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Abstract The Daerbute fault zone, located in the north-
western margin of the Junggar basin, in the Central Asian
Orogenic Belt, is a regional strike-slip fault with a length of
~ 400 km. The NE-SW trending Daerbute fault zone
presents a distinct linear trend in plain view, cutting
through both the Zair Mountain and the Hala’alate
Mountain. Because of the intense contraction and shearing,
the rocks within the fault zone experienced high degree of
cataclasis, schistosity, and mylonization, resulting in rocks
that are easily eroded to form a valley with a width of 300—
500 m and a depth of 50-100 m after weathering and
erosion. The well-exposed outcrops along the Daerbute
fault zone present sub-horizontal striations and sub-vertical
fault steps, indicating sub-horizontal shearing along the
observed fault planes. Flower structures and horizontal
drag folds are also observed in both the well-exposed
outcrops and high-resolution satellite images. The dis-
tribution of accommodating strike-slip splay faults, e.g.,
the 973-pluton fault and the Great Jurassic Trough fault,
are in accordance with the Riedel model of simple shear.
The seismic and time-frequency electromagnetic (TFEM)
sections also demonstrate the typical strike-slip character-
istics of the Daerbute fault zone. Based on detailed field
observations of well-exposed outcrops and seismic
sections, the Daerbute fault can be subdivided into two
segments: the western segment presents multiple fault
cores and damage zones, whereas the eastern segment only
presents a single fault core, in which the rocks experienced
a higher degree of rock cataclasis, schistosity, and

Received February 25, 2017; accepted October 30, 2017

E-mails: Kongyou WU (wukongyou@163.com), Yangwen PEI
(peiyangwen@upc.edu.cn)

mylonization. In the central overlapping portion between
the two segments, the sediments within the fault zone are
primarily reddish sandstones, conglomerates, and some
mudstones, of which the palynological tests suggest
middle Permian as the timing of deposition. The deforma-
tion timing of the Daerbute fault was estimated by
integrating the depocenters’ basinward migration and
initiation of the splay faults (e.g., the Great Jurassic
Trough fault and the 973-pluton fault). These results
indicate that there were probably two periods of faulting
deformation for the Daerbute fault. By integrating our
study with previous studies, we speculate that the Daerbute
fault experienced a two-phase strike-slip faulting deforma-
tion, commencing with the initial dextral strike-slip
faulting in mid-late Permian, and then being inversed to
sinistral strike-slip faulting since the Triassic. The results
of this study can provide useful insights for the regional
tectonics and local hydrocarbon exploration.

Keywords Daerbute fault, structural characteristics,
deformation timing, West Junggar

1 Introduction

The Daerbute fault, extending more than 400 km in the
NE-SW direction, is the largest and longest-lasting fault
structure in the western Junggar area, which exerts an
important control on the deformation of the Central Asian
orogenic belt (Allen and Vincent, 1997; Zhao et al., 1997,
Chen et al., 2010, 2014, 2016; Fan et al., 2014; Yin et al.,
2015), the tectonic evolution of the western Junggar region
(Zhang et al., 1989; Wu et al., 2013), and related petroleum
distribution (Kuang et al., 2008; Shao et al., 2011).



556 Front. Earth Sci. 2018, 12(3): 555-568

Previous studies mostly concentrated on the distribution of
ophiolites and solid mineral resources along the Daerbute
fault zone (e.g., Gu et al., 2009, 2011; Liu et al., 2009;
Chen and Guo, 2010; Chen et al., 2011, 2013, 2014, 2015,
2016; Lietal.,2012; Yang et al., 2013b). However, there is
still controversy about the fault zone characteristics and
fault deformation timing. For the fault properties, Wu
(1985) suggested that the Daerbute fault is a tail-extension
fault resulted from gravity sliding of the Ke-Xia thrust
nappes; other studies believed that the Daerbute fault was a
basement-involved thrust-imbrication system (e.g., He et
al., 2004, 2006). By integrating the latest geologic
evidence, geologists began to identify the strike-slip
features of the Daerbute fault (Feng et al., 1990; Allen
and Vincent, 1997; Meng et al., 2009; Shao et al., 2011;
Fan et al., 2014). In regard to the deformation timing, some
research has suggested that the Daerbute fault began
faulting deformation in the Carboniferous (Xie et al., 1984;
Zhang et al., 1989; Feng et al., 1990), some geologists
believed the Daerbute fault was developed in the Permian-
Triassic (Sengor et al., 1993; Allen and Vincent, 1997),
whereas other studies believed that the Daerbute fault was
formed in the Cenozoic (Meng et al., 2009; Yang et al.,
2011). By integrating detailed fieldwork data, geophysical
data, and palynological data, this study investigated the
structural features, characteristics, and kinematic evolution
of the Daerbute fault. It is proposed that the Daerbute fault
had experienced at least two phases of strike-slip faulting
deformation resulting in a tectonic inversion from the
initial dextral strike-slip faulting to the later sinistral strike-
slip faulting. The Keramay-Baikouquan and Wuerhe-
Xiazijie thrust fault zones were involved in the initial
dextral strike-slip faulting, and formed flower structures in
section view. The results of this study can provide insights
on the kinematic evolution of the Daerbute fault, which
may help understand regional hydrocarbon migration and
accumulation. The field-based observations of fault zones
are also important for understanding the fault zone
properties, fault zone characteristics, and deformation
mechanisms of the northwest Junggar basin.

