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Abstract: Geological mapping, interpreted cross sections, structural analyses and residual thickness maps were used to 

characterize the evolution of stress setting, structure and stratigraphic distribution of the Chepaizi Uplift, which is a NW-SE 

trending structure located in the Western Junggar Basin. The NS-trending faults show an important transpressional phase 

during the Late Permian., as demonstrated by tectonic stress field and stratigraphic thickness variations. A major 

compressional thrusting and strike-slip phase during the Late Jurassic created a series of NW-SE faults that originated by the 

large-scale uplift event in the Northern Tianshan. Faults were reactivated as thrust and dextral strike-slip faults. In addition, 

the angular unconformity observed between Jurassic and Cretaceous provide evidence of this tectonic event. Lots of normal 

faults indicate that the area records southward tilting and regional derived extensional stress that took place during the 

Neogene. Before that, thick Early Cenozoic strata are widely deposited. The balanced cross-section highlights the evolution 

of stress setting and stratigraphic distribution of the Chepaizi Uplift. 
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1 Introduction 
 

The Junggar Basin is one of the largest petroliferous basins in China. In the western margin, the Chepaizi 
Uplift is the most important oil and gas gathering area. Over the years, several studies were carried on the basic 
reservoir and the oil accumulation conditions (Cao et al., 2005; Chen et al., 2006; Shao et al., 2011; Dong, 2015; 
Chen et al., 2016; Mi et al., 2017; Qin et al., 2018). Some articles have also highlighted how the fault zone 
develops and the formation distribution by using geophysical analysis and core data (He et al., 2004; He et al., 
2008; Zhou et al., 2016; Feng et al., 2018; Liang et al., 2018; Wang et al., 2018). In particular, the successive 
discovery on many oil fields in this area has confirmed that the Chepaizi has excellent petroleum geological 
conditions and huge oil and gas resources potentiality.  

At present, seismic data has been used to make detailed studies on the sequence framework, the facies 
associations and depositional mode. Moreover, there has been a series of extensive research on reservoir space 
type, physical characteristics and reservoir genesis (Song et al., 2007; Jia et al., 2012; Fan et al., 2018). A 
number of studies also care more about structural characteristics of each block in the Chepaizi Uplift and their 
influence on hydrocarbon accumulation (Dong, 2015; Wu et al., 2017). Nevertheless, there is still a lack of 
detailed research on geometry and dynamics of tectonic deformations systems, as well as kinematics (Wu et al., 
2005; Ma et al., 2008; Xu et al., 2008; Yu et al., 2008; Gawthorpe and Leeder, 2010; Choulet et al., 2012; Hu et 
al., 2016). 

The fault in the Chepaizi Uplift developed greatly, but larger-scale fault was absent. And extension and 
displacement of most faults are smaller. Most of the studies on fault characteristics take advantage of the seismic 
profiles data (Cheng et al., 2015; Yu et al., 2016; Luo et al., 2017; Miao et al., 2017; Liu et al., 2017; Briki et al., 
2018). However, the recognition about deep fault systems, such as the Permian faults, needs to be further refined 
because it was covered by thick lower sediments and structures that are currently inactive, together with the 
poor clarity, poor continuity and disorder reflection. Furthermore, the dynamic mechanism of the structural 
evolution is not clear yet which is still a controversial issue among authors. The structural evolution stage has 
been carefully divided, and the strata distribution in different periods also has been adequately understood. But 
there is no organic combination of these two elements. The model for the rational interpretation of the process of 
tectonic and sedimentary evolution has not been constructed. 

This paper considered the basic achievements of previous studies, combining seismic survey and detailed 
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analysis on well-log data: (1) Study the typical profiles which reveal main unconformities in the Chepaizi Uplift. 
In order to divide the evolution stage and the tectono-stratigraphy, we discuss temporal and spatial evolution, as 
well as the thickness variations, through the main regional unconformities and distribution characteristics 
analysis. (2) We compared geometric features between the eastern, central and western part in the different 
planes and profiles view, aimed to analyze the fault combinations and styles. (3) In addition, we have an 
explanation on the tectonic stress field. Restore the control of structure to sedimentary and stratigraphic 
distribution in different evolution stages. At last, we build an integrated structural evolution-dynamic 
mechanism- sedimentary distribution model. 
 
