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Competing geodynamic models, such as rigid-block extrusion, continuous deformation, and the mid-lower
crustal flow, have been proposed to describe the growth and expansion of eastern Tibet. However, the
dynamic processes responsible for plateau evolution and deformation remain poorly understood partly
due to resolution limitations of previous models of lithospheric structure. On the basis of joint inversion
of Rayleigh wave dispersion and receiver functions using data from a newly deployed seismic array,
we have obtained a high-resolution 3D image that reveals the distribution of low-velocity zones (LVZs)
Keywords: with unprecedented clarity. The prominent feature of our model is two low-velocity channels that bound
Tibet major strike-slip faults in SE Tibet and wrap around the Eastern Himalaya Syntaxis, consistent with the
low-velocity zone clockwise movement of crustal material in this region. Most large earthquakes in this region occurred
crustal flow in the boundaries of the LVZs. We propose that ductile flow within these channels, in addition to
Rayl?igh wave shear motion along strike-slip faults, played a significant role in accommodating intensive lithospheric
receiver function deformation during the eastward expansion of Tibet in the Cenozoic.

joint inversion © 2015 Elsevier B.V. All rights reserved.

1. Introduction expansion have remained enigmatic due to the resolution limita-

tions of methods and/or data. Consequently, which of the afore-

The Cenozoic collision between India and Eurasia has resulted
in the shortening and thickening of the crust and growth of the Ti-
betan Plateau (TP) (Harrison et al., 1992; Hubbard and Shaw, 2009;
Molnar and Tapponnier, 1975; Royden et al., 2008; Tapponnier et
al., 2001; Yin and Harrison, 2000). Several models have been pro-
posed to explain the deformation of the eastern TP, including: (1)
lateral extrusion of rigid blocks, in which deformation is primar-
ily localized along strike-slip faults that bound the blocks (Molnar
and Tapponnier, 1975; Tapponnier et al., 1982, 2001); (2) continu-
ous deformation, in which deformation distributes through a con-
tinuously deforming lithosphere (England and Houseman, 1986;
Yang and Liu, 2013); and (3) ductile channel flow in the mid-
dle/lower crust (Clark and Royden, 2000; Royden et al., 1997;
Shen et al., 2001). The mechanisms for plateau deformation and

* Corresponding authors at: State Key Laboratory for Mineral Deposits Research,
Nanjing University, Nanjing 210093, China.
E-mail addresses: xiaosun198901@gmail.com (X. Sun), goxu@nju.edu.cn (M. Xu).

http://dx.doi.org/10.1016/j.epsl.2015.01.020
0012-821X/© 2015 Elsevier B.V. All rights reserved.

mentioned models best describes the deformation of the eastern
TP has been the subject of enduring debate.

Our study region (white box in Fig. 1) is well situated to
investigate the kinematics and dynamics of plateau expansion
(Copley, 2008). It comprises four main geological blocks (Fig. 2):
the Yunnan-Myanmar-Thailand Block (YMTB), the Indo-China
Block (ICB), the Sichuan-Yunnan Diamond Block (SYDB), and the
South China Block (SCB), which are separated by the Nujiang fault
(NJF), the Jingshajiang-Red River fault system (JSJF and RRF), and
the Anninghe-Zemuhe-Xiaojiang fault system (ANHF, ZMHF and
XJF). The Xiaojinhe fault (XJHF) divides the SYDB further into the
northern and southern parts. Previous studies have suggested that
the low-velocity zones (LVZs) observed in SE Tibet may be trun-
cated at depth by faults (Chen et al., 2014; Huang et al., 2002;
Wang et al., 2003; Yao et al.,, 2008, 2010). However, the geomet-
ric relationships between LVZs and faults remain unclear due to
insufficient spatial resolution or the limited geographic extent of
previous lithospheric structure models.
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Fig. 1. Topographic map of Tibet and environments showing location of the study
region (white box). Focal mechanism: from global CMT catalogue; Green arrows:
GPS velocity field relative to the South China Block (Shen et al.,, 2005). EHS, East-
ern Himalaya Syntaxis; LMS, Longmen Shan. (For interpretation of the references to
color in this figure legend, the reader is referred to the web version of this article.)