2 Geologic setting

The Central Asian Orogenic Belt is one of the largest
Phanerozoic orogenic belts in the world and has attracted
the attention of geologists and geochemists (e.g., Sengor et
al., 1993; Xiao et al., 2003; Windley et al., 2007; Jian et al.,
2008; Simonov et al., 2015; Tang et al., 2015; Cai et al.,
2016). The Central Asian Orogenic Belt extends from the
Urals in the west through Kazakhstan, northern China,
Mongolia, and southern Siberia to the Okhotsk Sea along
the eastern Russian coast (Tang et al., 2012). Previous
studies suggested that the Central Asian Orogenic Belt is
an accretionary orogenic belt comprised of an accretionary

wedge, micro-continental block, trench-arc system, sedi-
mentary basin, and multiple types of igneous rocks (e.g.,
Xiao et al.,, 2003; Jian et al., 2008). The kinematic
evolution of the Central Asian Orogenic Belt has been
divided into three stages: continental margin accretion,
post-collision, and intracontinental orogeny (Khain et al.,
2002). Regional-scale faults were developed during the
orogenesis due to contraction and accretion (Fig. 1). As
shown in Fig. 1(a), the western Junggar Orogen, located in
the southern Central Asian Orogenic Belt, forms a series of
regional-scale strike-slip faults, such as the Baerleike fault,
the Toli fault, and the Daerbute fault.

In the western Junggar Orogen, there are three major
faulting deformation belts: the Daerbute and Baijiantan
ophiolitic belts (e.g., Yang et al., 2012, 2013a; Chen et al.,
2014, 2016; Tang et al., 2015), the Daerbute fault zone
(e.g., Chenetal., 2014; Yin et al., 2015), and the Karamay-
Baikouquan & Wuerhe-Xiazijie fault zones (e.g., Shao et
al.,, 2011; Wu et al., 2014). The Daerbute fault, cutting
across the western Junggar orogenic belts, is closely
adjacent to the northwestern margin of the oil/gas bearing
Junggar basin. Its deformation, together with the Karamay-
Baikouquan fault zones and the Wuerhe-Xiazijie fault
zones, dominated the interaction between the Junggar
basin and orogenic belts to the northwest (Shao et al.,
2011). The stratigraphy near the Daerbute fault was
dominated by Carboniferous rocks, including eruptive
rocks, metamorphic rocks, and minor sedimentary rocks
such as sandstones, conglomerates, and mudstones (e.g.,
Gu et al., 2009, 2011; Liu et al., 2009; Chen and Guo,
2010; Chen et al., 2011, 2013, 2014, 2015, 2016; Li et al.,
2012; Yang et al., 2013b). Some locally deposited red
conglomerates were observed along the Daerbute fault
zone (see the brown shade near the Liushugou profile, in
Fig. 1(b)). However, there is still controversy on the timing
of the sandy conglomerates. Zhou (1987) suggested that
the sandy conglomerates were the early Permian Chidi
Formation (P;ch) according to regional stratigraphic
correlation, whereas Allen and Vincent (1997) believed
that they should be mid-Permian sediments. Intensive
granite intrusions were also developed along the Daerbute
fault zone, with ages of 327-271 Ma (Han et al., 2006). An
ophiolite belt is also distributed along the Daerbute fault
zone with an age of 394.14+6.8 Ma (Gu et al., 2009). Some
granite intrusions cut through the Ophiolite belt, resulting
in a typical “nailed rock mass” (Han et al., 2010).
Widespread stream offset in the Daerbute area also
suggests that the strike-slip faulting may continue to the
present day with a motion rate of 0.03—0.2 mm/yr (Zhao
et al,, 1997). In addition, the abundant geologic data,
including the broadly developed accommodation faults
(Wu et al, 2014) and the locally deposited Permian
sediments (Zhou, 1987), provides effective evidence for
understanding the kinematic evolution and dynamics of the
Daerbute fault (Fig. 1(b)).
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Fig. 1 Geologic setting of the NW Junggar Orogen belt, in which the Daerbute fault zone is an important strike-slip fault in the Central
Asian Orogenic Belt. (a) Inset map of the study area in the Central Asian Orogenic Belt. (b) Structural map of the NW Junggar Orogen
belt. The Daerbute fault, NE-striking, is a sinistral strike-slip fault that controls the deformation of the Junggar basin. (F1: Daerbute fault;
F2: Great Jurassic Trough fault; F3: 973-pluton strike-slip fault; F4: Tuoli fault; F5: Baerleike fault; F6: Karamay-Baikouquan fault; F7:
Wauerhe-Xiazijie fault). The U-Pb ages of the intrusions are from Yang et al. (2012, 2013a),Yin et al. (2015), and Chen et al. (2016).

