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The Tibetan Plateau is a region where the Indian and Asian-European plates
collide. A high-precision Moho topography model is important for the study of
plate motion and internal tectonics of the Tibetan Plateau. However, previous
gravity-based models failed in representing adequately the Moho topography
because crustal effects and biases in the inversion parameters were not fully
considered. To address these issues, we extracted the gravity effect caused by
the crust using wavelet multi-scale analysis, and used an adaptive linear
inversion method with available gravity and seismic data to estimate more
accurate inversion parameters. With these two improvements, we inverted
for a high-precision Moho topography model of the Tibetan Plateau. The
results show that the majority of the Tibetan Plateau has a Moho depth of
60–70 km. The Moho depth in the center of the Qaidam Basin is about 50 km,
and the Moho topography between the east and west of the basin has obvious
undulations. The Moho depth of the Tarim Basin ranges from 38–50 km. While
the undulation of Moho is limited in the center of the basin, obvious uplifts are
shown in northern and southern basin. The plate driving force between the
Tibetan Plateau and the Tarim Basin may be the primary cause of this
phenomenon. By comparing the difference with the seismic data, we found
that the RMS of our model is 2.8 km smaller than that of the CRUST 1.0 model,
which shows that our model is more accurate.
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1 Introduction

The Tibetan Plateau (TP) is the highest and largest plateau on the Earth, andmost area of
the plateau has height larger than 4 km (Figure 1). Due to the collision between the Eurasian
and Indian plates, the TP has undergone complex tectonic evolution for 50million years, and
is an ideal region to study plate tectonics, continental collision, and orogeny (Molnar and
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Tapponnier, 1975; Tapponnier et al., 1982; Royden et al., 2008; Gao
et al., 2013; Xu et al., 2017; Xu et al., 2020). The geometry and trend
of the Moho discontinuity provide crucial insights for
understanding these internal tectonic phenomena (Gao et al.,
2013; Xu et al., 2017; Wan et al., 2019).

Currently, two primary methods are used to study the Moho
topography of the TP: seismic methods and gravity methods.
Seismic methods, such as seismic reflection and refraction
analysis, have yielded many results (Kao et al., 2001; Kind
et al., 2002; Zhang and Klemperer, 2005; Zhao et al., 2006;
Zhang et al., 2007; Yang et al., 2011; Obrebski et al., 2012;
Tian et al., 2014; Koulakov et al., 2015). However, due to the
sparse distribution of seismic stations, the Moho topography
obtained by seismic methods can only be locally accurate. In
comparison, gravity methods can achieve high resolution models
over large scales. Several scholars used gravity methods to study
the Moho topography of the TP (Hao et al., 2014; Chen and
Tenzer, 2017; Xu et al., 2017; Wan et al., 2019; Xuan and Jin,
2022). Hao et al. (2014) calculated the crustal thickness of the TP
based on the EGM2008 and CRUST 2.0 models, and found that
the crustal thickness of the TP ranges from 50 to 75 km. Chen and
Tenzer (2017) proposed a spatial domain Moho modeling
method to calculate the Moho topography of the TP with
constant and variable densities. Wan et al. (2019) proposed an
inversion algorithm based on orbital gravity gradient data to
calculate the Moho topography of the TP, concluding that its

deepest Moho discontinuity is close to 70 km. Xuan and Jin
(2022) obtained the Moho topography of the TP based on
separated regional and local gravity anomalies, showing that
the Moho depths in the central and western parts of the TP
exhibit a clear north-to-south variation. Although the gravity
method has produced significant results, there are certain
limitations in the precision of inversion results. This is due to
the fact that the signals do not take into account the crust
influences, and the inversion parameters (mean Moho depth
and crust-mantle density contrast) are imprecise. Therefore,
there is an urgent need for a new method to determine
inversion parameters to obtain a more accurate Moho
topography model of the TP.

