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Large contrasts in crustal structure and composition between the Ordos plateau and
the NE Tibetan plateau from receiver function analysis
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We analyzed thousands of receiver-function data recorded by 154 national and regional seismic stations to
study the crustal structure beneath the Ordos plateau and the NE margin of the Tibetan plateau. Moho depth
and average crustal Vp/Vs ratio were measured at each station. The Ordos plateau and the Trans-North China
Orogen east of the Ordos are underlain by a moderately thick crust of ~42 km. The Weihe Graben lying at the
southern edge of the Ordos plateau has a thin crust of ~30 km, while its southern neighbor, the Qinling
orogenic belt shows a thick crust extending to as much as 45 km deep. The Moho depth beneath the NE
margin of the Tibetan plateau varies from 55 to 65 km. We found a remarkable contrast between the Tibetan
and Ordos plateaus in the measured Poisson's ratio: the Ordos plateau is featured by a high Poisson's ratio
while the Tibetan margin has a very low Poisson's ratio. In general, mafic lower crustal rocks have a higher
Poisson's ratio than felsic ones. The measured low Poisson's ratio beneath the NE margin of the Tibetan
plateau thus indicates that the crustal column beneath the margin is rather felsic, which seems to be
inconsistent with a scenario of an inflated crust due to extrusion of lower crust material from the Tibetan
plateau to the margin.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

The Ordos plateau located in northern China is an uplifted basin
known as the Ordos basin. The basin lies in the western margin of the
Sino–Korean craton. It covers an area of approximately 2.5×105 km2 and
extends across five provinces (Shaanxi, Gansu, Ningxia, Inner Mongolia
and Shanxi) (Fig. 1). The Ordos basin, which overlies a crystalline
basementofArcheanandLowerProterozoic age, hasbeencategorizedas a
flexural basin formed from EW directed thrusting resulting from the
oblique collision of the Qiantang block with the Tarim–North China block
in the Later Triassic (Watsonet al., 1987). TheOrdosbasin starteduplifting
at the end of the Early Cretaceous during the Yanshanian Orogeny that is
associated with the subduction of the Pacific plate (Yang et al., 2008).

Geographically, the Ordos plateau is separated from the North
China plain by the NE trending Taihangshan mountain range, also
known as the Trans North-China Orogen (TNCO). At the southern end
of the plateau lies the Qinling orogenic belt which formed as a result of
the collision between the North China and South China blocks during
the Permian and Triassic (Fig. 1). To the southwest, the Ordos is
bordered by the northeastern (NE) margin of the Tibetan plateau. The
NE margin of the Tibetan plateau is featured by a series of parallel

NW–SE trending mountain ranges, which were caused by thrusting
and sinistral faulting (Tapponnier et al., 2001). The left-lateral strike
slip Kunlun fault divides the margin into the Songpan–Ganzi block to
the south and Tarim–Qilian block to the north (Fig. 1). The Songpan–
Ganzi block was an accretionary prism formed during the northward
subduction of the oceanic Qiantang lithosphere beneath the Tarim–

North China block (Watson et al., 1987). Tapponnier et al. (2001)
suggested that the rise of the Tibetan plateau occurred progressively
from south to north, and that crustal thickening was accommodated
by shortening along the compressional direction. On the other hand,
Clark and Royden (2000) proposed that the topographic relief along
the eastern and NE margins of the plateau is maintained by dynamic
pressure from a lower crust flow. Injection of lower crustal material
from the central plateau to the edges inflated the crust along the
borders of the plateau. In other words, crustal thickening occurred
mainly in the lower crustal level. Clark and Royden (2000) also found
that steep and gentle slopes along the eastern and NE margins of the
plateau could be explained by a rheological difference in the foreland,
i.e., a difference in the strength of the tectonic blocks in the front of the
margins. Based on their model, the Sichuan basin on the eastern side
of the plateau has a strong keel, which effectively inhibited the
eastward extrusion of the lower crustal flow from the plateau,
resulting in a steep topographic slope along its eastern margin. On the
other hand, the gentle slope along the NE corner of the Tibetan plateau
was caused by a relatively weak crust beneath the Songpan–Ganzi
terrane and the fold belts to the north. While crustal shortening
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preserves the original composition of a crustal column, the lower
crustal flow model predicts an overall mafic crust, as the thickened
crust is comprised mainly of mafic lower crustal rocks, which was
injected from the central plateau (Clark and Royden, 2000). In general
mafic rocks have higher Vp/Vs ratios than felsic rocks (Christensen,
1996; Zandt and Ammon, 1995). Thus seismic measurements of Vp/Vs
ratio across the area could be used to diagnose whether the crustal
shortening model or the lower crustal flow model is a more
appropriate explanation for the crustal thickening observed along
the NE corner of the Tibetan plateau.