3 Methods

In order to characterize the structural features of the
Daerbute strike-slip faulting deformation, we utilized
multiple sources of geologic data in this study, including
in-situ outcrop maps, satellite images, seismic reflection
data, time-frequency electromagnetic (TFEM) data, and
sporopollen assemblage results. By analyzing these data,
we investigated the structural characteristics of the
Daerbute fault and its deformation timing and tectonic
evolution.

1) Satellite mapping: By integrating field observations,
the high-resolution satellite images (from the Google
Earth) were interpreted and mapped (Fig. 2) to present the
drainage systems, distribution of plutons, and fault systems
in the northwestern Junggar area. In particular, the plain
view distribution of the Daerbute fault (i.e., F1) and its
accommodation splay faults (i.e., F2, the Great Jurassic
Trough fault; F3, the 973-pluton fault) were investigated to
reveal the tectonic relationship between these strike-slip
faults.

2) Detailed outcrop mapping: Well-exposed outcrops of

both the Daerbute fault zone and its splay faults were
selected for detailed field mapping based on observed
structural features in the outcrops (Figs. 3-4), e.g., the
Liushugou profile, the Kekehula profile, and the
Baiyanghe profile. The outcrops sites, lithology, fault
dip/azimuth, and slickensides dip/azimuth were analyzed,
which were subsequently used for the kinematic analyses
of the Daerbute fault zone.

3) Seismic and time-frequency electromagnetic (TFEM)
interpretation: Representative seismic sections (i.e., A-A'
and C-C') and a time-frequency electromagnetic (TFEM)
section (i.e., B-B’) were integrated in this research to
understand the subsurface fault architecture of the
Daerbute fault zone (Figs. 5-7). The seismic sections in
Fig. 5(a) and Fig. 7 are depth-converted and borehole-
constrained.

4) Palynology of sedimentary rocks: The sporopollen
tests were conducted by the Institute of Experiment and
Detection, Xinjiang Oilfield, PetroChina. The results from
sporopollen tests of the samples of the fault-bounded
sedimentary rocks in the Liushugou profile were used to
date the sediments, which was subsequently used to
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Fig. 2 Satellite image interpretation and structural features of the representative outcrops of the Daerbute fault zone. (a) Satellite image
interpretation, including fault trace mapping, river systems, and intrusive plutons. (b) Representative outcrop of the mid-Permian
sediments (i.e., sandy conglomerates) that are bounded by the Daerbute fault zone. (c) An overview section from the Kekehula profile,
presenting topographic response to the strike-slip faulting of the Daerbute fault. (d) Plain view drag folds developed due to the sinistral
strike-slip faulting along the Daerbute fault. F1: Daerbute fault; F2: Great Jurassic Trough fault; F3: 973-pluton fault.

constrain the timing of tectonic inversion between the two-
phases of strike-slip faulting deformation in the west
Junggar area.

