
Aeromagnetic-Imaged Basement
Fault Structure of the Eastern Tarim
Basin and Its Tectonic Implication
Xingtao Kuang, Xiaoying Zhu*, Fangxin Ning*, Wei Li, Qifang Zheng, Bing Li and
Daoqing Zhou

China Aero Geophysical Survey and Remote Sensing Center for Natural Resources, China Geological Survey, Beijing, China

The property of the magnetic basement and the faults in the basement is significant for
structural evolution, the Phanerozoic deposition, and oil resource exploration of the Tarim
Basin. Based on the newly acquired aeromagnetic and industry seismic data, we mapped
the distribution of basement faults by applying magnetic gradient-processing methods
such as the horizontal gradient derivative, the first vertical derivative, the tilt derivative, and
the upward continuation method. The dips of basement faults were confirmed and the
susceptibilities of basement blocks were obtained by forward modeling of five profiles
using the constraint of sedimentary strata depth and Moho topography. On the basis of
comprehensive analysis of the magnetic anomalies, the distribution and inclination of
basement faults, and susceptibilities differentiation obtained by forward modeling and field
measurement, the property of the basement faults and their implication were discussed
and interpreted. Our results show that the origin of the Central Highly Magnetic Anomaly
Belt is highly magnetic Archean metamorphic rocks. The weakly magnetic Southeastern
Domain and highly magnetic Central Tadong Domain assembled along the Tadong South
Fault during the Paleoproterozoic. The Paleozoic Cherchen Fault is just an interior fault in
the weakly magnetic Southeastern Domain although it presents a large vertical fault
displacement. Considering the prominent variation of strikes of the Tadong North Fault
system, and the moderately magnetic anomalies in the Northeastern Mangal Domain
corresponding to the center of Neoproterozoic deposition, it is likely that the basement of
the Northeastern Mangal Domain modified by the Neoproterozoic rifting could be originally
the same as the basement of Central Highly Magnetic Anomaly Belt.

Keywords: Eastern Tarim Basin, aeromagnetic, profile modeling, basement fault, Neoproterozoic rifting,
Paleoproterozoic assembly

INTRODUCTION

The Tarim Basin is the largest basin in mainland China, and has a broad prospect for oil and gas
exploration. The long geological evolution history of the Tarim Basin is very complicated, and
different zones of the Tarim Basin have various structural deformation forms (He et al., 2016; Zhu
et al., 2017; Jiang et al., 2018; Morin et al., 2018; Wu et al., 2018; Laborde et al., 2019), therefore, the
Tarim Basin is an ideal region for research on plates convergence and breakup and interaction among
them (Dayem et al., 2009; Craig et al., 2012; Calignano et al., 2015). The distribution of basement
faults throughout the basin’s geological evolutionary history widely controlled the activities of blocks
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(Xu et al., 2002; Ma et al., 2009; Lin et al., 2015). Based on
previous researches (Kang, 2004; Xu et al., 2005; Cai, 2007; Wang
et al., 2009; Pu et al., 2011), some conclusions can be summarized
as below: early existing faults play an important role in
controlling the later fault and structural deformation;
magmatic rocks are mainly distributed along the basement
faults; and the basement faults can be traced and identified by
geophysical data and methods (Lin et al., 2015).

Although there have been a lot of studies on basement faults of
the Tarim Basin, some unsolved problems still exist. Some
researchers studied the basement faults by adopting only one
kind of geophysical method, such as the gravimetric method (Xu
et al., 2005; Hou and Yang, 2011), the aeromagnetic method (Xu
et al., 2002; Yang et al., 2012), and the seismic profiles
interpretation (He, 1995; Ji, 2008; Tang et al., 2012). However,
the industry seismic data are unable to map the deep basement
fault because of its signal attenuation, especially for high-angle
faults; the gravity anomalies can be caused by all the substance
below the subsurface, including the sedimentary cover, basement,
and Moho, and it is extremely difficult to distinguish the
anomalies caused by the basement from other factors. Indeed
a researcher synthetically utilized gravimetric data, aeromagnetic
data, and seismic profiles to identify basement faults (Lin et al.,
2015), however the location and strike of basement faults and
lineaments of aeromagnetic anomalies did not correspond with
each other in his paper. The aeromagnetic method is the most
practically useful method to identify basement faults because the
sedimentary cover is usually nonmagnetic or weak magnetic, and
the magnetic layer is restricted above the Curie depth. Another
problem that is usually neglected is the rock physical property of
the basement to which seismic data are not sensitive (Li and Gao,
2010; Tong et al., 2010; Tong et al., 2012; Gao et al., 2013; Xu et al.,
2013). Because the terrane activity style is closely related to the
property of basement rock which can be indicated by
susceptibilities, based on the recently aeromagnetic data
measured in 2015–2016 and strata depth from industry
seismic data, we conducted the forward modeling of rock
susceptibilities and basement faults.

