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The NE margin of the Tibetan plateau influenced by multiple blocks, the regional
dynamicmodel and lithospheric deformation characteristics are still controversial. In
this study, 15 years data from permanent broadband seismic stations of the seismic
network in the study area were adopted for splitting analyses of teleseismic phases
XKS (SKS PKS and SKKS, shortly named XKS) using a grid search method, longer
observations provided each station with a large number of clear seismic phases. The
results show that the fast wave directions of XKS splitting are oriented toward WNW
or NW, with reference to the direction of absolute plate motion, the lithospheric
deformation is dominantly driven by the asthenosphere, although there are local
variations. On both sides of the Haiyuan fault zone, there is a noticeable variation in
lithospheric azimuthal anisotropy, further enhances the possibility that it is an
extended boundary of the Tibetan plateau. Rheological anisotropic features on
the western side of the Ordos block emphasize the obstruction of the rigid Ordos
lithosphere. The crust and mantle seem to be coupled below the Qinling orogen,
possibly related to the lateral movement of lithospheric material. However, in the
Hexi corridor, there may be layered anisotropy within the lithosphere, which is
inferred to relate to the subductions of the Alxa block and the Qilian orogen. The
thicker lithosphere on the southern margin of the Alxa block may influence the
asthenospheric flow. In addition, anisotropy results at the southeastern edge of the
Alxa block and the Yinchuangraben reflect the possibility that the lithospheremay be
characterized by a combination of horizontal and vertical movements. These results
have greatly improved our understanding of the dynamic models and lithospheric
deformation characteristics of the northeastern margin of the Tibetan plateau and
adjacent areas.
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1 Introduction

The formation of the Tibetan plateau occurred approximately 70 Ma ago during the
collision between the Indian and Eurasian plates. Around 50 million years ago, simultaneous
crustal contraction took place along the northern Qilian zone and the northern margin of the
Indian continent (Owens and Zandt, 1997), resulting in a north-south shortening of 1,400 km
(Yin and Harrison, 2000). Scholars have proposed various dynamic models to explain the
complex tectonic activities of the Tibetan plateau. Some researchers argue that the plateau’s
uplift is a result of the continuous development of crustal thrust wedges, with the
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compressional action of numerous faults causing the eastward and
northeastward development of the plateau (Tapponnier et al., 1982;
Tapponnier et al., 2001). England andHouseman (1986) propose that
uneven crustal shortening and thickening are the primary causes of
the Tibetan plateau’s uplift. Another interpretation suggests that
the deformation of the upper crust on the plateau is decoupled
from the lower crust, and the flow of ductile material in the lower
crust causes the uplift of the plateau and the thickening of the crust
(Royden et al., 1997; Clark and Royden, 2000; Royden et al., 2008).
As the frontal region of the collision between the Tibetan plateau,
the Alxa Block, the Ordos Block, and the South China Block, the
northeastern margin of the Tibetan plateau is densely populated
with fault and exhibits complex deep structures. GPS data indicates
a clockwise rotation in the velocity field of the study area (Li et al.,
2023), with a gradual decrease in speed from west to east
(Figure 1A). Influenced by plate collision, this region displays a
strain pattern of NE-oriented shortening and NW-oriented
extension within the interior of the Tibetan plateau (Wang and
Shen, 2020; Li et al., 2023). The interplay of these deep geological
forces contributes to the intricate tectonic dynamics observed in
the northeastern margin of the Tibetan plateau.