4 Structural characteristics of the Daer-
bute fault

4.1 Surface fault architecture: outcrops

The rocks in the hanging wall and footwall were entrained
in the fault zone and experienced intensive deformation to
form anastomosing networks of fractures or faults
(Antonellini and Aydin, 1994). According to the degree
of fragmentation, a fault zone can be characterized as the
central fault core and its adjacent damage zones (Knipe,
1997; Wu et al., 2010; Pei et al., 2015). The NE-SW-
trending Daerbute fault presents a linear surface exposure,
cutting through the Zair Mountain and the Hala’alate
Mountain in the northwest Junggar basin (Fig. 2(a)). The
multi-phase tectonic deformation of the Daerbute fault
(Allen and Vincent, 1997; Fan et al., 2014) resulted in
intensive compression and shearing within the fault core
that is therefore easy to be eroded. Under the erosion and
transportation by the Daerbute River and other river

systems, the present Daerbute fault, extending for
hundreds of kilometers, shows as a topographic trough
with a width of 300-500 m and a depth of 50-100 m. The
topographic trough is filled by the Quaternary sediments
transported by the river, and the Carboniferous rocks on
both sides of the Daerbute fault are deformed to form the
damage zones of the Daerbute fault (Fig. 2(b)).

Based on detailed fieldwork along the Daerbute fault
zone, evidence was found to reveal the structural
characteristics of the strike-slip faulting deformation of
the Daerbute fault.

1) Flower structures: positive flower structures were
interpreted in several well-exposed outcrops (Fig. 3). Two
well-exposed outcrops that characterize the fault zone
architecture are the Liushugou profile (Figs. 3(a) and 3(b))
and the Baiyanghe profile (Figs. 3(c) and 3(d)). The
Liushugou profile (Figs. 3(a) and 3(b)) is a SE-striking
section that presents the classic geometry of a positive
flower structure, with steep primary fault planes and sub-
symmetric splay fault planes in the two sides. The rocks
experienced strong cataclasis adjacent to the fault slip
surfaces whereas the rocks in between the fault surfaces
present less strain. Similarly, the Baiyanghe profile
(Figs. 3(c) and 3(d)) shows classic positive flower
structures that are comprising of central high-angle faults
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Fig. 3 Interpreted flower structures in well-exposed outcrops and structural sketches at: (a—b) Liushugou profile and (c—d) Baiyanghe
profile (see positions of outcrops in Fig. 2(a)). Both profiles present classic positive flower structures, comprising central sub-vertical
faults and relatively low-angle splay faults in the two sides.
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and relatively low-angle splay faults in the two side walls.
In both the two profiles, ~ 80% of the splay faults are
broadly cemented by calcite veins, which significantly
decreases the porosity and permeability of the rocks to
form effective barriers for fluid flows (e.g., Pei et al,,
2015).

2) Horizontal slickensides: slickensides are extensively
developed in the outcrops in several field sites observed
near the Daerbute fault zone, such as the Liushugou
profile, the Kekehula profile, and the Baiyanghe profile.
Fault steps and slickenfibres are also broadly observed in
the fault planes. The slickensides, fault steps, and
slickenfibres observed in fault outcrops suggest that the
direction of faulting movement is sub-horizontal, with dips
ranging from 0°-20° (Fig. 4).

3) Drag folds: in the satellite images, the Carboniferous
sediments (in grey color) adjacent to the Daerbute fault
present anti-clockwise bending (Fig. 2(d)), of which the
fold axis is approximately striking 70°NE. The geometry
of drag folds suggests a SW-directing movement of the
northwest block of the Daerbute fault, indicating that the
present Daerbute fault shows sinistral strike-slip faulting
deformation.

4) Strike-slip splay faults: several strike-slip faults
developed adjacent to the Daerbute fault zone. The Great
Jurassic Trough fault (F2) and the 973-pluton strike-slip
fault (F3) are at an acute angle and an approximate right
angle to the Daerbute fault, respectively. The 973-pluton
was faulted with a sinistral horizontal throw of 6.5 km that
is estimated based on satellite image interpretation (Fig. 2
(a)). The Great Jurassic Trough fault is SE-striking and has
an almost perpendicular intersection with the Daerbute
fault. The Great Jurassic Trough fault offsets the Zair
Mountain by ~20 km. The direction of the fault offset
suggests dextral strike-slip of the Great Jurassic Trough
fault (Wu et al, 2014). These strike-slip faults are
synchronously developed together with the Daerbute
fault and they obviously have kinematic relationships.

