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Abstract

We analyzed teleseismic waveforms recorded by 44 stations in the Fujian and Taiwan provinces of China and obtained 5344
high quality receiver functions. The crustal thickness (H) and average crustal VP/VS ratio (k) beneath every station were estimated
using the H–k stacking method. Crustal thicknesses near the Fujian Province range from 28.3 to 32.8 km with an average of
31.1 km, and the corresponding VP/VS ratios vary from 1.70 to 1.84 with a mean of 1.76. From inland to offshore of the Fujian
Province, the crustal thicknesses decrease and Poisson's ratios increase. These may indicate decreasing SiO2 and increasing calc-
alkaline contents in the crust. The discontinuity structures such as the Moho, subducting slab, the 410- and 660-km discontinuities
(hereafter we call them the 410 and the 660) are also studied using common converted point (CCP) stacking of receiver functions.
Along two NW–SE lines of central and northern Taiwan, the CCP stacking results show a western dipping structure at depths
above 50 km, suggesting that the Philippine Sea plate is probably subducting beneath the Eurasian continent plate near the central
and northern Taiwan. The CCP stacking results show sharp and flat 410- and 660-km discontinuities, and the transition zone
thickness (TZT) is the same as that of ambient mantle beneath Fujian and Taiwan Strait, but thickens in the east of Taiwan. These
results suggest that (1) the subducting Eurasian continent plate is confined to the depths above 410 km beneath Fujian and Taiwan
Strait; and (2) the South China Sea slab may reach the transition zone beneath the east of Taiwan.
© 2007 Elsevier B.V. All rights reserved.
Keywords: receiver functions; crustal thickness; Poisson's ratio; slab; the upper mantle discontinuity
1. Introduction

Located on the western Pacific margin, southeastern
China is an ideal natural laboratory to study modern
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plate interaction and geodynamics. In this area, the
Eurasian and Philippine Sea plates converge in the
region of Taiwan. In northeastern Taiwan, the relative
plate motion between the Philippine Sea plate and the
Eurasian plate is in a NW direction with an estimated
rate of 8.2 cm/yr (Yu et al., 1997), whereas in southern
Taiwan, the plate motion between the South China plate
and the Luzon arc of the Philippine Sea plate is eastward
(Kim et al., 2004). As a consequence of plate collision,
the Taiwan mountain belt, one of the youngest
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orogenesis in the world, was formed (Sibuet and Hsu,
2004). The nearest continental area to Taiwan is the
Fujian Province, China, which is located to the north-
west of Taiwan. Late Mesozoic igneous rocks occur
over a large area in Fujian due to the combination
of lithosphere subduction and underplating of mafic
magmas (Zhou and Li, 2000).

In order to demonstrate the collision model bet-
ween the Philippine Sea plate and the Eurasian plate in
southeastern China, particularly in the Taiwan region,
many studies have been carried out in the past few
decades. Based on the sedimentology and stratigraphy
in the Western Foothills of Taiwan, Suppe suggested a
thin-skinned deformation model to explain the mountain
building in Taiwan (Suppe, 1984). Wu et al. proposed
lithospheric collision between the Luzon arc and
Eurasian lithosphere (Wu et al., 1997), to interpret the
distribution of earthquake hypocenters. To investigate
the deep interior structure, global seismic travel-time
tomography has been performed in this region (Lalle-
mand et al., 2001). The tomographic results have
demonstrated that the Eurasian plate subducts beneath
most parts of the Taiwan island down to the bottom of
the mantle transition zone and both the Eurasian plate
and the Philippine Sea slabs interact beneath northern
Taiwan (Lallemand et al., 2001). However, due to sparse
data, the global tomographic results cannot reveal the
plate interactions in great detail.

Even though many geophysical studies have been
performed in southeastern China, there are still many
problems to be solved. First, the subduction of the
Philippine Sea plate beneath the Eurasian plate produces
the Ryukyu subduction zone in northeastern Taiwan.
The Ryukyu slab geometry in the northeast has been
well determined (Font et al., 1999), but its western
termination remains poorly defined. Second, although it
is known that the Taiwan orogeny was created by the
interaction between the Eurasian plate and Philippine
Sea plate, there is uncertainty on how the Eurasian plate
was deformed, such as in the Fujian Province. Finally, in
order to further understand the detailed interaction bet-
ween the Eurasian plate and the Philippine Sea plate in
southeastern China, it is vital to resolve properties of the
deep interior structure in this region. However, besides
some tomographic results (Lallemand et al., 2001), very
few seismic constraints on the deep structure in this area
are available. To better answer the above questions, we
used the receiver function technique to study the deep
interior structure beneath the southeastern China region.

Due to the increasing number of digital seismic sta-
tions and modern data processing methods from explo-
ration seismology, receiver function stacking methods
have been widely used to study the interior structure of
the Earth in recent years (e.g. Dueker and Sheehan,
1997; Yuan et al., 1997; Zhu and Kanamori, 2000). In
this study, we used a large amount of teleseismic events
recorded by stations in Taiwan and the Fujian Province.
Combining the data from two regions gives a better
coverage of the deep structure because their ray-paths
cross each other. Furthermore, the detailed crustal and
uppermost mantle structures in the two regions can
provide more robust evidence for interaction between
the Eurasian plate and Philippine Sea plate.

