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Abstract: Large fault belts often influence the paleo-geomorphic changes in basins and control
hydrocarbon accumulation and distribution in basins. Based on the gravity field model European
Improved Gravity model of the Earth via New techniques (EIGEN)-6C4, this study calculated the
residual Bouguer gravity disturbance of the Tarim Basin by using the minimum curvature method and
analyzed gravitational characteristics of major fault belts of the Tarim Basin. The residual Bouguer
disturbance exhibits linear residual Bouguer disturbance zones in the Tianshan Mountains, West
Kunlun, and the Altyn region, which is consistent with the spatial distribution of their related fault
belts. The regional Bouguer disturbance is related to crust–mantle boundary depth, which can be
used to roughly estimate crust thickness. Thus, we suggest that the crust–mantle boundary depth
order of major faults from deep to shallow is the Altyn region, West Kunlun, and Tianshan Mountains.
There is a discontinuity in the residual Bouguer disturbance of West Kunlun, which compares well
with the fault belt of West Kunlun. Furthermore, the residual Bouguer disturbance of the Tarim Basin
has a series of elliptical areas with a central positive disturbance located within the Bachu uplift and
other uplift structures. The residual Bouguer disturbance also reflects the position and distribution of
the major fault belts and the boundary of the Tarim Basin, which can provide guidance for dynamic
evolution analysis of large basins.

Keywords: Tarim Basin; faults; residual gravity disturbance; Bouguer gravity; minimum curvature

1. Introduction

The Tarim Basin is the largest basin in China. Its large-scale fault belts can affect
the changes in uplift and depression patterns of the basin and control migration and
accumulation of oil and gas in the basin [1–3]. Most fault belts of the Tarim Basin are
related to multiple stages of tectonic deformation. The collision of the Indian plate and
Eurasian plate caused a large-scale intercontinental deformation [4], particularly in Central
Asia and Southeast Asia where continuous convergence and tectonic escape occurred [5–7].
Spatially, the Tarim Basin is regarded as a stable block placed between two conjugate
Coulomb faults, one is the north dextral Tianshan fault, and another is the south sinistral
Altyn fault [8–10]. These faults have undergone a long orogenic evolution, as basin tectonic
activity rates [11,12], distribution characteristics of large fault belts [13–15], and simulation
of geodynamic processes in the Tarim Basin [16–18] are dependent on basin structural
analysis based on seismic data [17,19–22]. However, only limited attention has been paid
to studying the geological tectonics of the Tarim Basin using gravity data [23,24].
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Because of the space limitations of traditional seismic observations and ground gravity
observations, previous studies were unable to conduct fault structural analysis of the Tarim
Basin. Satellite gravity measurement can cover a wider and more complete range compared
with traditional ground observation methods, and it can derive gravity data and models
to cover the entire Tarim Basin. Faults may destroy structural continuities of a geological
body, thereby causing a lateral difference in density, which provides a possibility for using
gravity data to identify major faults in the Tarim Basin. In this study, we used the recent
gravity field model EIGEN-6C4 [25] to study the gravity disturbance of the Tarim Basin.

Observed gravity data are a superposition of gravity anomalies generated by density
bodies at different depths. Gravity separation methods are a key technique to separate
gravity fields (e.g., [26–28]) and improve gravity interpretation. At present, the commonly
used separation methods include the minimum curvature method [28,29], wavelet trans-
form, and spectrum analysis [26,27,30]. This study adopts the minimum curvature method
proposed by Briggs [31]. This method has the advantages of smooth separation and small
error [28], and it is suitable for the identification of basin structures [29]. The algorithm has
already shown practical applications for identifying the extent and boundary of basins and
distributions of large-scale faults [29,32–34].

In this study, we analyzed gravity characteristics of major faults of the Tarim Basin
and combine plate movement to further understand the faults and structural divisions
of the Tarim Basin. We arranged the paper in this way: In Section 2, we introduce a
geological overview of the Tarim Basin including the study area and major fault distribution,
gravitational data process, and gravity separation method. In Section 3, we analyze and
explain the distribution features of residual and regional gravity disturbance of the Tarim
Basin produced by using the gravity separation method. Furthermore, in Section 4, we
analyze the residual gravity fields of major fault belts and terrain uplifts of the Tarim Basin
in an effort to explain their geological background and formation mode by combining fault
distribution and plate movement in this area. Finally, we draw a conclusion in Section 5.