Wavelet multi-scale analysis has been proved to be one
effective method to separate material signals at different field
source depths (Xu et al., 2017). Therefore, we used wavelet
multi-scale analysis to separate the gravity signals from the
different layers within the TP, and then we subtracted the
signals brought by the crust. In addition, Li et al. (2022)
presented a novel gravity inversion method for determining
Moho topography. This method is grounded on the linear
correlation between the depth of Moho discontinuity at
established control points and corresponding gravity
observations. By leveraging this relationship, a more accurate
estimation of the density contrast of the Moho topography is
achieved, thereby significantly enhancing the reliability of Moho

FIGURE 1
The topography and primary tectonic elements of TP (modified from Xu et al., 2017). The red solid lines represent the faults, the black dashed lines
are the boundaries of the tectonic blocks. There are several tectonic blocks distributed on the TP from north to south, namely the Qaidam Block (QDB),
Kunlun Block (KB), Qiangtang Block (QTB), Lhasa Block (LB), and Himalayan Block (HB). There are also several fault zones in the region, including the Jiali
Fault (JF), Manyi-Yushu-Xianshuihe Fault (MF), Kunlun Fault (KF), Haiyuan Fault (HF), Altyn Tagh Fault (AF), Longmenshan Fault (LF). In addition, there
are Tarim Basin (TB), Qaidam Basin (QB), Sichuan Basin (SB), Yunnan-Guizhou Plateau (YGP), TianshanMountains (TM), Western KunlunMountains (WKM)
and other formations in the region.
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topography inversion result. Combining gravity and seismic data,
we adopted the adaptive linear inversion method proposed by Li
et al. (2022) to determine the inversion parameters and invert for

the Moho topography model of the TP. We verified the correctness
of the model by comparing it with the results of the previous
studies. Finally, the tectonic features of the Moho topography in

FIGURE 2
(A) Free air gravity anomalies of the TP. (B) Sediment layer thickness. (C) Gravity effect corresponding to the sediment layer thickness. (D) Gravity
effect corresponding to the topography.

FIGURE 3
Bouguer gravity anomalies of the TP.
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this region was further revealed, which could provide possible
clues for plate motions, tectonic evolution and other
related studies.

2 Data

The study area of this paper is the TP (latitude and longitude
range from 20°N to 45°N, 75°E to 110°E), which is located at the
junction of the Eurasian plate and the Indian plate. The collisions of
the two plates have formed complex tectonic features in
TP (Figure 1).

In this paper, three main open data sets are used: free-air
gravity anomalies, topography, and sediment thickness. The free-
air gravity anomaly data is from the XGM 2019e_2159 model
published by Zingerle et al. (2020) with a spatial resolution of
5′×5′. The topographic data is from the Earth2014 model
published by Hirt and Rexer (2015) with a spatial resolution of
1′× 1′(Figure 1). The sediment layer thickness is from the CRUST
1.0 model published by Laske et al. (2013) with a spatial resolution
of 1°× 1°, which will be used for the sediment layer correction in
the following.

Utilizing the XGM 2019e_2159 gravity field model as a
foundation, we derived the free-air gravity anomalies of TP
with a solution height set at 10 km (Figure 2A). Notably, the
free-air gravity anomalies ranges from −116 to 121 mGal, and
high gravity anomalies predominantly concentrated in the
southwestern TP. To further analyze the impact of
topography, we employed the Earth2014 model to determine
the corresponding gravitational effect resulting from the
topographic distribution (Figure 2D). By subtracting the
topographic gravity effect from the free-air gravity anomalies,
we obtained the Bouguer gravity anomalies of the TP (Figure 3).

The Bouguer gravity anomalies in the study area have
significant lateral variations, ranging from −615 to 15 mGal
(Figure 3). The TP generally exhibits a negative gravity
anomaly distribution with values ranging
from −615 to −400 mGal in the majority of the region, while
the gravity anomaly values in QDB range
from −500 to −300 mGal. The KB and LB exhibit gravity
anomalies ranging from −500 to −400 mGal in most regions,
and the regions with lowest gravity anomalies are mainly located
in the QTB. The Bouguer gravity anomalies in the HB exhibit
significant variation, ranging from −400 to 0 mGal, and gradually
increase from north to south. Apart from the TP, the Bouguer
gravity anomalies in the TB and SB exhibit a more uniform
distribution, with values ranging from around −200 mGal in the
TB to around −100 mGal in the SB. It is apparent that the Bouguer
gravity anomalies distribution in the TP exhibit a clear negative
correlation with the topography, demonstrating a generalized low
gravity anomaly phenomenon. The QTB has the lowest gravity
anomaly, while the HB has the highest gravity anomaly.