4.2 Subsurface fault architecture: seismic and TFEM
sections

The subsurface structural characteristics of the Daerbute
fault are interpreted by using the latest 2D seismic sections
and time-frequency electromagnetic profiles (TFEM) that
cross the Zair Mountain (Fig. 5). As shown in Fig. 5(a),
positive flower structures are interpreted in the seismic
section, indicating the strike-slip features of the Daerbute
fault. In the seismic section, the primary fault plane is
nearly vertical and cuts down to the basement. On both
sides of the primary fault plane, several high-angle reverse
faults are developed as the branches of the flower structure.
These branches gradually converge to the primary fault
plane with increasing depth, forming a typical flower
structures in the Daerbute fault zone. However, the flower
structure of the Daerbute fault is not symmetric in section

d 45°34'25.59"N
84°14'45.77"E

45°34'35.75"N
84°11'01.00"E

Fig. 4 Horizontal/sub-horizontal slickensides of the outcrops in
primary fault plane of the Daerbute fault zone, at the (a) Liushugou
profile; (b) Kekehula profile; (c) Baiyanghe profile (see positions
of outcrops in Fig. 2(a)). The slickensides present low-angle dips,
ranging from 0° to 20°, indicating sub-horizontal shearing between
the two walls. The slickensides in these three outcrops all suggest
sinistral strike-slip along the fault planes.

view. More branches exist in the southeast side that
approaches the adjacent Junggar basin. In the time-
frequency electromagnetic profile (TFEM) (Fig. 5(b)),
the Daerbute fault also presents well-constrained flower
structures, with a primary fault plane vertically cutting into
the basement and multiple reverse faults on both sides to
form the branches of a flower structure. In this time-
frequency electromagnetic profile (TFEM), similar to the
seismic section in Fig. 5(a), the flower structure also
presents asymmetry with more branch reverse faults on the
southeast side adjacent to the Junggar basin. The time-
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Fig. 5 Interpretation of the seismic reflection and time-frequency electromagnetic sections (TFEM). (a) Seismic section (section A-A’ in
Fig. 1); (b) Time-frequency electromagnetic section (TFEM) (section B-B' in Fig. 1). Based on the seismic reflectors’ features, positive
flower structures are interpreted, which accounts for the uplift of the Zair Mountain. The time-frequency electromagnetic section (TFEM)
also demonstrates structural features that are properly interpreted with positive flower structures. Abbreviations of sediments: C-
Carboniferous; P-Permian; P,-Early Permian; P,-Middle Permian; T-Triassic; J-Jurassic; K-Cretaceous; Q-Quaternary.

frequency electromagnetic profile (TFEM) reflects a high-
gradient of electrical resistivity change, indicating juxta-
position between Paleozoic rocks in hanging walls and
Mesozoic sediments in footwalls.

4.3 Segmentation of the Daerbute fault

The Daerbute fault extends more than 400 km in plain
view, cutting across the Zair Mountain and the Hala’alate
Mountain and forming the boundary between the Junggar
basin and the Heshituoluogai basin (Fig. 1). Along its
strike, the Daerbute fault is a linear topographic valley with

a width of 300-500 m. The Daerbute fault reaches its
maximum width at the Liushugou profile (with a width of
~1 km), which is filled by the reddish-brown Permian
sandy conglomerates (Figs. 2(a) and 2(b)). The Permian
sediments are in direct contact with the Carboniferous
rocks in the Daerbute fault zone. Based on field outcrop
observations (Fig. 6), the Liushugou profile is a dividing
point for the characteristics of the Daerbute fault. To the
southwest of the Liushugou profile, the rocks in the fault
zone experienced moderate cataclasis and formed multiple
fault cores of tens of meters width and multiple damage
zones (Figs. 6(a)-6(c)). To the northeast of the Liushugou



562 Front. Earth Sci. 2018, 12(3): 555-568

(a) 45°33'42.96"N
84°11'35.79"E

FC: fault core

45°51'17.85" N %
84°43'01.25"E fie.