Seismic anisotropy can be used to investigate the crust-mantle
deformation mechanism. Shear waves, as they traverse an
anisotropic medium, tend to split into two nearly orthogonal
fast and slow waves—a phenomenon commonly observed
within the continental lithosphere (Crampin, 1981; Crampin

and Peacock, 2008). The commonly used parameters to describe
anisotropic features include the fast wave polarization direction
(FPD), denoted as φ, and the slow wave delay time (DT), denoted
as δt (Savage et al., 1990; Silver and Chan, 1991; Savage, 1999;
Erdman et al., 2013). Silver and Chan (1988) discovered that the
SKS phase, which traverses the Earth’s core, undergoes a P-S
conversion at the core-mantle boundary. This phenomenon
eliminates the influence of the medium on the source side.
Additionally, due to the approximate vertical propagation trace
through the receiving side medium, the propagation direction is
theoretically constant. In an Earth assumed to be isotropic and
spherically symmetric, this method allows for a better
differentiation of the effects of anisotropy. The primary cause of
splitting is the preferred orientation of olivine mineral lattice in the
lithospheric mantle due to deep dynamic forces. This phenomenon
is often utilized to reflect the anisotropic characteristics of the
lithospheric mantle, particularly the upper mantle (Silver and
Chan, 1991; Gao et al., 2011).

Chang et al. (2017) conducted an investigation of shear wave
splitting characteristics in the northeastern margin of the Tibetan
plateau using observations from temporary stations in the
ChinaArray and OrdosArray (Figure 1B), along with data
from selected permanent stations. The results show that the
study area is dominated by the Vertical Coherence
deformation. Building on this, Wu et al. (2021) supplemented
observations of lithospheric anisotropy in the Qinling orogen

FIGURE 1
(A) Distribution of major faults and seismic stations in the study area. The stations used in this study are plotted with black triangles. The inset shows
the study area. Faults are indicated in black lines. HYF, Haiyuan fault; LPSF, Liupanshan Fault; WQNF, Western Qinling Northern Margin Fault; LMSF,
Longmenshan Fault zone; WQ, Western Qinling; YCG, Yinchuan graben. The emphasized faults are marked with thick black solid lines. Orchid-colored
arrows indicate regional GPS velocity, with the Eurasian plate reference system (fromWang and Shen, 2020). Plate boundaries are shown by red solid
lines. The inset in the upper right corner plots the location of the study area and the block boundaries. (B) The fast-wave polarization directions of
previous SKS PKS and SKKS (shortly named XKS) splitting results. Data are from Wang et al. (2013); Chang et al. (2017); Liu et al. (2020); Wu et al. (2021).
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using a temporary seismic array, revealing the coupling within
the Qinling orogen lithospheric. The analysis of phases XKS (SKS
PKS and SKKS shortly named XKS), suggests the presence of
layered anisotropic in the southern parts of the Qilian orogen, the
Haiyuan fault zone, and the Yinchuan graben (Ye et al., 2016;
Shen et al., 2022b). Despite the comprehensive spatial coverage
achieved by extensive anisotropy studies using temporary seismic
arrays in the northeastern margin of the Tibetan plateau, the XKS
anisotropy method requires more comprehensive seismic event
azimuthal coverage and an extended time span to gather a more
significant number of reliable seismic phases. In this paper,
approximately 15 years of data from permanent stations in the
study area were selected. Teleseismic phases SKS were utilized,
including phases PKS and SKKS, to increase the number of
available seismic events. This resulted in a more accurate and
reliable spatial distribution of lithospheric azimuthal anisotropy
in the northeastern margin of the Tibetan plateau and adjacent
area, and delves into the dynamic models and lithospheric
deformation characteristics to the northeastern margin of the
Tibetan plateau.

2 Data and method

2.1 Data

About 7,933 catalogs of M ≥ 5.5 earthquakes were collected
from July 2007 to December 2022, the range of data spans
approximately 15 years. Seismic waveforms are acquired from
60 broadband permanent stations in six seismic networks,
including Qinghai, Gansu, Sichuan, Inner Mongolia, Ningxia, and
Shanxi. The data with epicentral distances between the seismic
stations and the seismic events in the range of 30–180° were
selected to ensure that clear seismic phases were obtained for
subsequent measurements, and cut the data according to the
P-wave theory arrival time 30 s before and 2,100 s after to obtain
the reliable event waveforms. The original sampling rate of all data
was 100 Hz. It is noteworthy that four stations experienced shifts in
their geographical coordinates in 2009 (SDT_GS shifted from
101.04°E to 101.33°E, XSH_NX from 37.25°N to 37.20°N, HUY_
QH from 101.25°E to 101.19°E and 36.69°N to 36.66°N, ZHW_NX
from 37.58°N to 37.59°N). The range of these changes varied from

