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[1] We analyze teleseismic receiver functions to determine
the crustal structure beneath the Indochina peninsula which
is located immediately south‐east of the eastern Himalayan
syntaxis basin. We found that the Indochina peninsula is
characterized by a thin (∼31 km) crust with a low Vp/Vs
ratio (∼1.68). The intra‐lower crustal low‐velocity zone
(LVZ) is observed beneath the northwestern part of our
study region. We hypothesize that it is an extension of the
lower crustal LVZ observed beneath the southeastern
Tibet and the South China block and that it terminates at
the Dien Bien Phu Fault (DBPF). A LVZ observed in the
upper crust beneath southeast of the DBPF indicates that
the crust is ductile and earthquakes are rare. Citation: Bai, L.,
X. Tian, and J. Ritsema (2010), Crustal structure beneath the Indochina
peninsula from teleseismic receiver functions,Geophys. Res. Lett., 37,
L24308, doi:10.1029/2010GL044874.

1. Introduction

[2] The collision between Indian and Eurasian plates, that
began at approximately 50 Ma [Huchon et al., 1994], has
influenced the structure of the Earth far beyond the Himalaya‐
Tibet orogeny. Situated immediately southeast of the eastern
Himalayan syntaxis, the Indochina peninsula bends south-
eastward as a consequence of continental extrusion from
southern Tibet and the opening of the South China Sea.
The Indochina peninsula is in the Sunda block, a rigid
block in southeastern Asia that is separated from the South
China block (SCB) by the Red River Fault (RRF) to the
northeast and from theBurma block by the SagaingFault to the
northwest [Iwakuni et al., 2004] (Figure 1). Huchon et al.
[1994] inferred that the maximum horizontal component of
the stress field was oriented E‐W before collision and N‐S
currently. Large‐scale NW‐SE and NE‐SW trending strike‐
slip faults are widely distributed. Sedimentary basins in
northern Vietnam and at the Gulf of Thailand are the result of
dip‐slip fault activity throughout the Cenozoic [Tapponnier
et al., 1982].
[3] Low‐velocity anomalies in the crust and upper mantle

beneath Indochina peninsula have been revealed from seis-
mic tomography [Huang et al., 2003; Lebedev and Nolet,
2003]. However, the resolution of the tomographic images
is low partly because there is only one broadband station
(CHTO) in the region. Receiver‐function (RF) studies in

central and southeastern Tibet [Ozacar and Zandt, 2004; Xu
et al., 2007] have provided evidence for a low‐velocity zone
(LVZ) in the lower crust and intermediate‐to‐high average
crustal Poisson’s ratios. These observations suggest the
presence of a crustal flow channel and that the crust and
mantle are decoupled. However, whether this LVZ extends
into the Indochina peninsula is unknown.
[4] SKS splitting analysis [Bai et al., 2009] has indi-

cated that the delay time between the fast and slow shear
waves is larger beneath Indochina than beneath eastern
Tibet where the crust and mantle have been deformed
substantially. The fast polarization directions revealed a
pronounced transition from NW to NE, which suggests that
the Indochina peninsula is deformed along with the Tibetan
plateau to the N but deformed along with the South China
Sea in the S.
[5] In order to study the crust beneath the Indochina

peninsula, we analyze RFs using new data from a temporary
broadband seismograph array in Vietnam and IRIS stations
KMI, QIZ and CHTO. We estimate the Moho depths, Vp/Vs
ratios, and shear velocity profiles of the crust. Our analysis
provides further insights into the origin and geologic history
of the southeast Asia.

2. Data and Methods

[6] We analyze waveforms from the Vietnam broadband
seismograph array, which was operated by the Earthquake
Research Institute, the University of Tokyo (between February
2000 and October 2005) as a part of the Ocean Hemisphere
network Project (http://www.eri‐ndc.eri.u‐tokyo.ac.jp/). This
array consisted of six temporary broadband (Guralp CMG‐3T)
seismometers with a sampling rate of 50 Hz (Figure 1 and
Table S1). In addition, we analyze waveforms from the per-
manent stations KMI, QIZ and CHTO in the region.
[7] The RF technique has been widely applied to study the