2. Data and methods

2.1. Data

In this study, we utilized seismic waveforms recorded
by three local networks, Fujian Seismic Network (FJN),
Broadband Array in Taiwan for Seismology (BATS),
and New China Digital Seismology Network (NCDSN)
(Fig. 1).

FJN was deployed in 1999 by the Earthquake Ad-
ministration of the Fujian Province. It consists of 9
broadband and 20 short period stations within the Fujian
Province. All of them have operated continuously from
June 1999 to the present, and record at a rate of 50
samples per second with three components. Because
they were deployed in mountainous areas and main-
tained carefully, the data are of high-quality. Therefore,
we selected teleseismic events in the distance range
between 30° and 90° with magnitude greater than 5.8 for
the receiver functions analysis. The data from FJN used
in this study spans the time interval from January 2000
to October 2005.

BATS consists of 13 broadband stations. Eleven are
located on the island of Taiwan and two are located
offshore of mainland China (Fig. 1). Some stations in
BATS operated with three components from the mid
1990s to the present, and recorded continuously at 40
samples per second (Kao et al., 1998). Furthermore,
due to site location, noisy environment or technical
problems, the BATS data is of lower-quality compared
with that of FJN. Thus, we selected teleseismic events
from BATS in the same distance range as the FJN data,
but of events with magnitudes greater than 6.0 for
the receiver functions analysis. Besides the data from
BATS, we also downloaded data with magnitudes
greater than 6.0 from one GSN (Global Seismograph
Network) station in Taiwan, TATO, for which data
spanned from January 1995 to November 2005.

The last data set was from NCDSN. In southern
China, only one broadband station WZH is located near
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the Fujian Province. We selected teleseismic events with
the same criterion as the FJN data at this station with
data spanned from October 2000 to August 2003.

2.2. Receiver function isolation

Receiver functions for each event-station pair were
isolated according to the following. First, we visually
checked each event carefully to make sure that the event
has a clear first P phase and is high-quality recording.
Second, the selected seismograms were cut from 20 s
before to 100 s after the first P wave arrivals. Then,
a 2.5 Hz Gaussian parameter, which excludes frequen-
cies over about 1.2 Hz (Ammon, 1991), was used to
calculate receiver functions by the maximum entropy
deconvolution method (Wu and Zeng, 1998; Ai et al.,
Fig. 1. Map showing the present study region in Southeastern China and the s
seismic stations are shown by red diamonds for FJNB — Broadband stations
Fujian Network, blue squares for BATS — Broadband Array in Taiwan
Seismology Network, respectively. Station codes are shown near stations with
Philippine Sea plate and the Eurasian plate is shown by the arrow (Yu et al., 19
plate along Manila Trench and the subducting Philippine Sea plate along Ry
Solid lines denote fault locations. Blue dots represent the piercing points of
profiles are shown in AA′, BB′.
2003). Finally, we visually selected records with high
signal-to-noise ratios for each station to ensure that the
P-to-S converted phase from the Moho and its two
later multiple phases are present (Ai et al., 2005). For 30
FJN and NCDSN stations, the number of receiver
functions selected varies from 35 at station LIJ to 193 at
station CHT. In total, 3315 reliable receiver functions
were obtained. For the BATS and GSN stations, the
number of receiver functions obtained varies from 0 at
station HWAB to 340 at station KMNB, for a total
of 2029 useful receiver functions. As a whole, 5344
receiver functions were obtained for all 44 stations in the
southern China region. These receiver functions were
calculated from 856 teleseismic events, with most
events distributed to the south and southeast of the
study region (Fig. 2).
eismic stations used in this study (see also the insert map). Locations of
of Fujian Network, red triangles for FJNS — Short period stations of
for Seismology, and red circles for NCDSN — New China Digital
three or four capital letters. The vector of relative motion between the
97). Dashed lines denote the depth contours of the subducting Eurasian
ukyu Trench, respectively (after Gudmundsson and Sambridge, 1998).
converted S waves at depth of 410 km. The locations of two stacking
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2.3. Methods

Receiver function methods have been widely used to
study the deep structure of the Earth since they were
introduced to seismology about three decades ago
(Langston, 1977; Vinnik, 1977). In this study, we used
two standard receiver function methods, H–k and CCP
stacking techniques (Zhu and Kanamori, 2000; Chevrot
and van der Hilst, 2000; Zhu, 2000), to study the interior
structure of southern China.

The previous studies have shown that jointly using
the converted phase from the Moho and its multiple
reverberations within the crust, can give an accurate
estimate of the crustal thickness and VP/VS ratio (Zandt
and Ammon, 1995). However, because of background
noise, P-to-S conversions, and its multiples from other
velocity discontinuities in the crust, identifying the
Moho Ps and its multiples and measuring their arrival
times on a receiver function trace can be difficult (Zhu
and Kanamori, 2000). Therefore, the auto-searching
algorithm, H–k method, which sums the amplitudes of
the receiver functions at the predicted arrival times of Ps
Fig. 2. Epicenter distribution of teleseismic events used in this study. Most ev
the study region. The map center (black triangle) is (119.77° E, 25.50° N).
and its multiple phases, has been developed to determine
the best estimations of crustal thickness (H) and VP/VS

ratio (k), simultaneously (Zhu and Kanamori, 2000;
Chevrot and van der Hilst, 2000). When the stacking
process was performed, weights were assigned to dif-
ferent converted phases and their multiples.