Upon obtaining the Bouguer gravity anomalies of the TP
(Figure 3), it is imperative to account for the influence
excerted by the sedimentary layers and subsequently deduct
them from the Bouguer gravity anomalies. Figure 2B reveals
the sedimentary layer thickness distribution within the TP,
which was derived from the CRUST1.0 model. Adopting the

forward method proposed by Parker (1973) and Wu (2016), we
calculated the gravity effect exerted by these sedimentary layers
(Figure 2C). After subtracting this gravity effect, we are able to
obtain the sediment-free gravity anomaly, which is the basis for
the wavelet multi-scale analysis later on and the signal source for
the Moho topographic inversion.

3 Methodology

The inversion flow diagram is illustrated in Figure 4, comprising
twomain parts. One is the wavelet multi-scale analysis, which is used
to extract the gravitational signals necessary for inverting the Moho
topography. The other is the adaptive linear inversion, which is used
to estimate the optimal parameters and iteratively invert for the
Moho topography of the TP.

3.1 Wavelet multi-scale analysis

Wavelet multi-scale analysis has two steps. Step1: The gravity
anomaly is a comprehensive signal of all the materials in the TP. In
order to more accurately invert the Moho topography of the TP,
we need to separate the gravity anomalies and deduct the gravity
effects from the crust. Mallat (1989) proposed the theory of
wavelet transform for separating the signals in different
frequency bands. Therefore, we use wavelet multi-scale analysis
to separate the gravity anomaly signal of the TP and obtain
wavelet details (high-frequency signal) Dj(ϕ, λ) and wavelet
approximation (low-frequency signal) Aj(ϕ, λ) at different
orders, as shown in Eq. 1:

gs ϕ, λ( ) � Aj ϕ, λ( ) +∑J
j�1
Dj ϕ, λ( ) (1)

where gs is the sediment-free gravity anomalies, j is the order, ϕ
and λ are the residual latitude and longitude, respectively; J is the
maximum order, which is set to 8 in this paper for separating the
gravity signals relating to the Moho topography effectively.

Step 2: The prerequisite for extracting the gravity signals relating
to the Moho topography is to determine the stratigraphy
corresponding to different orders of wavelet detail signals, which
requires knowing the depth of different signals. Therefore, we
estimate the field source depth H corresponding to different
order wavelet detail signals Dj(ϕ, λ) using the power spectrum
method (Spector and Grant, 1970), as shown in Eq. 2:

H � Δ lnP
4πΔk (2)

where P is the power spectrum, k is the wave number, and Δ is the
variability.

3.2 Adaptive linear inversion

Adaptive linear inversion also has two steps. Step1: After
obtaining the gravity signals relating to the Moho topography, we
need to determine the inversion parameters, i.e., the average Moho
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depth and the crust-mantle density contrast. Previously, regarding
the selection of these parameters, most scholars did not consider
constraining them with seismic data, or used seismic data
constraints but did not consider the existence of systematic bias,
which has a more obvious impact on the accuracy of Moho
topography inversion results (Xu et al., 2017; Xuan and Jin,
2022). Therefore, based on the existing seismic control points
(Test points in Figure 7), we adopt the improved unbiased
estimation method proposed by Li et al. (2022) to compute a
more accurate average Moho depth and crust-mantle density
contrast. Firstly, we introduce systematic deviations Δρ � ~ρ − ρ̂ (~ρ
is the true crust-mantle density contrast, ρ̂ is the estimated crust-
mantle density contrast) and Δm � ~m − m̂ ( ~m is the true Moho
topography depth, m̂ is the estimated Moho topography depth) to
calculate the average Moho depth z0, as shown in Eq. 3:

~mcp � gobs
cp · slop + z0 (3)

where gobs
cp is the gravity anomaly at the control point, ~mcp is the true

Moho topography depth at the control point, and slop is the linear slope
between the gravity anomaly and the Moho topography depth at the
control point. Unlike the linear regressionmethod used by Li et al. (2022),
we use a robust linear regression method to estimate the average Moho
depth z0 (Holland and Welsch, 1977) because the Moho topography
depths of some seismic control points in this paper may have large
deviations from the true values. On this basis, the true value of the crust-
mantle density contrast ~ρ is determined, as shown in Eqs. 4, 5:

gobs
cp � ~ρ · Δgcp m̂, ρ̂( ) (4)

where

Δgcp m̂, ρ̂( ) � Fcp m̂, 1( ) − 2πG · ~mcp − m̂cp( ) (5)

Fcp(m̂, 1) denotes the forward gravity anomaly of per unit density
m̂, G is the Newtonian gravitational constant, and ( ~mcp − m̂cp) is
the error term of the Moho topography depth at the control
point. Using the robust linear regression method to solve Eq. 4,
the true value of the crust-mantle density contrast ~ρ can
be obtained.