2. Data and Method
2.1. Geological Overview of the Tarim Basin

The Tarim Basin is located in northwestern China (37◦–42◦N), with an altitude range
of approximately 800–1300 m and an area of nearly 560,000 km2 (Figure 1). The basin is
in a rhombus shape, surrounded by the Tianshan orogenic belt in the north and west, the
Kunlun orogenic belt in the southwest, and the Altyn orogenic belt in the southeast. It is a
typical superimposed basin and the largest basin in China. The Tarim Basin has a typical
double-layer structure consisting of a Precambrian basement (pre-Neoproterozoic) and a
Late Neoproterozoic to Cambrian overburden [35], and it is suggested as a fragment of
the Rodinian supercontinent [36]. Currently, the main body of the Tarim Basin is covered
by the Taklamakan Desert, with outcrops of formations from the Precambrian, Paleozoic,
Mesozoic, and Cenozoic eras at its margins [16].

The multiple tectonic activities in the peripheral orogenic belt have caused some fault
belts related to the South Tianshan, West Kunlun, and Altyn orogenic belts in the Tarim
Basin [14]. The crusts on both sides of these faults are subducted under upper orogenic belts
due to structural compression, causing many orogenic belts to uplift rapidly. The changes
in uplift and depression patterns of the basin have undergone some multi-phase activity,
superimposed transformation, and large-scale fault belt transformation [1–3,37–39]. These
faults control the basin’s subsidence and deposition, uplift and denudation, and formation
of local structures, which cause crustal density redistribution and likely reflect in gravity
disturbance. A Late Mesozoic–Cenozoic alkali basalt layer extends from Kyrgyzstan and the
southwestern Tianshan Mountains [40] to northwest Tarim [41]. There is one largest uplift,
Bachu uplift, in the northwestern Tarim Basin. The current Bachu uplift is a large backthrust
structure, bounded by thrust faults and strike-slip faults on both sides [39,42]. The gravity
disturbance of this uplift structure is usually high due to the bulge of mantle material.
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Figure 1. Schematic diagram of the Tarim Basin structure (modified from Lin et al. [12]). 

The multiple tectonic activities in the peripheral orogenic belt have caused some fault 
belts related to the South Tianshan, West Kunlun, and Altyn orogenic belts in the Tarim 
Basin [14]. The crusts on both sides of these faults are subducted under upper orogenic 
belts due to structural compression, causing many orogenic belts to uplift rapidly. The 
changes in uplift and depression patterns of the basin have undergone some multi-phase 
activity, superimposed transformation, and large-scale fault belt transformation [1–3,37–
39]. These faults control the basin’s subsidence and deposition, uplift and denudation, and 
formation of local structures, which cause crustal density redistribution and likely reflect 
in gravity disturbance. A Late Mesozoic–Cenozoic alkali basalt layer extends from Kyr-
gyzstan and the southwestern Tianshan Mountains [40] to northwest Tarim [41]. There is 
one largest uplift, Bachu uplift, in the northwestern Tarim Basin. The current Bachu uplift 
is a large backthrust structure, bounded by thrust faults and strike-slip faults on both sides 
[39,42]. The gravity disturbance of this uplift structure is usually high due to the bulge of 
mantle material. 

2.2. Data 
The gravity data of the Tarim Basin used in this study were extracted from the gravity 

model EIGEN-6C4. The EIGEN-6C4 combines the Gravity Recovery And Climate Exper-
iment (GRACE), Gravity field, and steady-state Ocean Circulation Explorer (GOCE) sat-
ellite data, ground data, Danish Technical University 10 (DTU10) [43], and Earth Gravita-
tional Model 2008 (EGM2008) [44] available up to degree and order of 2190 [25]. The data 
were downloaded from the ICGEM website at a resolution of 0.2° and a height of 50 km 
above the GRS80 ellipsoid. Figure 2 shows the gravity disturbance distribution in the Ta-
rim area. 