2 Regional Geological Setting 

 
The Junggar Basin is located in the the central part of the CAOB, which is bounded by the Altai Mountains to 

the north, the TianShan Mountain to the south, the Kalameili Mountains to the east, and the Zhayier Mountains 
to the west (Fig. 1). As a secondary positive tectonic unit, the Chepaizi Uplift is adjacent to the Zhayier 
Mountains in the northwest, the Ke-Xia fault-fold belt in the northeast, the Sikeshu Depression and 
Ilianhabiergen Mountains in the south, and connected with the Changji Sag in the east (Tapponnier and Molnar, 
1977; Carroll et al., 1990; Allen and Vincent, 1997; Ma et al., 2008; Zhao et al., 2014; Wang et al., 2015; Yu et 
al., 2016). Referring to the map in Fig. 1, we observe this study area covered approximately 10800 km2, and the 
uplift presents an irregular shaped triangle with the main NW-SE striking. It also has unbalanced characteristics 
such as it rose higher in the northwestern near the Zhayier Mountain (Wang et al., 2015), decreases to the east, 
south and southeast gradually and vanishes southeastward in the Kuitun - Anjihai area eventually. Influenced by 
tectonic movements, thousands of thrust faults were recognized in this area, including the NS-tending Hong-Che 
Faults, Guertu Fault Zone and so on (Tapponnier and Molnar, 1977; Meng et al., 2012; Yu et al., 2016). Besides, 
hundreds of large normal and strike-slip faults characterized the top of uplift. 
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Fig. 1. (a) This map reveals the tectonic location of the Chepaizi Uplift in the western Junggar, (b) This map shows the major 

faults and tectonic units in and around the Chepaizi Uplift and the fault system of the Sikeshu Depression. Selected seismic 

lines are marked and shown in Fig. 4, 8, 9 and 12. 
The Paleozoic, Mesozoic and Cenozoic strata can be recognized in the Northwestern Junggar Basin as 

previously studied. Additionally, the differences in the strata distribution and the deformation characteristics 
document there were two systems of tectonic layers. The deep tectonic layers consist of Carboniferous, Triassic 
and Jurassic, while the shallow tectonic layers consist of Cretaceous, Paleogene, Neogene, and Quaternary. The 
basin basement corresponds to the Carboniferous strata. The Permian corresponds to the mudstone which is the 
primary source rock (Zhang et al., 2007). Whereas, it is lacking on the top of this area. As for the Triassic strata, 
it is described as sand interbedded with mud. And the lacustrine facies are identified in the southwest trough of 
the Chepaizi Uplift by using the analysis of cores, well logs and seismic sections. The Jurassic strata inherit the 
Triassic sedimentary range and further expand. It consists of conglomerate and sandstone. Lacustrine and fluvial 
facies mainly developed in the Guertu Fault Zone (Fang et al., 2004; Li et al., 2009). The Cretaceous and 
Paleogene strata, which directly overlapped the uplift, show two sets of reflecting layers with good continuity 
and strong energy in the section view. Neogene strata covered the whole area, which is much thicker in the 
southern part than in the northern part. 
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3 Data and Study Methods 

 
In order to deeply investigate the structural characteristics, we put forward a comprehensive method to 

recognize the internal buried faults. The primary source of data used in this study benefits from two parts. The 
first one is outcrops from fieldwork that was mainly used in statistics of joints. The other one is from 
hydrocarbon exploration in Northwestern Junggar Basin, including core data, well-log data and 3-D reflection 
seismic surveys. Core data and well-log data were used to depositional system identification which contains 
lithology, depositional facies distribution, sedimentary texture and structure. Furthermore, they can also be 
referred to make thickness maps. The 2-D and 3-D seismic interpretation demonstrate the regional deformation 
patterns in the map view which has been performed using Landmark. Besides, we used a key technology that is 
balanced section technique. Combined with that technique, we can effectively improve the accuracy of profile 
interpretation, constrain the spatial and temporal evolution pattern of structural deformation, aiming to restore 
the paleotectonic characteristics during the key period. 

 

4 Structural Features 

 
Due to the multi-stage tectonic movement, especially the Hercynian and Himalayan periods, the faults in the 

western Junggar basin are more developed. This area consists of more than 200 faults, varying in the styles and 
size (Fig. 2 and 3). There is a succession of large-scale faults developed around the western Junggar basin that 
serves as a boundary, such as the Hong-Che Fault Zone in the eastern part. To the southwest, the basin is 
bordered by the Aika Fault Zone (Fig. 1). We can observe commonly that these faults are basically reverse faults, 
while a large number of small normal faults are developed on the top of the uplift.  
 

Fig. 2. Simplified structural map of the deep faults system. 
Showing the large-scale thrust faults formed in the Chepaizi Uplift during the Paleozoic and Mesozoic. A green irregular shape outlines the major 

fault area. The line also represents the detailed cross section of thrust faults, which are shown separately in Fig. 5, 6 and 7. 
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Fig. 3. Simplified structural map of the shallow faults system. 
Showing the large-scale normal and strike-slip faults formed in the Chepaizi Uplift during the Cenozoic. A purple irregular shape outlines the major 

fault area. The line also represents the detailed cross section of normal fault, which are shown separately in Fig. 6 and 10. 

