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S-wave Relative Travel Time Tomography for East Asia
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Abstract: We performed seismic imaging based on relative S-wave travel times to examine S-wave velocity of upper
mantle structure beneath East Asia. We used teleseismic events recorded at 129 broadband stations of the Korea Institute
of Geoscience and Mineral Resources (KIGAM), Korea Meteorological Administration (KMA), and National Research
Institute for Earth Science and Disaster Prevention (NIED). Relative travel time residuals were obtained by a multi-channel
cross-correlation method designed to automatically determine accurate relative phase arrival times. The resulting images
show high-velocity anomalies along plate boundaries around the Japanese islands region. These anomalies may indicate
subducting Pacific and Philippine Sea plates. On the other hand, a low-velocity anomaly is revealed beneath east of the
Korean peninsula down to around 300 km depth, which is thought to be related to the formation of the Ulleung basin
and the Ulleung island. Low-velocity anomalies revealed beneath the Jeju island may imply that the formation and

volcanism of the Jeju island have been caused by magmatic sources from the deep mantle.
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Fig. 1. Map of the study area. (a) Distribution of the broadband seismic stations installed in the Korean and Japan regions. (b) Distribution
of teleseismic events for S-wave phases. The blue and red, green solid lines indicate convergent, divergent, and transform fault boundaries,

respectively (Bird, 2003).
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Fig. 2. Phase picking example. (a) The event occurred beneath the Micronesia Caroline islands on August 3, 2014. The ray paths from the
epicenter to seismic stations in Korea and Japan are represented as black lines. The epicenter and seismic stations are indicated by a red
circle and blue triangles, respectively. (b) Waveforms of the teleseismic event recorded at broadband seismic stations in Korea and Japan.
The waveforms were bandpass-filtered between 0.04 to 0.1 Hz for S-wave phases. Traces were ordered by epicentral distances with vertical

dotted lines which denote preliminary arrival times.
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Fig. 3. Checkerboard resolution tests at depths of 100, 300, and 500 km. The checkerboards consist of 400 and 200 km size squares with
anomalies of + 300 m/s as shown in (a) and (e), respectively. (b), (c) and (d) show retrieved models for anomalies of 400 km x 400 km at
100, 300, and 500 km, respectively. (f), (g), and (h) show retrieved models anomalies of 200 km x 200 km at 100, 300, and 500 km,

respectively.
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Fig. 4. Depth slices of S-wave velocity (V) obtained by inverting S-wave relative travel times using IASP91 (Kennett and Engdahl, 1991)
as a reference model. The red and blue colors denote low- and high-velocity perturbations, respectively. Substructure of the Korean peninsula
is substantially shown as low velocities, while high-velocity anomalies are revealed along the Kuril trench, the Japan trench, the Izu-Bonin

trench, the Nankai trough, and the Ryukyu trench.
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Fig. 5. Vertical cross-sections of S-wave velocity (V) perturbations
from 0 to 700 km depth. High-velocity anomalies of Section A—A'
and B-B' indicate subducting Pacific and Philippine Sea (PHS)
slabs, respectively. On the other hand, low-velocity anomalies of
Section C—C' are revealed beneath the Jeju island. Section D-D'
shows that the Pacific slab extends to 600 km beneath SW Japan,
but PHS slab beneath the Shikoku region down to 400 km depth.
A low-velocity anomaly in Section E-E' beneath the Korean peninsula
may indicate the presence of the Ulleung anomaly (Simuté ef al., 2016).
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