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Abstract 
To reveal the spatial distribution of major active faults and structural discontinuities in the 

Himalayan-Tibetan orogen, this paper presents wavelet multiscale analysis of the Bouguer gravity 
field and solves the total horizontal derivatives of each wavelet detail. The results show that, in 
general, the crustal discontinuities on the Pamir Plateau and in the Himalayan tectonic zone are 
significant. On the northern margin of Tibet, active faults are mostly visible only in the deep crust. 
In eastern Tibet, crustal discontinuities decrease as depth increases. The Himalayan crust is 
undergoing E-W extension, and material discontinuities are significant along N-S-trending normal 
faults. The Sangri-Nacuo fault is the tectonic boundary between the Himalayan tectonic zone and 
the eastern Himalayan syntaxis and cuts off the entire lithosphere of Tibet. The spatial structural 
distributions of the western and eastern Himalayan syntaxes are very different. The former is 
relatively intact and extends deeper in the lithosphere, while the latter is more complex and 
shallower than the Mohorovicic discontinuity, and its overlying crust has deformed intensely from 
the collision between the Indian and Eurasian plates. Further, the structural distribution in the 
upper mantle reveals that the wedging Indian plate in the western Himalayan syntaxis almost 
reaches the SW margin of the Tarim basin and forms a closed structure in western Tibet, which 
could help to explain the eastward extrusion of the Tibetan Plateau.     

1 Introduction 
The Himalayan-Tibetan orogen is the primary part of the intercontinental deformation zone in 

the India-Eurasia collision system. It is composed of the Tibetan Plateau and the Pamir Plateau. 
The former is the youngest plateau in the world, while the latter exhibits geodynamic processes 
comparable to those of the Tibetan Plateau (Li et al. 2008; Bhatti et al. 2018; Burtman and Molnar 
1993; Schwab et al.2004; Burtman 2013; Pan et al.2018; Wu et al.2020). The Cenozoic tectonic 
evolutionary processes and kinematic characteristics of the Himalayan-Tibetan orogenic zone are 
mostly expressed by the development of complex fault systems, folds and blocks (Li et al. 2020. 
Dong et al. 2020; Gao et al. 2020; Yang et al. 2020; Zhang et al. 2016; Liang et al. 2013; Li et al. 
2018; Ansberque et al. 2018; Wang et al. 2001; Chen et al. 2004). How these structures 
accommodate the convergence between the Indian and Eurasian plates is the key to revealing both 
the collisional process between the two plates and the mechanisms of tectonic evolution (Ge et al. 
2015; Holt et al. 1995, 2000; England et al. 1986). There is long-term controversy regarding the 
roles of active faults in the process of tectonic evolution. Some scholars argue that active faults 
are very important because they separate the crust into a series of rigid blocks, and crustal 
deformation of the study area is mainly accommodated by activity along these major faults 
(Molnar et al. 1975, 1984; Tapponnier et al. 1982; Chung et al. 1997). Others argue that the 
principal characteristics of crustal deformation in the study area are continuous and widely diffused. 
Active faults have a very limited role in adjusting the process of present-day crustal deformation 
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(England and Mckenzie,1982; England and Molnar, 1990; Vilotte et al. 1982; Houseman and 
England, 1986; 1993). Therefore, the detailed spatial distribution of active faults and structural 
discontinuities in the lithosphere is the key to understanding the role of active faults in the process 
of regional crustal deformation and tectonic evolution. 

The Bouguer gravity anomaly is the superimposed effect of all geologic elements with different 
scales, densities and depths (Li W., 2019). Because of the very limited extents of active faults 
within the lithosphere, we utilized the wavelet multiscale decomposition technique to distinguish 
the contributions of gravitational sources at different depths (Yang et al. 2001; Xu et al. 2015) and 
then calculated the total horizontal derivative (THD) on each wavelet transform detail to reveal 
the spatial distributions of active faults and structural discontinuities at different depths in the study 
area. 