FIGURE 2
Distribution of events used in this study. Colorful circles indicate seismic events, with depths differentiated by color, and red stars indicate the study
area of this paper. The two black circles indicate the distance between the epicenters at 90° and 170° from the center of the region, respectively.
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1 to 30 km. Subsequent analyses unified and rectified the latitude
and longitude of these stations to their post-2009 locations. In this
study, 432 teleseismic events picked up clear phases XKS and were
used to obtain anisotropic parameters. The teleseismic events are
mainly distributed in the Indian Ocean, North American plate
boundary, Tonga and New Zealand regions, although events are
concentrated in these areas, the overall azimuthal coverage is more
comprehensive (Figure 2).

2.2 Method

Screening SKS phases from events with epicentral distances of
84°–180°, PKS and SKKS phases correspond to events with epicentral
distances of 120–180° and 90–180°, respectively. Resample the
original data to 20 Hz, remove trend and rotate the waveform to
radial and tangential components after using a band-pass filter
of 0.04–0.5 Hz.

Eq. (1) is the seismic signal used for shear wave splitting:

u ω( ) � w ω( ) exp −iωT0[ ]Γ φ, δt( ) · P̂ (1)
where w(ω) is the wavelet function which is a source time function
of the Fourier-transformed, P̂ is a real unit vector pointing in the
displacement direction, T0 is the arriving time in an isotropic
homogeneous medium, and Γ(φ, δt) is the splitting operator
(Silver and Chan, 1991), which is defined as Eq. (2):

Γ φ, δt( ) � exp iω
δt
2

[ ]f̂ f̂ + exp −iω δt
2

[ ]ŝŝ (2)

Use f̂ for fast waves and ŝ for slow waves, after the original
three-component data are rotated to radial and tangential
components, the expression of Eq. (1) in the time domain can be
written as Eqs (3, 4):

ur t( ) � ω t + δt
2

( )cos 2 φ + ω t − δt
2

( )sin 2 φ (3)

ut t( ) � −1
2

ω t + δt
2

( ) + ω t − δt
2

( )[ ] sin 2φ( ) (4)

According to the corresponding seismic phases theory arriving
time given by the IASP91 model, take 5s before (this point in time is
called a) and 20s after the theory arriving time (this point in time is
called f) to set the phase window. The energy minimization method
is utilized within the window (a to f) to obtain the optimal
anisotropy parameters by minimizing the energy of the tangential
component using the grid search method, where the FPD and DT
grid search intervals are 1° and 0.05s, respectively; The uncertainties
in the measurements are calculated using the inverse F test and
represent 95% confidence interval (Liu et al., 2008; Gao et al., 2010;
Wang et al., 2013; Shen et al., 2022b).

In this study, a signal-to-noise ratio (shortly named S/N ratio)
parameter R is defined as in Eq. (5):

R �
max |A a,f( )

∣∣∣∣∣
max |A a−10,a( ) | (5)

Where the max |A(a,f)| denotes the absolute value of the
maximum amplitude between a and f, the results were first

initially quantified and ranked using the combination of the
following parameters: Ror (original radial component), Rot