In the Global Positioning System (GPS) velocity field with re-
spect to the SCB reference frame (Fig. 1), the clockwise rota-
tion of the SYDB around the Eastern Himalaya Syntaxis (EHS)
is particularly striking, suggestive of southeastward extrusion of
crustal material from the interior of the plateau due to the con-
vergence of India with Eurasia (Gan et al., 2007; Shen et al., 2005;
Zhang et al,, 2004). It is not yet well understood, however, why
the GPS velocity field of this region changes its direction from
southward to southwestward across ~26°N, and even to westward
farther south in western Yunnan. Due to the active and complex
tectonic interaction of different blocks, our study region is char-
acterized by the highest level of seismicity in Mainland China.
Most earthquakes occurred along the main faults and their focal
mechanism solutions are dominated by strike-slip offsets (Fig. 1).
Since the 1970s, 8 large earthquakes with magnitudes >7.0 have
occurred in this region. Most recently, on 3 August 2014, the mag-
nitude 6.5 Ludian earthquake struck this region and caused signif-
icant casualties and damage; further understanding of the seismo-
tectonics and crustal motion requires improved knowledge of the
deep crustal structure.

In this study, we investigate LVZs beneath SE Tibet through
joint inversion of P wave receiver functions and Rayleigh wave
phase and group velocities. Using the newly deployed dense seis-
mic array in SE Tibet, we seek to obtain a high-resolution three-
dimensional (3D) image of crustal and upper-mantle shear-wave
velocity (V) structure, with special attention to the detailed dis-
tribution of intra-crustal LVZs and the level of connectivity be-
tween them, since they are often regarded as diagnostic for zones
of weak strength caused by the existence of fluids and/or partial
melt (Liu et al,, 2014; Nelson et al., 1996; Unsworth et al., 2005;
Wei et al., 2001). Salient features of our models include: (1) two
channels of LVZs in the mid-lower crust that wrap around the

EHS, consistent with the clockwise pattern of crustal movement
revealed by GPS measurements; (2) a geometric relationship in
which the two channels bound with major strike-slip faults; and
further that most large earthquakes in the region are located near
the edge of the LVZs. These observational constraints provide fresh
insights into the deformation and seismicity of SE Tibet.

2. Data

We used two independent data sets: P wave receiver functions
and Rayleigh wave phase and group velocities. Receiver functions
were computed from teleseismic P waveforms recorded at more
than 300 temporary broadband seismic stations (Fig. 2b) from the
ChinArray program during the time period from August 2011 to
August 2012 in SE Tibet (Ding and Wu, 2013). These stations
were deployed by the China Earthquake Administration and Nan-
jing University in September 2010, with an average interstation
distance of ~35 km. Each station consisted of a Guralp CMG-40
or CMG-3ESP seismometer and a Reftek 130 data acquisition sys-
tem. Rayleigh wave phase and group velocities at periods of 10-70
s for each station were extracted from the results of the ambient
noise tomography of Mainland China, which utilized more than
1000 stations mainly from the newly updated Chinese provincial
seismic networks and several PASSCAL seismic arrays in Tibet and
achieved a resolution of 1° in SE Tibet (Bao et al., submitted for
publication). Fig. S1 (Supplementary material) shows several rep-
resentative Rayleigh wave phase velocity maps and two Vs profiles
from inversion of dispersion data along 25°N and 26°N, respec-
tively.

3. Methods
3.1. Receiver functions

We selected 545 earthquakes with good signal-to-noise ra-
tios, magnitudes >5 and epicentral distances between 30° and
90° (Fig. 3), and applied the time-domain iterative deconvolution
method (Ligorria and Ammon, 1999) to calculate receiver func-
tions. The time-domain deconvolution method applies a Gaussian
low-pass filter to remove high-frequency noise. For each event, we
set the Gaussian parameter to a value of 2.0 (corresponding to a
corner frequency of 1 Hz). To obtain reliable receiver functions,
we visually checked all the receiver functions at each station by
Funclab (Eagar and Fouch, 2012), and discarded bad-quality events
manually. A total of 10702 radial receiver functions were finally
obtained. Figs. S2-3 display individual radial and transverse re-
ceiver functions for stations 53065 and 53 156, respectively. Fig.
S4 shows a radial receiver function profile along 25°N, which re-
veals clear Pms conversions below most stations and strong neg-
ative intra-crustal phase conversions west of station 52048. In
this study, we only used radial receiver functions to resolve the
isotropic velocity structure although the existence of transverse en-
ergy may be suggestive of a complex structure (such as azimuthal
anisotropy or dipping interface) (Figs. S2-3).