The Ordos basin is also a distinct block on the seismicmap of China.
While the plateau has virtually no seismic events, the rifts and fold
belts surrounding the basin have very high seismic activities. Two
historical magnitude 8 earthquakes occurred at the southeastern and
eastern edges of the plateau. More recently, three magnitude 6
earthquakes, occurring at the northeastern edge of the basin were
recorded in the 1990s. The large contrast in seismicity between the
Ordos basin and the surrounding area makes it an ideal place to study
the role of crust and lithosphere in controlling the overall strength of a
plate.

Fig. 1. (a) Map showing the major tectonic setting of Ordos plateau and the surrounding area. Arrows indicate the subduction of the Pacific and Philippine plates as well as the
collision of the Indian plate on the east and southwest sides of China, respectively. The red rectangular region shows the location of the study area. (b) Topographic map showing the
154 broadband seismic stations (yellow triangles) from 10 regional seismic networks of the China Earthquake Administration. Microseismicity between 2001 and 2009 is shown in
white dots. Red lines indicate boundaries between different tectonic blocks. WG and SG represent the Weihe graben and Shanxi graben, respectively. The yellow straight line shows
the location of the refraction profile studied by Liu et al. (2006).
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The teleseismic P coda is comprised primarily of S waves converted
from P waves at various depths below a station. The coda thus
contains considerable information about the structure directly
beneath the station. The receiver function technique is designed to
isolate these P to S conversions (Langston, 1979; Owens et al., 1984)
by deconvolution of a vertical (or longitudinal) component from a
radial (or in-plane transverse) component in either the time or the
frequency domain. Besides the P to S conversion, a receiver function
also contains other coherent signals, such as the Moho reverberation
phases, which are the multiple reflections from the free surface and
the Moho. Recent receiver function studies have shown that one can
estimate the average crustal Vp/Vs ratio and a better determined
Moho depth with the arrival times of the conversion and the
reverberation phases (Niu and James, 2002; Zandt and Ammon,
1995; Zhu and Kanamori, 2000). The crustal Vp/Vs ratio provides
additional information that can help constrain the bulk composition of
the continental crust.

With the rapid expansion of broadband seismic instrumentation in
China in recent years, receiver function analysis has been widely used
in estimating crustal thickness and Vp/Vs ratio in various parts of
China. These studies, however, were conducted either at the local
scale with temporarily deployed stations, or at the nationwide scale
with the sparse national seismic network (Chen et al., 2010; Ma and
Zhou, 2007). In this study, we took advantage of the recently released
broadband data recorded by regional seismic networks operated by
the China Earthquake Administration (CEA) (Fig. 1). We analyzed a
large amount of receiver function data recorded by 11 regional
networks to investigate lateral variations in crustal structure and
composition and to understand the mechanism that controls the
ongoing deformation and seismic activity in this region.

2. Data and analysis

2.1. CEA regional network data

Completed in early 2007, the new CEA seismic network consists of
a backbone national seismograph network, 31 provincial networks,
and several small aperture arrays with more than 1000 stations
including 850±broadband stations (Zheng et al., 2009). To study
lateral variations in crustal structure and composition of the Ordos
plateau and its surrounding areas, we selected 154 stations from 10
provincial networks located within the region of 100°–115°E and
32.5° to 40°N. We visually examined a total of 124 earthquakes with
magnitude greater than 5.0 and located within the epicentral distance
of 30°–90°, recorded between July of 2007 and early August of 2008.
We chose 105 earthquakes with good signal-to-noise ratio (SNR).
These earthquakes provide reasonably good distance and azimuthal
coverage (Fig. 2), although a large portion of the events are clustered
in the western Pacific and the Java trench with a back azimuth
between 30° and 210°.