Commented [M1]: Please replace the figure with 
this new one. 

Figure 1. Schematic diagram of the Tarim Basin structure (modified from Lin et al. [12]).

2.2. Data

The gravity data of the Tarim Basin used in this study were extracted from the gravity
model EIGEN-6C4. The EIGEN-6C4 combines the Gravity Recovery And Climate Experi-
ment (GRACE), Gravity field, and steady-state Ocean Circulation Explorer (GOCE) satellite
data, ground data, Danish Technical University 10 (DTU10) [43], and Earth Gravitational
Model 2008 (EGM2008) [44] available up to degree and order of 2190 [25]. The data were
downloaded from the ICGEM website at a resolution of 0.2◦ and a height of 50 km above
the GRS80 ellipsoid. Figure 2 shows the gravity disturbance distribution in the Tarim area.

First, the gravity disturbance (Figure 2a) is a result of removing the scalar gravity of
the ellipsoidal reference earth (normal earth) from the original gravity data. However, the
Bouguer effect and terrain effect remain in the gravity disturbance. Etopo1 data as shown
in Figure 2b (Amante and Eakins, 2009) was used to calculate these effects using a density
of 2670 kg/m3 for the continental crust and a radius of 160 km for topography integration.
By subtracting the topography effect (Figure 2c) from the gravity disturbance, the Bouguer
disturbance can be obtained (Figure 2d). The gravity disturbance and Bouguer disturbance
derived from EIGEN-6C4 and ETOPO1 data are available at http://icgem.gfz-potsdam.
de/home (accessed on 13 July 2002). The total gravity effect of the sediments (Figure 2e)
is removed from the Bouguer disturbance to produce the Bouguer disturbance corrected
from sediments (Figure 2f).

A large-scale sedimentary basin needs to eliminate gravity effect from sediments.
Because the density of the sedimentary layer in the study area is less than crust average
density, that causes overcompensation in Bouguer correction. In response to this problem,
the CRUST1.0 sediment model [46] was employed to calculate the gravity effect of sedi-
mentary layers at different depths (Figure 2e). The Bouguer disturbance shown in Figure 2f
is a result of the Bouguer disturbance of the Tarim Basin minus the gravity effect of the
sedimentary layer.

2.3. Method

Over the years, researchers have developed different potential field separation meth-
ods for basin structural analysis. This study adopts the minimum curvature method
proposed by Briggs [31]. This method has the advantages of smooth separation and small
error, and it is suitable for the identification of basin structures. Mickus et al. [29] used
the minimum curvature algorithm to separate Bouguer gravity data in the Virginia area
of the eastern United States and effectively identified the extent of the Richmond Basin
(Mickus et al. [29]). Since then, some researchers have used the minimum curvature algo-
rithm to investigate basin boundary division and structural unit feature [32–34], further
verifying that the method can effectively identify fault feature distributions and basin
tectonics. This study adopts the basic difference iteration formula of the 2D minimum
curvature method [28] as follows:

http://icgem.gfz-potsdam.de/home
http://icgem.gfz-potsdam.de/home
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u(s, t) = α0


[u(s + 2, t) + u(s − 2, t)]

+α1[u(s, t + 2) + u(s, t − 2)]
+α2[u(s + 1, t + 1) + u(s + 1, t − 1) + u(s − 1, t + 1) + u(s − 1, t − 1)]

+α3[u(s + 1, t) + u(s − 1, t)]
+α4[u(s, t + 1) + u(s, t − 1)]

 (1)

s = 1, 2, . . . , M; t = 1, 2, . . . , N

α =
∆x

∆y
, α0 =

−1
2
(
3 + 4α2 + 3α4

) , α1 = α4, α2 = 2α2, α3 = −4
(

1 + α2
)

, α4 = −4
(

1 + α2
)