3.2. Joint inversion

Joint inversion of receiver functions and surface wave disper-
sion has been established as an effective way of mapping V;
structure (Gilligan et al., 2014; Julia et al., 2000; Lawrence and
Wiens, 2004; Liu et al., 2014; Shen et al., 2013; Sosa et al., 2014;
Xu et al.,, 2013b). Here, we used a linear joint inversion method
(Herrmann and Ammon, 2002; Julia et al., 2000), with a start-
ing model based on AK135 (Kennett et al., 1995), to invert for
the crustal and upper mantle Vs structure in SE Tibet. Receiver
functions are mainly sensitive to velocity discontinuities, whereas
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Fig. 2. (a) Geological setting. Green lines are boundaries between major blocks, and black lines represent faults in the study region. (YMTB, Yunnan-Myanmar-Thailand
Block; ICB, Indo-China Block; SYDB, Sichuan-Yunnan Diamond Block; SCB, South China Block; SB, Sichuan Basin; SM, Simao Basin; CX, Chuxiong Basin; NJF, Nujiang Fault;
LCJF, Lancangjiang Fault; JSJF: Jinshajiang Fault; RRF, Red River Fault; LTF, Litang Fault; XJHF, Xiaojinhe Fault; DLF, Dali Fault; CHF, Chenghai Fault; LZJF, Luzhijiang Fault;
CTF, Chuxiong-Tonghai Fault; XJF, Xiaojiang fault; ZMHF, Zemuhe Fault; ANHF, Anninghe Fault; SMF, Shimian Fault; RLF, Ruili-Longling Fault; NTHF, Nantinghe Fault; WLSF,
Wauliangshan Fault; QJF, Qujiang Fault.) (b) Location of the seismic array (triangles). Grey triangles are stations used to plot the receiver function profile along 25°N in Fig. S4.
(For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Fig. 3. Epicenters of teleseismic events for receiver functions used in this study.
Red dots represent earthquakes, and the blue triangle represents the center of the
seismic array. (For interpretation of the references to color in this figure legend, the
reader is referred to the web version of this article.)

Rayleigh wave dispersion measurements constrain the average ve-
locities (Bao et al., 2011b; Julia et al., 2000). The combination of
receiver functions with Rayleigh wave dispersion velocities there-
fore provides tighter constraints on the V structure than either
method individually (Fig. S5). We expected to obtain a better Vg
model beneath SE Tibet by jointly inverting the two data sets,
with Rayleigh wave dispersion recovering large-scale background
velocities and receiver functions resolving small-scale velocity con-

trasts. Resolution tests show that joint inversion can well resolve a
~2 km thick low velocity layer with error less than 0.05 km/s (Fig.
S5). Another advantage of joint inversion is that the resulting ve-
locity models have little dependence on the starting model (Julia
et al., 2000).

Since each station usually has a number of receiver functions,
there are two methods to perform joint inversion, which generally
produce similar results (Figs. S2-3). The first method is to resolve
one velocity model to fit all individual receiver functions (Sun et
al., 2014); the second approach is to stack all the receiver func-
tions of each station to form one receiver function waveform for
joint inversion (Liu et al., 2014). In this study, we used the second
method to save computation time. In addition, we used a boot-
strap method (Efron and Tibshirani, 1991) to evaluate the error of
our velocity model. If one station has N receiver functions, we ran-
domly selected 1.5 % N receiver functions from the data to produce
a stacked receiver function and repeated this resampling process
500 times to generate 500 stacked receiver function traces, which
were used individually for joint inversion to obtain 500 velocity
models. The tests demonstrated the stability of our method and
showed that the error of our velocity model is less than 0.05 km/s
(Fig. S6).

We took the depth at which the vertical velocity gradient
reaches a local maximum around the velocity range between the
average lower-crustal and upper mantle S wave velocities, i.e., 3.8
and 4.3 km/s respectively, as the Moho. As an example, the joint
inversion results for station 51048 are displayed in Fig. 4. In this
figure, we note that there are LVZs in the crust and that the pre-
dictions from the resultant model fit the observed data sets well.
More examples are shown in supplementary material (Figs. S7-9).