2 Bouguer gravity anomalies at different depths 
Based on the free-air gravity anomaly provided by Sandwell et al. (2014), we utilized the 

FA2BOUG program (Fullea et al. 2008) to obtain the Bouguer gravity anomaly of the study area. 
Thus, to reveal the characteristics of the gravity field and infer the corresponding tectonic features 
at different depths in the study area, we performed a 7th-order wavelet decomposition on the 
Bouguer gravity anomalies using a biorthogonal 3.1 wavelet (bior3.1) and then evaluated the field 
source depth using the radial power spectrum algorithm. Further, we established the spherical MQ 
model (Hardy,1976) on each wavelet detail and solved the THD, which has a higher accuracy than 
the VDR (vertical derivative) method when dealing with the potential field on grid points (Wang 
et al. 2009). To facilitate the understanding of the relationships between the tectonic setting and 
lithospheric discontinuities, we present an active tectonic map (Figure 1) of the study area based 
on the studies of Taylor and Yin (2009), Deng et al. (2007) and Schurr et al. (2014). The wavelet 
decompositions of Bouguer gravity anomalies are shown in Figure 2, and the corresponding field 
source depths are listed in Table 1. 
 

Figure 1. Major active faults related to the Himalayan-Tibetan orogenic zone 
(Strike-slip faults: ATF, Altyn Tagh fault; AplF, Apalong fault; AnhF, Anninghe fault; BtF, 
Batang fault; CF, Chaman fault; DlsF, Daliangshan fault; GlgF, Gaoligong fault; HF, Herat fault; 
HyF, Haiyuan fault; JsjF, Jinshajiang fault; JlF, Jiali fault; TF, Talas-Fergana fault; KKF, Karakash 
fault; KF, Karakorum fault; KYS, Kashgar-Yecheng transfer system; LGF, Longmu-Gongzha 
fault; NjF, Nujiang fault; NthF, Nantinghe fault; SF, Sagaing fault; SKF, Sarez-Karakul fault; 
XshF, Xianshuihe fault; YnxF, Yunongxi fault. Thrust faults and fold-thrust belts: BFB, 
Burmese fold belt; LmsT, Longmenshan thrust; MCT, Main Central thrust; MFT, Main Frontal 
thrust; PTS, Pamir thrust system; QNT, Qilian Nanshan thrust; SMTS, Sarez Murghab thrust 
system; STT, Southern Tianshan Thrust; TTS, Tanymas thrust system. Normal faults and 
extensional structures: ALAF, Alucuo-Lamucuo-Aguocuo fault; CPF, Cangmucuo-Palongcuo 
fault; GM, Gurla-Mandhata detachment; SDGF, Shuangban-Dangruoyongcuo-Gucuo fault; SNF, 
Sangri-Nacuo fault; YGF, Yadong-Gulu fault; XSDF, Xiangcuo-Shenzha-Dingjie fault. Suture 
zones: AMS, Anyimaqen-Kunlun-Muztagh suture zone; BNS, Bangonghu-Nujiang suture zone; 
JS, Jinsha suture zone; RE, Rushan-Pshart suture zone; SSZ, Shyok suture zone; YZYS, Yalu-
Zangbo suture zone.) 

As shown in Figure 2, the 1st- to 5th-order wavelet details (Figure 2(a) to Figure 2(e)) clearly 
reflect the tectonic boundaries of the orogenic zone. The Bouguer gravity anomalies of the Pamir 
Plateau, Tian Shan range and tectonic boundaries of the Tibetan Plateau are relatively complex. 
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Positive and negative anomalies are alternately distributed and reflect evident features of the 
tectonic boundaries that separate the Himalayan-Tibetan orogenic zone from its surrounding 
structures. Such complexity is mainly related to the uneven density of the upper crust. As the depth 
of the field source increases, under intense tectonic activity, widespread metamorphism occurs in 
the sedimentary structures. Therefore, the complex gradient belts of Bouguer gravity anomalies 
tend to connect into larger pieces, and the complexity of the Bouguer gravity anomalies is reduced. 
At a depth of 17 km (Figure 2(e)), the anomalies show a regular distribution between positive 
values and negative values, which is obviously related to the spatial distributions of major active 
faults exposed at the Earth’s surface. The elongated belts of high positive gravity anomalies are 
distributed along the MFT (main frontal thrust), ATF (Altyn Tagh fault) and KKF (Karakash fault) 
on the southern and northern margins of Tibet. 