2.2. Receiver function analysis

We first rotated the two horizontal components of the seismo-
grams to the radial and transverse components. Niu and Li (in press)
found a significant portion of the CEA stations had problems with
sensor orientation. We used their estimates of component azimuths,
determined from the P-wave particle motion. The direct P wave is
normally the dominant energy in the radial component and in the
subsequent receiver function formed from it. The direct P wave could
interfere with P to S conversions generated at shallow depths, such as
at the base of a sediment layer. To minimize the P wave energy in the
receiver function, we projected the two components to the principal
directions (longitudinal and in-plane transverse), computed from the
covariance matrix. The receiver functions were then computed from
the data projected into this coordinate system (hereafter referred as

to P- and SV-component) (Niu and Kawakatsu, 1998; Niu et al., 2007;
Reading et al., 2003; Vinnik, 1977).

We employed the “water-level” deconvolution technique (Clayton
and Wiggins, 1976) to generate receiver functions:

RFðωÞ = VðωÞ⋅P�ðωÞ
max jPðωÞ j2; k⋅ jPmaxðωÞ j2� � e−ðω2aÞ2 ð1Þ

Here k and a are two constants that define “water level” and the
corner frequency of the Gaussian low pass filter. k was set to be 0.01
and a was set to be 1.5, which is equivalent to a corner frequency of
~0.5 Hz. P(w) and V(w) are the spectra of the P and SV components.
We used a 40 s time window (5 s and 35 s before and after the P
wave) for Mb7.0 earthquakes and a 100 s time window (5 s and 95 s
before and after the P wave) for earthquakes with a magnitude
greater than 7. We first visually inspected all the receiver functions
and removed those with low SNR. At each station, we further
calculated the covariance matrix of all the receiver functions and
eliminated the ones that showed a low cross correlation coefficient
(≤0.7) with other traces (Chen et al., 2010). We found most stations
had more than 30 individual receiver functions. Fig. 3a shows an
example of receiver functions recorded at SN.YAAN, a station located
in the middle of the Ordos plateau. We also show the stacked receiver
function in Fig. 3b. The primary P to S conversion and the two
reverberation phases are clearly shown in the stacked receiver
function (Fig. 3b). In this particular example, we can see the P to S
conversion at the base of a thick sedimentary layer as well as the
multiples. In general, we didn't find coherent and significant
azimuthal variations in arrival time and amplitude of the primary P
to S conversion phase from our data.

2.3. Depth stacking and H–κ analysis

Following Niu et al. (2007), we took two steps to measure crustal
thickness and Vp/Vs ratio beneath each station. We first used a depth

Fig. 2. Locations of the 105 teleseismic events (red solid circles) used in this study. Most
of the earthquakes are located in the west, south Pacific and the Indonesia subduction
zones. Note although some events fall into the 30° circle from the array center, all the
seismograms we used has an epicentral distance between 30° and 90°.
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stacking method to determine an initial depth of the Moho beneath a
station. We then employed a refined H–k analysis to determine the
final estimates of depth and VP/VS that best explain the observed P to S
conversion and the reverberation phases. To obtain the initial depth,
we first gathered receiver functions recorded at each station and
made a time to depth conversion by assuming that P to S conversions
are the primary sources of energy in the P-wave coda window. For a

conversion depth, d, we first computed the relative arrival time of the
converted phase, Pds, with respect to the direct arrival by ray tracing
the two phases using a modified 1D iasp91 velocity model (Kennett
and Engdahl, 1991), which has a low crust extending to depth d. We
then summed the receiver function values averaged in a 0.1 s window
centered on the arrival time of Pds using an Nth-root stacking
technique (Kanasewich, 1973; Muirhead, 1968). Let rj(t) represents
the jth receiver function recorded at a station, and τdj is the Pds arrival
time for a Moho with a depth of d, an Nth-root stack, R(d), is given by

RðdÞ = yðdÞ jyðdÞ jN−1 ð2Þ

where

yðdÞ = 1
K
∑
K

j=1
signðrjðτdjÞÞjrjðτdjÞ j1=N ð3Þ

Here K is the total event number recorded at the station. We chose
N=4 to reduce the uncorrelated noise relative to the usual linear
stack (N=1). We varied d from 0 to 100 km in an increment of 1 km.
An example of the depth stacked receiver function is shown in Fig. 3c.