GEOLOGICAL SETTING

The Tarim Basin is located in the southern region of Xinjiang
Uygur Autonomous Region, China, between Tianshan
Mountains and Western Kunlun-Altun Mountains (Figure 1).
The basin is a large marine-continental depositional compound
basin after experiencing multistage tectonic activities (Xu et al.,
2013; Wu et al., 2018; He et al., 2019; Xu et al., 2021). After the
initial continental crustal evolution in the Archean, the Tarim
Craton was developed during the Proterozoic and Paleozoic by
the accretion of the Kunlun, Qaidam, Tarim block, and the
Central/South Tian Shan block (Charvet et al., 2007; Lin et al.,
2013; Zhang C.-L et al., 2013; Zhang P. Z et al., 2013; Li et al.,
2018), and by the extensional activities from the Neoproterozoic
to Ordovician (Dong et al., 2016; Zhu et al., 2017; Ren et al., 2018;
Wu et al., 2018). A lot of important basement structures such as
the Bachu, Tanan, Tazhong, Tadong, Tabei, Kalpin, and Kuruk

Tagh basement-cored uplifts were established during the late
Proterozoic and the early Paleozoic (Gao and Fan, 2014; Tang
et al., 2014; Lin et al., 2015; Liu et al., 2015; Zhu et al., 2017; Wu
et al., 2018).

The beginning of sedimentary strata may be traced to the Late
Paleozoic or the Neoproterozoic (Guo et al., 2015;Wu et al., 2018;
He et al., 2019). According to the drilling and industry seismic
data, the Eastern Tarim Basin deposited the marine
Neoproterozoic, Cambrian, Ordovician, Silurian, Devonian,
Carboniferous and the continental Jurassic, Cretaceous, and
Cenozoic strata, but not Permian and Triassic strata (Zhang
C.-L et al., 2013; Xu et al., 2014). The Eastern Tarim Basin
can be divided into four main structural units: Kongquehe Slope
(KS), Mangal Depression (MD), Tadong Uplift (TU), and
Southeastern Depression (SD) (Figure 2).

ROCK PROPERTIES

Themagnetic susceptibilities were derived from samples collected
from the wells located in the Eastern Tarim Basin, and from the
outcrops measured in 2015–2016 in Kuruktagh, Tianshan, Altun,
and Kunlun Mountains which surround the Eastern Tarim Basin,
and also from published literature (Xiong et al., 2016a). The
measured magnetic susceptibilities of exposure strata in the
Eastern Tarim Basin are displayed in Table 1.

The main rock types of the Sinian to the Early Ordovician consist
of limestone, dolomite, and sand-mudstone, while the main
deposition during the Late Ordovician to the Cenozoic is
sandstone, mudstone, and sand-mudstone. Here, it should be
noted that the work area lacks the Permian and Triassic strata,
and the Carboniferous stratum only developed in the western region
of the survey region. The average susceptibility (AS) of Cenozoic,
Mesozoic and Paleozoic are not larger than 50 × 10−5, 20 × 10−5, and
40 × 10−5 SI, respectively. Most common rock types in Proterozoic,
including marble, schist, siliceous rock, granulite, quartzite, and slate
are featured with low susceptibilities not exceeding 1,000 × 10−5 SI,
and the average susceptibility of the Proterozoic is just 28 × 10−5 SI;
although maximum susceptibility (MS) of measured gneiss in the
Proterozoic can reach 17,700 × 10−5 SI. The only general high
susceptibility stratum comes from Archean rocks, the average
susceptibility can be as large as 2,300 × 10−5 SI.