 

Furthermore, we found that the fault system has obvious stratification in the longitudinal direction in light of 
the seismic data interpretation. It is made up of a deep fault system and shallow fault system separated by the 
bottom interface of the Cretaceous (Fig. 2 and 3). The deep fault system is mainly the reverse fault developed 
during the Carboniferous-Jurassic period. They are characterized by being steeper from bottom to top, revealing 
the amplitude of displacement gradually decreasing to the shallow layer. These faults are thought to be formed 
in the Hercynian to Indo-Chinese period. In general, they were acting as an important channel for the vertical 
migration of oil and gas. The shallow fault system corresponds to a series of normal faults and strike-slip faults 
initiated in the Cretaceous. This fault system is the far-field effect results from the collision between plates that 
has occurred during the Yenshanian-Himalayan period. Faults collected in the shallow system usually have a 
controlling effect on the hydrocarbon accumulation belonging to the Jurassic and Cretaceous reservoirs. The 
fault features will be detailed from the location of faults in the following. 

 
4.1 Deep Fault System 
 
4.1.1 Hong-Che Fault Zone 

The Hong-Che Fault Zone is located in the Hongshanzui and Chepaizi area of Xinjiang Province. (Fig. 1) (Yu 
et al., 2016; Liu et al., 2017). Referring to the outline geographic map, it has intensively separated the western 
Chepaizi Uplift and the eastern Changji Sag, connecting with the Kebai-Wuxia Fault zone to the north. It 
displays NS-NNW strike in map view and shows a length of about 150km. Within the fault zone shown in Fig. 1 
and the cross-sections shown in Fig. 4, the major fault is featured by some nearly vertical reverse faults and 
west-dipping. 
 

Fig. 4. Interpreted seismic line (see Fig. 1 for the location) across the northern segment of the Hong-Che Fault Zone. 
This line shows the almost vertical master Hong-Che Fault and unconformities recorded between strata reveal the 
multi-phase tectonic event. 

 

The Changji Sag which locates in the footwall has deposited complete Permian, Triassic and Jurassic strata on 
the Carboniferous basement. To the west, the Permian strata are generally missing on the top of the Uplift, and 
the Triassic and Jurassic strata become thinner at the top, forming a wedge. At the same time, the interpreted 
seismic section shows that the Jurassic strata have obviously been tilted and eroded. The Cretaceous strata 
overlies older strata with an onlap contact.  

 
4.1.2 Western part 

The western flank is an actual structure transition zone between the Chepaizi Uplift and Sikeshu Depression 
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in the southwestern margin of the Junggar Basin. In the structural map (Fig. 2), we observed that the west flank 
mainly developed NS-trending fault as the secondary thrust fault, concurrent with a few NW-trending and 
NNW-trending faults which are oblique to NS-trending fault. Major faults extend about 20 km along strike or 
even longer. In order to make an in-depth analysis, we obtain three cross section lines of each fault (Fig. 5), and 
the sections from south to north are named for aa’, bb’, cc’ in turn (section position see Fig. 2). The cross section 
aa’ indicates the cutting relationship between the thrust fault and the residual strata clearly. 
 

Fig. 5. Interpretation of EW seismic line aa’, bb’, cc’ (see Fig. 2 for the location) located on the western part of the Chepaizi 

Uplift. 
This line shows the Late Permian transpressional strain and Late Jurassic compressional structures. 

 
The series of thrust faults are nearly parallel, resulting in the formation of several thrusting sheets (Fig. 5). 

Owing to these movements, the Jurassic deposition which exists in the hanging wall was denudated and eroded, 
it was only preserved well in the footwall. This elucidates that the whole deposition tilted and was truncated at 
an unconformity below the Paleogene strata. Therefore, we suggest these NS basement faults of the Chepaizi 
Uplift may have occurred in the Permian. They were reactivated as thrust faults during the Late Jurassic, 
creating fault-related stratigraphic structure (Allen et al., 1991).  

 

4.1.3 Eastern part 
To the east, we considered two large-scale NS-trending and west dipping thrust faults, both with the total 

length of about 35 km (Fig. 2). The cross section in Fig. 6 shows detailed features of these two main fault sets 
(F6 and F7) along strike. Based on the interpretation of the seismic line, we can recognize structural styles, 
including ramp and back thrust. Faults are displayed parallel as they are described in the plane. In the section 
view, the fault can be seen to cut the Paleozoic sediments, cutting into the bottom of Jurassic strata which is 
marked blue in the section and terminating within the Jurassic. The remaining Jurassic strata are generally found 
in the hanging wall and footwall (Fig. 6).  