To better determine crustal thickness and Vp/Vs, we employed a
tomographic velocity model derived from P travel times (Sun and
Toksoz, 2006) to calculate the relative arrival times of the P to S
conversion and the two reverberation phases with respect to the first
arrival. Themodel has a 4-layer crust (sedimentary, upper, middle and
lower crust) with a horizontal resolution of 1°×1°. For each station,
we first found the nearest grid and then used its velocity profile as the
1D velocity model for the station. Assuming a Moho depth, H, and an
average Vp/Vs ratio, κ, we then computed the relative arrival times of
the primary P-to-S converted phase, 0p1s (t1), and the two crustal
multiples, 2p1s (t2) and 1p2s (t3), with respect to the direct P wave
using the following equations:

t1 = H

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
κ
Vp

 !2

−p2

vuut −

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
Vp

 !2

−p2

vuut
2
4

3
5 ð4aÞ

t2 = H

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
κ
Vp

 !2

−p2

vuut +

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
Vp

 !2

−p2

vuut
2
4

3
5 ð4bÞ

t3 = 2H

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
κ
Vp

 !2

−p2

vuut ð4cÞ

Here p is the P-wave ray parameter in s/km. We calculated p for each
event-station pair based on the iasp91 velocity model. We also
followed the phase notation of Niu and James (2002), npms means
there are n P- and m S-wave legs within the crust. The receiver
functions are then stacked:

s H;κð Þ = cðκÞ
K

∑
K

i
w1ri t1ð Þ + w2ri t2ð Þ−w3ri t3ð Þf g: ð5Þ

Here K is the number of receiver functions at a given station and ri(t)
represents the amplitude of the ith receiver function at the predicted
arrival times. Considering the negative polarity of phase mode 1p2s,
we assigned a negative sign to it in the summation.w1, w2 and w3 are
the weighting factors and were set to 0.5, 0.25 and 0.25, respectively.
We also used all the combinations of the three phases in the H–κ
analysis: 1) including all three phases, (2) using 0p1s and 1p2s
phases, and (3) 0p1s and 2p1s phases only to ensure the consistency
in measurement. In the case when only one of the multiples is used,
the weight is set 0.7 for the primary and 0.3 for the multiple. Since the
P to S conversion phase, 0p1s, usually has a higher SNR than the two
multiples, we assigned a larger weight to it. Here we introduced a

Fig. 3. (a) An example of the individual receiver functions recorded at station SN.YAAN
located in the middle of the Ordos plateau. Square dots indicate the arrival times of the
primary P to S conversion phase, 0p1s (black), and the two Moho reverberation phases,
2p1s (red) and 1p2s (green). Note 0p1s and 2p1s are clearly shown in most of the
individual receiver functions. (b) The 2nd-root stacked receiver functions. P to S
conversions at the base of the sediment layer and the crust are clearly shown. Multiple
reflections between these boundaries and the surface are also clearly visible in the
stacked receiver function. (c) The stacked receiver function after the time-to-depth
conversion. The first two peaks and the first low in the stacked receiver function are
associated with the sediment–basement boundary. The peak at around 42 km is the
Moho.
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coherence index of the three phases, c(κ), to reduce the large tradeoff
between H and κ in a regular H–κ stacking method (Zhu and
Kanamori, 2000). A detailed comparison between the two methods
can be found in Chen et al. (2010). We searched for Hwithin ±20 km
of the initial depth determined from depth stacking. κ was varied in
the range of 1.5 to 2 with an increment of 0.001. H and κ ratio were
finally determined by picking the location where the summed
amplitude, s(H,κ), reaches its maximum. From the estimated Vp/Vs,
we can calculate the Poisson's ratio:

σ = 0:5− 1
2 ðVP =VSÞ2−1
� � : ð6Þ

We show two examples of s(H,κ) computed at one station located
at the Ordos plateau (SN.YAAN, Fig. 4a) and another one on the
Tibetan plateau (QH.LYX, Fig. 4b). For stations with undeveloped or
inconsistent reverberation phases, which usually lead to unstable H–κ
stacking or extreme Vp/Vs ratios, we used theMoho depth determined
from depth stacking and kept the Vp/Vs ratio as undetermined.

3. Results and discussion

Among the 154 stations, we were able to obtain 143 measure-
ments of Moho depth and 136 estimates of the Poisson's ratio (Fig. 5).