Step 2: After determining the averageMoho depth and the crust-
mantle density contrast, we use the iterative method proposed by
Bott (1960) to invert for the Moho topography of the TP. Its initial
model is shown in Eq. 6:

m0 � gobs

−2πG~ρ + z0 (6)

where m0 is the initial model of the interface depth. Then, we
literately use the improved equation proposed by Santos et al.
(2015), as shown in Eq. 7:

mk � mk−1 + gobs − F mk−1, ~ρ( ) − λD mk−1( )
−bk−1 (7)

Where k is the number of iterations, F is the forward gravity
anomaly, λ is the regularization parameter, which is selected by
minimizing the RMS of the difference between the seismic points
and the inversion result (Li et al., 2022). bk is the positive real value,
as shown in Eq. 8.

bk �
bk−1c1, Li−1

2 < Li−2
2

bk−1

c1c2
, Li−1

2 ≥ Li−2
2

⎧⎪⎪⎨⎪⎪⎩ (8)

Where b0 � −2πG~ρ, the values of c1 and c2 are in the range of
(0,1], Li−12 denotes the L2-norm of the gravity residual of the i-1st
iteration. D is the 2D discrete Laplace operator, as shown in Eq. 9.

FIGURE 4
Inversion flow.
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D �
0 1 0
1 −4 1
0 1 0

⎡⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎦ (9)

In summary, the method consists two steps. The first step is to
estimate the optimal crust-mantle density contrast and average Moho

depth based on the linear relationship between seismic points and
gravity observations. The second step is to modify the Moho model by
several iterations to reduce the discrepancy between its forward gravity
effect and the gravity observations. Until the RMS of the discrepancy is
less than a threshold, the iterations are stopped and the Moho
topography model is obtained.

FIGURE 5
Decomposed gravity anomalies D1–D8 in TP.
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4 Results

4.1 Gravity anomalies from the Moho
topography

In order to derive precise inversion parameters for Moho
topography, it is essential to extract the gravity anomaly signal
originating from the Moho discontinuity. Based on the
sediment-free gravity anomalies, we use Eq. 1 to extract
wavelet details of different orders (the wavelet base used is
“coif3”). The resulting wavelet details are illustrated in
Figure 5. By employing Eq. 2, mean field depths were
estimated and are presented in Table 1.

Comparisons between Figure 5 and Table 1 indicate that at
D7, the mean field source depth is determined to be 82.14 km,
with corresponding gravity anomaly values ranging from −40 to
40 mGal. The observed strong gravity anomalies are likely
originating from materials close to the Moho discontinuity. In
addition, D6 corresponds to a depth of 52.02 km, which is
similar to the average Moho depth of the TP derived by
previous studies. Therefore, we consider D1 to D6 as gravity
signals brought by the crust. After deducting D1~D6, the
remaining 6th-order wavelet approximation A6 is the gravity
signal corresponding to the Moho topography of the TP, as
shown in Figure 6.

4.2 Moho topography inversion parameters

Initially, a group of seismic control points were selected based on
previous studies (Wang et al., 2008a;Wang et al., 2008b; Zhang et al.,
2009; Hazarika et al., 2013; Liu et al., 2014; Saikia et al., 2016;
Murodov et al., 2018; Mandal et al., 2021). The spatial distribution of
these points and their corresponding Moho depths are illustrated in
Figure 7. These control points are categorized into two groups: test
points and validation points. The test points are utilized for the
calculation of hyperparameters, i.e., the average Moho depth and the
crust-mantle density contrast. The validation points are used to
compare the inverted Moho model with the CRUST 1.0 model. It
shows that the seismic control points are densely concentrated in the
central, western, eastern, and southern regions of the TP. However,
there is few seismic control points in the northern region. Despite
the limited coverage of seismic control points across the TP, their
absence in the northern region has minimal influence on the
computation of hyperparameters.

To extract the gravity anomalies at the control points, we
conduct a matching process between the latitude and longitude
coordinates of the control points and their corresponding locations
indicated in Figure 6. Subsequently, Eq. 3 is applied to establish the
linear relationship between the depths of the control points and the
associated gravity anomalies. This analysis yields an average Moho
depth of 47.7604 km, as shown in Figure 8A. Additionally, Figure 8B

TABLE 1 The average field source depth corresponding to different orders of gravity signals.