To evaluate the robustness of the main features in our model,
we performed synthetic “restoring” tests. We used the resulting
3D shear velocity model from real data as input model. After for-
ward calculation of receiver functions and Rayleigh wave phase
and group velocities, we performed joint inversion of synthetic
data sets using the same scheme executed for real data. Fig. S10
shows that the velocity patterns are well recovered, although there
are some minor differences between input and recovered models.
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Fig. 4. (a) The inverted Vs model for station 51048 marked in Fig. 2b. (b) Receiver function fit: observed receiver function (black curve) and predicted receiver function (blue
curve). (c) The dispersion curve fits: observed phase velocities (black dots) and predicted phase velocity curves (blue dots); observed group velocities (black triangles) and
predicted group velocity curves (blue triangles). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Fig. 5. Moho depths from joint inversion of receiver functions and Rayleigh wave
group and phase velocities. Black triangle represents the Tengchong volcano, and
short red bars give the SKS splitting results (Lev et al., 2006; Sol et al., 2007;
Wang et al., 2008) with the orientation and length of each bar representing the
fast direction and delay time, respectively. (For interpretation of the references to
color in this figure legend, the reader is referred to the web version of this article.)

4. Results

Our joint inversion results reveal strong lateral variations of
crustal thickness and V; structure in SE Tibet. The Moho inter-
face deepens from ~30 km in the south to ~60 km in the north
of the study region (Fig. 5), which is consistent with previous
estimates (Li et al., 2006; Li et al,, 2014; Xu et al., 2007). Impor-
tantly, the sharp transition from thick crust to thin crust appears
around 26°N, where the GPS velocity vectors (Fig. 1), the fast
shear-wave polarization directions (Fig. 5) and the trends of crustal

LVZs (Fig. 6) all show significant variations. The lateral variations of
Vs at 3, 15, 21, 31, 41, 52.5, 67.5 and 115 km depths are depicted
in Fig. 6. Several representative velocity profiles from the surface
to 100 km depth are shown in Fig. 7, which displays the complex
distribution of LVZs and the coincidence of the boundaries of the
LVZs with major active strike-slip faults in the study region.

As shown in Fig. 6, the V distribution patterns show different
features at different depths. At 3 km depth, the SB is characterized
by low-velocity anomalies due to the presence of thick sediments,
and the Tengchong volcano exhibits high V probably related to
volcanic rocks near the surface. Other low-velocity anomalies are
indicative of small sedimentary basins in this region, such as the
Chuxiong basin and the Simao basin. At a depth of 15 km, the
velocity pattern is characterized by pervasive LVZs with small high-
velocity anomalies in-between, quite different from the shallower
pattern at 3 km depth. At 21 km depth, the most conspicuous fea-
ture is two channels of LVZs (channels A and B) that appear to
wrap around the EHS, in a manner that strongly resembles the
clockwise movement of crustal material in this region revealed by
GPS measurements (Fig. 1). Channel A extends from the northern
SYDB southward across the JSJF-RRF system into the YMTB, while
channel B extends from the southeastern SYDB southward across
the RRF into the ICB. At 31 km depth, channels A and B terminate
near the RRF and the CTF, respectively, where crustal thickness
also changes significantly (Fig. 5). At 41 km depth, the velocity
pattern changes again, with only one prominent continuous LVZ
in the north, related to the thick crust in the north of the study
region (Fig. 5). At 52.5 km depth, LVZs beneath the Tengchong vol-
cano and the ICB may be related to upwelling asthenosphere. At a
depth of 67.5 km, asthenosphere-like low-velocities appear in the
YMTB, the ICB and the southern SCB, which is more conspicuous at
115 km depth, highlighting the contrasting lithospheric structure
across ~26°N with thin lithosphere to the south and thick litho-
sphere to the north. This sharp transition of lithospheric thickness
is consistent with previous result (An and Shi, 2006) and corre-
sponds to the changes of fast shear-wave polarization directions
from primarily north-south orientations in the north to nearly
east-west directions in the south (Fig. 5) (Flesch et al., 2005;
Lev et al., 2006; Sol et al., 2007; Wang et al., 2008), indicating
different origins of the observed shear-wave splitting with litho-
spheric anisotropy dominated in the north (Sol et al., 2007) and
asthenospheric anisotropy in the south.
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Fig. 7 shows V; structure and crustal thickness along several
representative profiles. Along profile AA’, it is clear that channels
A and B are at different depths. Channel A, terminating adjacent to
the LCJF, is at 10-20 km depth, while channel B, confined between
the WLSF and the RRF, is at 20-30 km depth. As shown in pro-
file BB, channels A and B are somewhat diffuse, perhaps indicative
of their complex interconnectivity. To the north, profiles CC' and
DD’ show that the two channels are thick, which correlates with
the crustal thickening. The two profiles also illustrate that channel
B is truncated by the LZJF to the west and extends across the XJF
into the SCB. It is worth noting that the eastern boundary of intra-
crustal LVZs on profile CC’ (~105°E is near station 52048, west
of which there are strong negative phase conversions on the re-
ceiver function profile along 25°N (Fig. S4) probably related to the
LVZs, indicating the robustness of our model. Comparing profiles
CC’ and DD’ from joint inversion with profiles from dispersion in-
version at the same positions (Figs. Sle-f), we can find that joint
inversion can better constrain the distributions of LVZs and the na-
ture of Moho, as stated above. As shown in profile EE’, the recent
Ludian earthquake (Red star) with magnitude 6.5 occurred above
channel B. Far to the north, profile FF' shows that channel A is very
thick extending from 10 to 40 km depth, which probably connects
to the LVZs to the north imaged previously by Liu et al. (2014).
It is important to note that most large earthquakes (Black crosses)
are located within the boundaries of the LVZs (Fig. 7).