The results are listed in Table S1. The table is organized by grouping
stations in the following tectonic/physiographic regions: the Ordos
plateau (OP), the Weihe graben (WG), the Qinling orogenic belt (QB),
the Shanxi graben (SG), the Trans-North China orogen (TO), the North
China plain (NP), the Alxa block (AX), and the northeastern margin of
the Tibetan plateau (TP). In Table S1, we also showed 1σ errors, which
were calculated based on a bootstrap method (Efron and Tibshirani,
1986). We note that these are formal errors, that do not include
uncertainty in the velocity model, and actual errors are likely higher.
There are three unknown parameters, Vp, H, and κ in Eqs. (4a)–(4c),
and we made an assumption on Vp. It can be shown that κ is almost
insensitive to Vp while H depends monotonically on the assumed Vp
value. Chen et al. (2010) found that the model-induced uncertainty in
Moho depth is expected to be ≤6–8%.

We used these measurements to generate 2D relief maps for Moho
depth and Vp/Vs ratio respectively. We divided the study area from
32.5°N to 40°N (latitude) and 100°E to 115°E (longitude) into meshed
grids of 0.25°×0.25°. The total 1891 (31×61) unknown parameters of
Moho depth were inverted from 143 observations. The kernel matrix
has a dimension of 143×1891 with 143 non-zero elements (=1) that
correspond to the 143 observations. A regularization that minimizes
the first derivative of the model (the flattest Moho) is added to
regularize the underdetermined inversion. Details of this algorithm
were described in Niu et al. (2007). Similar to Moho depth, we also

Fig. 4. Two examples of the “H–κ” analysis results obtained from stations SN.YAAN (a) and
QH.LYX (b) located on the Ordos and Tibetan plateau, respectively. Color contours show
the summed amplitude as a function of crustal thickness and Vp/Vs ratio. Location of the
amplitude peak is indicated by the two white lines.

Fig. 5.Moho relief map inverted from observations at stations shown as black triangles.
An inversion was performed tominimize the lateral variation of Moho depth (see Niu et
al., 2007 for details). Note the gradual increase of Moho depth from east to west. Also
note the thin crust beneath theWeihe graben at the southern edge of the Ordos plateau.
(b) Map of lateral variations for the Poisson's ratio. The color contour is calculated from
observations at stations shown by black triangles. The inversion method is the same as
that used for Moho relief. Note a remarkable contrast between the Ordos and the
Tibetan plateaus. Although the maps here were obtained from a regularized inversion,
any decent interpolations are expected to yield more or less the same results.
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inverted a 0.25°×0.25° Vp/Vs model from the 136 measurements
(Fig. 5b). Wemust note here that the main purpose for generating the
2Dmaps is to demonstrate lateral variations in Moho depth and Vp/Vs
ratio across the study area. The actual resolution is probably not as
high as the 0.25°×0.25° grid spacing. Moreover, our data have no
resolution in the corner regions; thus, they may not reflect the true
values of the Moho depth and Vp/Vs ratio.

The resulting Moho relief map shows a highly variable crustal
structure. The estimated Moho depths range from ~25 km beneath
the north China plain to ~65 km beneath the northeastern margin of
the Tibetan plateau. There is a good correlation between the
estimated Moho depth and surface topography (between Figs. 1b
and 5a; Fig. 6). In Fig. 6, we plotted 4 depth sections along the
longitudinal and latitudinal directions, respectively. While the surface
of the Ordos plateau is relatively flat with an elevation of ~1.2 km, the
Moho depth changes significantly across the plateau. The Moho is
located approximately 40 km below the mean sea level at the eastern
edge of the plateau and deepens gradually towards the west, where it
reaches ~50 km (Table 1, Fig. 6b and c). On the other hand there is no
significant change in Moho depth in the NS direction. All of the
receiver functions show significant P to S conversion and multiple
reflections between the free surface and the sedimentary–bedrock
boundary (Fig. 3b) at a few to ten kilometers deep (Fig. 3c). Watson et
al. (1987) suggested that the Ordos plateau is an uplifted flexural
basin controlled by eastward directed thrusting along its western
margin. The observed thickening of the sedimentary cover and crustal
thickness towards the west agrees with their interpretation of the
origin of the Ordos basin.