In this study, we also used the CCP stacking al-
gorithm (Kosarev et al., 1999; Zhu, 2000, 2002), to
constrain the lateral variation of crustal and upper
mantle discontinuities beneath southeastern China. This
standard method includes the following processes (Zhu,
2000, 2002): (1) By using a known background velocity
model, the depth domain ray-path of each receiver
function is calculated. (2) After correcting for the in-
cidence angle effect, the amplitude at each point on the
radial receiver function is assigned to its position on the
ray-path where the P-to-S conversion is assumed to
occur. (3) The studied profile is divided into bins and all
amplitudes in the same bin are stacked to obtain the
average amplitude. (4) When the stacking is performed,
the width of the ray is calculated using its Fresnel zone
size to produce smooth images. The smoothing distance
ents are distributed on the south, southeast, northeast, and northwest of
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varies adaptively according to the size of the Fresnel
zone at different stacking depths.

3. Crustal thickness and Poisson's ratio

There are several key parameters which need to
be specified in advance when using the H–k stacking
method. The first one is the average crustal P velocity
(Zhu and Kanamori, 2000; Chevrot and van der Hilst,
2000). Previous studies have shown that the average
crustal P velocities for Fujian and Taiwan are similar
(Kim et al., 2004; Chen et al., 2005). Chen et al.
(2005) integrated many geophysical data in southeast-
ern China and obtained an average crustal P velocity
of 6.3 km/s. In this study, we used this value as prior
parameter. Second, the ranges of crustal thickness and
Fig. 3. Receiver function profiles for stations KMNB (shown only pasts of da
dashed lines show the predicted arrival times of Moho converted and reflect
VP/VS ratio for each station need to be given. Previous
studies show that crustal thicknesses vary from 29 to
32 km in the Fujian Province, however, they vary
greatly from 28 to 52 km in Taiwan (Kim et al., 2004;
Chen et al., 2005). In H–k stacking, the crustal
thicknesses were constrained, from 27 to 40 km for
FJN and NCDSN stations, and 20 to 55 km for BATS
and GSN stations, respectively. For VP/VS ratio, the
value was limited between 1.6 and 2.0. Third, weights
for the P-to-S converted phase from the Moho and its
later multiples need to be assigned. The highest weight
was assigned to the P-to-S converted phase from the
Moho, because it has the highest signal-to-noise ratio.
The values ultimately used were 0.7 for the P-to-S
converted phase from Moho, 0.2 for PpPs, and 0.1 for
PpSs+PsPs.
ta for this station) in a and CHT in b, sorted according to slowness. The
ed waves using the crustal parameters in Fig. 4a and c, respectively.
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Fig. 3 shows two selected profiles of receiver func-
tions recorded by stations KMNB and CHT. We can
identify strong converted phases from the Moho at
around 3.5 s and also clearly identify PpPs for both of
them. Station KMNB (Fig. 3a) belongs to the BATS
array. Stacking its 340 receiver functions gives a crustal
thickness of 29.1 km and a crustal VP/VS ratio of 1.77
(Fig. 4a). Station CHT (Fig. 3b) belongs to the FJN
array. Stacking its 193 receiver functions gives a crustal
thickness of 32.1 km and a crustal VP/VS ratio of 1.74
(Fig. 4c). The dashed lines correspond to the average
travel time curves of the Moho converted and multiply
reflected phases (Fig. 3).

Different networks showed very different H–k stack-
ing results. As shown in supplementary Table 1 in the
Appendix, we were able to estimate crustal thicknesses
and VP/VS ratios for all 30 stations in mainland China,
but only 4 of the 13 BATS stations. This discrimination
is attributed to complicated site effect, large background
noise, or contaminations from multiple phases at shal-
lower discontinuities for BATS stations. H–k stack-
ing results at 32 stations around the Fujian Province
(stations KMNB and MATB are located in this region)
show that the crustal thicknesses range from 28.3 to
32.8 km with an average value of 31.1 km; the VP/VS

ratios vary from 1.70 to 1.84 with an average value of
1.76. The latter corresponds to Poisson's ratios from
0.236 to 0.291, with an average value of 0.259. On the
Fig. 4. H–k stacking results for VP/VS and crustal thicknesses under four seism
different colors show the different stacking values, which cross symbols den
ratios are used in the stacking.
island of Taiwan, we only obtained estimates for two
stations. The crustal thicknesses and VP/VS ratios are
34.2 and 1.79 for station NACB, and 34.5 and 1.68 for
station TWKB.