Fig. 6 Structural characteristics of fault zone of the Daerbute fault. (a) Outcrop of eastern segment of the Daerbute fault; (b) outcrop of
western segment of the Daerbute fault (see outcrop positions in Fig. 2(a)). Fault cores and damage zones can be interpreted in the
representative outcrops based on the magnitude of cataclasis, schistosity and mylonization. FC: fault core; DZ: damage zone.

profile (e.g., the Kekehula area, Figs. 2(c), 6(d)-6(e)), the
Carboniferous rocks experienced strong cataclasis to form
a single central fault core of hundreds of meters width (Fig.
6(d)). Apparently, the more distributed strain in the
southwest portion lead to a higher level of topographic
erosion compared to the northeast portion. Correspond-
ingly, the Daerbute fault presents as a wide and open valley
in the southwest but a narrow and deep valley in the
northeast.

5 Discussion: kinematics of the Daerbute
fault

5.1 Deformation timing of the Daerbute fault

The deformation mechanism and deformation timing of the
Daerbute fault has been an area of interest for the northwest
Junggar basin. Figure 7 presents a high-resolution depth-
converted seismic section well constrained by the bore-

holes GUS55, KE98, GU92a, GUS53, and 423. In this
section, the Karamay-Baikouquan fault zone is upward-
steepening towards the Junggar basin, which presents a
trishear fault-propagation geometry (e.g., Erslev, 1991; Pei
etal., 2014, 2017a, b). The Permian, Triassic, Jurassic, and
Cretaceous-Quaternary sediments demonstrate uneven
thicknesses from the Karamay-Baikouquan fault zone
towards the Junggar basin, suggesting a complex strati-
graphic response to the multi-phased faulting deformation.
Based on the comparison of the sediments’ thickness
between the hanging wall and footwall, the Daerbute fault
controls the sedimentation of the Permian and younger
sediments (Fig. 7), which is in accordance with the results
from Zhang and Guo (2010). Published dating results of
magmatic rocks in the northwest margin of the Junggar
Basin suggested timing of magmatic activities from 340
Ma to 275 Ma, with maximum activity during 310-295
Ma, indicating that plate collision happened during late
Carboniferous to early Permian (e.g., Han et al., 2006). In
the 2D seismic section going through wells GU55-KE98-
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Fig. 7 Seismic interpretation delineating the control of the splay fault (i.e., the Karamay-Baikouquan Fault) of the Daerbute fault on the
sedimentation of the northwest Junggar basin. The seismic interpretation of the hanging wall is well-constrained by the wells GU55,
KE98, GU92a, and GU53, and the footwall is constrained by well 423 (See position in Fig. 1, section C-C’). Abbreviations of sediments:
Pyj-Jiamuhe Formation; P,f-Fengcheng Formation; P,x-Xiazijie Formation; P, 3w-Wurhe Formation.

GU92a-GUS53-423 (Fig. 7), the lower Permian Jiamuhe
Formation (P,j) and Fengcheng Formation (P;f) present
increasing thicknesses when approaching the Daerbute
fault, whereas the middle and upper Permian sediments
(Pox and P, 3w) present increasing thicknesses towards
the Junggar basin. The variation in sediment thickness
indicates that a major tectonic event modified the
geological settings of the Junggar basin, resulting in the
southeast migration of the depocenter from the northwest
margin to the internal Junggar basin. This suggests there
could be a SE-directing thrusting deformation in the early
Permian. In addition, in both outcrops and seismic sections
(Figs. 3 and 5), the flower structures present asymmetric
geometries. Sui (2015) suggested that the asymmetry of the
flower structures along the Daerbute fault zone was
probably caused by the superimposition of the later
strike-slip faulting since the mid-Permian upon the earlier
SE-directing thrusting in late Carboniferous to early
Permian. The earlier SE-directing thrusting resulted in
multiple low-angle thrust faults towards the Junggar basin,
such as the Karamay-Baikouquan fault (F6 in Fig. 1(b))
and Wuerhe-Xiazijie fault (F7 in Fig. 1(b)). Therefore,
during the following superimposed strike-slip faulting
deformation of the Daerbute fault, the flower structure
presents more branch faults towards the Junggar basin.
This is in accordance with the previous studies (e.g., Han et

al., 2006; Geng et al., 2009; Chen and Guo, 2010; Zhang et
al., 2011; Chen et al., 2014, 2016), which described two
stages of deformation: 1) the early development of the
Daerbute Ophiolitic Belt and the Baijiantan Ophiolitic Belt
due to the late Carboniferous and early Permian crustal-
scale compression within an remnant ocean basin, and 2)
the following sinistral strike-slip faulting deformation due
to the far-field effect of the India-Asia collision.