The main outcrop of Archean is located in Kuruktag and the
northern slope of the Altun Mountains. The Tograk Brak
complex (Ar2tg) in Kuruktag is a set of meso-hypo
metamorphic rocks, and the main rock type is migmatite (AS
� 100 × 10−5 SI), plagioclase granitic gneiss (AS � 600 × 10−5 SI,
MS � 5,700 × 10−5 SI), and biotite amphibole plagiogneiss
containing a small quantity of granulite, mylonite, and
plagioclase amphibolite (AS � 400 × 10−5 SI, MS � 1,300 ×
10−5 SI). The AS of phlogopite diopside rock, magmatic carbonate
rock, and phlogopite rock of Ar2tg located in the Vermiculite
Mining Area is 4,000 × 10−5 SI. The Milan metamorphic suite
(Ar2m1) located in the northern slope of the Altun Mountains
consists of granulite (AS � 1,500 × 10−5 SI, MS � 2000 × 10−5 SI),
plagioclase amphibolite, gneiss (AS � 1,500 × 10−5 SI, MS �
11,500 × 10−5 SI), granulite, and migmatite.
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There are some Proterozoic and Paleozoic magmatic rocks
located in the Southeastern Tianshan and Altun Mountains. The
magnetism of magmatic rocks is related to the silicon dioxide
content in rocks. The AS of basic-ultrabasic magmatic rock (such
as gabbro and diabase) can reach 7,000 × 10−5 SI. However the AS
of intermediate and acidic intrusive rocks is just 280 × 10−5 SI and
60 × 10−5 SI, respectively (Table 2).

In conclusion, almost all of the AS of Phanerozoic stratum is
low; the AS of Proterozoic sedimentary andmetamorphic rocks is
generally low although some measured gneiss has high value. The
AS of magmatic rock varies in a wide range, however the acidic
and intermediate magmatic rocks are more widely distributed
than the basic and ultrabasic magmatic rock. So the Archean
metamorphic rock is the only regional rock type with high
susceptibility.

DATA

Aeromagnetic Survey
Aeromagnetic data were sourced from China Aero Geophysical
Survey & Remote Sensing Center for Natural Resources (AGRS).
In order to study the basement and crust structure of the Tarim
Basin, more than 75,472.4 line kilometers of total-field magnetic
data were flown in a south-north direction with a line spacing of
0.5 km and with the east-west trending tie lines at 10 km intervals
over all areas in 2015–2016, covering an area of nearly
39,337.3 km2 at an average altitude of 666.5 m above the
ground (Figure 2). The survey was conducted by installing a
helium optically pumped magnetometer HC-2000 on a
Cessna208B airplane.

The quality control of field aeromagnetic data including
instrument stability, magnetic fourth-order difference statistics,
magnetic diurnal variation measurement, and field aeromagnetic
data processing including coordinate transformation, calculation
and correction of normal geomagnetic field, correction of the
magnetic diurnal variation, cross line leveling, gridding, and so on
were also operated on the AGRS-Geoprobe software. Then the
magnetic data were reduced to the pole (RTP) by variable
inclination (Arkani-Hamed, 1988; Li D et al., 2014; Li Q et al.,
2014; Li et al., 2018) for the purpose of facilitating geologic
interpretation, which is a standard geophysical technique to
center magnetic anomalies to positions directly above their
sources (Baranov and Naudy, 1964; Blakely, 1996; Goodge and
Finn, 2010).

Characteristics of Magnetic Anomalies
The horizontal location of highly magnetic anomalies with RTP
moved towards the north (Figures 3A,B). In this study, all the
processes and interpretations referred to magnetic anomalies
with RTP. The amplitude of aeromagnetic anomalies varies
between −335 and 332 nT in the Eastern Tarim Basin
(Figure 3B). The magnetic anomalies show a gently
variational banded shape with the direction of NEE, NE, or
NW in the central and northern zones, and the high-
frequency signals become more important in the southern
zone with NE direction and in the northernmost zone with
EW direction. All of the anomalies are the response of
basement property and the faults inside the basement. Based
on the characteristics of magnetic anomalies, four large magnetic
zones can be classified as: the KongqueheMagnetic Zone with low
magnetic anomalies (I), the Northeastern Mangal Magnetic Zone