The spatial distribution characteristics of Bouguer gravity anomalies change significantly 
when the depth increases further, and the structural configurations become more indistinct. In 
Figure 2(f), corresponding to the bottom of the crust, the negative anomalies are mostly distributed 
at the eastern and western ends of the Tibetan Plateau, such as the MFT near the WHS (western 
Himalayan syntaxis), the KKF and ATF of northwestern Tibet, the southern segment of the YGF 
(Yadong-Gulu fault) and JlF (Jiali fault), and the NjF (Nujiang fault) and BFB (Burmese fold belt) 
near the EHS (eastern Himalayan syntaxis). Negative anomalies distributed along the YGF, 
southern BFB and NjF appear from the shallow crust to the deep crust. The volcanic rocks 
distributed in the shallower crust could not form such spatial patterns. This indicates that the 
negative anomalies mostly result from crustal stacking or folding of the Mohorovicic discontinuity. 
In addition, in the mid-Himalayas between 75°E and 90°E, the anomalies are close to zero, whereas 
the BNS (Bangong Nujiang suture zone) and its northern lithosphere exhibit significant positive 
anomalies. This pattern indicates the existence of a broken subducted or subducting plate. 

Compared with the overlying crust, the materials are obviously redistributed and readjusted at 
a depth of 136 km in Figure 2(g). The Bouguer gravity anomalies are significantly related to the 
spatial distributions of major active structures. There are two significant positive gravity anomalies 
in the study area. One corresponds to the Tarim basin, and the other corresponds to the Indian plate 
close to the WHS that forms an evident wedging feature. The northern boundary of the latter is the 
SSZ (Shyok suture zone), and its western boundary is highly in accordance with the CF (Chaman 
fault) and Quetta valley. The CF is widely recognized as a tectonic boundary between the Indian 
plate and Eurasian plate in this region. These two positive regions seem to collide with each other, 
and the NW-SE gradient belt of negative gravity anomalies between them is intensely squeezed. 
This negative anomaly continuously covers the entire Pamir, western Tian Shan and western Tibet. 
In the Tian Shan range, this negative gradient belt is cut off by the TF (Talas-Fergana fault), and 
in Tibet, it tends in the direction of the KF (Karakoram fault), which separates the Pamir Plateau 
and Tibetan Plateau structurally. Farther east, this negative gradient belt is divided into two 
narrower belts, the YZYS (Yalu-Zangbo suture zone) and western JS (Jinsha suture zone). In 
addition, the Shan Plateau and Sichuan-Yunnan tectonic zone show significant negative Bouguer 
gravity anomalies. Near the EHS, the positive anomalies form a narrow belt distributed along the 
JlF, NjF and BFB, and the southern end of the YGF also exhibits significant positive anomalies. 

Figure 2(h) shows the wavelet approximation of the entire study area, which relates to the 
material distribution in the deep Earth. Compared with those in the overlying lithosphere, the 
significant negative Bouguer gravity anomalies further tend to the northeast, and the negative 
gravity anomalies of the NW Pamir and Himalayan tectonic zones are close to zero. This reveals 
that crustal and mantle materials are squeezed into the Tarim basin and northern Sichuan-Yunnan 
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tectonic zone, where the characteristics of negative anomalies are evident. 
 
Figure 2. Wavelet decomposition of Bouguer gravity anomalies. (a)~(g) are the 1st- to 7th-order 

wavelet transform details. (h) is the 7th-order wavelet approximation. 
Table 1. The estimates of approximate field source depths 

Number of order 1 2 3 4 5 6 7 
Field depth (km) 0.5 2.5 6.5 10 17 85 136 

3 Edge recognition on wavelet transform details 
Discontinuities in lithospheric materials and active fault distributions at different depths can 

