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Figure 1 The schematic illustration describing the sP phase and its
precursor (sdP). The dashed and solid lines denote the Sand P waves in
ray paths, respectively. The sdP phase is the underside reflection and
conversion of an upgoing Swave to a downgoing P wave on a disconti-
nuity
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Figure2 The source-receiver geometry (a) and station distributions of the sub-networks ((b), (c)). (a) The rectangle denotes the epicenter location, the
triangles denote the network/array distributions, and the black lines are the horizontal projections of ray paths for sP phases, with the reflected points on

the surface marked by the colored circles. (b) The purple and red triangles denote the sub-networks Y X and CZ, respectively. (c) The stations of TA are
divided into the sub-networks TA1 (black triangles) and TA2 (blue triangles). The ocean bathymetry and land topography data for background images

are taken from the ETOPO1 model*!

18.9 km; TA2, 12.2 kmx8.9 km; Y X, 2.2 kmx1.1 km),
PR 1 T B S B ALK 15 34 7 S0 £ LA B £ 3 43 A 6 I S A
IvARiobA ]

AR 11 1 52 = v A AT Bk B H SPRE A R 2 e
K/ F15~20 sHAFM: L 2 88 47 iy 3 b =1, dLit
6 iR H - B M (R L), RES A KR
M 4 R (US Geological Survey) % i iIPDE (Pre-
liminary Determination of Epicenters) H % (http:/
earthquake.usgs.gov/data/pde.php), 72 J5 ML il it 2 5k
5] A 4> BK 50 48 7K & f# (Global  Centroid-Moment-
Tensor, GCMT) (http://www.globalcmt.org/)*4%,

ASCHY TR PR S ZL IR (1) X R bR
Bl T R3E . PR B DL K A i iy b 3

(2) 38 3 X Hb 7= BCE VE AT Fourierii it 43 #7 i 5
T sPRE A iy e HEDE U %7 0 0.01~0.2 Hz, FfiEfTHF
T PE DAL, (3) K454 I LA SPRZAH () i 5
X559 IH—14k, 328 B M Hb B 4 1Y) 6038 s 2F 17 4k
PRSI Ab B (U & Pk S B 9T BE /N T
601, NI 4=FH F AL #5320 miIE, I ATG B
W) WL KT 3. (4) K & I TR A 08 2517 Hil bert 25 46
AL, PE— 108 JiE 1Y X8O 3 L) 2015 Y
R, 25 AR A B - B B Y K B 1] (vespagram).
(5) 7 & B 4 350 ok i 45 ¥ XoF sPE A B 4k B A Y 5
i (281 7 S B CRUST 1. 048 76 (42 554 | ASPO1 5 4 i
IR L3N () 0 0 B 45 K 0 A7 i, 7951 T IASPOL-
I BRI (K1 4). Fi) ] TauPR 444813 12 sk g A6 10

713



a4 % B B 2017HE3A H62% L7

F1 RUBAREREMNs PEMRIRESRY
Tablel Earthquakesused and reflected depths of the s_agP phases

S E P VI = B Logg RTHE RAfE LABRIE

(km) Lat, Lon (Mw) ) Lat, Lon (km)

1 2002-08-02 23:11:39.13 426.1  29.280°N, 138.970°E 6.3 cz 84.38 29.65°N, 139.86°E 58
2 2010-11-30 03:24:40.18 470.0  28.349°N, 139.187°E 6.8 cz 84.76 28.94°N, 140.09°E 62
TAl 87.78 29.07°N, 139.88°E 65