FIGURE 1 | Topography and tectonic map of the Tarim Basin and its environs. The red dashed line outlines the Tarim Basin, within which the dashed black lines are
the boundaries of subdomains corresponding to basinal structural units. The black lines represent major faults and sutures. Marks and abbreviations are as follows:
Depression Domain: I: Kuche, II: Northern, III: Southwestern, IV: Tanggu, V: Southeastern; Uplift Domain: VIa: Bachu, VIb: Tazhong, VIc: Southeastern, VII: Tabei. ATF:
Altyn-Tagh Fault, TFF: Talas-Fergana Fault, KF: Karakorum Fault. The tectonic units were modified from XJBGMR (Bureau of Geology and Mineral Resources of
Xinjiang Province) (1993) and the topography is derived from the ETOPO1 model available from the NOAA database (http://www.ngdc.noaa.gov/mgg/global/global.
html).
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with moderate magnetic anomalies (II), the Central Tadong
Magnetic Zone with high magnetic anomalies (III), and the
Qiemo-Ruoqiang Magnetic Zone with variational magnetic

anomalies (IV) which was subdivided into the Qiemo-Kurgan
Subzone with low magnetic anomalies (IV1), the Tile Shi Xia
Subzone with high magnetic anomalies (IV2), the Western

FIGURE 2 | Simplified geological map of the Eastern Tarim Basin and its tectonic units (XJBGMR (Bureau of Geology and Mineral Resources of Xinjiang Province),
1993). The blue polygon is the region of aeromagnetic data acquired in this study, the lines inside the blue polygon are survey flight paths. The blue circles and red
diamonds indicate the locations for measuring the magnetic susceptibility of sampling rocks by us and our coworkers, respectively. The measured magnetic
measurements are compiled in Table 1 and Table 2. Abbreviations are as follows: KS: Kongquehe Slope, MD: Mangal Depression, TU: Tadong Uplift, SD:
Southeastern Depression.

TABLE 1 | Measured magnetic susceptibility of exposure strata in the Eastern Tarim Basin.

Era Lithology Magnetic susceptibility (×10−5 SI)

Measuring points Min Max Mean

Q Sand, gravel soils, loess 635 0 278 47
N Sandstone, mudstone, sand shale 112 0 180 33
E Sandstone, mudstone, sand shale 52 0 30 8
K Sandstone 148 0 270 12
J Sandstone, mudstone, conglomerate 930 0 110 15
C Sandstone, limestone, mudstone, volcanic breccia, pyroclastic rock 237 0 1,400 40
D Limestone, siliceous rock, sandstone 105 0 109 5
S Limestone, sandstone, siliceous rock, pyroclastic rock 77 0 45 8
O Sandstone, mudstone, limestone, dolomite 215 0 81 13
Є Limestone 17 0 26 1
Z Sandstone, conglomerate, tillite 139 0 75 21
Pt Schist, gneiss, marble, slate, quartzite 1,100 0 17,710 28
Ar Igneous carbonatite, phlogopite rock, hornblende gneiss, banded gneiss, granite gneiss, phlogopite diopside 252 18 25,600 2,294
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Ruoqiang Subzone with high magnetic anomalies (IV3), and the
Tal Aqz Subzone with variational magnetic anomalies (IV4)
(Figure 3B).

The range of magnetic anomalies variation is limited from
−300 to 200 nT in the Kongquehe Magnetic Zone, where the
high-frequency positive anomalies superimpose on the negative
magnetic background. The Northeastern Mangal Magnetic

Zone shows wide variational moderate magnetic
characteristics with the magnetic anomalies value from −40
to 150 nT. As for the Central Tadong Magnetic Zone, it is the
eastern part of the well-known Central Highly Magnetic
Anomaly Belt with the magnetic value varying between 100
and 350 nT. The Qiemo-Ruoqiang Magnetic Zone is
characterized with the most complex magnetic anomalies

TABLE 2 | Measured magnetic susceptibility of intrusive rocks in the Eastern Tarim Basin.

Lithology Magnetic susceptibility (×10−5 SI)

Measuring points Min Max Mean

Gneissic granite, granite, granodiorite, monzonitic granite, migmatitic granite 435 0 1,000 60
Diorite, feldspar andesite porphyrite 132 10 4,900 281
Diabase, ultrabasic rock 49 140 27,900 7,065

FIGURE 3 | (A)Map of magnetic anomalies (without RTP) with five superimposed profiles used for forward modeling, the dotted lines are the locations of profiles.
(B) The subregions and their marks of major domains of magnetic anomalies (RTP), the dotted lines are the boundaries of major domains. For detailed explanations of the
marks, see the text. Both maps are overlain on the shaded ETOPO model (www.ngdc.noaa.gov/mgg/global.html).
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with a lot of elliptic and stripped high magnetic anomalies
superimposing on a negative background, and the magnetic
anomalies variation extent can be from −220 to 320 nT.