be clearly recognized by the maximum values of the THDs. In Figure 3, the THD values of the 
boundary zone between the Indian plate and Eurasian plate are higher than those of the northern 
crust. On the Pamir Plateau, the maximum values are mainly distributed along its boundary 
structures, such as the KYS (Kashgarr-Yeshgar transfer system), KF, SSZ and western segment of 
the PTS (Pamir thrust system). The global maximum values are mostly located in front of the 
Nanga-Parbat of the WHS. In addition, the Pamir Plateau can be divided into two subunits by the 
N-S-trending Sarez-Karakul fault (SKF). In the western Pamir, the maximum values are more 
obvious than those in the east, which indicates that the crust in the western Pamir is much more 
broken than the eastern crust. On the Tibetan Plateau, the maximum THD values are mainly 
distributed within the Himalayan tectonic zone south of the KF and YZYS. The THD values over 
the GM (Gurla-Mandhata detachment) and along a series of N-S-trending normal faults, such as 
the SDGF (Shuangban Dangxiong Gucuo fault), XSDF (Xiangcuo Shenzha Dingjie fault), and 
SNF (Sangri-Nacuo fault), are much higher than those of the crust of the immediate neighborhood. 
On the eastern boundary of the Tibetan Plateau, the intersection position of the AplF (Apalong 
fault) and JlF in the EHS as well as the NjF and XshF (Xian Shui He fault) and the 
intersection position between the AnhF (An-Ning-He fault) and DlsF (Daliangshan fault) also 
exhibit evident material discontinuities, which indicate the presence of structural discontinuities 
along the abovementioned structures. 
 

Figure 3. Distributions of the total horizontal derivatives at 0.5 km depth 
In Figure 4, the discontinuities along the QNT (Qilian-Nanshan fault) on the northeastern 

margin of the Tibetan Plateau appear, which are not evident in the shallower crust. In the western 
Pamir, the maximum values of THDs become more significant and widespread, whereas the 
tectonic discontinuities between the Pamir Plateau and the Tarim basin are evident because the 
maximum values of THDs along the KYS are significant. On the Tibetan Plateau, the structural 
discontinuities along the mid-Himalayan rise as well as the maximum values of THDs are still 
concentrated on the GM and N-S normal faults. On the eastern boundary of the Tibetan Plateau, 
crustal discontinuities along the JlF between the YZYS and AplF (Apalong fault) are significant. 
In addition, the NjF, JsjF (Jinshajiang fault), YnxF (Yunongxi fault), AnhF, XshF and LmsT 
(Longmenshan thrust) become more evident than they are in the shallower crust. 
 

Figure 4. Distributions of the total horizontal derivatives at 2.5 km depth 
In Figure 5, the crustal discontinuities are much smaller than the those in the overlying crust 

according to our calculation. In the Tian Shan range, crustal discontinuities are still not evident 
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except in Aksu, China. The maximum values of THDs in the western Pamir are significant, and 
the gradient belt extends farther southward into the Hindu Kush area. The material discontinuities 
near the WHS are mostly limited to the south of the RE (Rushan Pshart suture zone) and widely 
continuous according to our calculation. The structural discontinuities between the Pamir Plateau 
and the Tarim basin become indistinct. On the Tibetan Plateau, crustal discontinuities in the 
Himalayan tectonic zone are more evident than those in northern Tibet. Only the KKF, ATF and 
QNF exhibit certain extents of structural discontinuities. In addition, the AMS (Anyimaqen-
Kunlun-Muztagh suture zone) between the Qaidam basin and the Tibetan Plateau is partly evident 
according to the maximum values of the THDs. In the Himalayan tectonic zone, the maximum 
values along the N-S-trending normal faults decrease, except for those in the crust west of the GM 
and east of the SNF. In eastern Tibet, the crustal discontinuities of the EHS are as evident as those 
of the WHS. The NjF, BtF (Ba Tang fault) and JsjF are still notable according to the distribution 
of maximum THD values. 
 

Figure 5. Distributions of the total horizontal derivatives at 6.5 km depth 
In Figure 6, the maximum values of the THDs in the Pamir Plateau decrease and vanish. The 

current depth is close to the crystalline basement of the plateau. This indicates that the crustal 
materials of the basement are relatively intact. The maximum values of the THDs are mostly 
distributed over the WHS and SSZ, and the western segment of the PTS exhibits a degree of 
discontinuity. The distribution of maximum values in the Himalayan tectonic zone is relatively 
homogeneous, and differences in crustal discontinuities among the western, middle and eastern 
segments of the Himalayan are not as obvious as those in the overlying crust. The GM and the 
southern segments of the N-S-trending normal faults, including the ALAF (Alucuo-Lamucuo-
Aguocuo fault), CPF (Cangmucuo-Palongcuo fault) and XSDF, which are divided by the MCT, 
exhibit significant crustal discontinuities. In addition, the southern end of the YGF and its eastern 
structures, such as the YZYS, SNF and MCT, exhibit evident crustal discontinuities. The THD 
values along the JlF and AplF near the EHS decrease, and only the frontal great bend of the YZYS 
exhibits a degree of crustal discontinuity. In eastern Tibet, the maximum values are distributed 
discretely at almost the same latitude from the NjF in the west to the AnhF in the east. Further, 
crustal discontinuities in the western crust of the LmsT are obvious. 
 