Order D1 D2 D3 D4 D5 D6 D7 D8

Depth(km) 2.98 8.62 12.33 30.43 39.93 52.02 82.14 104.16

FIGURE 6
The 6th-order wavelet approximation A6 of the sediment-free gravity anomalies.
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is obtained by utilizing Eq. 4, which led to a calculated crust-mantle
density contrast of 0.5038 g/cm³.

4.3 Moho topography in the TP

Under the constraint of seismic control points, we calculate the
hyperparameters more accurately. Specifically, the calculated
average Moho depth and crust-mantle density contrast are
47.7604 km and 0.5038 g/cm3, respectively. Using the iterative
inversion of Eqs 6, 7, the Moho topography of the TP was then
calculated, as illustrated in Figure 9.

In order to visualize the variation of Moho discontinuity and
topography, three different profiles (A-B, C-D and E-F) are chosen
in QB, TB and the southern region of the TP, respectively. The
coordinates of points A, B, C, D, E and F are (38.5°N, 92°E), (36.5°N,
97.5°E), (37°N, 82°E), (41.5°N, 82°E), (25°N, 85°E) and (30°N, 90°E),
respectively. The corresponding Moho discontinuity and
topography for the three profiles are shown in Figure 10. Our
model is compatible with CRUST1.0, but is able to resolve finer
structures. Furthermore, the Moho depth of our model correlates
well with the topography (Figure 10C). For the profile EF, the
correlation coefficient between the Moho depth of our model and
the topography is 0.955. In comparison, the correlation coefficient

FIGURE 7
Distribution of seismic control points. Triangles are test points for calculating hyperparameters, circles are validation points for verifying the inversion
results. The color bar shows the Moho depth.

FIGURE 8
Hyperparameters estimation with seismic data. (A) Moho depth-observed gravity relation. (B) Accurate estimation of Moho density contrast by
robust regression.
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between the Moho depth of CRUST1.0 model and the
topography is 0.832.

The study area exhibits varying Moho depths, ranging from
19.8 to 72.7 km, with an average depth of 47.4 km. Specifically, LB,
QTB, and KB regions typically demonstrate Moho depths within the
range of 60–70 km, while QDB displays a broader range from 45 to
70 km, with depths near the center of QB reaching 50 km. In
Figure 10A, the Moho topography of profile A-B is depicted,
revealing depth values ranging from −55 to −46.6 km, which
aligns with the findings reported by Teng et al. (1995). Notably,
the central region of QB exhibits an elevated Moho topography
compared to its surroundings. In contrast, TB is observed as
independent of the TP, as indicated by Burchfiel et al. (1989).
Figure 9 illustrates that the TB has Moho depths ranging from
38 to 50 km, with minimal Moho deformation within the basin and
overall insignificant undulations. These characteristics can be
attributed to TB’s low-temperature thermal structure and greater
lithospheric strength, as suggested by Wang (2001) and Sun et al.
(2013). The Moho topography of profile C-D exhibits depths
ranging from −48.3 to −38 km. The central region of TB shows
Moho depth at approximately −47 km, while the margins of the TB
display depths at around −40 km. Notably, the Moho on both the
north and south sides of TB has experienced uplift compared to the
center. Apart from WKM and TM in the north, the HB region is
greatly influenced by plate compression (Aitchison et al., 2007).
Figure 9 shows that the Moho depths in the HB ranging from 30 to
70 km, exhibiting more intenseMoho relief. Moreover, themantle in
the southwestern part of the HB is uplifted to an average depth of
about 35 km. The Moho topography of profile E-F shows depth
values ranging from −64.5 to −34.4 km.

In this study, the CRUST 1.0 model is utilized as a primary
Moho topography model. The study area exhibits Moho depths
ranging from 26.5 km to 80.0 km, with an average depth of 49.8 km.
Notably, the Moho discontinuity in central TP is deeper than that in
surrounding areas. Specifically, LB, QTB, and KB demonstrate
Moho depths at approximately 75 km, while QDB exhibits an
elevated depth of around 55 km. It is important to highlight that
the CRUST 1.0 model inadequately determines the position of the
undulating boundary due to its limited spatial resolution. This
limitation is also evident in the WKM, TM, AF, HF, and LF
regions. Furthermore, it illustrates that the Moho topographic
uplift observed in TB and QB is not adequately represented in
the CRUST 1.0 model.