(original tangential component), and Rct (corrected tangential
component) respectively. Ranking A: Ror ≥ 10.0, Rot ≥ 2.0 and
Rct/Rot ≤ 0.7, clear and outstanding amplitudes can be observed.
Ranking B: 3.0≤Ror < 10.0, Rot ≥ 2.0 and Rct/Rot ≤ 0.7, the observed
amplitudes are equally outstanding but the S/N ratio of the radial
component is lower than ‘A’. Ranking N: Ror ≥ 3.0 and Rot < 2.0, the
S/N ratio may be poor due to the weak anisotropy, we need to
manually check the waveform quality in the next. Ranking S:
Ror ≥ 3.0, Rot ≥ 2.0, and Rct/Rot > 0.7, although excellent
amplitudes are observed, the corrected tangential component
energy is high. Ranking C: Ror < 3.0, remove directly in this
study. After removing the results ‘C’, the waveforms were
scrutinized, and corrected the anisotropy were made for
subsequent validation of fast and slow wave matching, along with
tracks of the particle motion. In theory, following anisotropy
correction, the tangential component’s energy should converge to
zero, the waveforms of fast and slow waves should synchronize over
time, and the tracks of particle motion should transform from
elliptical to straight linear (Figures 3, 4). Preliminary ranking ‘N’
and ‘S’, but data with distinct anisotropic features were retained for
further use. This intricate process ensures the precision and
reliability of the analyzed results.

3 Spatial distribution of anisotropy

A total of 1,126 splits results (a total of three phases) were
obtained from 56 stations in the study area, among which 922 are
SKS, 154 are PKS, and 50 are SKKS results (refer to the
Supplementary Table S1). Notably, the TLE_NX station procured
merely two instances of such splits, was deemed insufficient to
revealing the intricate structural features of the lithosphere beneath
the station. Despite the graphical representation of these two results
on the piercing points distribution map (Figure 5), they were
subsequently omitted from the mean results of the XKS
single-station.

Comparing the XKS splitting results of this study (Figures 5, 6)
with the previous study results (Figure 1C), there are large
differences in tectonically complex regions such as the LZB, the
WQNF, and within the Ordos Block. On the one hand, these
differences come from the different methods used by scholars
(minimum eigenvalue method and energy minimum method,
etc.), on the other hand, they are related to the number of
seismic phases obtained (the clearer seismic phases obtained at
each station, the higher the confidence in the final anisotropy
results) (Silver and Chan, 1991), which is why 15 years of data
were used to carry out the study of shear wave splitting. The number
of XKS seismic phases at each station in this study far exceeds the
previous ones, so the results of this study are more reliable and
reflect the real anisotropy characteristics in the study area, especially
in areas with complex and controversial structures.

The results revealed a prevailing fast-wave direction of NW or
WNW orientation across the study area, exhibiting delay time
ranging from 0.45 to 2.05 s. Of significance, the delay time at the
periphery of lithospheric blocks were conspicuously higher than
those within the block interiors, indicating a considerable variation
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in magnitude. It becomes apparent that the FPD in the Haiyuan-
Liupanshan fault zone, the Qinling orogen, and the Longmenshan
fault zone exhibits a significant deviation from the average FPD in
the study area. Yet, it bears a certain resemblance to the findings of
previous researchers (Li et al., 2011; Chang et al., 2017; Wu et al.,
2021). The Haiyuan-Liupanshan fault zone, situated in proximity to
the western margin of the Ordos Block, demonstrates a noteworthy
alteration in FPD along the block’s margin, deflecting gradually
from NW to NNW, culminating in a nearly EW extension towards
the Qinling orogen, consistent with the strike of the Qinling orogen.
Along the Haiyuan fault to Yinchuan graben, although the direction
of the FPD is consistent, there is a large delay time in all of them. The
FPD in the Longmenshan fault zone takes on a distinctive NE
direction and has shown this feature fromwithin the Tibetan plateau
block, it also exhibits a deflection along the strike of the
Longmenshan fault zone, which gradually deflects to the ENE
direction (Wang and Gao, 2024), with the delay time decreasing
from west to east, a deviation that stands in contrast to the findings
of Liu et al. (2020). However, in the absence of anisotropy results
from other nearby stations, the origin and prevalence of this
directional change remains elusive, and it is impossible to tell
whether it is a localized phenomenon or a general feature of the

region. Within the Tibetan plateau Block (the neighboring Qilian
orogen and the western Qinling), the WNW oriented fast wave
polarization direction draw a parallel with the strike of the faults and
orogen, which consistent with previous results (Wang et al., 2013;
Bao et al., 2020).