Seismic Reflection Data
Sedimentary interfaces and upper interfaces of Precambrian
stratum (Figure 4) are from the Bureau of Geophysical
Prospecting, China National Petroleum Corporation.
Considering the low average susceptibility in the Phanerozoic
stratum, and the disputed Neoproterozoic stratum distribution, it
is reasonable to assume the top surface of the basement
(Precambrian) as the main magnetic upper interface.

METHOD AND RESULT

Magnetic Gradient-Processing Methods
Large basement faults have certain effects on aeromagnetic
anomalies: the regional magnetic anomalies are mainly caused
by the characteristics of the basin’s base, basement faults, and
volcanism (Crawford et al., 2010; Yang et al., 2012). The contact
zones or suture belts between different lithologic crystalline
basements or different blocks could produce the steepening
gradient until anomalies are flattened within each magnetic
block (Cordell and McCafferty, 1989).

The vertical derivative (VDR) and the total horizontal derivative
(THDR) are effective methods for delineating crust lineament
structure and boundary identification. The VDR and THDR
convert the magnetic anomaly gradient bands into zero and the
maximum value respectively for easy-to-identify and accurate-to-
position (Phillips, 2000; Grauch, 2001; Verduzco et al., 2004;Wang
et al., 2021). The expression of THDR(x, y) is as follows (Grauch
and Cordell, 1987; Miller and Singh, 1994):

THDR(x, y) � ����������������(zΔT
zx

)2

+ (zΔT
zy

)2

√√
(1)

And the expression of VDR(x, y) is as follows (Verduzco et al.,
2004):

VDR(x, y) � zΔT
zz

(2)

Another effective method to assess the structure units is widely
used tilt-derivative (TDR) because it can normalize magnetic
amplitude and successfully visualize delicate anomalies within the
basement (Miller and Singh, 1994; Thurston and Smith, 1997;
Verduzco et al., 2004). This method is commonly applied to
continental potential field datasets for it clearly defines anomaly
edges, it equalizes amplitudes of anomalies, and will produce

FIGURE 4 | Maps of the strata bottom depth of (A) Cainozoic, (B) Mesozoic, and (C) Paleozoic.
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useful magnetic responses for induced and remanent magnetized
anomalies (Verduzco et al., 2004; Wang and Meng, 2019). The
expression of TDR(x, y) can be written as follows (Miller and
Singh, 1994; Thurston and Smith, 1997):

TDR(x, y) � arctan[ VDR(x, y)
THDR(x, y)] (3)

Where VDR(x, y) and THDR(x, y) are the first vertical and
total horizontal derivatives (Eqs 1, 2), respectively, of the total
magnetic intensity ΔT.

Here ΔT and its VDR, THDR, and TDR method are
synthetically adopted to identify the lineament structures of
the crust. To better understand the possible large-scale fault
and suture lines, the magnetic anomalies are upward
continued to 5 and 10 km, respectively (Blakely, 1996).

Profile Forward Modeling
2.5D forward modeling is an effective method of combining
magnetic and seismic interfaces and other useful information to
produce a constraint solution especially when the direction of
the profile is perpendicular to the direction of the structural
strike, and this advantage condition is satisfied here because the

direction of the structural strike is EW or northeast to
southwest, while the direction of our profile is SN or
northwest to southeast. The forward modeling of magnetic
data was conducted by using an interactive, iterative
technique within the Geosoft GM-SYS software, which is
widely used because it can compute the magnetic forward
modeling curve by subdividing the underground models and
assigning magnetic susceptibilities for them. Every subdivision
of underground models is a specified 2.5D horizontal prism
whose strike is perpendicular to the fitting profile, and the
methodology for calculating the magnetic response comes
from Talwani and Heirtzler (1964). The initial parameters
such as magnetic susceptibilities and interfaces are based on
the material mentioned in previous sections. The interface
information is relatively reliable because it comes from
seismic reflection and refraction data. Therefore, only
magnetic susceptibilities are varied to produce a consistent
model solution, which can best fit the observed anomalies.