crust and upper mantle beneath a seismic station. RFs are
obtained by deconvolving the vertical component from the
radial and transverse component waveforms of P coda. The
technique effectively isolates shear wave signals due to con-
versions and reflections in the crust from earthquake source
and lower mantle propagation. Here, we calculate P‐to‐S RFs
using the frequency‐domain source equalization deconvolu-
tion methods of Langston [1979] and Ammon [1991]. The
pre‐processing includes data quality checks, windowing of
waveforms, and rotation of N‐S and E‐W waveform record-
ings into radial and transverse components. To remove high‐
frequency noise, we apply a low‐pass Gaussian filter, which
has a gain of approximately 0.1 at 1.0 Hz. A water level of
0.0001 is used to stabilize the RF deconvolution. To obtain
stacked RF images, all records are moveout‐corrected to a
common slowness of 0.059 s/deg, which is the slowness of a
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P wave for a 50‐km deep source and an epicentral distance
of 65°, based on the IASP91 model [Kennett and Engdahl,
1991].
[8] We estimate the average thickness and VP/VS ratio of

the crust using the H‐� stacking method of Zhu and
Kanamori [2000]. In this approach the amplitudes of the PS

signal and the multiples PPPS and PPSS + PSPS are simulta-
neously stacked and analyzed. Weights of 0.5, 0.3, and 0.2
are used to balance the contributions from these three phases.
The Poisson’s ratio is calculated using s = 1

2 −
1
2 (VP

2/VS
2) − 1−1.

We estimate shear velocity profiles in the crust by least‐
squares inversion [Ammon et al., 1990] of RFs with high‐
amplitude Ps phases and similar waveforms from a small
back‐azimuth range. The initial S‐wave velocity model with
2–3 km thick layers is derived from the model ofHuang et al.
[2003] and PREM [Dziewonski and Anderson, 1981]. The
P‐wave velocity and Moho depth are determined from the
H‐� analysis. Density is determined using r = 0.32 VP + 0.77
[Berteussen, 1977].

3. Results

3.1. Receiver Function Image

[9] A total of 385 individual RFs are obtained from 217
events (see Figure 1). All radial‐component RFs are included

in the auxiliary materials.1 There are no obvious phases
observed in transverse RFs, indicating that there is no clear
presence of crustal anisotropy or dipping layers at shallow
depths [Savage, 1998]. At all stations, PS phases are clearly
visible on individual and stacked RFs between 3–5 s after
direct P. Figure 2 shows examples of the radial and trans-
verse RFs from station VIVO and SPVO. At VIVO, the
signals with positive polarity at ∼3 s and ∼11 s and the signal
with negative polarity at ∼15 s correspond to the PS, PPPS

and PPSS + PSPS phases, respectively. A strong negative‐
polarity phase at ∼9 s is either due to interfering multiples
from an intra‐crustal layer or due to a PS conversions from
an discontinuity at ∼60 km depth. Station SPVO is located
directly on the RRF, which is a major tectonic structure in
the study area. The complicated RFs indicate that the crust
beneath SPVO is highly heterogeneous. PS arrivals at ∼5 s
are identified on individual and stacked radial RFs. We iden-
tify the positive signal at ∼15 s and the negative signal at
∼20 s as PPPS and PPSS + PSPS phases.

3.2. Crustal Thickness and Vp/Vs Ratio

[10] The crustal thickness (H) and average Vp/Vs ratio (�)
for all stations estimated by the H‐� method are shown in
Figures 1 and 3 and also listed in Table S1. Since there is
only a single maximum in the H‐� contour map for a rea-
sonable range of values, ‘average’ values of H and � for the
crust can be determined. For the three IRIS stations, H and �
have been estimates previously: H = 44.1 ± 0.3 km; � =
1.705 ± 0.015 for KMI, H = 32.0 ± 0.2 km; � = 1.708 ±
0.010 for QIZ [Chen et al., 2010] and H = 29.6 ± 0.8 km;
� = 1.878 ± 0.026 for CHTO [Hu et al., 2008]. Our results
are in good agreement with those studies, except for the �
estimates by Hu et al. [2008], who used a limited number
of records.
[11] The crustal thickness H decreases by about 10 km

across the southwestern margin of the SCB into the Indochina
peninsula. This observation is consistent with estimates from
seismic sounding [Teng et al., 2003]. The thickest crust
(H = 45.2 km) and highest Vp/Vs ratio (� = 1.81) are resolved
for station KMI, which is located in the SCB, and for station
SPVO. For the other stations, the average crustal thickness
is H = 31.1 km and the Vp/Vs ratio is � = 1.68, which
corresponds to a Poisson’s ratio of s = 0.22. These values are
significantly lower than the global average values of 34 km
and 1.78 for the continental crust [Zandt and Ammon, 1995].
The thinnest crust of 29 km and the lowest Vp/Vs ratio of
1.59 (s = 0.17) are observed at station VIVO, which is
located close to the shore of the South China Sea.