4 Discussions

Silver and Chan (1991) revealed twomain causes for the generation
of seismic anisotropy in the lithosphere: 1) Absolute Plate Motion
(APM): Seismic anisotropy is a consequence of the absolute motion of
tectonic plates. In this scenario, the predominant strain arises from the
flow of the asthenosphere but manifests within the lithosphere. The
resulting fast-wave polarization direction (XKS in this context) is
expected to align parallel to the direction of Absolute Plate Motion.
2) Internal Coherent Deformation (ICD): Seismic anisotropy can also
be attributed to tectonic processes such as mountain-building, rifting,
and strike-slip deformation. This is associated with the Internal
Coherent Deformation within the continental lithosphere. In this
case, the fast-wave polarization direction is often expected to parallel
major fault orientations or structural trends resulting from these

FIGURE 3
SKS splitting analysis. (A) From top to bottom are the station code and the seismic network code, location (latitude, longitude), back azimuth and
epicenter distance between seismic event and station, the earthquake parameters (Date in Julian day, time, longitude, latitude, depth andmagnitude), and
the signal-to-noise ratio parameters used to compute anisotropy; (B)Original radial (black line) and tangential (red line) component seismic waveforms,
corrected radial (black line) and tangential (red line) component seismic waveforms; (C) Original fast (red solid line) and slow (black dashed line)
waveforms; (D)Corrected fast (red solid line) and slow (black dashed line) waveforms; (E)Original tracks of the particlemotion; (F)Corrected tracks of the
particle motion; (G) Energy map and contour of anisotropic parameters obtained by tangential energy minimization method, the optimal parameters is
marked as a black dot. Parameters are displayed above the map.
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tectonic activities. In this study, the average seismic anisotropy results
from each station are compared with the ITRF2014 absolute plate
motion model proposed by Altamimi et al. (2016) (Figure 6). This
comparative analysis seeks to understand the relationship between the
observed seismic anisotropy and the absolute motion of tectonic plates,
as well as potential connections with internal deformation within the
continental lithosphere.

The results reveal a noteworthy consistent between the fast-
wave polarization direction (XKS) and the direction of APM in
the study area. As proposed by the concept of ‘APM’, this
consistent suggests that the predominant deformation within
the lithosphere is largely driven by the flow of material in the
asthenosphere and the absolute plate motion has a significant
influence of on the observed seismic anisotropy. However, rather
than displaying a uniform characteristic across the entire study
area, the seismic anisotropy in the lithosphere exhibits a regional
variability. The XKS fast-wave polarization direction within the
Haiyuan-Liupanshan fault zone exhibits a distinctive shift along
the margin of the Ordos Block. In this area, the degree difference
between the Absolute Plate Motion (APM) and the XKS fast-wave
polarization direction is notably large, reaching approximately
52.2°, making it the maximum degree difference within the scope

of this study. Previous research has indicated that the lithospheric
thickness of the Ordos Block is relatively substantial, estimated to
be around 220 km (Zhang et al., 2012; Wang et al., 2016; Zhang et
al., 2022). The proximity of XKS and GPS directions implies a
certain level of consistency between seismic anisotropy and the
observed surface motion. However, as GPS velocities decrease
noticeably along the edge of the Ordos Block, it indicates a
potential impediment to material transport at the lithospheric
scale. This obstruction, caused by the thicker Ordos Block (Guo
and Chen, 2017; Liu et al., 2021; Wu et al., 2023), appears to
induce strong internal coherent deformation in the lithosphere
on the western side of the Ordos Block. Yu and Chen (2016) have
proposed that the corner flow along the southwest margin of the
Ordos Block may indicate the potential erosion of the thick and
cold lithospheric root due to lateral movement within the
asthenosphere, and may have affected the lower crust, as
evidenced by the multiple-peaks of the Pms signal of the
receiver functions (Shen et al., 2022a). However, the Ordos
Block exhibits distinct characteristics both internally and
externally, with the GPS velocities within the block showing
relatively lower values. The results from XKS measurements
also reveal a diminutive delay time. The research conducted by