To validate the accuracy of the Moho topography model, we
compare our model, the CRUST 1.0 model (Figure 11A) and Xu
et al.’s model (Figure 11B) with the seismic validation points, as
shown in Table 2. The maximum and minimum differences
between the CRUST 1.0 model and the validation points
(C-V) are 2.3 and −12.8 km, respectively. The maximum and
minimum differences between Xu et al.’s model and the
validation points (X-V) are 2.0 and −13.6 km, respectively.
Meanwhile, the maximum and minimum differences between
the Moho topography model in this study and the validation
points (T-V) are 4.8 and −4.4 km, respectively. These results
demonstrate that our Moho topography model closely aligns with
the validation points. Furthermore, the root mean square (RMS)
values of the C-V, X-V and T-V are 5.8 km, 6.4 km and 3.0 km,
respectively. The nearly twofold difference between these two
RMS values further confirms that our Moho topography model is
more accurate than the CRUST 1.0 model.

FIGURE 9
Moho topography of the TP.
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5 Discussions

The internal structure of the QB needs to be discussed. Yang et al.
(2021) proposed a distinct Conrad andMoho discontinuity between the
eastern and western parts of QB, which is corroborated by Figure 9 and
Figure 10A. Notably, there is visible Moho undulation between the
southern sections of QB and KB. We suggest that this phenomenon is
primarily attributed to the lateral heterogeneity of crustal strength in the
region, leading to differential crustal deformation in QB and KB, as
supported by the findings of Zhu and Helmberger (1998). Additionally,
the Moho undulation in the southern part of QB is significantly
influenced by the down-plunging of the mantle lithosphere, as
suggested by Meyer et al. (1998), Zhou et al. (2006), and Yin et al.

(2008). Pei et al. (2022) further highlight significant distinctions in the
internal tectonics and physical properties between QB and TB.
Specifically, the crust of QB exhibits lower plasticity in terms of
strength and deformation, which extends from the basin perimeter
to the center, as depicted in Figure 9.

Regarding the junction between the southern side of TB and the
northern part of TP (WKM and AF lineaments), Levin et al. (2013)
proposed the existence of prominent upper-mantle anisotropy features
at this location, with similar deformation directions observed within the
upper mantle of the southern side of TB and the northern part of TP.
Pusok and Kaus (2015) suggested that some of the plate driving forces
generate gravitational potential, leading to the formation of the northern
and southern ranges in TP and causing the upward uplift of the mantle,

FIGURE 10
Moho topography of profiles AB (A), CD (B) and EF (C). The horizontal axis denotes the distance, while the vertical axis represents the height/depth. In
each figure, the green line is the Moho topography of our model, the red line is the Moho topography of the CRUST1.0 model, and the blue line is the
topography.
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as also depicted in Figure 10B. Therefore, we conclude that the plate
driving forces between the TP and TB result in the mantle uplift in the
southern part of TB. However, due to the high structural hardness of the
TB block, this plate driving force cannot sustain the continued uplift of
themantle in this region, leading to an east-west extensional deformation
force. Furthermore, Figure 9 and Figure 10B show that the Moho depth
in the northern part of TB is approximately 41 km, while the Moho
depth of the TM is around 60 km. Junmeng et al. (2003) suggested that
the rapid uplift of TM is primarily caused by the northward subduction
of the upper mantle of TB, which is highly consistent with the findings
presented in Figure 9. Thus, it is evident that TB’s northwardmovement
under the compression from the Indian plate, subducting near the TM,
plays a significant role in the thickening of the TM’s crust.

Previous studies (Li et al., 2014; He et al., 2018; Mandal et al., 2021)
provided evidence for the subduction of the Indian plate beneath the
Eurasian plate, as indicated by the steep decrease in Moho topography
within the range of 250–420 km from point E in Figure 10C.
Furthermore, Figure 10C illustrates significant mantle uplift near HB
and LB, located at distances of 250 km and 570 km from point E,
respectively. The extent of uplift is more extensive in the LB with a
covering distance of approximately 350 km,while it spans approximately
180 km in the HB. This nearly symmetrical phenomenon is suggested to
be a result of the relative forces generated by the compression between
the Indian and Eurasian plates, with variations in their impact due to
differences in tectonic strength and other factors. Figure 10C also shows

that the uplift of the mantle correlates well with the uplift of the
topography from point E to F, as well as near TM, WKM, and AF.
It is speculated that the interplate forces alone are insufficient to sustain
continuous mantle uplift, and a portion of these forces is dispersed,
resulting in the uplift of the topography.