Overall, the observed Moho depths appear to correlate roughly
with the surface topography. The Moho beneath the Trans-North
China Orogen east of the Ordos, however, shows no obvious
deepening despite its high elevation (Figs. 5 and 6). The average
Moho depth is ~40 km beneath the orogen.We found a rapid decrease
in Moho depth as we move towards the east. The crust becomes as
thin as ~25–30 km beneath the north China plain (Figs. 5 and 6). The
thin crust suggests an extensional origin of the north China basin

(Watson et al., 1987). The Moho also shows significant shallowing
towards the south of the Ordos plateau. The shallowest Moho is
located directly beneath the Weihe graben (~30 km), while its
southern neighbor, the Qinling orogenic belt, has a thick crustal root
extending to as deep as 45 km. In general, the crust beneath the NE
margin of the Tibetan plateau is significantly thicker than the crust
beneath the other areas; it varies from 55 to 65 km (Figs. 5 and 6). Our
results are consistent with the results of two receiver function studies
done with data from the national seismic network (Chen et al., 2010;
Ma and Zhou, 2007). We also found a good agreement with results
from active source data. Liu et al. (2006) studied a refraction profile
that starts in the northern Songpan–Ganzi terrane and extends
northeast to the Ordos plateau (yellow line in Fig. 1b). They found an
increase in crustal thickness from 42 km beneath the Ordos plateau to
63 km beneath the Songpan–Ganzi terrane.

There is no simple correlation between the regional seismicity and
crustal thickness observed here. Studies of rock mechanics indicated
that most of the strength of continental lithosphere is contained in
two separate strong zones, one in the middle crust and one in the
uppermantle (e.g., Brace and Kohlstedt, 1980). It has been shown that
a local increase in crustal thickness would reduce the size of the
mantle strong zone without affecting the crustal strong zone,
resulting in an overall weak lithosphere (Dunbar and Sawyer,
1988). The high seismicity observed at the NE margin of the Tibetan
plateau might be attributed to a weak mantle lithosphere due to a
thickened crust. On the other hand, we also found that the seismically
active grabens, located at the margins of the Ordos plateau, have a
relatively thin crust. This may be caused by a decrease in the size of
themiddle crustal strong zone due to extensional thinning of the crust
in these regions (Dunbar and Sawyer, 1988). A better understanding
of the seismic pattern in this region clearly requires more studies, and
particularly studies of the entire lithosphere.

The Poisson's ratio map shown in Fig. 5b illustrates a remarkable
contrast between the Ordos block and northeastern margin of Tibetan
plateau: the Poisson's ratios measured from stations located at the
Ordos block (Vp/Vs=1.761, σ=0.261) are systematically higher than

Fig. 6. Depth sections showing Moho depth varies along the longitudinal (a–d) and latitudinal direction (e–h), respectively. Thick solid lines at the top of each section indicate
different tectonic blocks. AX: Alxa block; NP: North China plain; OP: Ordos plateau; QB: Qinling orogenic belt; TO: Trans-North China orogen; TP: Tibetan plateau; WG: Weihe
graben. Section topography is shown at the bottom of each plot, with a scale shown in the middle of the two panels.
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those from the NE margin of the Tibetan plateau (Vp/Vs=1.714,
σ=0.240). Laboratory studies indicated that the compressional and
shear wave velocity ratio, Vp/Vs, hence the Poisson's ratio, σ, is a good
indicator of crustal composition (e.g., Christensen, 1996). Pressure
and temperature appear to have little effect on it. The relative
abundance of quartz (Vp/Vs=1.49, σ=0.090) and plagioclase (Vp/
Vs=1.87, σ=0.300) has a dominant effect on the Poisson's ratio of
common igneous rocks and their metamorphosed equivalents. An
increase in plagioclase content or a decrease in quartz content can
increase the Poisson's ratio of a rock. For example, the Poisson's ratio
increases from 0.240 for granitic rock, to 0.269 for diorite, and to 0.300
for gabbro (Tarkov and Vavakin, 1982). The mafic/ultramafic igneous
rocks generally have high Poisson's ratios because they usually
contain gabbro and peridotite or dunite, which originate from
magmatic differentiation. Moreover, partial melt has an important
effect on the Poisson's ratio, which significantly increases with an
increasing fluid fraction (Watanabe, 1993).