3.3. S‐Wave Velocity Structure

[12] Figure 4 shows the shear velocity profiles obtained
from the least‐square inversion of the RFs and the fit between
the recorded and synthetic RFs. We define the LVZ as the
region where the velocity is lower than the initial model in
comparison with the surrounding depth intervals with
velocities higher than the initial model. The thickness of the
upper crust (defined by shear velocity < 3.5 km/s) range
from 12 to 20 km. A lower crustal LVZ is present beneath
station KMI in the SCB and stations DBVO, SPVO, and
CHTO in the northwestern region of the Indochina peninsula
at a depth of 20–30 km, as constrained by the negative
polarity arrivals at ∼3 s in the RFs. The shear velocity profile
for station SPVO is otherwise complex due to the heteroge-

Figure 1. Map of the study region showing the Vietnam
array stations (solid triangles) and IRIS stations (open
triangles), and regional earthquakes with M ≥ 3 (depth ≤
40 km) between 1964/01/01 and 2005/12/31 (gray circles).
The background shows ETOPO5 topography and lines are
active faults: DBPF = Dien Bien Phu Fault (black lines);
RRF = Red River Fault; SF = Sagaing Fault; WCF = Wang
Chao Fault. Moho depth (H) and Vp/Vs ratio (�) are indi-
cated at the left of each station.The insert shows the epicen-
ters of the events used for RF analysis.

1Auxiliary materials are available in the HTML. doi:10.1029/
2010GL044874.
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neous crustal structure near the RRF. In contrast, an upper
crustal LVZ is observed beneath stations PLVO, VIVO,
DLVO, and CHTO in the southeastern part of the Indochina
peninsula and station QIZ onHainan island. At station VIVO,
the LVZ has a thickness of ∼8 km, which is constrained by
the negative arrivals at 1–2 s. The presence of LVZ in the
shear velocity profiles improves the fit to the RF (see
Figure S10).

4. Conclusions

[13] We have discussed the analysis of receiver functions
recorded at temporary stations in Vietnam and nearby global

network stations in southeastern Asia. We draw the fol-
lowing conclusions: (1) The Indochina peninsula is char-
acterized by a relatively thin crust (H = 31.1 km). (2) A
lower crustal low‐velocity zone (LVZ) is present beneath
the northwestern part of the Indochina peninsula. It connects
with the large‐scale crustal LVZ beneath central and south-
eastern Tibet [Ozacar and Zandt, 2004; Xu et al., 2007], and
beneath the orogenic belts of the SCB [Li et al., 2009; Bai
et al., 2010] that represent the flow channel. It terminates
at the Dien Bien Phu Fault, which is a major tectonic feature
in the study region and may be the northern boundary of the
postulated Sunda plate [Bird, 2003]. (3) The Poisson’s ratio

Figure 2. (left) Radial and (right) transverse receiver functions for stations (a) VIVO and (b) SPVO. The records are
ordered by increasing back azimuth, as indicated to the right. Stacked radial RFs are shown at the top. Solid lines indicate
expected arrival times of PS and the multiples PPPS and PPSS + PSPS.
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Figure 3. Contour maps showing misfit as a function of crustal thickness H and Vp/Vs ratio � for all stations. Contour
lines with an interval of 0.02 show stacking amplitudes of radial RFs for the Moho conversion and its multiples. The asterisk
indicates minimum misfit. Station names and the optimal parameters are indicated at the top right corner of each panel.
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beneath the Indochina peninsula is low (s = 0.22) compared
to other continental regions. The crustal composition consists
mainly of metasedimentary and silicic intrusive rocks, with-
out mafic or ultramafic components [e.g., Christensen,
1996]. (4) There is no evidence for crustal flow beneath the
Indochina peninsula because the Poisson’s ratio of 0.22 in
average is low. (5) An upper crustal LVZ is detected beneath
the southeastern part of the Indochina peninsula and Hainan
island. Here, the upper crust is ductile and earthquakes are
rare. (6) We do not find evidence for strong anisotropic
layering in the crust.
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