As examples of the stacking results, the stacking
amplitude images of four stations are shown in Fig. 4.
Station KMNB is a BATS station on the offshore
of mainland China. The best estimation resulted from
stacking its 340 receiver functions, leading to a crustal
thickness of 29.1 km and a crustal VP/VS ratio of 1.77
(Poisson's ratio of 0.265) (Fig. 4a). For station NACB
on Taiwan island, stacking its 244 receiver functions
gives the best estimation of crustal thickness of 34.2 km
with a crustal VP/VS ratio of 1.79 (Poisson's ratio of
0.272) (Fig. 4b). In the same way, for the FJN stations
CHT and XIM, stacking 193 and 151 receiver functions
results in crustal thicknesses of 32.1 and 29.6 km and
crustal VP/VS ratios of 1.74 and 1.75 (Poisson's ratios
0.255 and 0.259), respectively (Fig. 4c,d). The distance
between station XIM in the FJN array and station
KMNB in the BATS array is small (Table 1 in the
Appendix), the results obtained from H–k stacking
for both stations are consistent with each other as
expected.

Fig. 5 shows the crustal thicknesses and Poisson's
ratios distributions in southeastern China constrained by
H–k stacking. Because there are only two estimates of
crustal thickness for Taiwan, crustal thickness contour
ic stations. The station codes are shown in the upper right corner. The
ote the best estimations when the correct crustal thicknesses and VP/VS
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lines are drawn without using this part of the data
(Fig. 5). Our results indicate that the crustal thicknesses
in the Fujian Province thin from west to east, and also
thin from north to south. This crustal thickness variation
is consistent with previous results obtained from other
geophysical surveys (Chen et al., 2005; Li et al., 2006).
The variation of Poisson's ratios is also shown for the
Fujian Province. The Poisson's ratio increases from the
west to offshore of the Fujian Province (Fig. 5).

4. CCP stacking results

4.1. The crustal and the uppermost mantle structure

In this study, two parallel CCP stacking profiles
across the southeastern China region were selected
(Fig. 1). They are oriented N125° E and were selected
for the following reasons. A recent GPS study showed
that the relative plate motion between the Eurasian plate
and the Philippine Sea plate is directed N54° W at an
Fig. 5. The estimated crustal thicknesses and Poisson's ratios for 32 stations
based on the data of 32 stations near Fujian. Station codes are shown near s
estimated rate of 8.2 cm/yr (Yu et al., 1997). The H–k
stacking results demonstrated that crustal thicknesses
and VP/VS ratios vary similarly along this trend in the
Fujian Province. These two profiles are nearly perpen-
dicular to the tectonic faults of both Taiwan and Fujian
(Fig. 1), and in some instances, the interaction between
the Eurasian plate and the Philippine Sea plate can be
shown in the same profiles.

Since the CCP stacking results are sensitive to the
velocity structure, we used the 1D iasp91 (Kennett and
Engdahl, 1991) velocity model with a modified crustal
structure for each station to convert each receiver func-
tion from the time-domain to the depth-domain. For
stations near the Fujian Province (including stations
KMNB andMATB in the BATS array), theH–k stacking
results for crustal thicknesses and VP/VS ratios were
used, instead of the 1D iasp91 crustal model. For sta-
tions in Taiwan, the crustal models derived from pre-
vious tomographic velocity models were used, instead of
the 1D iasp91 crustal model (Ma et al., 1996). To
beneath Fujian and Taiwan. The contours of the crustal thickness are
tations with three or four capital letters.
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suppress high-frequency noise in the receiver functions,
a second-order, zero phase, Butterworth bandpass filter
with corner frequencies 0.03–1.0 Hz, was applied to all
5344 receiver functions. Due to the azimuthal depen-
dence of radial receiver functions and more complicated
structure in the uppermost mantle, we stacked receiver
functions coming from a fixed range of azimuths. For
profiles AA′ and BB′, we stacked receiver functions
whose back-azimuths are in the bands from 80–170° to
260–350°. Finally, the CCP stacking was done along 2-
D profiles. The width of the profiles is 200 km. In this
way, the two profiles are completely separated from each
other. A bin size of 4 km along the profile and 0.5 km in
depth was used. The width of the ray along the profile
was calculated by considering its Fresnel zone (Zhu,
2002). We applied a Gaussian window to smooth the
stacking result, and the smoothing weight for each
receiver function depended on the distance to the center
of the bin. In this case, at a depth of 30 km, the bin size is
Fig. 6. CCP stacking of receiver function for lines AA′ (a) and BB′ (b) down
and negative stacking amplitude, respectively. Receiver functions, which bac
filter 0.03–1.0 Hz, and a bin size of 4 km along the profile and 0.5 km in dept
number of receiver functions at depth of 30 km in each bin. Slabs images d
a cuboid with 200 km in width, about 20 km along the
profile, 0.5 km in thickness, respectively. All receiver
functions with piercing points at depth of 30 km within
this cuboid are stacked together to produce the smooth
image.