 

 
This article is protected by copyright. All rights reserved. 



 

Fig. 6. Interpretation of EW seismic line dd’, ee’, ff’ (see Fig. 2 for the location) located on the eastern part of the Chepaizi 

Uplift. 
This line shows the Late Permian transpressional strain and Neogene extension structures. 

 
4.1.4 Central part 

Within the fault zone shown in Fig. 2 and the cross sections shown in Fig. 7, there is a heterogeneous 
distribution of faults in the central part. Being different from NS strike as previously stated, the strike of the 
faults is roughly NWW. Additionally, the length of faults is shorter in comparison to the western or eastern part 
at a level. Faults are dominated by steep features in the cross section (Fig. 7).  

 
4.1.5 The Sikeshu Depression 

As a part of the Junggar Basin, the Sikeshu Depression is an East-West structure developed between the 
Chepaizi Uplift and Northern Tianshan (Fig. 1). And the fault system, known as the Guertu Fault Zone, is 
located in the central south part of this depression (Qi et al., 2008; Meng et al., 2012). Another fault zone named 
Aikaxi is developed in the north side of the Sikeshu Depression. The strike of the fault fissure is recorded and is 
presented in Fig. 1, which is almost NWW-trending same as the central part. 

Here we show some cross sections as well, including one extending along the NS strike (Fig. 8) and another 
being perpendicular to it (Fig. 9). In the profile view, a thrust fault F12 has occurred dipping to the north as 
revealed, forming the back-thrust structure companied with the south-dipping thrust fault (Fig. 8). These faults 
mainly formed in the Mesozoic, cutting off the Jurassic at the top and cutting into the basement rock at the 
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bottom. The remaining strata are generally only deposited in the footwall, resulting from uplifting and erosion.  
Faults displayed in Fig. 9 mainly cut off the lower Jurassic-Triassic strata and extends downward into the 

basement. This fault zone includes multiple faults, typically producing imbricate fans. Most of these faults are 
north-dipping thrust faults accompanied by anticline structures developing in the hanging wall. Referring to the 
map (Fig. 1), it is characterized by merging to the west, and spreading to the east.  

 

Fig. 7. Interpretation of NE-SE seismic line ii’, hh’, gg’ (see Fig. 2 for the location) located on the central part of the 

Chepaizi Uplift. 
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This line shows the Late Permian transpressional strain and Neogene extension structures. 

 

Fig. 8. Interpretation of NS-trending seismic line (see Fig. 1 for the location) located in the Sikeshu Depression. 
This line shows the Late Permian transpressional strain and Late Jurassic compressional structures. 

 

Fig. 9. Interpretation of EW-trending seismic line (see Fig. 1 for the location) located in the Sikeshu Depression. 
This line shows the Late Permian transpressional strain and Late Jurassic compressional structures. 

 

4.2 Shallow fault system 
 
4.2.1 Western flank 

As displayed by Fig. 1and Fig. 10, the west flank fault system is made up of several shallow NS-trending 
normal faults. They developed roughly parallel within the plane map (Fig. 1) and extend shorter in comparison 
to the deep fault system. In light of the interpretation of the seismic profile (Fig. 10), the Neogene and 
Quaternary strata are more likely to be thicker. The normal fault extends upwards farther as shown, whilst the 
obliquity is closer to 90° and the amplitude of displacement is very small. 
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Fig. 10. Interpretation of EW seismic line jj’, kk’, ll’ (see Fig. 2 for the location) located on the eastern part of the Chepaizi 

Uplift. 
This line mainly shows the Neogene extension structures. 

 
4.2.1 Eastern part 

As previously displayed (Fig. 6), there are few detailed descriptions of normal faults that formed in the 
shallow system which initiated in the Cretaceous. From the shallow structural map (Fig. 3), we can consider that 
the length of these faults is short which even reveals ~2km and the density is great. The major normal faults in 
the eastern part are mostly north-south strike, intersected with a few EW-trending faults. Small scale is also one 
difference between these two parts of the shallow system. Most of these normal faults have strike-slip 
characteristics. 

 
5 Discussion 

 

5.1 Fault formation mechanism 
The basement fault system belonging to the deep part of the study area mainly corresponds to a series of 

thrust and overthrust, and the Hong-Che Fault with obvious characteristics in the East is also a NS-trending high 
angle thrust fault (Yu et al., 2016; Liu et al., 2017). Judging by the thickness variation on the two sides of the 
thrust fault and the overlap relationship between the strata, two distinct events have been identified in the deep 
part. After the shallow Cretaceous, the normal fault mainly developed. Partially, some faults are featured by 
strike-slip. These features indicate that the Chepaizi Uplift underwent a new round of tectonic movement during 
the late period. Therefore, three major structural deformation stages have been demonstrated, including the Late 
Permian transpression, the Late Jurassic compressional thrusting, and the Neogene tilting and regional extension 
(Fig. 11a, b and e). 