The remanent magnetization is not considered to be
important and only the induced magnetization is simulated
because the main source of magnetic anomalies is the
crystalline basement, especially the Archean basement. The

FIGURE 5 | The results of magnetic gradient-processing methods for aeromagnetic anomalies (RTP) with superimposed locations of basement faults. (A) Total
horizontal derivative (THDR), (B) vertical derivative (VDR), (C) tilt-derivative (TDR). The dotted lines are the locations of basement faults and the marks of basement faults
are shown in (A). Primary faults are F1: Tadong North Fault, F2: Tadong South Fault, F3: Cherchen Fault. Secondary faults are not named.
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uniformly geomagnetic intensity of 54,615 nT and uniformly
magnetized direction with inclination of 59.4° and declination
of 2.1° were calculated in the Eastern Tarim Carton. A previous
research regarded the upper crust as the main magnetic layer and
estimated the thickness of the upper crustal magnetic layer by
using spectral analysis (Finn and Ravat, 2004), however the
spectral analysis has huge uncertainty (Gao et al., 2015; Xiong
et al., 2016b; Li et al., 2017; Xu et al., 2021), especially for a small
region about 40,000 km2 like our research area. The moderately
geothermal gradient of 12.5° per km and thus a 55 km thick
magnetic layer were assumed for the Precambrian craton crust in
the United States interior (Friedman et al., 2014), which is
comparable with the crustal thickness of about 50 km for the
Eastern Tarim Craton resulted from the wide-angle reflection/
refraction seismic profile (Teng et al., 2013; Teng et al., 2014).
Therefore, we hypothesized that the Moho interface and top
surface of the Precambrian are the bottom and top of the
magnetic layer, and the susceptibility in each block is uniform.

Result
Based on the susceptibility difference in adjacent blocks of
forward modeling, faults extended distances, sizes, and degree
of the control on the basin’s deposition (Lin et al., 2015), the faults
were classified into primary and secondary faults (Figure 5,
Figure 6).

The distribution maps (Figure 5, Figure 6) of basement faults
show three primary basement faults (from F1 to F3, Figure 5A)
and thirty secondary basement faults (from F4 to F33, Figure 5A).
Almost all the basement faults are located along the zero line of
VDR and TDR or the maximum line of THDR. The strikes of
basement faults are NE, NW, or approximate EW. The primary
basement faults distribute mainly along the NE direction with long
extension or large displacement or huge susceptibilities difference
between two sides of faults. The strikes of marginal basement faults
are consistent with the basin’s boundaries. Themagnetic anomalies
of upward continuation 5 and 10 km have an obvious response to
primary basement faults, but have no or little response to

FIGURE 6 | Map of upward continuation to (A) 5 km and (B) 10 km of magnetic anomalies (RTP), and the boundaries of subregions of magnetic anomalies.
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secondary basement faults (Figure 5, Figure 6). The TadongNorth
Fault (F1), and the Tadong South Fault (F2), are the most
important basement faults that cause the steep magnetic
gradient belt. F3, namely the notable Cherchen Fault, is obvious
in the seismic profile because of its large vertical displacement of
3 km. However it fails to lead to an obvious gradient in the
magnetic anomalies map.

Forward modeling (Figures 7–11) showed that F1 and the
faults to the north of F1 dip northwards; on the contrary, F2 and
the faults to the south of F2 dip southwards. The susceptibilities of
basement blocks to the south of F2 and north of F1 are generally
low while those of basement blocks between F1 and F2 are as high
as 4000 × 10−5 SI. The basement blocks with moderate
susceptibilities mainly distribute between F1 and F8, F9, and

FIGURE 7 | Profile AA′ for magnetic forwardmodeling, profile location showed in Figure 3A. Top: observed and calculatedmagnetic data; bottom: lithologic profile
of crust and uppermost mantle with modeled magnetic susceptibilities. F1 and so on are the faults of the basement; “S”means susceptibility;Ⓐ and so on are the marks
of crystalline basement domains, and “KSD” and so on are the abbreviations of names of crystalline basement domains, for better understanding of the marks and
abbreviations please see Figure 12 and the text.

FIGURE 8 | Profile BB′ for magnetic forward modeling, profile location showed in Figure 3A. See Figure 7 for other figure descriptions.
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between F5 and F7. Whereas, the basement blocks with the lowest
susceptibilities are located in the north of F8, F9, and close to F3.
As our target is to recognize the major faults, scope of extensive
magmatic rocks, and the susceptibilities of large blocks, so some
high-frequency or small-scale magnetic anomalies were not
matched delicately by designing small blocks, such as the
magnetic anomaly labeled with the dotted line ellipse (Figure 11).