5. Implications for the deformation of SE Tibet

The crustal-flow model, in which the strength of mid-lower
crust is several orders of magnitude less than that of upper crust,
provides a satisfactory explanation for the variations of topogra-
phy and the lack of substantial young upper crustal shortening in
the eastern margin of the TP (Clark and Royden, 2000; Royden et
al,, 1997, 2008; Shen et al., 2001). The mechanically weak mid-
lower crust has also been supported by several lines of evidence
from geophysical observations, such as intra-crustal LVZs (Bao et
al.,, 2013; Ceylan et al., 2012; Fu et al, 2010; Li et al., 2008;
Xu et al., 2013a; Xu and Song, 2010; Yang et al., 2012; Yao et
al., 2008), low electrical resistivity in the mid-lower crust (Bai et
al,, 2010; Unsworth et al,, 2005; Wei et al., 2001), high V,/Vj
ratios (Sun et al, 2014; Xu et al,, 2007), high heat flow (Hu et
al., 2000), and strong attenuation (Bao et al., 2011a; Zhao et al,,
2013), indicating the existence of partial melt and viscosity re-
duction in the mid-lower crust and thus the possibility of crustal
flow. In addition, strong positive radial anisotropy with faster
horizontally polarized shear wave further suggests sub-horizontal
alignment of mica and/or amphiboles in the crust due to ductile
flow beneath SE Tibet (Huang et al., 2010; Shapiro et al., 2004;
Xie et al., 2013).

Recent studies suggest that there may exist two channels of
crustal flow in SE Tibet (Bai et al., 2010; Sun et al., 2014; Zhao
et al, 2013). On the basis of magnetotelluric images, Bai et al.
(2010) observed two channels of high conductivity at depths of
20-40 km in east Tibet, which they interpreted as distinct chan-
nels of crustal flow. A complex pattern of crustal flow was also
suggested by regional Lg-wave attenuation tomography (Zhao et
al.,, 2013), which revealed two belts of high attenuation in Tibet.
In our previous work (Sun et al., 2014), two intra-crustal LVZs
were imaged along a ~25°N latitude profile in SE Tibet through
joint inversion of Rayleigh wave dispersion and receiver functions.
Using ambient-noise adjoint tomography, Chen et al. (2014) also
observed disconnected channels of LVZs in SE Tibet. Fig. 8 com-
pares the distributions of high conductivity layer (Bai et al., 2010),
Qg (Zhao et al., 2013) and LVZs from our model along the P4 pro-
file (Fig. 6b) in Bai et al. (2010). We can see that the two high
conductivity layers imaged by Bai et al. (2010) are generally within
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Fig. 8. Topography (a), log(Qig) versus frequency (b), and Vs (c) along P4 profile
shown in Fig. 6b. A and B in (c) are two channels of LVZs, and the two rectangles
represent the high conductivity layers imaged by Bai et al. (2010). (d) V,/V; ratios
along ~25°N from Sun et al. (2014).

