and 4, FigsS9 and
S10). The 2011 Iwaki mainshock (M 7.0and itslarge aftershockéM > 5.0) arelocated
in a boundary zone with strong variatiomsseismic velocitiesLow-velocity (lowV)
anomaliesare noticeablé the upper crush and around=NPP.

ComparingFigs. 3 and 4with Figs. S9 andS10, we can seéhat the finitefrequency
and raytomography methodsavegeneratd nearlythe samevelocity imagesThe only
difference is thatite finitefrequencyresults exhibislightly higher amplitudes of velocity
perturbationswhich was also found by the previous studieg., Gautieret al., 208;
Tong et al.,, 2011)The consistency of the tomographic results generated by the two
different methods isquantitatively verified by the SSIM indices between tiweo
tomographic modelat different depth§Table S2).

Figs S11 and S2 display theverticd crosssectiors of tomograpy along different
profiles with the ray tomagphy method. Theorresponding finitdrequency imageare
shown inFigs. 5 and6. Similar to the map view§Figs. 3 and 4, FigsS9 andS10), the
overall patterns otomography inthe vertical crossectionsgenerated by the finite
frequency anday tomography methods amearlythe same.

FigureS13 showsan exampleof P and S wavénite-frequency travetime sensitivity

kernels with a domirm& frequency of 4.0 Hz in &elocity malel that includesthe
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subducting Pacific slab and the Conrad and Moho discontinuities have lateral depth

variations (Zhao et al., 1992).
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92 TableSI Structural similarity(SSIM) indices betweeithe checkerboard model and the
93 inversion result at different depths fBrwave andS-wavetomography In the crust (at
94  the depths of 6.0, 12.0, 20.0 and 30.0 km), the SSIM indices are calculatedwakhe
95 earthquake an#&ukushima nuclear power plaatea; while in the upper mant(@t the
96 depths of 40.0, 60.0, 90.0 and 120.0 kthgy are calculatefibr the entirestudy region.
97 The inversion results are obtained by using firiéguency tomography (FFT) or ray

98 approach.

99
Depth (km) | 6.0 120 |20.0 |30.0 |40.0 |60.0 |90.0 120.0
FFT: Pwave | 0.8323| 0.7146| 0.9634| 0.9614| 0.9109| 0.9478| 0.9211 | 0.7961
Ray: Rwave | 0.8664 | 0.6969 | 0.8859 | 0.9728 | 0.9462| 0.9558| 0.9347 | 0.8156
FFT: Swave | 0.8593| 0.7641| 0.9589| 0.9663| 0.9400| 0.9693| 0.9462 | 0.8367
Ray: Swave | 0.8480| 0.6859| 0.8836| 0.9578| 0.9385| 0.9639| 0.9445| 0.8289

100

101

102

103 Table S2: Structural similarity (SSIM) indicdsetween the finitdrequencyand ray

104 tomogmaphyresultsat different depthsnderthe whole study area

105
Depth (km) | 6.0 12.0 200 |30.0 |40.0 |60.0 90.0 120.0
P-wave 0.9628| 0.9642| 0.9555| 0.9908| 0.9331| 0.9661| 0.9847 | 0.9926
S-wave 0.9745| 0.9696| 0.9742| 0.9868| 0.9682| 0.9758| 0.9937 | 0.9970
106

107
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Finite—frequency approach: P-wave
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Figure S1. Finitdrequency results of a checkerboard resolution test for Vp structure at
four representative depth layers in tleeust under the Iwaki earthquake and the

Fukushima nuclear power plant area



Finite—frequency approach: S—wave
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113 Figure S2The same as Fig1 but for Vs structure.
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Finite—frequency approach: P-wave
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117 Figure S3. Finitdrequency results of a checkerboard resolution test for Vp structure at
118 four representative depth kg in theuppermantleunderthe whole study area.
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Finite—frequency approach: S—wave
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123 Figure S4The same as Fi§3 but for Vs structure.
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Figure S5. Ray approach results of a checkerboard resolution test for Vp structure at four
representative depth layers in the crustlerthe lwaki earthquake and the Fukushima

nuclear power plant area.