The main results of the CCP stacking analyses for
profiles AA′ and BB′ are shown in Fig. 6. The trends of
both profiles AA′ and BB′ are nearly parallel to the
subducting direction of the Philippine Sea plate. Both
stacking profiles show about 600-km-long images of the
upper mantle structure to a depth of 150 km. To evaluate
the quality of the stacking images, at the top of each
figure (Fig. 6a,b), the number of ray hits in each bin at a
depth of 30 km was listed. For profile AA′, the number
of ray hits ranges from 5 to 313 with an average value of
91 between longitude 116.2° and 118.7° in the Fujian
area, and ranges from 8 to 155 with an average value of
62 between longitude 120.4° and 121.9° in the Taiwan
region (Fig. 6a). In the same way for the profile BB′, the
to the depth of 150 km. Red (black) and blue colors denote the positive
k-azimuths are in the bands of 80–170° and 260–350° with bandpass
h, are used in the CCP stacking for lines AA′ and BB′. NRF denote the
educed by CCP stacking are shown with red ellipses.
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number of ray hits ranges from 8 to 180 with an average
value of 71 between longitude 117.2° and 120.0° in the
Fujian area, and ranges from 4 to 181 with an average
value of 99 between longitude 121.1° and 122.1° in the
Taiwan region (Fig. 6b). In the Fujian region, both
stacking profiles show a consistent Moho with strong
converted phases at depths around 30 km (Fig. 6a,b).
From NW to SE, the depths of the Moho for both
profiles turn shallow from 32 km to 29 km. On the other
hand, in Taiwan, the CCP stacking results show more
complicated images from the surface to a depth of
50 km. Because of the interaction between the Eurasian
plate and the Philippine Sea plate in this region, Moho
phases have a much more complicated structure. In
Fig. 6a, between longitude 120.3° and 121.8°, and at
depths of 25–30 km, there can be seen a strong con-
verted phase which may represent the Moho. However,
between longitude 120.4° and 121.3°, and at depths of
45–15 km, a possible NW dipping converted phase can
be seen, marked by an ellipse, which is stacking noise or
the top of Philippine Sea plate (Fig. 6a). In the same
way, in Fig. 6b, between longitude 120.1° and 120.6°,
Fig. 7. CCP stacking of receiver function for profiles AA′ (a), BB′ (b) with sm
parameters between the depths of 300 and 800 km. The 410- and the 660-km
Fujian and Taiwan Strait. Positive polarity energy is plotted in red color. Red c
bin at depths of 410 km and 660 km, respectively. The observed depths of dis
calculated from 1D iasp91 velocity model with a modified crustal structure
and at depths of 20–30 km, a possible Moho image can
be seen. However, between longitude 121.2° and 122.1°
and at depths of 30–50 km, a strong NW dipping clear
converted phase marked by an ellipse is imaged, which
is interpreted as the possible top of Philippine Sea plate
(Fig. 6b, see Discussion section in detail).

4.2. The upper mantle discontinuities

We also used the CCP stacking of receiver func-
tions to study the upper mantle discontinuities beneath
southeast China along the above two profiles. The
method and parameters used for these profiles are the
same as in the study of the crust and uppermost mantle
structure with a few differences. Firstly, in this section,
all 5344 receiver functions were used to constrain
the 410 and the 660 structure along the two stacking
profiles. Secondly, to suppress high-frequencies noise
contamination in the deep structure, a second-order, zero
phase, Butterworth bandpass filter with corner fre-
quencies 0.03–0.2 Hz was applied to all receiver func-
tions before the CCP stacking was carried out. Finally,
aller smoothing parameters, AA′ (c) and BB′ (d) with larger smoothing
discontinuities are clearly imaged with simple and flat feature beneath
ross and blue dot denote the number of receiver functions (NRF) in each
continuities are denoted with white dots. The depth domain images are
for each station.
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two different types of smoothing parameters (different
Fresnel zone sizes and widths) were considered. When
the smaller smoothing parameters were used, the widths
of bins are 100 km, at depths of 410 km and 660 km, the
lengths of bins along the profile are about 130 km
Fig. 8. Transition zone thickness (TZT) variations in the study region. The
the 410 for each bin in the study profile. Contours lines denote the tran
interpretation.
(∼65 km in radius) and 200 km (∼100 km in radius),
respectively (Fig. 7a,b). In the same way, when the larger
smoothing parameters were used, the widths of bins are
150 km, at depths of 410 km and 660 km, the lengths of
bins along the profile are about 260 km (∼130 km in
TZT is determined by subtracting the depth of the 660 from that of
sitional zone thickness variations. See captions in Fig. 1 for more
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radius) and 400 km (∼200 km in radius), respectively
(Fig. 7c,d).

The CCP stacking results are illustrated in Fig. 7. The
results in the transition zone cover the entire study
region due to the ray-paths crossing each other, even
across the Taiwan Strait. At the top of each figure
(Fig. 7a,b,c,d), the number of ray hits in each bin were
listed at depths of 410 km and 660 km with crosses and
dots, respectively. For different smoothing parameters,
the number of ray hits changes largely for the same
stacking profile. For the profile AA′, the number of ray
hits ranges from 122 to 638 with an average value of 399
at a depth of 410 km, and ranges from 92 to 702 with an
average value of 365 at a depth of 660 km when the
smaller smoothing parameters are used (Fig. 7a). How-
ever, the number of ray hits ranges from 444 to 1678
with an average value of 1058 at a depth of 410 km, and
ranges from 511 to 1541 with an average value of 1033
at a depth of 660 km when the larger smoothing pa-
rameters are used (Fig. 7c). For different smoothing
parameters, the 410 and the 660 almost remain un-
changeable except in the east part of the profiles.
Beneath the Fujian and Taiwan Strait, the 410 and the
660 (maximum amplitude part of converted phase
shown in Fig. 7 with a white dotted line) are shown
as flat and continuous positive phases clearly (Fig 7a,b,
c,d). The depths of the 410 are about 420 km, and the
depths of the 660 are around 670 km, except to the east
and the southeast of Taiwan. However, beneath the east
of Taiwan island, the 410 cannot be clearly traced at
longitudes between 120.5° and 122.5° for profile AA′,
and at longitudes between 121.3° and 123.0° for profile
BB′ (Fig. 7a,b). In this region, almost all stacking data
from stations on the Taiwan island, the depths of the 410
and the 660 are uplifted in the same manner, which may
indicate unsuitable velocity models used on the Taiwan
island or due to multiple phase contamination from
shallow discontinuity structure. An image of the 520 km
discontinuity cannot be seen in any stacking pro-
file, which is interpreted as the phase transformation
from β-spinel to γ-spinel of olivine (Shearer, 1990).