TA2 95.88 28.96°N, 139.91°E 61

YX 82.53 29.04°N, 140.05°E 64

3 2014-06-30 19:55:32.39 511.0  28.340°N, 138.844°E 6.2 cz 85.07 28.94°N, 139.78°E 62
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Figure 3 Observed waveforms of Event 1 recorded by the sub-network CZ and synthetic waveforms. (a) Observed waveforms; (b) synthetic wave-

forms with the reflectivity code® calculated with the IASP91-1B mode!; (c) synthetic waveforms calculated with the IASP91 model added the sharp
LAB at 58 km with the velocity decrease of 5%; (d) stacked results of the waveformsin (a)—(c)
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Figure 4 P- and Swave velocities of the IASP91-1B model for Izu-
Bonin area. The velocities of the crust part (enlarged image on the right)
are from the CRUST1.0 model'*?, and the ones of the mantle part are

from the IASP91 model®. The solid and dashed lines denote P- and
Swave velocities, respectively
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Figure6 The migration results of the stacked waveforms. The horizontal and vertical axes are the earthquake event to sub-network pairs and the LAB
depths, respectively. The black and gray colors filled in the waveforms indicate the positive and negative amplitudes, respectively
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Figure 7 The horizontal distributions of reflected points (a) and the crustal age dependence of LAB depths (b). The red dots denote the horizontal
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Seismic evidence of the lithospher e-asthenospher e boundary
beneath 1zu-Bonin area
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The lithosphere-asthenosphere boundary (LAB) is the seismic discontinuity with the negative velocity contrast in the
upper mantle. The plate tectonic theory describes that the rigid lithosphere trandate coherently over the ductile
asthenosphere, and the LAB implies the decoupling between the two layers. The seismic velocity, viscosity, electrical
resistivity and other physical parameters change with the depths across the boundary. The LAB has become a focus of
seismology studies for its significance in understanding the plate motions, the mantle convection and the lithospheric
evolution processes. Seismic detections on the LAB in subduction zone areas are helpful to understand the interactions
between the lithosphere and asthenosphere layers and the geodynamic processes related with the slab subductions. For
the dense permanent networks and transportable arrays of the USArray, the abundant waveforms of the deep earthquake
events beneath the Izu-Bonin area can be recorded and retrieved. In this study, the vertical broadband waveforms are
collected from three earthquake events occurring from 2002 to 2014 with the focal depths of 400-600 km. The source
parameters are taken from the Preliminary Determinations of Epicenters catalog of US Geological Survey, and the focal
fault solutions are taken from the globa Centroid-Moment-Tensor project. The seismic waveforms are manually selected
with two criteria: (1) simple sP arrivals with clear peaks, and (2) high signal-to-noise ratios and without abnormal spikes.
In order to enhance the weak unknown precursors, the linear slant stack method, which is the special form of the N-th
root slant stack method and phase-weighted stack method, is applied to scan the differential slowness and stack the
seismograms in the domain of differential travel-time and differential slowness. The selected waveform data is processed
to obtain the vespagrams and the stacked waveforms. The sP precursors reflected on the LAB (s agP), which have the
opposite polarities with the amplitude ratios of 0.17-0.21 relative to the sP phases, are successfully extracted in our
results. To reduce the possible effects of the crustal structures on the propagations of sP phases, the one-dimensional
modified velocity model (IASP91-IB) is established by replacing the crust part of the IASP91 model with the CRUST1.0
model. On the basis of the modified model, we obtain the distributions for six reflected points of the s_agP phases near
the source area. Our results reveal that the LAB depths range between 58 and 65 km beneath the 1zu-Bonin Arc, with the
average depth of 62 km and the small topography of 7 km. Based on the half-space cooling model for the oceanic
lithosphere, the lithosphere beneath the 1zu-Bonin Arc is about located at the isotherm of 950°C, and the lithosphere
beneath the West Philippine Basin (WPB) and Parece Vela Basin (PVB) is about located at the isotherm of 1100°C.
Compared with the results of the tectonic stable areas (WPB and PVB) in the Philippine Sea, the lithosphere beneath the
Izu-Bonin Arc shows the obvious thinning phenomenon. The numerical modeling experiments have revealed the strong
erosions of the convecting asthenosphere in the mantle wedge, resulting in the destruction of the craton. We infer that the
lithospheric thinning beneath the 1zu-Bonin Arc is closaly related with the partial melting, which is caused by the
volatiles continuously released from the subducted western Pecific slab, and the strong erosions of the small-scale mantle
convections in the back-arc mantle wedge.

lithospher e-asthenospher e boundary, | zu-Bonin area, subduction zone, sP precursors, linear slant stack
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