FIGURE 4
PKS splitting analysis. (A) From top to bottom are the station code and the seismic network code, location (latitude, longitude), back azimuth and
epicenter distance between seismic event and station, the earthquake parameters (Date in Julian day, time, longitude, latitude, depth andmagnitude), and
the signal-to-noise ratio parameters used to compute anisotropy; (B)Original radial (black line) and tangential (red line) component seismic waveforms,
corrected radial (black line) and tangential (red line) component seismic waveforms; (C) Original fast (red solid line) and slow (black dashed line)
waveforms; (D)Corrected fast (red solid line) and slow (black dashed line) waveforms; (E)Original tracks of the particlemotion; (F)Corrected tracks of the
particle motion; (G) Energy map and contour of anisotropic parameters obtained by tangential energy minimization method, the optimal parameters is
marked as a black dot. Parameters are displayed above the map.
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Chang et al. (2017) further illustrates lower strain rates within the
block, suggesting that the lithosphere within the Ordos Block
retains a stable ancient craton structure (Zhu et al., 2012; Li et al.,
2022). From the SW margin of the Ordos block to the Qinling
orogen, the FPD shows a streamline feature that gradually
changes to a near East-West direction along the margin of the
Ordos block, which is approximately parallel to the APM
direction in the Qinling orogen. This implies that the
deformation of the lithosphere arises from the flow of material
in the asthenosphere (Silver and Chan, 1991). The P-wave
receiver function finds that the fast-wave direction of crustal
anisotropy in this region also exhibits a near East-West direction
(Lv et al., 2021), and the lithospheric thickness of the Weihe
graben was substantially thinned by about 50 km (Zhang et al.,
2022), which is further indicate the process of lateral migration of
Cenozoic Tibetan plateau materials along the Qinling orogen
(Zhang et al., 1998; Yu and Chen, 2016; Lv et al., 2021; Wu et al.,
2021). In a more recent study, it is suggested that this migration
process drove the intrusion of mantle thermal material into the
lower crust of the Weihe graben (Shen et al., 2022a).

Within the interior of the Tibetan plateau block, particularly in the
Qilian orogen and Western Qinling, the fast wave direction closely
aligns with the APM. However, notable distinctions arise from the
Qilian orogen to the Hexi Corridor, where the colors in the degree
difference diagram gradually deepen. This suggests that, beyond the
influence of asthenosphere, theremay be exists deformation originating

within the lithosphere. Previous studies have found that the Qilian
orogen andHexi corridor has layered anisotropy (Ye et al., 2016), which
corresponds to our hypothesized pattern of deformation within the
lithosphere. The deformation may be originated from the crustal and
related to the multiple subductions of the Alxa block and its collision
course with the Qilian orogen in the late Devonian (Xiao et al., 2009).
The same layered anisotropy characteristics was found in the Haiyuan
fault zone (Shi et al., 2020; Shi et al., 2021), mainly within the crust from
north of the Haiyuan fault to the southern part of the Yinchuan graben,
while Shen et al (2022a) propose lithospheric-scale layered anisotropic
beneath the Haiyuan fault to the Yinchuan graben, and the SFS results
further characterize the lateral mantle flow process from the Tibetan
plateau to betweenOrdos Block andAlxa Block (Shen et al., 2016), with
the flow direction is consistent with the direction of the lower fast wave
of Shen et al (2022a). Although the present study does not directly
discuss the issue of anisotropic layering, it does reveal the significant
influence of the Haiyuan fault zone on lithospheric anisotropy, aligning
with Shi et al. (2020) assertion that the Haiyuan fault zone serves as the
northeastern crustal boundary of the Tibetan Block. In the Western
Qinling, the dominant deformation driving force is attributed to the
asthenosphere. The degree difference between XKS and APM results
indicates the progression of this asthenosphere driving from the
Tibetan plateau to the Longzhong basin. There is an approximate
11° deviation between the fast wave direction at the southern edge of the
Alxa Block and the Qilian orogen. The lithospheric thickness of the
Alxa Block is estimated to be around 150 km, less than that of the