In this study, due to the absence of a detailed three-
dimensional P and S wave velocity structure in south-
east China, we converted receiver functions from the
time domain to the depth domain only using the 1D
iasp91 velocity model with a modified crustal structure
in this region. Therefore, the absolute depths of the
upper mantle discontinuities probably have some bias
and should be considered with caution. However, it is
considered that the mantle transition zone (TZT) has a
relatively small heterogeneous structure compared with
that of the upper mantle down to about 410 km depth
(Bostock, 1996; Vinnik et al., 1996). Hence, we focus
our study on the TZT variation rather than the absolute
depths of the upper mantle discontinuities. In order to
avoid the influence of different velocity models, all
data were grouped into two parts which ones are from
stations on Fujian (including stations KMNB and
MATB) and the others are from station on the Taiwan
island. Two parts of data were stacked separately along
the same stacking profile. Thirteen lines parallel to
profile AA′ were selected and CCP stacking was per-
formed along each profile by using different smoothing
parameters. Two adjacent profiles have a spacing of 0.5°
latitude interval and the CCP stacking covers almost the
entire study region.

In order to investigate the TZT variation in the study
region, we determined the depths corresponding to the
maximum positive amplitude of the 410 and the 660 in
the bands of 380–440 km and 640–680 km in each bin
along the stacking profiles. The TZT was calculated by
subtracting the depth of the 660 from that of the 410 for
each point. During the calculation, we only selected bins
with over 100 receiver functions for analysis. As shown
in Fig. 8, the change in TZT varies within ±5 km from
250 km in the Fujian Province and Taiwan Strait even
though different smoothing parameters were used
(Fig. 8a,b). However, in the east of Taiwan, TZT var-
iations thicken from west to east, with the thickest part
about 265 km (Fig. 8a,b).

5. Discussion

5.1. Crustal thickness and Poisson's ratio variations in
Fujian

A general increasing trend in Poisson's ratio from
inland to offshore of the Fujian Province may indicate
different crustal composition. Geologically, the Late
Mesozoic igneous rocks spread widely across a zone
parallel to the coastline of the Fujian Province, and they
include Early Yanshanian rocks (180–140 Ma) distrib-
uted on the landward region and Late Yanshanian rocks
(140–97Ma) distributed on the oceanward region (Zhou
and Li, 2000). The amount of volcanic rocks increases
oceanward. Most felsic rocks appear to be more wide-
spread in the coastal area in Fujian, and chemically, they
are mainly calc-alkaline and high-K calc-alkaline series.
On the other hand, large peraluminous granitoids exist
widely in the inland area of the Fujian Province, and are
chemically high in SiO2 and Na2O (Zhou and Li, 2000).
From mineral experiment, we know that, for common
plutonic igneous rocks, there is a clear trend between
Poisson's ratio and composition (Christensen, 1996). A
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linear correlation of decreasing Poisson's ratio with
increasing SiO2 is observed for granitoids. Moreover, a
correlation of increasing Poisson's ratio with increase in
the anorthite content of plagioclase feldspar is found
(Christensen, 1996). Therefore, the higher Poisson's
ratios for coastal stations may be attributed to de-
creasing SiO2 and increasing calc-alkaline contents in
the crust.

The crustal thickness from this study is consistent
with previous geophysical studies in the Fujian Pro-
vince. Inversion of the Bouguer gravity anomaly dem-
onstrates that crustal thickness tends to thin from inland
to the coastal region in Fujian (Chen et al., 2005).
Furthermore, exploration seismology also yields the
same results (Liao et al., 1988). The same trend in
crustal thickness in Fujian from different geophysical
data indicates that crustal thinning near the coastal
region is a robust feature. The crustal thinning in the
coastal area of Fujian may be attributed to the following
factors. First, this region is located in the transition zone
from continental to oceanic crust, therefore, crustal
thickness thins from inland to the coastal area. Second,
due to the collision between the Eurasian plate and the
Philippine Sea plate, the extent of the South China Sea
turns wide, with a crustal thickness of the only about
10–15 km near its center from geophysical survey
(Ma, 1989).