α2

where ∆x and ∆y are the node distances in the x and y directions, respectively; M and N are
the number of nodes in the x and y directions, respectively; s and t are the serial numbers
in the x and y directions, respectively; and u(s, t) is the potential field value of the t-th node
on the s-th column.
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If lx = l × ∆x and ly = l × ∆y are used to represent the iteration step size, and the
average of all iteration results from the iteration step size of 1 to L are used as the smoothing
result, then there are:

u(k)(s∆x, t∆y
)
= 1

L ∑L
l=1 u(k)

(l)

(
s∆x, t∆y

)
=

α0
L

L
∑

l=1



[
u(k−1)
(l)

(
s∆x + 2lx, t∆y

)
+ u(k−1)

(l)

(
s∆x − 2lx, t∆y

)]
+α1

[
u(k−1)
(l)

(
s∆x, t∆y + 2ly

)
+ u(k−1)

(l)

(
s∆x, t∆y − 2ly

)]
+α2[u

(k−1)
(l)

(
s∆x + lx, t∆y + ly

)
+ u(k−1)

(l)

(
s∆x + lx, t∆y − ly

)
+u(k−1)

(l)

(
s∆x − lx, t∆y + ly

)
+ u(k−1)

(l)

(
s∆x − lx, t∆y − ly

)
]

+α3

[
u(k−1)
(l)

(
s∆x + lx, t∆y

)
+ u(k−1)

(l)

(
s∆x − lx, t∆y

)]
+α4

[
u(k−1)
(l)

(
s∆x, t∆y + ly

)
+ u(k−1)

(l)

(
s∆x, t∆y − ly

)]



(2)

Equation (2) is called an iteration format with an iteration step length of L (the maxi-
mum iteration step length). Among them, u(k)(s∆x, t∆y

)
and u(k−1)(s∆x, t∆y

)
, represent

the step size as lx = l × ∆x and ly = l × ∆y in the kth and k-1th iteration results, respec-
tively. Then, the non-in situ iteration format uses the k-1th iteration value u(k−1)(s∆x, t∆y

)
to calculate the kth iteration value u(k)(s∆x, t∆y

)
.

We designed a test model to validate the function of the minimum curvature algorithm
in the Annex. This test model is a forward mesh model that can roughly simulate the
subsurface structure of the Tarim Basin by considering similar gravity data resolution and
crust–mantle boundary depth. The detailed parameters and test process of the model are
discussed in the Annex. We examined the residual gravity field and regional gravity field of
the test model in an effort to determine their mode of formation. Our test results indicated
density difference in the margin of a lithosphere scale near-70 km depth density body can
produce two linear residual gravity anomalies (5–9 mGal) while a small-scale near-surface
density body can produce an elliptic residual gravity anomaly (over 10 mGal). However,
residual anomalies generated by different density bodies can superimpose and interfere
with each other. The residual gravity anomalies generated from a shallow density body
can make a small bias in anomaly distribution of the margin of a deep density body. Even
so, we can still evaluate subsurface density structure through the trend of linear residual
anomaly zones.

3. Results
3.1. Bouguer Disturbance after Separation

In order to analyze basin structure, we separated the Bouguer disturbance of the Tarim
Basin (Figure 2d) to obtain regional disturbance and residual disturbance (Figure 3) by
using the minimum curvature algorithm. This separation process is calculated in a spherical
coordinate system. After subtracting the smooth field value (the regional Bouguer gravity
field) from the initial Bouguer gravity field, we obtained the residual Bouguer gravity field.
In general, the regional disturbances are produced from a deep structure with large scale,
and residual disturbances are produced from a shallow structure and are of small scale.
These phenomena can be used to explain the regional disturbance and residual disturbance
in the Tarim Basin.

Firstly, the regional disturbance in the Tarim Basin and the Bouguer disturbance have
small numerical differences, and both are negative, with a disturbance range from −400 to
−200 mGal (Figure 3). The regional disturbance is an elliptical shape, and its long axis
direction is ENE. The regional disturbance of the Tarim Basin appears as a relatively high
value in the middle and low value in the margin. The overall appearance of the regional
disturbance is a wide and gentle disturbance zone, but it appears as a continuous tight
gradient zone near the Kunlun orogenic belt and Altyn fault zone. In addition, an elliptical
area with a high disturbance value appears in the Bachu uplift area.
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(a) Regional Bouguer disturbance and (b) residual Bouguer disturbance.