The lower Vp/Vs ratio observed beneath the NE margin of the
Tibetan plateau is also consistent with the results of the refraction
study by Liu et al. (2006). Liu et al. (2006) found the average P velocity
and the Vp/Vs ratio of the crust in the Songpan–Ganzi region are both
low, and suggested that the crust in the Songpan–Ganzi region is
dominantly felsic in composition with an intermediate composition at
the base. The felsic composition observed here disagrees with the
average crustal composition predicted by the low crust channel flow
model (Fig. 7a) proposed by Clark and Royden (2000). Based on this
model, a crustal column in the NE margin of the Tibetan plateau is
primarily composed of lower crustal material from central plateau. As
a result, the average crustal composition would be mafic, leading to a
high P-wave velocity and a high Vp/Vs ratio when the whole column is
averaged. Hacker et al. (2000) studied the deep crustal xenoliths from
the Tibetan plateau and found that the xenoliths were erupted from a
depth of 30 to 50 km and were comprised of mafic rocks and
siliciclastic metasedimentary rocks. The calculated Poisson's ratios of
the xenoliths range from 0.258 to 0.272 with an average of 0.266. If
lower crust materials with the same composition were injected into
themargins of the Tibetan plateau, these margins would have showed
a dominant high Vp/Vs ratio signature. However, because the
observed the Vp/Vs ratios in the NE margin are systematically low,
we speculate that shortening might be the dominant mechanism for
producing the thick crust in this area (Fig. 7b). Since the Songpan–
Ganzi terrane was the accretionary wedge before the Qiantang block
collided with the Tarim–North China block, its composition is
expected to be rather felsic, which may explain the observed low
Vp/Vs ratios.

The flow model also seems to have problem with the explaining
the thin crust beneath the Weihe graben. If the high elevation of
Tibetan margin is maintained by dynamic pressure from a flow of low
viscosity materials towards the Ordos basin and Sichuan basin to the
south, then the Weihe graben should also gradually be filled by the
Tibetan lower crust materials, resulting in a thick lower crust, which is
not observed here. Rather, the Ordos basin appeared to be pushed
away by the entire Tibetan lithosphere toward NNE. Consequently, a
NW–SE extensional regime was created, leading to the formation of
the Weihe graben.

Meanwhile, the observed Poisson's ratio σ=0.261 at the Ordos
block is very close to the global average of continental crust (0.265)
(Christensen andMooney, 1995). In a global study, Zandt and Ammon
(1995) concluded that the crust of ancient shields is characterized by
a relatively high Poisson's ratio (0.29), which is indicative of mafic
material in the lowermost crust. The moderate value of the Poisson's
ratio observed at the Ordos basin thus suggested that it could only
accommodate relatively small amounts of granulite-facies mafic
components. The lack of a high velocity mafic layer is indirectly
supported by the large velocity contrast across the Moho, inferred
from the large amplitude of conversion and reverberation phases. The

results here are consistent with observations in South Africa (Niu and
James, 2002), South America (Niu et al., 2007) and west Australia
(Durrheim and Mooney, 1994).

4. Conclusion

We investigated crustal structure beneath the Ordos plateau and
its surrounding areas using waveform data recorded by 154
broadband seismic stations in the region. The receiver function data
revealed the following features of the crust beneath the study area:
(1) the crust beneath the uplifted Ordos basin is moderately thick
(~42 km) and includes a thick sedimentary layer (~7 km). The
estimated Poisson's ratio (0.261) suggests the crust is of intermediate
composition. The Moho beneath the area is sharp and is accompanied
by a large velocity/density contrast. All of these observations suggest
the absence of a high velocity mafic layer in the lower crust beneath
this stable part of the North China craton. (2) Crust beneath the
northeastern margin of the Tibetan plateau varies from 55 to 65 km.
The Vp/Vs ratio (1.714), and hence the Poisson's ratio (0.240), is
remarkably low, indicating that the overall composition in this region
is rather felsic. This seems to be inconsistent with a scenario of an
inflated crust due to extrusion of mafic lower crust material from the
Tibetan plateau to the margin. (3) The high seismicity observed in the
NE margin of the Tibetan plateau and the grabens surrounding the

Fig. 7. Cartoon shows the two types of model responsible for crust thickening at the NE
margin of the Tibetan Plateau: (a) lower crustal flowmodel; and (b) crustal shortening
model. For each crustal column, the flowmodel (a) has a thicker lower crust, and thus is
expected to have higher average crustal Vp/Vs ratio than the shortening model (b).
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Ordos plateau is probably caused by a reduction in the size of the
mantle and crustal strong zones, respectively.
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