5.2. Crustal thickness and Poisson's ratio variations in
Taiwan

Taiwan is located on the convergent boundary of two
collision plates. Thus, mountain building processes and
tectonic evolution in Taiwan are very complex.
Unfortunately, we only obtained H–k results from two
stations (NACB, TWKB) in Taiwan. These results are
too sparse to constrain the crustal thicknesses and
Poisson's ratios over the entire island. Station TWKB is
located at the southern tip of the island. The crustal
thickness obtained by using receiver functions is about
30–32 km by assuming an averaged VP/VS of 1.73
beneath this station (Kim et al., 2004). In the H–k
stacking scheme, the crustal thickness tends to be larger
with decreasing VP/VS ratio (Zhu and Kanamori, 2000).
Therefore, the study's results for crustal thickness of
34.5 km and VP/VS of 1.68, are consistent with a
previous study (Kim et al., 2004). On the contrary, the
crustal thickness obtained by the H–k stacking scheme
for station NACB is largely inconsistent with previous
results (Yeh et al., 1998; Kim et al., 2004). The crustal
thickness of about 45 km was obtained from wide-angle
deep seismic profiling near the station NACB (Yeh
et al., 1998). On the other hand, a crustal thickness of
50 km was also obtained by using receiver function
analysis (Kim et al., 2004). But in this study, a crustal
thickness of 34 km was obtained beneath the same
station. This difference might be due to misidentifica-
tion of the Moho and slab phases by different methods.
To investigate these discrepancies, we have checked all
our receiver functions and H–k results carefully for this
station and have confirmed our results (Fig. 4b and
supplement Fig. 1 in the Appendix). However, the sta-
tion NACB is located near the most active and complex
collision area in Taiwan (Kim et al., 2004), where
more geophysical data and other pieces of evidence
are required to get definite measurements of the crustal
thickness.

5.3. Slab images

The existence of a subducting lithosphere slab be-
neath central Taiwan is important for a better under-
standing of the tectonic evolution of Taiwan. This
question has remained unanswered (Chen et al., 2004).
The observations of seismic waveforms and travel times
for central Taiwan stations suggested that an eastern
dipping aseismic slab may exist beneath central Taiwan
(Chen et al., 2004). Based on the East Asia plate kine-
matic reconstructions, the geometry of plate boundaries,
as well as the character of the deformation in Taiwan,
Sibuet and Hsu (2004) suggested the following
consequences of a geodynamic model in central Taiwan.
A tear fault within the Eurasian continent beneath
central Taiwan was created by the westward motion of
the Philippine Sea plate. Then, the Eurasian continent
was torn into two parts. One is the deeply subducting
Eurasian continent slab underlying the Philippine Sea
plate from central to southern Taiwan. The other is the
upper Eurasian plate with the boundary of the Ryukyu
forearc in northern Taiwan (Sibuet and Hsu, 2004). The
mechanism of the Taiwan uplift is presumed to be pro-
duced by the slab pull force due to the Eurasian con-
tinent subduction (Sibuet and Hsu, 2004). Derived
from an array analysis of long-period surface waves in
Taiwan, a crustal thicknesses of about 40–45 km and
relatively low velocities as well as a similar thickness of
lithosphere to that of the adjacent sea area of main-
land China, have been obtained beneath central Taiwan
(Hwang and Yu, 2005). These results support the pre-
vious assumptions that a mountain root and an eastern
dipping Eurasian slab may exist beneath central Taiwan
(Rau and Wu, 1995; Chen et al., 2004).

However, our results show a different collision struc-
ture between the Eurasian continental slab and the
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Philippine Sea plate near central and northern Taiwan
(Fig. 6b). From the stacking results in Fig. 6a and b, we
suggest that a western dipping Philippine Sea plate,
rather than an eastern dipping Eurasian slab, pos-
sibly exists beneath central and northern Taiwan. This
sugestion is strengthened by the following pieces of
evidence. 1) Compared with the cold dense oceanic
lithosphere, the continental lithosphere resists subduc-
tion due to its thick crust and buoyancy (Davies and von
Blanckenburg, 1995). Therefore, the subduction of the
Philippine Sea plate beneath the Eurasian continental
slab is possible. 2) The relative motion between the
Eurasian continental slab and the Philippine Sea plate is
in the direction of NW, with an estimated rate of 8.2 cm/
yr near central and northern Taiwan (Yu et al., 1997).
The subduction of the Philippine Sea plate beneath
central and northern Taiwan can explain this motion.
However, if our slab images near central and northern
Taiwan are true, several questions should be considered.
Firstly, if the Philippine Sea plate is subducting to more
than 200 km depth beneath the Eurasian continental
along the Ryukyu forearc in northeastern Taiwan, why
does it have a shallow feature in central and northern
Taiwan? Secondly, why are there no intermediate-depth
earthquakes beneath this region? The possible reasons
might be, first, that subducting Philippine Sea plate
terminates at central Taiwan with westward motion,
rather than at northeastern Taiwan. Strong resistive
forces from the Eurasian continental slab may make the
collision region hot and ductile. Second, the lower part
of the Philippine Sea plate is detached at a depth of
about 50 km beneath central and northern Taiwan,
but, is subducting to large depths beneath northeastern
Taiwan. Because of the sparse data used in the CCP
stacking, stacking noise and multiples from shallow
structure, or Moho offset also could make the stacking
results biased. Therefore, more extensive coverage of
seismic stations or other geophysical data and extraor-
dinary efforts should be considered in the future to
confirm our interpretations.