Allen et al. (1995) suggested that there was also a dextral
strike-slip component along the Daerbute fault in the first
stage. Zhao et al. (1997) observed widespread stream offset
in the Daerbute area, suggesting the later sinistral strike-
slip faulting may continue to present with a motion rate of
0.03-0.2mm/yr. Due to the strong superimposition of the
later sinistral strike-slip faulting deformation (e.g., Wu et
al., 2005, 2014), it is difficult to find any direct evidence to
validate the initial dextral strike-slip faulting component.
However, there are still some lines of indirect evidence that
imply the deformation timing of the initial dextral strike-
slip faulting component. Based on outcrop observations of
the Liushugou profile, younger reddish-brown sandy
conglomerates present a linear distribution along the
Daerbute fault (Fig. 2(a)). They are poorly rounded and
sorted, with an average size up to 20 cm and were derived
from the Carboniferous igneous rocks (see Fig. 2(b)).
Allen and Vincent (1997) suggested that the deposition of



564 Front. Earth Sci. 2018, 12(3): 555-568

these conglomerates should be accounted for by the initial
dextral strike-slip faulting. However, there is still con-
troversy on the timing of these sandy conglomerates. Zhou
(1987) suggested that the sandy conglomerates are the
early Permian Chidi Formation (P;ch) according to
regional stratigraphic correlation, whereas Allen and
Vincent (1997) believed that it should be the middle
Permian sediments. In order to reveal timing of the sandy
conglomerates, we collected three samples of the muddy
layers interbedded within the sandy conglomerates.
Sporopollen fossils in the muddy layers were analyzed
with help from the Institute of Experiment and Detection,
Xinjiang Oilfield, PetroChina. The sporopollen fossils
were dominated by gymnosperm sporopollen (containing
Protohaploxypinus and Cordaitina), and characterized by
monocolpate sporopollen (Table 1). The Institute of
Experiment and Detection (Xinjiang Oilfield, PetroChina)
suggested that the characteristics of sporopollen assem-
blage were similar to that of the middle Permian Wuerhe
Formation (P,w). Therefore, it is inferred that the Daerbute
fault presented a dextral strike-slip faulting component in
middle Permian and controlled the deposition of the
Permian sandy conglomerates. The palynological results
are in good agreement with the previous studies, which
suggested that the Daerbute fault used to be a dextral
strike-slip fault during middle to late Permian (e.g., Feng et
al., 1989; Sengor et al., 1993; Allen and Vincent, 1997; Xu
et al, 2008b; Shao et al., 2011).

The Great Jurassic Trough fault, cutting through the
northwest margin of the Junggar basin, presents strike-slip
properties based on both field observations and some
previous studies (e.g., Xu et al., 2008a, b). By integrating
outcrop observations, subsurface seismic interpretation,
and stratigraphic boundaries’ cutoffs, the Great Jurassic
Trough fault is a dextral strike-slip fault (i.e., F2, in Fig. 2
(a)). The 973-pluton fault (i.e., F3 in Fig. 1 and Fig. 2(a))
presents sinistral strike-slip faulting features, based on the
satellite offset of the 973-pluton. The Great Jurassic
Trough fault and the 973-pluton fault present an acute
angle and an obtuse angle to the Daerbute fault,
respectively. In addition, analysis of fluid-inclusion

homogenization temperatures and burial history indicate
that the Great Jurassic Trough fault was active from the late
Triassic to middle Cretaceous (Wu et al., 2014), which
provides proper constraints on the timing of the later
sinistral strike-slip of the Daerbute fault.

5.2 Tectonic evolution of the Daerbute fault

A set of schematic maps (Fig. 8) were constructed to
illustrate the tectonic evolution along the Daerbute fault
zone. During the period from the late Carboniferous to the
early Permian, a foreland basin, the Junggar basin, was
developed due to the thrusting deformation of the western
Junggar orogenic belts (Zhang et al., 1998; Lai et al., 1999;
Chen et al., 2002; Wu et al., 2005; He et al., 2006). The
Lower Permian Jiamuhe Formation and the Fengcheng
Formation were deposited, thickening from the Junggar
basin towards the Zair Mountain (Fig. 7). During this
period, the western Junggar orogenic belt was subject to
the SEE-directing compression (e.g., Allen and Vincent,
1997; Xiao et al., 2010; Wang et al., 2011), resulting in the
thrusting dominated deformation together with a compo-
nent of dextral strike-slip of the Daerbute fault (Fig. 8(a)).
Due to the fault plane bending near the Liushugou profile,
a narrow pull-apart basin probably developed along the
Daerbute fault, in which the middle Permian sandy
conglomerates were deposited (Fig. 8(a)). These sediments
can be potentially used to constrain the deformation timing
of the dextral strike-slip faulting of the Daerbute fault. The
depocenter was then migrating towards the Junggar basin,
resulting in basin-ward thickening of the middle and upper
Permian sediments.