Secondly, the Bouguer residual disturbance in the Tarim Basin shows more complex
anomalous characteristics. There are two obvious linear positive and negative disturbance
zones along the Kunlun Mountains and the Altyn fault zone, both of which are consistent
with the outline of these faults. However, in the Tianshan Mountains, there are no obvious
linear disturbance zones. An obvious high-value area from the residual disturbance in
the basin is located in the Bachu uplift area, which is an elliptical shape, and its long axis
direction is WNW.

3.2. Bouguer Disturbance Corrected from Sediment after Separation

The sediment thickness in the basin is more than 10 km, and the excessive compensa-
tion caused by low-density sediments cannot be ignored. The minimum curvature algo-
rithm was used to separate the Bouguer disturbance corrected from sediment (Figure 2f),
and the regional disturbance and residual disturbance corrected from sediment were ob-
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tained (Figure 4). By comparing the separation results before and after correction, we can
observe and identify their differences.
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Figure 4. (a) The regional Bouguer disturbance corrected from sediment and (b) the residual Bouguer
disturbance corrected from sediment.

As shown in Figure 4, in the Tarim Basin, the corrected regional disturbance increased
significantly. Some changes have also taken place in the residual disturbance corrected
from sediment. The two linear residual disturbance zones on both sides of the Tianshan
Mountains fault belt changed from discontinuous in pre-correction to continuous in post-
correction, while the residual disturbance of the Kunlun Mountains and Altyn fault have
no obvious changes. The Bachu uplift still shows a high residual disturbance in the
basin. Except for the Bachu uplift, other uplifts, including the Tanan, Tabei, Tadong, and
Kuluketage uplifts also have a positive high residual disturbance.
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4. Discussion
4.1. Tianshan Orogen

The ETOPO1 map (Figure 2b) shows that elevation decreases rapidly from several
kilometers of the Tianshan Mountains to several hundred meters of the Tarim Basin. The
related regional gravity disturbance (Figures 3a and 4a) appears a wide and gentle gravity
gradient zone of 20 mGal/degree, on which there is no mirror image relationship between
the Bouguer gravity disturbance and the terrain. The Tianshan Mountains appear a large
negative value (−320–−200 mGal) of Bouguer gravity disturbance, which is attributable to
a lack of subsurface mass. Contrary to the Tianshan Mountains, the gravity disturbances of
the West Kunlun and Altyn Mountains have greater negative values (−440–−320 mGal),
indicating that the low-density crust is thicker in the West Kunlun and Altyn Mountains
and the crust–mantle boundary is shallower in the Tianshan Mountains [23].

The regional Bouguer disturbance of the Tianshan Mountains is 40 mGal lower than
that in the Tarim Block and its surrounding areas, indicating the crust of the Tianshan
Mountains is thicker than the surrounding area [47]. As indicated from our model test
(Annex), a 10 km thickness density body placed at 70 km depth with 0.45 kg/m3 of density
(0.45 kg/m3 is an assumptive density difference between crust and mantle) can produce
over 100 mGal regional Bouguer disturbance. This implies that 40 mGal of disturbance
difference is resulted by the crust–mantle boundary of the Tianshan Mountains having
a smaller relief than 10 km or its depth being deeper than 70 km. A tectonic-structural
model derived by seismic precise measurement proved that the crust–mantle boundary
of the Tianshan Mountains has a near 7 km high relief [17]. The evolution of the regional
gravity field of the Tianshan Mountains is related to the northward drift and rotation of the
Tarim Block, especially occurring in the active earthquake belts of the block [48]. Previous
seismological evidence shows that a part of the Tarim lithosphere is subducted under the
Paleozoic Tianshan Mountains [17,47], and the Tianshan Mountains suffer different stress
at the northern margin of the Tarim Block [14,18].