5.4. The upper mantle discontinuities and TZT
variations

Located on the western Pacific margin, southeast
China provides an ideal region to study the dynamics of
the upper mantle from the detailed analysis of the 410
and the 660 structure. Beneath Fujian and Taiwan Strait,
the 410 and the 660 show a sharp and continuous feature
(Fig. 7). Mineral physics studies suggest that the 410
may be shallower and the 660 may be deeper, and the
660 may present a complex feature in the subduction
region (Ito and Takahashi, 1989; Vacher et al., 1998).
However, our results in Fig. 7 do not show this to be the
case. Except for east of Taiwan in Fig. 7(a, c) and Fig. 7
(b, d), the 410 shows a sharp and flat feature beneath
Fujian and Taiwan Strait even though different smooth-
ing parameters are used, and the depths of the 410 are
about 420 km. Furthermore, the 660 shows a simple
structure with only one strong positive phase at a depth
of around 670 km. We do not find a complex 660
structure which was found in other subduction regions
(Simmons and Gurrola, 2000; Ai et al., 2003). There-
fore, from the structure of both the 410 and the 660, our
study suggests that the upper mantle discontinuities
beneath Fujian and Taiwan Strait are less affected by
subduction. However, in the east of Taiwan in Fig. 7(a)
and Fig. 7(b), the 410 and the 660 show a complex
feature and tend to be shallower. The complex structure
of the 410 and the 660 beneath the east of Taiwan may
be attributed as follows. When the improper velocity
models in Fujian or Taiwan are used in the transforma-
tion from time-domain to depth-domain, the depths of
410 and 660 could be calculated with bias due to ray-
paths crossing from different regions. Secondly, the
stacking phases of 410 and 660 could be influenced by
multiple phases from shallower discontinuities.

Variations in the TZT can supply more information
about the temperature change in the transition zone than
the absolute depths of the 410 and the 660 (Owens et al.,
2000). Compared with the global average of 250 km for
the TZT, the results for the TZT anomalies remain
within ±5 km beneath Fujian and Taiwan Strait (Fig. 8a,
b). Furthermore, TZT results from the global SS
stacking, which uses long-period SS precursors from
underside reflections off upper mantle discontinuities,
show about 250 to 260 km beneath this region (Flanagan
and Shearer, 1998; Gu and Dziewonski, 2002). A recent
tomographic study beneath south Taiwan revealed a
high-velocity zone from the surface down to a depth of
300 km (Wang et al., 2006). These results suggest that
the temperature of the transition zone in this region is
almost the same as that of ambient mantle. Therefore,
the TZT anomalies from this study support the sug-
gestion that the transition zone beneath Fujian and
Taiwan Strait is less affected by the Eurasian plate,
and if the Eurasian subducting slab exists beneath this
region, it should be confined to a depth above 410 km.
On the other hand, at the east longitude 122.0° of
Taiwan, the TZT is about 260 to 265 km (Fig. 8a,b).
This study is consistent with previous tomographic re-
sults, which suggested the South China Sea slab reach-
ing the transition zone beneath this region (Lallemand
et al., 2001).
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6. Conclusions

Based on the detailed analyses of receiver functions
from 44 stations beneath Fujian and Taiwan, the main
conclusions of this study are as follows:

(1) Crustal thickness and Poisson's ratio
Near the Fujian Province, results from H–k stacking
at 32 stations demonstrate that the crustal thicknesses
range from 28.3 to 32.8 kmwith an average value of
31.1 km, and the VP/VS ratios vary from 1.70 to 1.84
with an average value of 1.76, which correspond to
Poisson's ratios from 0.236 to 0.291with an average
value of 0.259. The crustal thicknesses tend to thin
and Poisson's ratios tend to increase from inland to
offshore of the Fujian Province, which may indicate
a decrease in SiO2 and increase in calc-alkaline
content in the crust beneath offshore stations.
However, due to the complex mountain build-
ing processes and tectonic evolution, the study can-
not confine the crustal thicknesses and Poisson's
ratios well in Taiwan by the H–k stacking method.

(2) Slab configuration
In central and northern Taiwan, the CCP stacking
of receiver functions shows a western dipping
positive phase down to the depth of 50 km. This
result leads to the suggestion that the Philippine
Sea plate is probably subducting beneath Eurasian
continent plate near central and northern Taiwan.
However, due to sparse data and tectonic com-
plexity on Taiwan, this suggestion will need
further work with more data.

(3) The upper mantle discontinuities and transition
zone thickness.
The 410 and the 660 show a sharp and contin-
uous feature by using CCP stacking of receiver
functions beneath Fujian and Taiwan Strait. The
TZT and the temperature of the transition zone are
almost the same as that of ambient mantle in the
most studied region. Both the upper mantle dis-
continuities and TZT structures, support the con-
clusion that the transition zone beneath Fujian and
Taiwan Strait is less affected by the Eurasian plate,
and if such a subduction exists, it should be confined
to a depth above 410 km. In contrast, the South
China Sea slabmay reach the transitional zone in the
east of Taiwan due to thickening TZT there.
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