 
5.1.1 Late Permian transpression  

There have been plenty of evidences support that a tectonic reversion took place in the northwestern margin 
of the Junggar basin in the Late Permian, which changed from rifting tectonic regime to compression (Fang et 
al., 2006; Yan et al., 2015). Alluvial fan facies indicate an uplift tectonic activity of the West Junggar orogenic 
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belt (Lei et al., 2005; Wang et al., 2016). Meanwhile, a large-scale counterclockwise rotation is observed 
between West Junggar relative to the western part of the Chingiz Arc since the late Permian time via 
geochronology and paleomagnetism (Yi et al., 2015; Huang et al., 2018) (Fig. 11a). This movement probably 
represented important effect within the western part of the Central Asia Orogenic Belt. It induced the strike-slip 
structure of Hong-Che fault. The surrounding Kebai-Wuxia fault belt shows a normal displacement associated to 
this dextral movement simultaneously. Referring to the deep structural map (Fig. 2), we suggested that the fault 
acted as NS-trending thrust fault in the Chepaizi Uplift during the Late Permian. In the section view of western 
and eastern part (Figs. 5 and 6), these faults are steeper and cut into the Carboniferous strata in the base (Buslov 
et al., 2004). Among them, the Hong-Che fault in the East is one of the largest transpressional fault (Laurent et 
al., 2003; Chen et al., 2016), which is nearly vertical and more obvious in the profile. This fault marks an 
EW-trending compressional tectonic regime. The unconformity observed between the Carboniferous base and 
Triassic strata relative to the Changji Sag provides evidence of large area erosion occurred since Permian. On 
the basis of these characteristics, the timing of the stress background can be constrained to the Late Permian. 
Combing with the southeastward compressive stress originate from West Junggar orogenic belt as previously 
mentioned, the internal NS-trending faults formd as a result of this transpressinal regime (Xu, 1995; Yang et al., 
2011). We conclude that the Chepaizi Uplift formed early. 

 
5.1.2 Late Jurassic compressional thrusting and strike-slip 

During the Late Jurassic, He et al. (2008) assumes that the transpressional mechanism is the dextral 
strike-slipping which had taken place in North Tianshan Fault and South Wulungu-Kerameili Fault. This study 
suggests that the large-scale uplift movement of the Northern Tianshan plays a significant role in the uplift. 
Several works have highlighted this tectonic event (Chen et al., 1991; Hendrix et al., 1992; Hendrix, 2000; 
Dumitru et al., 2001; Fang et al., 2005; Li , 2007). The indicative evidence of this active tectonic movement is 
from the detrital zircon geochronology dating by Fang et al. (2006). It testified that, during the late Jurassic, a 
tectonic event affected the Northern Tianshan and allowed the mountain uplift intensely compared to the Late 
Permian. The basin and mountain pattern also changed. Moreover, the results of the apatite fission track also 
show that a cooling and uplifting tectonic thermal event occurred in the Late Jurassic (Guo et al., 2006; Jin et al., 
2007). The detrital AFT samples reveal the tectonic reactivation is resulted in a contractional setting owing to 
the accretion of the various Cimmerian blocks (Vincent and Allen, 2001; Xiang et al., 2018). Therefore, 
evidence indicates that the Chepaizi Uplift and the Sikeshu Depression records a major NE-SW strike 
compressional regime that took place throughout the Late Jurassic (Fig. 11b). It has been suggested that the 
approximately NWW strike Aikaxi Fault and Aika Fault (Fig. 2) were formed by this compressional 
background. 

By observing the seismic section perpendicular to the Hong-Che fault strike, we found that the pre-existing 
Hong-Che fault reactivated (Yu et al., 2016). This fault was affected by the compressive stress, indicating a 
significant activity occurred in late Jurassic. The NW-trending thrust fault which mainly developed in the 
middle of the Upliftand the Sikeshu Depression may also have undergone this event, revealing different 
orientation of compression during the Late Jurassic. As shown in the simplified structural map (Fig. 2), these 
faults demonstrate far extending and stable parameter. It cut into the Carboniferous base and cut off the Jurassic 
strata in the section view. Therefore, we counted many major faults belonging to the NE-SW compressive stress 
setting in this area (Fig. 11b). Anyway, the strata deposited on top of the Jurassic tilting mark the thrust 
movement of the Hong-Che fault. Later Cretaceous strata overlie the former Jurassic strata with an onlap contact. 
At the same time, the Jurassic strata remaining in the footwall of the thrust fault which was located in the middle 
of the uplift also tilted and deformed. Subsequently, the Cretaceous sediments deposited upon the deformed 
Jurassic strata, forming a regional truncation unconformity. The Jurassic strata vanished in other areas (Yang et 
al., 2015). In conclusion, from the faults’ movement characteristics and the strata distribution data, we may 
deduce that the area records a major NE-SW compressional phase that took place during the Late Jurassic (Fig. 
11b). In addition, the pre-existing Hong-Che Fault Zone and the basement fault developed in the east marks an 
extra dextral transpression. The NNW secondary fault and the NS master fault depicted echelon splay which 
conforms to the dextral transpression characteristics (Xu et al., 2008). Chepaizi Uplift got into an inverted 
triangle shape in this period. 