The Tianshan Mountains extend from eastern Xinjiang to Uzbekistan via Kyrgyzstan
and extend from east to west with a maximum altitude of 7439 m and an extension of more
than 2500 km. Some research on the timescale, event sequence, active lithospheric structural
geometry, and intracontinental orogeny of this mountain range in geological and geophysi-
cal surveys shows that Tianshan has a complex tectonic composition and evolution [49–52],
which has possibly caused its gravity disturbance to undergo multiperiod evolution.

A subduction dynamics mechanism shows that the Tarim crust is subducted under
the Tianshan Mountains [17]. The increase in the thickness of the crust at the northern
margin of the Tarim Block may be related to this process. The lack of mass (concave-
downward crust–mantle boundary) manifests itself as a large-scale negative regional
Bouguer gravity disturbance. In addition, the Tianshan Mountains are in an environment
of compression and subsidence of mantle convection. The asymmetry of north–south stress
may be superimposed by the thrust of the northward movement of the Qinghai–Tibet
Plateau. This stress distribution feature favorably supports the view that the lithosphere
of the Tarim Block subducts below the Tianshan Mountains [17]. The view explains the
generation of multiple reverse faults in the Tianshan area and the Late Paleozoic thrust
belt [53,54].

The residual Bouguer disturbances of the Tianshan Mountains (Figures 3b and 4b)
appear as linear negative and positive residual Bouguer disturbance zones on both sides
of the faults of the Tianshan Mountains along the northern margin of Tarim. These linear
zones reach 10 mGal of residual Bouguer disturbance, which is similar to that produced
by the margin of the near-70 km depth density body in the Annex, implying the forming
of the linear disturbance zones is in large part attributable to the density difference on
the margin of Tarim Block. These linear disturbance zones may be inherent geophysical
characteristics of some new-born orogenic belts formed by compression stress. The crust
blocks on both sides of Tianshan were squeezed and subducted under the Tianshan orogenic
belt, resulting in many brittle deformations between the northern margin of Tarim and
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the Tianshan orogenic belt [17]. Then, these brittle deformations formed the fault belt in
front of the Tianshan Mountain while undergoing differential movements. It is speculated
that the Tianshan orogen is weakened due to squeezing by its surrounding blocks, and
then the isostatic adjustment uplifts the orogenic belt and the whole piedmont area [17].
The fault belt in the Tianshan region is enclosed between the positive and negative linear
narrow residual disturbance zones. However, the linear residual disturbance zones are
incomplete before the correction from sediment (Figure 3b), indicating that the gravity
effect produced by the sedimentary layer has an influence on residual disturbance due to
the loose low-density sediment.

4.2. West Kunlun Orogen

The Kunlun Mountains are located above an active upper mantle, which is similar
to the Tianshan Mountains [23]. The regional Bouguer disturbance of the West Kunlun
has a larger negative value of −320–−400 mGal compared with the Tianshan Mountains
(see Figure 4a), which is a result of the lack of high-density materials, which largely de-
pends on the depth of the crust–mantle boundary. The larger negative value of the West
Kunlun implies a more than 45 km deep crust–mantle boundary than that in Tianshan
Mountains [17], which is proved by the previous gravitational estimation that the depth of
the crust–mantle boundary of the Kunlun Mountains is 56–58 km [24]. The regional distur-
bance decreases rapidly from the southwestern edge of the Tarim Basin towards the Kunlun
orogenic belt. The gravity gradient of the West Kunlun can reach near 50 mGal/degree,
indicating that the high-density mantle layer is sinking sharply. The thickened crust is in
large part caused by the flexural deformation of the rigid Tarim slab under the northward
squeeze of the Qinghai–Tibet Plateau and at the same time, the Tarim slab can subduct
toward the Kunlun Mountains and Tianshan orogenic belts, then forming a thrust belt from
southwest to northeast [55,56]. As indicated from previous seismic reflection data [17], the
lithosphere on the northwestern edge of the Qinghai–Tibet Plateau and the Tarim Block
had a collision beneath the Kunlun Mountains, which supports the phenomenon of the
Tarim Block subducting towards the northwestern edge of the Qinghai–Tibet Plateau on a
lithospheric scale. In addition to the conjugate fault belt in the northwest and southeast of
the Tarim Basin, the polarity of the Cenozoic thrust belt in the West Kunlun might have
played a key role in preventing the edge of related deformation from spreading downward
into the Tarim Block [57].