the two channels of LVZs in our model and that channel B roughly
correlates with one belt of low Qg (or high attenuation) detected
by Zhao et al. (2013), likely indicating the presence of partial melt
in the LVZs. However, channel A is to the east of the other belt of
high attenuation, which may be caused by the lower resolution for
the other belt of low Qrg due to the relatively sparse path coverage
in that area. Crustal average V/V; ratios along a nearby profile
(Sun et al., 2014) are shown in Fig. 8d, which reveals high average
Vp/Vs ratios to the west of the XJF. Although the LVZ to the east
of the XJF is featured by normal V,/V; ratios, it is still correlated
to both high attenuation and strong positive radial anisotropy (Xie
et al., 2013).

Due to limited profiles or resolution, previous results do not
adequately constrain the spatial extent of the two inferred chan-
nels of crustal flow and their relationships with surface motion and
main faults on a broad region. The high density of teleseismic data
in SE Tibet enables us to investigate the lithospheric structure of
this region with unprecedented resolution. Our model shows that
the two channels of LVZs (channels A and B in Figs. 6-7) in the
mid-lower crust wrap around the EHS and bound major strike-slip
faults in SE Tibet, such as the JSJF, the XJF, and the LZJF. Channels A
and B are accompanied by the occurrence of high electrical con-
ductivity (Bai et al.,, 2010), strong attenuation (Zhao et al., 2013)
and positive radial anisotropy (Huang et al., 2010; Xie et al., 2013),
suggesting that they probably represent mechanically weak mate-
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rials, which would facilitate ductile flow on a geological timescale
driven by gravitational potential energy (Clark and Royden, 2000;
Copley, 2008). The coincidence of the direction of crustal motion
(Fig. 1) and the trends of channels A and B (Fig. 6) indicates
that the curvature of the two channels probably contributes to
the clockwise rotation of upper crustal movement in this region.
The overlap of the main strike-slip faults and the boundaries of
channels A and B revealed here may point to a close relationship
between LVZs and shear deformation. For example, the shear heat-
ing caused by relative movements between different blocks along
strike-slip faults may contribute to reduce mid-lower crustal vis-
cosity and velocity and thus the formation of intra-crustal LVZs
(Leloup et al., 1999). On the other hand, LVZs with lower viscosity
would facilitate the relative motions of rigid upper crustal blocks,
making the moving of the strike-slip faults less resistant. Taken
together we suggest that the growth and expansion of SE Tibet
was accommodated by a combination of two channels of crustal
flow and shearing of strike-slip faults. Some previous studies also
pointed out the importance of both crustal flow and strike-slip
faulting for the deformation of SE Tibet (Liu et al., 2014; Yao et
al., 2008, 2010).

The complex crustal heterogeneity imaged here has potential
significance for understanding seismic hazards in SW China. The
combination of crustal flow and boundary shearing provides new
insights into the intensive regional seismicity. As shown in Fig. 7,
most large earthquakes in this region occurred in the boundary
zones of channels A and B. This relationship suggests that although
earthquakes mostly occur in the upper to middle crust, the exis-
tence of the LVZs may facilitate the motion of the faults, thus the
deformation at depth in the two channels may play a key role in
seismogenesis in the region.

6. Conclusions

In this study, we obtain a high-resolution Vs model of the litho-
sphere under SE Tibet using the newly deployed dense seismic
array, through joint inversion of receiver functions and Rayleigh
wave dispersion. Our model provides constraints on the complex
distributions of two channels of crustal LVZs in SE Tibet. The strik-
ing features of the two channels are as follows: (1) channels A and
B wrap around the EHS and bound with main strike-slip faults in
SE Tibet, consistent with the clockwise movement of crustal ma-
terial; and (2) most large earthquakes occurred in the boundary
zones of the two channels. The new information about the distri-
bution of LVZs gives significant insights into the deformation and
seismicity of SE Tibet. We suggest that both ductile flow and shear-
ing along strike-slip faults play an import role in accommodating
lithospheric deformation during the uplift and expansion of east-
ern Tibet.
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