 
5.1.3 Neogene tilting and regional extension 

An interpreted seismic section reveals that after the Late Permian intense compression and late Jurassic 
tectonic transformation (Figs. 5, 6 and 7), the thin Paleogene strata and the thick Neogene were deposited in the 
area (Dong et al., 2017). Since the Neogene, the Northern Tianshan orogenic belt has risen again due to the 
strong compression created by the well-known Indian-Eurasian collision (Hendrix et al., 1992). Affected by 
flexing, the basement of the Junggar Basin tilted southward. This tectonic deformation formed an 
intracontinental regenerating foreland basin with the southern margin as a foredeep. Owing to the Neogene 
uplift of Northern Tianshan, on the one hand, the area is affected by the NS-trending regional compressive stress 
σ1. And it appeared as an EW extensional stress σ3. On the other hand, we consider that the Chepaizi Uplift 
rapidly tilted southward as a result from the thick Neogene strata deposited in front of the Northern Tianshan 
responsible for NS-striking derived extensional stress σ3’ at the distant cover strata (Fig. 11e). 
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The NS-trending normal fault is controlled by the regional extensional stress σ3 along an E-W direction, or 
the negative inversion of the pre-existing NS basement fault. The characteristics in the section view include step 
style, graben and horst, Y type, flower pattern, negative inversion type, and other structural types. They acted as 
an echelon or parallel pattern in the plane (Fig. 3). Faults collected in the uplift are generally oriented E-W, 
which is perpendicular to the compression direction, are characterized by the derived extensional stress σ3’. The 
NW-trending strike-slip fault system is formed in the transitional zone between the east and west flanks. We 
interpreted that it is in response to the basement structure and the derived extensional stress σ3. Overall, the 
Neogene tilting southward and regional extension produced NS normal faults and EW normal faults, and NW 
strike-slip faults (Cheng et al., 2014) (Fig. 11e). 

 

 

 
Fig. 11. The residual thickness map superposed by stress field demonstrate three stages of tectonic events marked by a 

variety distribution of strata. 
(a), This area underwent the NW-SE compression from the northwestern margin of the Junggar Basin and the transpression as a consequence of 

counter-clockwise rotation in the Late Permian, leading the overall Permian strata that are mainly concentrated in the interior of the Changji Sag; (b), 

The Uplift once again experienced the compression in the Late Jurassic. The remaining Triassic-late Middle Jurassic strata in the footwall tilted and 

denuded in the hanging wall; (c), We consider that the Cretaceous sedimentary range gradually enlarged, covering the top of the Uplift; (d), The 

Paleogene strata distributed widely under the stable tectonic setting, with unvaried thickness; (e), Since the Neogene, due to the India-Eurasia 

collision, the northern Tianshan once again rose up and thrusted northward. The huge thickness sediments make the basin a very asymmetric flexure, 

and the distant cover strata stretched. 

 

5.2 Uplift, erosion and deposited strata during various stages 
In northern Xinjiang, ocean basin may close in late Carboniferous and started continental sedimentary 

development in early Permian (Li et al., 2017). In the Early Permian, this area corresponded to extensional 
rifting, developing mantle derived dykes and basalts (Zhang et al., 2007; Yan et al., 2015). Then the Late 
Permian is thought to be the transpressional stage (Fig. 12a). In the Late Middle Permian, the water gradually 
became desalinated and shallow in the whole Junggar basin and the lake area shrank (Choulet et al., 2011; Feng 
et al., 2013). It is found that some areas uplifted accompanied with denuding regionally. Through the 
observation and analysis of the seismic line across the Hong-Che Fault (Fig. 12b) and the Permian residual 
thickness map (Fig. 11a), we discovered that the overall Permian strata are mainly concentrated in the interior of 
the Changji Sag, while the top of the Uplift and the Sikeshu Depression disappeared. For this reason, it can be 
concluded that the Permian sedimentary system is controlled by the development of faults and uplift. This area 
underwent the NW-SE compression from the northwestern margin of the Junggar Basin and the transpression as 
a consequence of counter-clockwise rotation (Fig. 11a). It played a significant role in forming the early Chepaizi 
Uplift and producing the NS-trending Hong-Che Fault Zone and the basement fault. Therefore, the Changji Sag 
on the east side of the Hong-Che Fault corresponds to the compressional basin. We deduce that it led to the 
Permian strata remained in the footwall of the fault, while the strata on the top of the Uplift were eroded. In the 
meantime, the Hong-Che Fault Zone controlled deposition strongly. 