The residual Bouguer gravity map (Figure 4b) shows that the West Kunlun fault
belt is distributed along the long axis of a linear positive disturbance zone. The positive
disturbance zone near 10 mGal is larger than the residual disturbance of 6 mGal of the
Tianshan Mountains, implying the crust–mantle boundary of the West Kunlun has an over
7 km high relief in the West Kunlun. An observable discontinuity divides the linear positive
disturbance zone of the West Kunlun into two parts, the northwest part, and the southeast
part. The northwest part of the disturbance zone extends along the NW direction, and the
southeast part of the disturbance zone is along the NWW direction. The spatial stretching
direction of the disturbance zone is consistent with the stretching direction of the West
Kunlun Mountains, and the discontinuity of the positive disturbance zone also matches the
observable discontinuity of the West Kunlun fault belt.

4.3. Altyn Fault Zone

The regional Bouguer disturbance of the Altyn region also appears as a large negative
value of −300–−450 mGal and a gravity gradient of near 60 mGal/degree (Figure 4a).
From the southeastern margin of the Tarim Basin, through the Altyn orogenic belt and
then to the Qinghai–Tibet Plateau, the terrain rises rapidly while the regional Bouguer
gravity decreases sharply, indicating there is a thick mountain root in the Altyn region.
The Altyn is 50 mGal smaller Bouguer disturbance than the West Kunlun, implying the
crust–mantle boundary of the Altyn is deeper than the West Kunlun by 56–58 km. As
indicated by previous seismic imaging data, the Tarim Block, corresponding to an old, cold,
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rigid high-speed block, is regarded as a high-speed wedge inserting downward into the
Altyn region about 75 km depth along the southeast direction with an apparent inclination
angle of about 60◦ [58]. Due to the compression stress by the India–Tibet collision, the
rigid Tarim Block becomes bent and deformed and then subducts down towards the Altyn
orogenic belt. In the Mesozoic and Cenozoic eras, especially at the end of the Eocene,
the Eurasian and Indian plates began to collide and collage, and then continued to move
northward, causing the paleo-collision orogens such as the Altyn Mountains to uplift
rapidly [59]. Therefore, some deep and large faults were formed in the Altyn orogenic belt
and the piedmont area. The brittle deformation of the shallow layer may have led to a
decrease in the density and the lack of high-density mantle material caused the formation
of a negative regional Bouguer gravity disturbance zone.

The Altyn fault belt is located at the southeastern edge of the basin and the north-
western edge of the Qinghai–Tibet Plateau, trending along the ENE direction. The residual
disturbance of the Altyn region appears as two linear disturbance zones on both sides of
the Altyn fault (Figure 4b), a positive linear disturbance zone on the north side of the Altyn
fault, and a negative linear disturbance zone on its south side. The two linear disturbance
zones both extend along the northeastern direction, which is consistent with the whole
distribution trend of the Altyn fault. As Indicated by our subsurface 3D density model test
(see the Annex), the two near-10 mGal linear disturbance zones are in large part produced
by density difference in the boundary of deep density body and thus the mantle plume,
implying the boundary of the southeastern margin of the Tarim Block can be well-identified
by the linear residual disturbance zones.

4.4. Bachu Uplift

Intriguingly, there is a prominent elliptical area in the Bachu uplift characterized by a
positive value embedded within two negative values of residual disturbance (see Figure 4b),
indicating a crystalline basement may uplift in this area. The positive-value area is elliptical
and possesses a long axis trending toward the northwest direction. Furthermore, the faults
on either side of Bachu uplift nearly extend along the 2 mGal of the contour line of residual
Bouguer disturbance, which cannot be observed visibly in the Bouguer disturbance. As
indicated by the study in stratigraphic and geological evolution, the Bachu uplift is a large
back thrust structure, and it is bounded by thrust faults and thrust strike-slip faults on
both sides [39,42]. In addition, there is a Permian basalt over the Bachu uplift (see Figure 1)
produced by the underlying mantle plume [16,60], which may enhance the central positive
value of residual Bouguer disturbance of Bachu uplift.