DISCUSSION

Based on the strikes, amplitudes, and textures of the magnetic
anomaly map and forward modeling, five crystalline basement
domains (Figure 12) were defined: 1) the Kongquehe Slope
Domain (KSD) with a weakly magnetic basement containing
moderate magnetic magmatic rocks; 2) the Northeastern Mangal

FIGURE 9 | Profile CC′ for magnetic forward modeling, profile location showed in Figure 3A. See Figure 7 for other figure descriptions.

FIGURE 10 | Profile DD′ for magnetic forward modeling, profile location showed in Figure 2A. See Figure 7 for other figure descriptions.

Frontiers in Earth Science | www.frontiersin.org January 2022 | Volume 9 | Article 82549810

Kuang et al. Basement Faults in Eastern Tarim

https://www.frontiersin.org/journals/earth-science
www.frontiersin.org
https://www.frontiersin.org/journals/earth-science#articles


Domain (NMD) with a gradually variational moderate magnetic
basement from south to north modified by the Neoproterozoic
rift; 3) the Central Tadong Domain (CTD), including the
southern Mangal Depression and northern Tadong Uplift,
with the strongly magnetic unmodified Archean basement; 4)
the Southeastern Domain (SD), including the southern Tadong
Uplift, with a weakly magnetic basement containing a few
strongly magnetic magmatic rocks; and 5) the Ruoqiang
Domain (RD) with a moderately to strongly magnetic
basement with a lot of magmatic rocks. The crystalline
basement characteristics and their geological meaning were
interpreted by combining magnetic anomalies, the strikes, dips
of basement faults, and susceptibilities calculated from profile
forward modeling and measured in the field.

(1) The magnetic intensity generally has a mirror image
relationship with the depth of the basement. For example,
the Kongquehe Slope Domain, Southeastern Domain,
especially the zone close to the Cherchen Fault (F3), all
have a relatively shallow basement depth, however the
magnetic anomaly intensity corresponding to those
domains possesses low value. According to the
characteristics mentioned above, it can be inferred that the
magnetic anomaly intensity is mainly controlled by the
susceptibilities (lithologic property) rather than by the
basement depth (fault displacement), suggesting that the
forward modeling method mainly considering the
susceptibility lateral variation is reasonable.

(2) Based on a lot of tests for satisfying the magnetic anomalies, it
was found that the Tadong North Fault (F1) and faults to the
north of F1mainly dip northwards, while on the contrary, the

Tadong South Fault (F2) and faults to the south of F2 mainly
dip southwards, which is consistent with industry seismic
results (Laborde et al., 2019). Hence, it means that F1 and F2
are both important boundary faults that control the crustal
structure, and therefore influenced the crustal activities
during geological history.

(3) Where is the Archean basement? How did the
Neoproterozoic rift activities influence the basement? The
block between F1 and F2 shows the highest susceptibility
with 4,000 × 10−5 SI, which is higher than the average
susceptibilities of Archean metamorphic rocks with 2,300
× 10−5 SI, but is consistent with the average susceptibilities of
Ar2tg measured in the Vermiculite Mining Area located in
Kuruktag. The Neoproterozoic rift center is located in the
Northeastern Mangal Domain based on the seismic
interpretation (Ren et al., 2017; He et al., 2019). If
magmatic rocks related to the rift were the main factor to
cause high magnetic anomalies, the Northeastern Mangal
Domain would have the highest magnetic anomalies.
However, this is not the case. From the magnetic
anomalies interpretation map (Figure 12) and the forward
modeling profiles (Figures 7–10), it can be seen that the
magnetic anomaly values and the susceptibilities do not
decrease sharply from south to north in the Central
Tadong Domain and Northeastern Mangal Domain.
Furthermore, the disordered strikes of the northern
boundary (Yang et al., 2012; Lin et al., 2015; He et al.,
2019) of the Central Highly Magnetic Anomaly Belt reveal
a possible extension in the Northeastern Mangal Domain.
Considering the similar evolution history of the Northeastern
Mangal Domain and Central Tadong Domain after

FIGURE 11 | Profile EE′ for magnetic forward modeling, profile location showed in Figure 3A. The observed high-frequency magnetic anomaly labeled with a
dotted line ellipse may be the response of magmatic rock. See Figure 7 for other figure descriptions.
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Neoproterozoic rifting (Cui and Tang, 2011), and combining
the northward dipping of faults in the Northeastern Mangal
Domain calculated from forward modeling, we inferred that
the Tarim Central Highly Magnetic Anomaly Belt located in
the Central Tadong Domain is mainly caused by the Archean
metamorphic rocks rather than the Neoproterozoic
magmatic rocks related to rifting. On the contrary, the
Northeastern Mangal Domain had a similar Archean
crystalline basement to the Central Tadong Domain until
it was modified and destructed by the Neoproterozoic rifting.