Furthermore, it is evident that HB and QDB exhibit significant
Moho undulations, indicating their ongoing tectonic activity under the
influence of plate motion. In contrast, the topography of Moho in LB,
QTB and KB is not very undulating, and the influence of plate
movement is not obvious. Due to the relatively weak lithospheric
strength of QDB, it is speculated that KF is still moving northward.
Additionally, AF may undergo lateral extension in the future due to the
insufficient driving force and blockage of TB. Tian et al. (2021) argued
that the crust of the Longxi Basin is hard and the expansion of the TP to
the northeast is unlikely, which coincides with our Moho topography,
and therefore the deformation of the HF is not drastic. The MF and JF
have theMoho depth of 60 km, and we suggest that both the thickening
of Moho topography and the presence of the MF and JF are formed by
the decoupling of the upper crust from the lower andmiddle crust in the
central and southern TP, which is similar to the view of Xue et al.
(2021). Tapponnier et al. (2001) proposed that the interaction of faults
and oblique tectonics is responsible for the uniqueMoho topography of
the TP. Comparing the Moho topography, we categorize the faults into
three kinds. The first type of faults, such as MF and JF, whose action
does not result in significant undulation of the Moho topography on

FIGURE 11
Moho topography of CRUST1.0 model (A) and Xu et al. (2017) (B).

TABLE 2 Statistics of the Moho depth differences between this study and CRUST1.0 (unit: km). MAX, MIN, MEAN, STD, and RMS are the maximum, minimum,
average, standard deviation and root mean square, respectively.

Statistics MAX (km) MIN (km) MEAN (km) RMS (km) STD (km)

This study (T) 72.7 19.8 47.4 — —

CRUST 1.0 (C) 80.0 26.5 49.8 — —

Xu et al. (2017) (X) 77.2 23.4 49.8 — —

Validation points (V) 68.0 53.4 59.9 — —

C-V 2.3 −12.8 −4.4 5.8 3.9

X-V 2.0 −13.6 −4.2 6.4 5.0

T-V 4.8 −4.4 0.3 3.0 3.0
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either side. The crust on both sides of this type of faults is of comparable
hardness and more stable tectonics. The second type of faults, such as
AF, HF, and LF, whose action results in a distinctly undulating Moho
topography on both sides. In this case, the crust on the thin side is
harder, and the extrusion of the soft crust side into the hard crust side
results in this type of faults extending sideways instead of vertically. The
third type of fault, such as KF, whose action causes the Moho
topography to undulate on both sides, but the undulation is not
significant. In this case, the crust is softer on the thin side and the
hard crust side extrudes into the soft crust side, which results in strong
deformation of the crust in the vicinity of the fault.

6 Conclusion

In this paper, in order to obtain a more accurate Moho topography
model of the TP, we make improvements in two aspects. On the one
hand, the gravity effect brought by the crust is considered, and wavelet
multi-scale analysis is utilized to eliminate its influence. On the other
hand, an adaptive linear inversion method is used to estimate more
accurate mean Moho depth and crust-mantle density contrast. On this
basis, we invert for the Moho topography model of the TP. The Moho
topography results show that the Moho depths in the study area are
ranging from 19.8 to 72.7 km. Among them, theMoho depths in the LB,
QTB, and KB regions are generally in the range of 60–70 km, while the
QDB is ranging from 45 to 70 km, with depths of up to 50 km close to
the center of the QB. TheMoho depths in the TB are ranging from 38 to
50 km, and those in the HB are ranging from 30 to 70 km. It shows that
there are significant disparities in Moho topography distribution
between QB and TB. Moreover, there are noticeable discontinuities
in the Moho topography between the east and west of QB. There is
limitedMoho deformation in central TB, while Moho uplift is shown on
the north and south sides of TB.Mantle uplift and topographic uplift can
be observed near TM, WKM, AF, and HB. It is speculated that the
interplate forces are inadequate to sustain the continued mantle uplift,
and a portion of the forces transform into east-west extensional
deformation, thereby causing the topographic uplift. In addition, our
Mohomodel is more accurate than the CRUST 1.0model as the RMS of
our model is 2.8 km less than that of the CRUST 1.0 model.
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