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[11 We apply the newly proposed wave equation-based receiver function poststack
migration method to the Northern China Interior Structure Project broadband data to image
the lithospheric structure of the Tanlu Fault Zone area in eastern China. Our migration
result reveals a 60- to 80-km-thick present-day lithosphere beneath the study region,
significantly thinned from the Paleozoic lithosphere of >180 km. The lithosphere-
asthenosphere boundary (LAB) is coherently imaged along the ~300-km east-west profile,
displaying an arc-like shape with its apex roughly coincident with the transverse location of
the Tanlu Fault Zone on the surface. An obvious uplift from ~36 km to ~32 km of the Moho

is also clearly detected right below this fault zone. The coincidence of the imaged Moho
uplift and the LAB apex with the surface location of the Tanlu Fault Zone provides
seismological evidence for the steep geometry and deep penetration of the fault system, and
indicates that the Tanlu Fault Zone might have acted as a major channel for
anthenosphere upwelling during the Mesozoic-Cenozoic continental extension and
lithospheric thinning in eastern China. Frequency analysis and synthetic modeling
suggest that both the Moho and the LAB are sharp and strong. The latter, in particular,
is constrained to have a 3—7% drop in S wave velocity over a depth range of 10 km or
less. Such a rapid velocity change at the base of the lithosphere in the study region
cannot be solely explained by thermal variation, but likely reflects the presence of
volatiles or melt in the asthenosphere, or is partially attributed to the compositional
contrast between the preserved depleted and dehydrated cratonic lithospheric veneer and the

uplifted hydrated and fertile asthenospheric materials.

Citation: Chen, L., T. Zheng, and W. Xu (2006), A thinned lithospheric image of the Tanlu Fault Zone, eastern China: Constructed
from wave equation based receiver function migration, J. Geophys. Res., 111, B09312, doi:10.1029/2005JB003974.

1. Introduction

[2] The eastern China continent, a part of one of the
oldest cratons on Earth (3.8-2.5 Ga) [Jahn et al., 1987; Liu
et al., 1992], has undergone fundamental lithospheric reju-
venation in late Mesozoic and Cenozoic, with the develop-
ment of large sedimentary basins, high heat flow, extensive
seismicity and widespread volcanism [Griffin et al., 1998;
Fan et al., 2000; Xu, 2001; Ren et al., 2002]. During this
period, the thick cratonic lithosphere (>180 km) lost a
significant proportion of its deep mantle keel [Menzies et
al., 1993; Griffin et al., 1998]. Many hypotheses and models
have been put forward to interpret the Mesozoic destabiliza-
tion and present complex lithospheric structure of the eastern
China continent, such as rifting [Zian et al., 1992], delami-
nation [Gao et al., 1998, 2004], thermal and chemical erosion
[Xu, 1999, 2001], mantle plume [Deng et al., 1998,2004] and
basaltic underplating [Zhang and Sun, 2002]. All of these
hypotheses are associated with widespread asthenosphere
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upwelling since late Mesozoic. Preexisting large fault sys-
tems and shear zones, such as the Tanlu Fault Zone, the main
active strike-slip fault zone in eastern China, are believed to
have facilitated the ascending of asthenosphere and played an
important role in the Mesozoic-Cenozoic thinning of the
cratonic lithosphere [Xu, 2001; Xu et al., 2004; Zheng et al.,
1998; Yuan, 1996]. Geothermal studies, petrologic and iso-
topic data from Tertiary basalts as well as entrained mantle
xenoliths, imply that the Cenozoic lithosphere is thinned to
only 70—80 km depth [Hu et al., 2000; Xu, 2001; Xu et al.,
2004]. Such estimation, however, mostly relies on the spa-
tially confined mantle samples. How well these samples
characterize the mantle region is yet unclear. Previous seis-
mic tomography studies have revealed a complex and dra-
matically thinned lithosphere beneath eastern China [Chen et
al., 1991; Yuan, 1996; Zhu et al., 2002]. The resolution is,
however, rather low due to the confined data coverage and
intrinsic limitation of the methods (see below). For localized
areas, especially the major fault systems including the Tanlu
Fault Zone, improved geophysical observations and high-
resolution lithospheric mapping data are required to delineate
the lithospheric architecture and to verify various proposed
mechanisms for interpretation of the lithospheric process in
eastern China [Xu, 2001].
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Study region, locations of 62 NCISP broadband seismic stations (triangles), and receiver

function imaging profile (thick straight line). The profile traverses all the four constituent faults (F1-F4
from east to west) of the Tanlu Fault Zone. Three stations (093, 046, and 015) are marked, for which the
moveout-corrected receiver functions are plotted in Figure 2. Piercing points at 70-km depth for P-to-S
converted phases are shown as gray dots. The bottom inset shows the distribution of teleseismic events
used, more than 80% of which concentrated within a back-azimuth range of 110—240°. The top inset
shows the tectonic setting of the study region in eastern China. Shaded areas are the Dabie-Sulu ultrahigh-
pressure metamorphic belt. The Archean North China Craton (NCC) to the north and the Proterozoic
Yangtze Craton (YZC) to the south are the two major tectonic blocks in eastern China.

[3] The depth extent of the lithosphere is one of the most
important features characterizing the lithospheric structure,
and has been the subject of much speculation [e.g., Kumar
et al., 2005; van der Lee, 2002; Rohm et al., 2000; Polet
and Anderson, 1995; Anderson, 1990]. Unfortunately, high-
quality seismic observations about the lithospheric thickness
have been scarce. Most available ones come so far from
surface wave dispersion measurements and tomography
imaging [e.g., Godey et al., 2004; Baumont et al., 2002;
Debayle and Kennett, 2000; Woodhouse and Trampert,
1995]. Surface waves provide depth resolutions of several
tens of kilometers that are insufficient to allow identification
of a sharp discontinuity, and have even poorer lateral reso-
lutions [Godey et al., 2004]. Teleseismic body wave tomog-
raphy [e.g., Montelli et al., 2004; van der Lee, 2002; Zhao et
al., 1994, 1997] can resolve smaller-scale structural features,
but suffer from resolution decrease and energy leakage at
depths as well as horizontal smearing [Montelli et al., 2004].
It is still a challenging work to image the lithosphere in detail

using body waves. The recently developed S receiver func-
tion technique has been successfully employed to identify the
lithosphere-asthenosphere boundary (LAB) [Vinnik and
Farra, 2000; Li et al., 2004; Kumar et al., 2005]. This
technique, however, has a much lower lateral resolution
compared with the commonly used P receiver function
method [e.g., Langston, 1977, Owens et al., 1987; Zhu,
2000; Poppeliers and Pavlis; 2003a, 2003b], although it
sidesteps the interference of the crustal multiple reverber-
ations with the primary conversions at the shallow part of
upper mantle [Farra and Vinnik, 2000]. On the other hand,
the distinct behaviors of P-to-S (Ps) conversion phase
and multiple reflected phases under certain conditions, for
example, different variation features of amplitude [ Tian et al.,
2005] or timing [Bostock, 1997; Rychert et al., 2005] with
respect to ray parameter (epicentral distance), or contrasting
incident angle-dependent features, make it possible to distin-
guish these two kinds of phases directly using the P receiver
function technique. In particular, Rychert et al. [2005]
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