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Geometry of the upper boundary of the subducting Pacific plate or slab was estimated
in the Hokkaido region, Japan, using the ScSp phase: the converted phase to P wave at the
boundary from the S wave reflected at the core-mantle boundary and propagating nearly
vertically (i.e., ScS phase). Taking the advantage of a dense seismic network named
“Hi-net” recently deployed across the Japanese islands, we applied several seismic array
analyses to the recorded waveform data for a large nearby deep earthquake, in order to
enhance weak ScSp signals in record. At first, we set up five blocks for the region in the
subducting direction of the plate. After aligning the travel time of the ScS phase and
stacking seismograms among stations in a same sub-block perpendicular to the plate subduc-
tion, we searched for the optimal plate model (i.e., two-dimensional geometry of the upper
boundary of the plate) for each block. The model was parameterized with six depths, and
the seismograms were stacked based on the travel time of ScSp as time lag at each sub-block,
so that the optimal model would yield the maximum amplitude of ScSp after stacking. The
searches were done, using ray tracings of the ScSp phase with a reference velocity model and
the non-linear inversion scheme called Neighbourhood Algorithm. The optimal model of
each block was combined each other by cubic spline interpolation, in order to construct
three-dimensional geometry of the upper boundary of the plate. We then performed the
frequency-wavenumber (f-/) spectral analysis to refine the above result. Assuming each
station as a reference point, we made each beam output with adjacent 7 stations as a function
of wavenumber vector (%x, £y) and frequency. The peak of its power spectrum was consid-
ered as the ScSp signal, estimating the wavenumber vector, that is, the azimuth of arrival and
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slowness, so that we can estimate the position and depth of the corresponding S-to-P
conversion. In the frequency range of 0.5 to 1.5 Hz, we could estimate the conversion points
for 21 stations, and refined the geometry of the upper boundary already obtained by the above
non-linear stacking approach. The final plate model was compared with the distribution of
intraplate earthquakes in the Pacific plate. This comparison clearly reveals that the upper
seismic zone merges with the lower from 150 to 200 km in depth, by systematically deviating
away from the upper boundary of the plate.
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Fig. 2. (a) Example of blocks for z-p stacking. The star represents the location of the
reference point for stacking, (b) their stacked waveforms with the arrival of ScS phase
to be aligned, and (c) amplitude contours of their slant stacking.
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Fig. 3. Map of five blocks and their amplitude contours of their slant stacking: blocks
1 and 2 in the left, and blocks 3, 4 and 5 in the right.
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Fig. 4. (a) Six parameters for the plate model of each block, and (b)
reference velocity model of ak135.
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WRALZ, —icld, 7> 7227 VEMMT 28EL, WRCHEREL CREET K- T
WSCBIEDNT Y ZBEETH 575 13- 5 ) L L2EEOREREEL . NAETH, 2028
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Fig. 5. Total of the searched 6,500 plate models and the optimal model (tick line),
together with waveforms to be stacked with the ScS phase aligned for block 2.
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Fig. 6. Optimal plate models and their ray paths of ScSp phases for blocks 1, 2 and 3
in the left, and blocks 4 and 5 in the right.
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Fig. 7. Three-dimensional view of the inverted upper boundary of the Pacific plate by
cubic splines for the five model of Fig. 6, and ray paths of ScSp for block 4.



142 EH e HE WE-EH 0F

&L Tslantstack L72BAL Y b, 2% ) MM EMED>7 vy 7 Roi, ZOEFTAHZED
T—F TREETHLZ b5, Fig 712k, 29 LTHRLNZ5DD7 Vv — | EENOERK
% MBI EI 5171 13 cubic spline N2 W T A L— XK U2 2 272 7 EEOBEB LUV, %
N 3RTGE®RZHERAIRT., 22237 ey 7 4 0 ScSp WAEMMLINZ T 5,

VI f-kAXRZ IVERHT

BIETIT -2 A2 v X 7T, 7v—1t2koBBEraBRkiRKDBICIIEL T35
L& L, hARL7V— Lt DRITHFEEIZZDOBREIET 2% L, {2 DL LEN
WBETH 72, £72, TVABITE L TAS » 7 L2BRAIRIZ 200 km i HBENTWBHEDL D
D, WHMTOMEEO L SHEHETHDT L ARROFROEMIZIEE ChRVELH B, 22
T, BIETRD L NZEROFEE L EHELEE 2 LI2ED 572012, FERFICBEET 2 BRLE0D
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Fig. 8. Schematic view of f-k spectral analysis as a plane-wave incidence
with the reference station located at (xo, vo) with adjacent stations at (x
v,), and an example of beam outputs with the corresponding ScSp phase
represented by the dashed line.
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Fig. 9. Examples of f-k
spectral analysis. The
reference and adjacent
stations in the left, con-
tours of power spectra
in the wavenumber
domain in the center,
and corresponding
beam outputs in the
right.
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Fig. 10. (a) Comparison of the contours for the depths of the upper plate boundary
inverted by NA algorithm and stacking with the conversion depths of ScSp phase
estimated by the f-£ spectral analysis, and (b) plate geometry in the region
represented by the block of (a), together with the epicentral distribution obtained
by Katsumata et al. (2002).
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BB FEEZ L) ZDBEPLDT—FEHWT, TNLERS v 7HEDOT VA BT 2 B
L TScCSpENEFTEZEDELZ LT, ZTOMWHN AT 7 FHEOBENEFREENBREZLL T
LECHET LI LHHETH 3.
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vru—FLT, FHIECWREWE, $z, BEO—HIZ O TiE, JLHEEREEME X LT
FERH > F— ERBT HRREEL T2z,
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