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Topography of the 660-km discontinuity beneath northeast China:
Implications for a retrograde motion of the subducting Pacific slab
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[1] Clear S to P converted waves at the 660-km
discontinuity (S¢¢oP) are observed at stacked seismograms
of deep earthquakes occurring in northeast China and Japan
Sea recorded by broadband seismic arrays in North America
and Europe. Differential travel times between the S0P and
P waves are used to constrain depth variations of the 660
beneath northeast China. A rapid change in the depth of the
660 is observed within a narrow longitudinal range of
130.8°E—131.4°E, where the lower boundary of the
subducting slab encounters the 660. Towards the west,
the 660 deepens steadily as it approaches the coldest core
of the slab. The maximum depression occurs at the west
end of the studied region with an amplitude of ~20 km.
To the east, the 660 appears to be flat, showing no obvious
effect of the subducting slab. These observations are
consistent with a scenario for a retrograde moving Pacific
slab lying over the upper and lower mantle boundary
progressively from west to east. Citation: Li, J., Q.-F. Chen,
E. Vanacore, and F. Niu (2008), Topography of the 660-km
discontinuity beneath northeast China: Implications for a
retrograde motion of the subducting Pacific slab, Geophys. Res.
Lett., 35, 101302, doi:10.1029/2007GL031658.

1. Introduction

[2] Whether slabs of old oceanic lithosphere penetrate the
660-km discontinuity (hereafter referred to as the 660)
directly into the lower mantle, or are trapped in the middle
mantle is an important issue in order to understand scales of
mantle circulation. The fate of the subducting slabs, how-
ever, remains an area of active debate, partly because of the
complicated tomographic images obtained from various
subduction zones [e.g., van der Hilst et al., 1997; Fukao
et al., 2001; Grand, 2002]. Along the west margin of the
Pacific plate, slabs beneath northern Kurile and Mariana
appear to sink directly into the lower mantle; while beneath
southern Kurile, Japan and Izu-Bonin arcs, slabs are found
to be lying horizontally over the 660 [e.g., Fukao et al.,
2001].

[3] While major subduction characteristics can be de-
scribed by the thermal parameter of the subducting slab
[e.g., Stern, 2002], the shape of the slab appears to be affected
by many other processes and factors, such as trench migra-
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tion, resistance from the 660, rheology of subducting litho-
sphere. Numerical modeling found that under different
circumstances, it is possible to generate various styles of slab
behavior shown in seismic tomography images [Christensen,
1996; Tagawa et al., 2007]. In general, trench migration tends
to prevent slab penetration into the lower mantle and to
facilitate the slab flattening above the phase boundary
[Christensen, 1996; Tagawa et al., 2007]. Besides trench
migration, nature of the 660 and viscosity contrast across it
also seem to play an important role in controlling slab
morphology. It is now generally believed that the 660-km
seismic discontinuity is caused by the temperature-sensitive
phase transition from ringwoodite to perovskite and magne-
siowustite [lto and Takahashi, 1989]. Because the phase
change has a negative Clapeyron slope, a temperature in-
duced depression of the 660 is expected within a cold
subducting slab [Vidale and Benz, 1992; Wicks and Richards,
1993; Niu and Kawakatsu, 1995; Collier and Helffrich,
1997].

[4] One ideal location to study the interaction between a
subducting slab and the 660 is northeast China, where the
subducted Pacific slab seems to be deflected subhorizon-
tally around the 660 [Fukao et al., 2001]. A large-scale
depression of the 660 is observed from SS precursor data
[Shearer and Masters, 1992; Flanagan and Shearer, 1998].
On the other hand receiver function study by Li and Yuan
[2003] found a deeper-than-normal 660 over an area of
400 km centered by a localized depression where the 660
reaches as deep as 695 km. Both the SS and receiver
function analyses require a good velocity model of the
upper mantle in order to position the reflected and converted
wave field to proper depths and locations. Here we use the S
to P wave converted at the 660 to map fine-scale lateral
variations in the depth of the 660. The method depends only
on the velocity structure between a deep earthquake and the
conversion point, and subsequently is less sensitive to the
velocity of the heterogeneous upper mantle.

2. Data and Analysis

[s] One component of P-coda wave of a teleseismic
record is S to P conversion waves at mantle discontinuities
located below the source, for example, the Sgq0P, Which
starts as a down-going S wave and is subsequently con-
verted to a P wave at the 660. Because the SgqoP and P
travel along almost identical ray paths after the S to P
conversion, the differential travel time of the two phases,
tsecop-p 1S a function of distance between the source and
conversion point. Compared to P wave, the Sgq0P has a
smaller slowness, and thus is received at a steeper incident
angle.
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