During the Permian-early Triassic period, this area recorded a compressional phase from prosperity to decline. 
Subsequently, this Uplift entered the extensional subsidence stage during the Triassic-Early and Middle Jurassic 
(Fig. 12c and d). The Triassic and Middle-Lower Jurassic sedimentary range inherited and expanded the 
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Permian (Feng et al., 2015; Jia et al., 2016; He et al., 2017). For instance, the residual thickness map of the 
Badaowan Formation gives us an important support that the Lower Jurassic sedimentary covers most of the area. 
Referring to the section (Fig. 12c and d), we note the whole strata overlapping the top of the uplift from the east 
Changji Sag and the west Sikeshu Depression, acting as an onlap unconformity between these two formations. A 
thin layer of Early Jurassic strata remained on the top of the uplift. From the outcrop evidence, the late 
Carboniferous granite base (310 Ma) was unconformably covered by basal conglomerate of the Upper Triassic 
Baijiantan Formation which was flat and had no deformation. Furthermore, an unconformity was observed 
between the Lower Jurassic and the Upper Triassic. The sedimentary range becomes wider. Indeed, the 
Middle-Lower Jurassic is widespread in the basin and foothills of the northwest margin and the intraplate 
alkaline basalt outcropping from the Early Jurassic has also been found in southwest Karamay (Xu et al., 2010; 
Choulet et al., 2013). These features totally indicate that the area records an extension subsidence regime that 
has occurred during this period. The regional tectonic movement tends to be calm and most of the faults end up 
owing to this regime. To sum up, this phase was characterized by the wide distribution, flat and weak 
deformation with no large-scale fold. Nonetheless, the control of the fault still exists (Feng et al., 1990). The 
activity of the growth fault has obvious influence on the lithofacies and thickness variation of the strata. 

The uplift once again experienced the compression-uplift in the late Jurassic. The Upper Jurassic strata 
deposited previously underwent extensive erosion and was generally absent (Fig. 11b and 12e). Only a few areas 
and partial valley had remnants (Fang et al., 2004). At this time, the pre-existing faults at the top of the uplift 
significantly reactivated and a series of new NWW strike thrust fault developed, caused by the uplift of the 
Northern Tianshan. The remaining Triassic-late Middle Jurassic strata in the footwall tilted and denuded in the 
hanging wall (Fig. 8). There was an angular unconformity below the Cretaceous strata. The reactivated 
Hong-Che fault also enhanced its control to the deposited strata. To the east, thick Jurassic strata were preserved 
in Changji Sag and tilted by the whole, whose top is eroded strongly with Cretaceous strata covered 
unconformity on it (Fig. 6). The unconformity observed between the Jurassic and Cretaceous provides evidence 
of a second compressive deformation phase as recorded previously. Therefore, we suggest that there is more 
likely to be a significant activity in the Late Jurassic from the features of strata denudation and the control of the 
faults on sedimentation (Yang et al., 2015). It raised the Chepaizi Uplift significantly and made the top strata 
eroded as well.  

The regional tectonic environment was relatively stable in the Cretaceous. Lacustrine facies expanded 
continuously, resulting in the Cretaceous lacustrine mudstone overlying underlying strata (Fig. 11c, d and Fig. 
12f). The Paleogene strata distributed widely under the stable tectonic setting, with unvaried thickness. For 
simplicity, we define this phase to subsidence and burial regime. Combined with the map view and section view 
(Fig. 11c and Fig. 6), we consider that the Cretaceous sedimentary range gradually enlarged, covered the top of 
the uplift, had good continuity, nearly horizontal deposition and weak deformation. The range of Paleogene 
deposition also further enlarged which expanded from east Changji Sag to west Sikeshu Depression (Fig. 11d). 
It mainly distributed in these two Sags. This distribution characteristic is the same as Cretaceous. The 
sedimentation centers are concentrated in the south and east. Strata mainly deposited on the top of the uplift, but 
was generally lacking in the north. High northwestern and low southeastern indicate that the Late Jurassic 
palaeogeomorphology which was fixed by tectonic movement did not change greatly during the Cretaceous and 
Paleogene. The overall Junggar Basin deposition thickness was more uniform in the Cretaceous and the 
Chepaizi-Mosuowan Uplift disappeared. All performed a uniform subsidence acceptings deposition period. 
(Fang et al, 2004)  