Figure 6. Distributions of the total horizontal derivatives at 10 km depth 
In Figure 7, the crustal discontinuities are mostly concentrated in several separate parts of the 

boundary zone between the Indian and Eurasian plates. On the Pamir Plateau, the maximum values 
of the THDs in the E-W direction are mainly distributed in front of the WHS, from the SSZ to the 
KKS. In the Himalayas, crustal discontinuities are more evident near the KF, southern segments 
of the ALAP and southern CPF, and they are cut by the MCT and eastern SNF. The distribution 
of maximum values of the THDs obviously decreases in eastern Tibet. Only very limited discrete 
maximum values are found near the EHS and the NW segment of the NjF. 
 

Figure 7. Distributions of the total horizontal derivatives at 17 km depth 
The spatial distribution characteristics of the THDs at depths of 85 km (Figure 8) and 136 km 

(Figure 9) are significantly different from those in the overlying crust (as shown in Figure 3-Figure 
7) and may correspond to the structural difference between the upper mantle and crust. Such 
variations can also be indicated by Figure 2. The mean depth of the Mohorovicic discontinuity is 
85 km in the study area according to our calculation, which also coincides with the result of Li et 
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al. (2018). In general, the characteristics of the tectonic discontinuities in the upper mantle are very 
different from those in the overlying crust. In Figure 8, the maximum values of the THDs are 
mainly distributed along the eastern and western margins of Tibet. The discontinuity along the HF 
(Herat fault) and RE in the southern Pamir exhibits leading-edge features of the subducting Indian 
plate. The discontinuities along the KKF, KF, LGF, ATF and XSDF are still evident at current 
depths, which indicates that these faults are major fracture structures that cut deep into the 
lithosphere. Note that the lithospheric materials between the Himalayan tectonic zone and the EHS 
are obviously separated by the SNF. The maximum values of the THD distribution in eastern Tibet 
exhibit significant material discontinuities in the EHS. In contrast with Figure 2(g), a continuous 
high positive gradient belt protrudes into the negative anomalies and separates the negative 
anomalies into several discrete segments. Such spatial patterns of both the Bouguer gravity 
anomalies and THD maximum values indicate that the widely distributed structural discontinuities 
in the EHS could be the result of both fault activity and crustal stacking or folding of the 
Mohorovicic discontinuity caused by the wedging Indian plate. 
 

Figure 8. Distributions of the total horizontal derivatives at 85 km depth 
The source depth in Figure 9 corresponds to the upper mantle in the study area. The spatial 

distributions of the maximum THD at this depth show a significant difference between the Pamir 
Plateau and Tibetan Plateau, and the tectonic discontinuities in the Pamir Plateau are much more 
significant than those in the Tibetan Plateau. In detail, the lithospheric discontinuities of the Pamir 
Plateau are mainly distributed north of the MFT and extend northeastward to the STT (Southern 
Tian Shan thrust), KYS and KKF, which form the western boundary of the Tarim basin and 
indicate the existence of structural discontinuities between the two major tectonic units. Such a 
pattern of maximum values exhibits the leading-edge characteristics of the subducting Indian plate. 
In the Tian Shan range, the maximum values of the THDs are mostly distributed west of the TF, 
which is also revealed by the spatial distribution of the Bouguer gravity anomalies shown in Figure 
2(g). In addition, the Tajik-Afghan basin and the Tarim basin are relatively intact compared with 
the Pamir Plateau. On the Tibetan Plateau, the pattern of maximum values is approximately 
elliptical; the major axes are consistent with the directions of regional tectonic structures and 
display evident clockwise rotation near the EHS. The most significant characteristic of eastern 
Tibet is that the maximum values form a gradient belt that is distributed along the GlgF (Gaoligong 
fault) and SF (Sagaing fault). 
 

