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We presented the evidence for the presence of the low-wavespeed metastable olivine wedge (MOW) from analysis of broadband

waveforms of deep-focus earthquakes in the Pacific slab descending beneath the Sea of Japan as for events below 400 km depth

showing low-frequency and slightly-dispersed P- and S-phases arrive ahead of the most energetic high-frequency direct phases.

Numerical FDM simulations of high-frequency seismic wave propagation for 3-D heterogeneous subduction zone models

demonstrate a strong waveguide effect from the MOW due to focusing of high-frequency seismic waves towards the up-dip direction

in the slab. The presence of the metastable olivine in slabs allows the development of very large and lengthy ground motion for

stations on the fore-arc side of Northern Japan in good agreement with the observations of anomalously large and lengthy ground
motions during very deep (h=578 km) Mw=6.8 earthquake which occurred beneath Vladivostok of 18 Feb. 2010.

Keywords: Deep-focus earthquake, metastable olivine wedge, FDM simulation Pacific slab, seismic intensity

1. Introduction

It has long been recognized that cold subducted slabs with
low attenuation (high-Q) can act as an efficient waveguide to
transport high-frequency (f > 1 Hz) signals from intermediate
to deep-focus earthquakes within the slab to the surface e(Utsu,
1967[1]; Utsu and Okada, 1968[2]). In Japan, such a slab-
induced waveguide effect is often noticed for large deep-focus
earthquakes in the Pacific slab for depths down to about 600
km over a widespread large intensity area in the eastern fore-
arc (Pacific Ocean) side of northern Japan. This anomalous
intensity zone is associated with very lengthy high-frequency
ground motions lasting several minutes (Furumura and Kennett,
2005[3]; 2008[4]).

additional contribution to the slab waveguide effect for very

In the present study, we demonstrate an

deep earthquakes occurring in the Pacific slab (h > 400 km).
Metastable olivine, below the phase transition to wadsleyite
adds a wedge-like lowered wavespeed zone (metastable olivine
wedge; MOW) in the core of the subducting slab, at depths
between 400 and 560 km due to a delayed phase transformation
from olivine to spinel in the cold slab (Kawakatsu and yoshioka,
2001[5]; Vidale 1991 [6]; Yoshioka and Murakami, 2002[7]).
We confirm the behavior by the FDM simulation of high-
frequency wave propagation for different class of heterogeneous
slab structure, and show that we are able to explain the
distinctive seismograms for very deep events in the Pacific
slab with a MOW. The numerical simulations demonstrate
that lowered wave speed in the MOW in the deep Pacific slab
enhances the slab guiding effect. The MOW induces focusing

of seismic wave in the up-dip direction of the slab, thereby
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producing larger and longer ground motions from very deep

events in the Pacific slab.

2. Numerical simulation of slab guided wave

We conducted FDM simulation of seismic wave propagation
in 3-D to examine the distribution of ground motion across
Japan from the deep-focus earthquake beneath Vladivostok on
18 Feb. 2010. The volume used for the 3-D simulation for the
deep Vladivostok event covers an area of 1728 km by 1400 km
in the horizontal directions and 800 km in depth, with a grid
discretization of 0.25 km. We have assumed a velocity anomaly
of dVp = -5 % for P waves and dVs = -7% for S waves and a
maximum width of 100 km at the top of the MOW anomaly.
The MOW is placed 5 km below the top of the Pacific slab for
depths between 400 and 610 km. The present simulation is
restricted to a maximum frequency of 3 Hz with a resolution of
4 grid-points per minimum S-wave length (Vs=3.2 km/s).

Figure 1 illustrates snapshots of seismic wave propagation
from the deep Vladivostok event at 15 s, 75 s, and 240 s
after earthquake initiation in the descending Pacific slab. The
wavefield develops a widespread area of large intensity along
the fore-arc side associated with the efficient slab-induced
waveguide for higher-frequency waves. Figure 2 shows the peak
ground acceleration (PGA) for horizontal ground motion derived
from the simulation. For comparison purposes, simulation
results without a MOW (Fig. 2a) and the pattern of observed
PGA from the Hi-net stations of NIED are shown in Fig. 2c.
For both simulation and observed ground motions, we apply

a band-pass filter with pass band between f=0.1 and 3 Hz, so
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that it allows us to compare the relative changes in the shaking
intensity pattern between the observations and the simulations
with and without a MOW.

The result of the FDM simulation using the heterogeneous
Pacific slab model with a MOW produces an extended area
with large PGA from Hokkaido to Tokyo along the Pacific
Ocean side of Japan. The maximum ground acceleration in
the pass band (f=0.1 to 3 Hz) is over 5 cm/s/s. The guiding
of the higher frequencies through the scattering waveguide
effect of the high-Q Pacific plate combined with the additional
waveguide effect of the MOW produces an asymmetric PGA
pattern between the fore-arc and back-arc sides across the
volcanic front, and is quite similar to the observed features of

the anomalous PGA pattern from the deep Vladivostok event
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shown in Figure 11c. The simulated waveforms show elongated
high-frequency P- and S-wave coda for stations on the fore-arc
side, which is almost comparable to the observed Hi-net records
for this deep event.

In contrast, the simulated PGA pattern shown in Figure 2a
using the slab model without a MOW shows much weaker PGA
over northern Japan, even though both scattering and high-Q
waveguide effects are considered in this model. The amplitude
of the PGA in Tohoku and Hokkaido is about 1/2 to 1/5 of that
for the MOW model. Further, the duration of the P and S wave
coda in the simulated waveform is much shorter than that of the
MOW model and observation. The 3-D simulations confirm the
significance of the enhanced waveguide effect from the MOW

in the core of the slab.
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Fig. 1 Configuration of the Paficic slab and area of 3-D FDM simulation of seismic wave propagation for the deep Vladivostok earthquake, diaplaying

snapshots of seismic wavefield at (a) 15 s, (b) 75 s, and (c) 240 s after event initiation. The P and S wavefronts are marked.
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Fig. 2 Comparison of 3-D FDM simulation results for the deep-focus 2010 Vladivostok event with observed Hi-net seismograms along a profile

Longitude [E]

through Hokkaido from west to east for the radial component of acceleration, and the ground motion patterns across Japan for peak ground
acceleration (PGA): (a) Model without MOW; (b) model with MOW:; (c) observations. A band-pass filter in the band 0.1-3 Hz is applied to all

seismograms and to make the PGA map.
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3. Conclusion

From the 3-D FDM simulations, we see that the presence
of a MOW makes a considerable contribution to the guiding of
high-frequency energy from the deepest seismic events in the
Pacific slab, so that stronger amplitudes are injected into the
scattering waveguide above the 400 km depth. Both effects are
underpinned by the low attenuation (high-Q) in the subducting
slab, which must be sustained in the MOW. The lowered
wavespeed of the MOW in the core of the slab duct waves
and counteract the tendency for the high-V subducting slab to
shed energy into the lower wavespeed mantle outside the slab.
The enhanced waves can then be carried to the surface in the
stochastic waveguide formed by the heterogeneous slab internal
structure of quasi-laminar feathers with elongation along the
slab dip.
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