Since the Neogene, due to the India-Eurasia collision, the northern Tianshan once again rose up and thrusted 
northward. The Junggar Basin was subjected to flex and the basement tilted southward, forming an 
intracontinental regenerating foreland basin (Leeder et al., 1987) (Fig. 11e). The uplift is completely located in 
the northern Sikeshu Depression foreland basin structural area. Thus, thick Neogene Shawan Formation, Taxihe 
Formation, and Dushanzi Formation have been deposited in the south part of the uplift (Liu, 2010). The profile 
show that these strata are superimposed on the southern Junggar Basin foreland slope belt (Fig. 12g and h). 
From the front of the mountain to the basin, the Neogene shows huge thickness variations, gradually decreasing. 
The basement and the Neogene strata tilted and folded. The huge thickness sediments (especially the 
Neogene-Quaternary thick glutenite deposits) make the basin a very asymmetric flexure, and the distant cover 
strata stretched. It reflects that the Tianshan Mountain is reactive again. The rapid uplift and denudation can 
provide provenance for the basin deposition. At the same time, it made tectonic movement of the Chepaizi 
Uplift active again, for example, the East-West extension fault system in the study area began to develop. 

In summary, tectonic movement not only controled the fault characteristics, but also the strata distribution. On 
the whole, the Chepaizi Uplift and its surrounding Carboniferous- Neogene strata completely developed, but the 
distribution was controlled by uplift and faults. The Hong-Che Fault Zone affected the Permian and Triassic 
deposition greatly. The Jurassic distributed wider than previous sedimentary and overlaid older strata with an 
onlap contact. The Cretaceous-Neogene well developed and gradually thickened from the northwest to the 
Northern Tianshan (Fig. 11 and 12). 
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Fig. 12. Sketch diagram showing the structural evolution of the Chepaizi Uplift since the Permian (see Fig. 1 for the 

location). Six main stages of deformation include: 
(a), the Early Permian extensional rifting; (b), the Late Permian transpressional stage; (c) the Triassic extensional subsidence stage; (d), Early and 

Middle Jurassic extensional subsidence stage; (e) the Late Jurassic compressional thrusting; (f) the Cretaceous and Paleogene stable subsidence; (g) 

the Neogene southward tilting and regional extension; (h) recent interpretation seismic line.  

 
6 Conclusions 

 
Based on the seismic interpretations, geological mapping and structural analysis, the fault features and the 

controlling mechanism for structural and sedimentary characteristic has been discussed in this essay. This study 
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come to conclusion as follows: 
（1）The study area recorded a transpressional regime during the Late Permian. The uplift of the West 

Junggar Orogenic Belt and the counter-clockwise rotation of the block caused the uplift to be extruded eastward, 
forming the NS-trending Hong-Che fault and basement fault. The Permian strata at the top of the uplift are 
denuded and remain in the Changji Sag only. 
（2）The Late Jurassic is another compression-uplift stage. The Northern Tianshan Mountains Uplift resulted 

in the extrusion along a NE-SW direction, producing new NM-trending thrust fault and the strike-slip 
characteristics of the pre-existing NS fault. The deposited strata onlap went from both sides sags to the top of 
the uplift. 
（3）The Northern Tianshan Uplift and northward thrust in the Neogene lead to the southwestern tilting and 

the northern extension. There are normal faults, strike-slip faults and huge thickness in Neogene strata. 
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中文摘要 

车排子凸起是准噶尔盆地西部的一个北西-南东走向的构造单元，通过对平面地质图、地震解释剖面、构造特征

和地层残余厚度图的分析，可以研究得出该地区的应力背景、构造样式以及地层展布在不同时期的演化过程。其中，

南北走向的断层揭示了晚二叠是一个走滑-挤压时期，同时也造成了构造应力场和地层厚度的变化。在晚侏罗时期，

由于北天山的大规模隆起，产生了一系列北东-南西向的逆断层，先存断层又再活动成为具有挤压和右旋走滑性质的

断层，反映了挤压逆冲和走滑的应力场背景。除此以外，侏罗系和白垩系之间的角度不整合也证明了这期构造活动

的发生。在新近纪，由于整体向南掀斜产生了局部的派生伸展应力场，产生了一系列正断层，而在这之前，车排子

凸起沉积了厚层的新生代早期的地层。最后编绘出平衡剖面示意图也重点说明了应力场和地层展布的演化过程。 

 

关键词：演化；构造特征；应力场；沉积地层；车排子凸起 
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