Figure 9. Distributions of the total horizontal derivatives at 136 km depth 

4 Discussion 

4.1 Active faults and material discontinuities in the crust 
According to the model CRUST1.0 (https://igppweb.ucsd.edu/~gabi/crust1.html), the deposit 

thickness within the Pamir Plateau increases from 3 km in the south to approximately 6.5 km in 
the north. Therefore, Figure 3-Figure 5 primarily represent the discontinuities within sedimentary 
rocks of the Pamir Plateau. In Figure 3 and Figure 4, the maximum values of the THDs are mostly 
concentrated on the west side of the SKF in the Pamir Plateau, which is consistent with the 
distribution of regional hypocenters. Thus, the maximum values of the THDs in the western Pamir 
mostly represent crustal fragmentation. In addition, the distribution of maximum values in the 
western Pamir extends southward even into the Hindu Kush area (Figure 5). We infer that this 
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fractured crust is related to the gravitational collapse of sedimentary rocks from the western Pamir 
to the Tajik-Afghan basin, which is consistent with the research of Schurr et al. (2014). The 
material discontinuities along the PTS, as shown in Figure 3, Figure 5 and Figure 6, can be 
obviously tracked between the SKF and the Tajik-Afghan basin. Compared with the deeper crust, 
the crust shallower than 17 km mainly reflects the collision between the Pamir Plateau and Tian 
Shan range. According to Figure 6 and Figure 7, the basement of the Pamir Plateau is relatively 
intact since the maximum values of the THDs are mainly distributed along boundary structures 
such as the PTS, SSZ and WHS, among which the SSZ should be a deep active fault that cuts 
through the entire lithosphere. 

The current activity of the faults can also be inferred from the spatial distribution of the THDs. 
There are obvious maximum values distributed along the KF when the depth exceeds 0.5 km 
(Figure 3). This fault is blind at the surface of the Earth according to our calculation. Thus, it could 
be indicated that the KF is a major fault between the Pamir Plateau and the Tibetan Plateau, but its 
present-day activity might not be clear enough because its overlying structures are much less 
affected by its activity. This indication was proven by GPS observations that the slip rate along 
the KF is less than 5 mm/yr (Jade et al. 2004). The KYS between the Pamir Plateau and the Tarim 
basin should be a major deep fault that cuts through the entire lithosphere because the material 
discontinuity along this fault can be recognized in all wavelet details. The RE and KKF are more 
evident near the bottom of the regional basement, while their discontinuities are not evident in the 
shallower crust (as shown in Figure 3 and Figure 4). This indicates that their activity is relatively 
weak at present. 

In eastern Tibet, most faults are concentrated within the shallow crust except for the NjF. The 
discontinuities along the XshF are only revealed at depths below 6.5 km, which indicates that this 
fault is active (Yan et al. 2018) at present. Most faults in northern Tibet cut deep into the crust, 
and their influences on the material discontinuities in the upper crust are very limited. The 
maximum values of the THDs distributed in the Himalayan tectonic zone are mostly consistent 
with a series of N-S-trending normal faults, and the corresponding discontinuities along these 
faults are widespread in the crust. This pattern indicates that the E-W extension of southern Tibet 
is a commonly occurring phenomenon. In addition, the crustal discontinuities over the GM and 
along the SNF are significant and indicate that these two structures cut through the entire 
lithosphere. The crustal discontinuities along the WHS are discovered in both the basement and 
the overlying structures, while those in the EHS are mostly concentrated in the crust at depths 
below 10 km. Thus, this study reflects distinct characteristics between the WHS and EHS; the 
crustal deformation in the WHS involves both basement and cover structures, and the deformation 
in the EHS is relatively shallower. 