FIGURE 5
Anisotropy parameters of XKS at 200 km piercing points projected to the surface. Orange solid lines indicate the block boundaries. Specially
emphasized faults are marked with thick gray solid lines. The rose diagram in the upper right corner counts the results of the fast wave direction, with the
length counts the total number.
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Ordos Block (Wang et al., 2023). Study suggested that the deviation in
the fast wave direction and the significant delay time observed in the
Alxa Block, similar to the Ordos Block, may reflect partial blocking of
the asthenosphere by the Alxa Block. The XKS fast-wave direction and
APM degree differences at the northeastern margin of the Songpan-
Ganzi block and the Longmenshan fault zone domainmay be related to
local tectonic effects (Wang et al., 2013).

5 Conclusion

This study collected approximately 15 years of broadband
permanent seismic station data in the research area, we obtained the
lithospheric azimuthal anisotropy of the northeastern margin of the
Tibetan plateau and the adjacent areas and revealed the spatial
deformation characteristics of the region by using the analysis of
teleseismic phases XKS splitting. The results indicate that the fast-

wave polarization direction of XKS in the study area predominantly
trends towards the NWorWNW, aligns with the absolute platemotion
direction. However, notable discrepancies are observed on the western
margin of the Ordos Block, including the Yinchuan graben and the
southeastern corner of the Alxa Block, the degree difference between the
FPD of XKS and the APM direction reveals that the lithospheric
material movement in this area is not rigid, displaying
characteristics of both horizontal shear and vertical motion
differences. These findings are consistent with prior observations of
layered anisotropic in the region. The Haiyuan fault zone, acting not
only as the crustal boundary on the northeastern edge of the Tibetan
Block but also influencing lithospheric anisotropy on both sides of the
fault. From the southern part of the Yinchuan graben through the
Haiyuan fault to the Longzhong basin, the lithospheric material in this
region exhibits rheological characteristics, highlighting the blocking
effect of the rigid lithosphere of the Ordos Block, but the southwestern
corner of the Ordos Block has been eroded, with the lithosphere at the

FIGURE 6
Degree difference between XKS anisotropic fast wave direction and Absolute Plate Motion direction, where the red vector bar indicates the XKS fast
wave direction and the blue vector arrow indicates the APM direction, and the scale is plotted in the legend. White solid lines indicate the block
boundaries. Specially emphasized faults are marked with thick black solid lines. The reference system for APM is the Eurasian plate, and the results are
from Altamimin et al. (2016).
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intersection of the Haiyuan fault zone and the Ordos Block displaying
strong internal coherent deformation. Nevertheless, the interior of the
Ordos Block remains relatively stable. The lithospheric material in the
Qinling orogen exhibits movement along the margin of the Ordos
Block, with the crust andmantle coupled. This regionmay be associated
with the lateral transport of material from the Tibetan plateau. In the
Western Qinling, Qilian orogen, and Longzhong basin, the lithosphere
exhibits clear signs of asthenosphere driving. However, in the Hexi
Corridor, there might be internal coherent deformation of the
lithosphere, and the layered anisotropy might be related to the
multiple subductions of the Qilian orogen and the Alxa Block. The
anisotropy at the southern margin of the Alxa Block likely reflects
interference from a thicker lithosphere on the flow of material in the
asthenosphere.
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