From the scrutiny of the topographic profile (Figure 5a) along the line AB crossing
the Bachu uplift, the southwest point (point A) of the Bachu uplift is a high elevation
and has an elevation difference of just 200 m compared with its northeast point (point B),
implying the Bachu uplift is a flat plain. The Bouguer disturbance profile (Figure 5b) shows
there is an increase of 20–30 mGal in the center of the Bachu uplift, which is in large part
because of the slight uplift of the crust–mantle boundary and the high-density Permian
basalt [23]. The residual Bouguer disturbance profile of the Bachu uplift (Figure 5c) appears
an approximate symmetry along the central axis of the Bachu uplift, and the highest point
of the residual disturbance compares well with the center of the Bachu uplift.

In addition to the Bachu uplift, there are some other uplifts formed in the Tarim Basin,
including the Tabei uplift, Tanan uplift, Tadong uplift, and Kuluketage uplift. The Tabei
uplift, located on the northern edge of the basin, is about 400 km long and 80 km wide.
The Tabei uplift started to develop in the Early Paleozoic era, and it had an active stage
during a period from the Paleozoic to the Cenozoic. The Tanan uplift, Tabei uplift, Tadong
uplift, and Kuluketage uplift are all characterized by a central positive residual Bouguer
disturbance (can see Figure 4b), indicating that the residual Bouguer disturbance can be
used to estimate the position and the boundary of these uplift structures.
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5. Conclusions

We calculated the regional Bouguer disturbance and the residual Bouguer distur-
bance of the Tarim Basin by using the minimum curvature separation method. The major
results are:

(1) The residual disturbance shows two linear disturbance zones, positive and negative
disturbance zones, on both sides of the Altyn fault and the Tianshan fault belt respec-
tively. The linear residual disturbance zones of the Tianshan Mountains trend toward
the ENE direction and the linear residual disturbance zones of the Altyn trend toward
the NE direction, which is consistent with the stretching direction of their related
fault belts;

(2) The linear positive residual disturbance zone in the West Kunlun Mountains appears
an observable discontinuity, which coincides with the spatial distribution of the fault
belt of the West Kunlun. The discontinuity divides the linear residual disturbance
into two parts, the northwest part trending in the NW direction and the southeast
part trending in the WNW direction;

(3) The regional Bouguer disturbance is related to the depth of the crust–mantle boundary.
Although regional disturbance cannot precisely identify the depth of the crust–mantle
boundary, it can roughly estimate the crust thickness. The regional Bouguer distur-
bance suggests the depth order of crust–mantle boundary from deep to shallow is
the Altyn region, the West Kunlun, and Tianshan Mountains, which is proved by the
previous seismic study by seismic precise measurement;
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(4) The residual disturbance can estimate the position and boundary of the Bachu, Tanan,
Tabei, Tadong, and Kuluketage uplifts by exhibiting central positive disturbance with
an elliptical shape.

Overall, the residual gravity disturbance obtained using gravity separation shows
a visible lateral difference, which is related to the boundary of the Tarim Block and the
major fault belts in the Tarim Basin, indicating the relief of the crust–mantle boundary
has a large effect on the surface Bouguer disturbance, which is related with the collision
and deformation of the continental plates. However, some constraints exist in the gravity
separation method. Near-surface density bodies cause a small bias for distribution and
amplitude of linear residual gravity zones generated by the crust–mantle relief. Moreover,
some residual gravity anomalies produced by near-surface density bodies are easy to be
covered by deeper density sources due to their relatively small amplitude caused by their
small rock density or relatively deep density sources. We expect to improve the separation
method or add more constraints by combining extra data in the future.
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