4.2 Active faults and lithospheric discontinuities in the upper mantle 
When depths exceed 85 km, as shown in Figure 8 and Figure 9, the patterns of the THDs are 

very different from those in the overlying crust. This indicates that the tectonic structures are 
distinct at the current depth due to the significant structural differences between the overlying crust 
and the upper mantle. The material discontinuities shown in Figure 8 are mostly related to the 
structural differences between the lower crust and the upper mantle, where these two distinct 
tectonic units appear alternately at a depth of 85 km. As discussed in 4.1, crustal discontinuities 
in the EHS are mostly distributed at depths below 10 km, whereas they become significant again 
at a depth of 85 km. Such spatial variations with depth in the EHS indicate a relatively complex 
tectonic structural distribution in which both the Mohorovicic discontinuity and the overlying crust 
might be strongly deformed by the intense collision between the Indian and Eurasian plates. 
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Among these faults, the SNF might be another major deep active fault in the study area. This fault 
forms an obvious tectonic boundary between the Himalayan tectonic zone and the EHS. The 
maximum values of the THDs at the current depth in the Pamir Plateau are mostly distributed 
between the RE in the north and the CF and MFT in the south. The CF and MFT are two widely 
recognized boundaries between the Indian plate and the Eurasian plate, which represent the leading 
edge of the subducting Indian plate (Figure 8); these boundaries indicate that the frontal area of 
the Indian plate in the western Himalayas has reached the SW margin of the Tarim basin, which 
is also proven by a study of seismic wave anomalies published by Li et al. (2008). 

In the upper mantle (Figure 9), the distributions of the THD maximum values are significantly 
different from those in Figure 8. The gradient belts of the THD maximum values are mostly 
concentrated in the Pamir Plateau, Hindu Kush, Sulaiman Range and WHS and exhibit significant 
leading-edge tectonic features. Given the contrasts in discontinuities between the EHS and WHS, 
the collision between the Indian plate and the Eurasian plate is deeper in the west and shallower in 
the east. The maximum values of the THDs distributed around the WHS reach the boundary of 
the Tarim basin and form a closed structure in western Tibet. This pattern can help to explain the 
mechanisms by which the Pamir Plateau and Tarim basin are moving northward at the same rate, 
which is revealed by GPS observations (Ischuk et al. 2010; Zubovich et al. 2016). Furthermore, 
the collision zone is closed in the west but open in the east. This supports the basic assumption 
that the structural closure in the west forms the boundary condition for the eastward tectonic escape 
of the entire Tibetan Plateau. 

5 Conclusions 
We studied the spatial distribution characteristics of major active faults and structural 

discontinuities in the boundary zone between the Indian plate and the Eurasian plate. The wavelet 
multiscale analysis technique and radial power spectrum algorithm were utilized in this paper to 
obtain the Bouguer gravity anomalies at different depths. Then, we calculated the THDs to 
recognize the discontinuities in the lithospheric materials that indicate the existence of major active 
faults and tectonic boundaries. The main conclusions of our study are as follows. 

1) The upper crust of the western Pamir is significantly fragmented, and such fragmentation 
might be caused by the gravitational collapse of sedimentary rocks from the western Pamir to the 
Tajik-Afghan basin. 

2) The crust at depths of 10 km to 17 km beneath the Pamir Plateau is relatively intact, 
whereas boundary structures such as the PTS, SSZ and WHS exhibit significant structural 
discontinuities. Among these faults, the SSZ is a deep active fault that cuts through the entire 
lithosphere. In addition, the PTS is mostly exposed to depths below 17 km. This result indicates 
that the collision between the Pamir Plateau and the southern Tian Shan might occur in the upper 
crust. 

3) In the Himalayan tectonic zone, the discontinuities along a series of N-S-trending normal 
faults as well as the GM are more evident than other structures, and the Himalayan crust is under 
evident E-W extension over a relatively wide range of depths. The SNF is another major fault that 
cuts through the entire lithosphere and forms the tectonic boundary between the EHS and the 
Himalayan tectonic zone in the upper mantle. 

4) The characteristics of spatial structural distributions are very different between the WHS 
and the EHS. On the one hand, the former penetrates deeper into the lithosphere than the latter. On 
the other hand, the structure of the former is relatively intact and can be clearly recognized in both 
the upper mantle and the overlying crust, whereas the latter is more complex; the crust and the 
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Mohorovicic discontinuity are both undergoing intense deformation due to the collision between 
the Indian and Eurasian plates. 

5) The leading edge of the subducting Indian plate in the upper mantle reaches the SW 
boundary of the Tarim basin and forms a closed structure in the west, which may help to explain 
the eastward tectonic escape of the Tibetan Plateau. 
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