(4) The Tadong South Fault (F2) rather than Cherchen Fault (F3) is
the most important basement fault controlling the Precambrian
crustal evolution. A steepmagnetic anomaly gradient exists along
F2 rather than F3 from the magnetic anomaly interpretation
map (Figure 12) and forward modeling profiles (Figures 7–9),
although F3 has and F2 does not have a large fault displacement
observed from the stratum depth contour (Figure 4C; Figures
7–9). In addition, the basement of Southeastern Domain is

shallower than the Central Tadong Domain, but the magnetic
anomaly values in the Central Tadong Domain are much higher
than in the Southeastern Domain. We inferred that F3 is just an
interior fault inside the Southeastern Domain, and F2 is an
important Precambrian basement fault. What is the significance
of F2 and the Tadong Uplift? Some Paleoproterozoic granites
from boreholes in the south Tadong Uplift (located between F2
and F3) were tested and showed that granites are geo-
dynamically related to subduction in an arc setting at the
time of 19 Ga (Yang et al., 2018). Thus, it was inferred that
F2 is an ancient suture line formed during the Paleoproterozoic,
in other words, a Paleoproterozoic orogenic crystalline basement
exists in the Southeastern Domain.

(5) What is the relationship between the Tadong Uplift and
Southeastern Depression? The Cherchen Fault (F3)
developed during the late Early Paleozoic (Liu et al., 2012),
and at the same time, extensive magmation occurred during
the Silurian and Devonian related to the subduction of the

FIGURE 12 | Integrated interpretation map for faults and lithologic property of the crystalline basement. (A)Magnetic anomalies map with superimposed locations
of basement faults, the primary faults numbered F1, F2, and F3 are highlighted in bold. (B) The domains and their marks of lithologic property of the crystalline basement.
Ⓐ: Kongquehe Slope Domain (KSD);Ⓑ: Northeastern Mangal Domain (NMD);Ⓒ: Central Tadong Domain (CTD);Ⓓ: Southeastern Domain (SD);Ⓔ: Ruoqiang Domain
(RD); Ⓜ: magmatic rocks. See detailed interpretation in the text.
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Altun Ocean and the later orogenic movement (Sobel and
Arnaud, 1999; Cowgill et al., 2003; Gehrels et al., 2003; Zhang
et al., 2014). Furthermore, according to the seismic profile
(Figures 7–9), the Cambrian stratum was folded obviously
and the Ordovician stratum had a huge erosion in the Tadong
Uplift, so that the upthrow occurred later than Ordovician.
Apart from that, some isolated high-frequency magnetic
anomalies distribute along F3. Thus it is reasonable to
assume that the upthrow of the Tadong Uplift, the
formation of faults and magmatic rocks to the south of F3
may all happen during the late Early Paleozoic related to the
Altun Ocean.

CONCLUSION

In this study,magnetic gradient-processingmethodswere used tomap
the location of basement faults in the Eastern Tarim Basin based on
newly acquired aeromagnetic data. Under the constraint of industry
seismic data, we constructed five profiles via magnetic forward
modeling, which provide effective constraint to recognize the dips
of basement fabrics and the distributions of magnetic susceptibilities.
This comprehensive study provided regional overview on the
relationship between the basement property and tectonic activity.

(1) The Tarim Central Highly Magnetic Anomaly Belt was mainly
caused by the Archean crystalline basement. The Northeastern
Mangal Domain was equipped with a Neoproterozoic rifting-
modified Archean crystalline basement, which was originally
the same as the Central Tadong Domain.

(2) The weakly magnetic Southeastern Domain was sutured to
the highly magnetic Central Tadong Domain along the
Tadong South Fault during the Paleoproterozoic.

(3) The deformation of the Tadong Uplift, the evolution of the
Cherchen Fault, and the distribution of magmatism along
and to the south of the Cherchen Fault were all related to the
subduction of the Altun terrane beneath the Southeastern
Domain.
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