Since late Permian, the stress field in the northwestern
Junggar basin has been dominated by SSW-NNE com-
pression (Wang et al., 1999; Chen and Guo, 2010; Xiao et
al., 2010; Chen et al., 2014, 2016). The Daerbute fault
motion was then inversed from the initial dextral strike-slip
(Fig. 8(2)) to the later sinistral strike-slip (Fig. 8(b)). The
Permian sandy conglomerates were then strongly com-
pressed due to the tectonic inversion and were uplifted and
eroded (Fig. 8(b)). In the Cenozoic, due to the India-

Table 1 Results of sporopollen tests of sedimentary rocks in the Liushugou segment of the Daerbute fault. Lithology, coordinates and sporopollen

spectrum are provided for the samples

Sample ID Sampling Sites (GPS) Lithology Sporopollen
Latitude Longitude
GSWO001 45°34'35.50"N 84°11'09.99"E Dark Leiotriletes spp., Calamospora spp., Punctatisporites spp., Apiculatis-
mudstone poris spp., Raistrickia spp., Kraeuselisporites spp., Pityosporites spp.,
GSWO002 4593435 50" N 84°11'09.99"F Dark Crum'sacmtes spp., Gardena?.porlFes spp., Protohaplo?cyplx?us spp.,
mudstone Deltoidospora spp., Concavisporites spp., Cyclogranisporites spp.,
Granulatisporites spp., Acanthotriletes spp., Verrucosisporites spp.,
GSWO003 45°34'30.36" N 84°11'11.72" E Dark Lycopodiacidites spp., Asseretospora spp., Densosporites spp., Ara-
mudstone trisporites spp., Alisporites spp., Pinuspollenites spp., Podocarpidites

spp., Protoconiferus spp., Psophosphera spp., Cycadopites spp.,
Chasmatosporites sp., Chordasporites spp.
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Fig. 8 Schematic maps delineating tectonic evolution of the NW
Junggar Orogen belt (see position in Fig. 1 and Fig. 2(a)). The
Daerbute fault was initially dextral from the late Carboniferous to
the mid-Permian and inversed to be sinistral since the late Permian.
This resulted in a pull-apart basin in which the mid-Permian
sediments were deposited, being constrained by the splay faults of
the Daerbute fault.

Eurasian collision, the west Junggar region was squeezed,
and the Daerbute fault remained in sinistral strike-slip
faulting under the NNE-SSW compression (Fig. 8(c)).

6 Conclusions

Based on detailed analysis through integrating field

outcrop observations, satellite image interpretation, seis-
mic sections, and time-frequency electromagnetic section
(TFEM), the following conclusions have been drawn:

1) The Daerbute fault presents a topographic valley with
linear distribution, cutting through the Zair and Hala’alate
Mountains. The well-exposed outcrops of the Daerbute
fault, such as the Liushugou profile, the Kekehula profile,
and the Baiyanghe profile, present typical features of
strike-slip faulting deformation, e.g., flower structures,
horizontal slickensides, plan view drag folds, and strike-
slip splay faults. Flower structures interpreted in both
seismic sections and time-frequency electromagnetic
profiles have validated the structural features observed in
the outcrops along the Daerbute fault.

2) The Daerbute fault can be subdivided into north-
eastern and southwestern segments, based on the field
observations. The southwestern segment formed multiple
fault cores and damage zones, whereas the northeastern
segment formed a single fault core with a larger width.
Mylonitization, schistosity, and serpentinization were
highly developed in the northeastern segment, due to the
high magnitude of shearing and transpression. In the
overlapping portion between the northeastern and the
southwestern segments, the central fault core, a topo-
graphic valley, was filled with middle Permian sandy
conglomerates, which could be an indicator of timing of
the Daerbute faulting deformation.

3) The Daerbute fault had probably started dextral strike-
slip faulting in the middle Permian, forming a small-scale
pull-apart mini-basin at a portion of the fault with high
curvature, which could allow the deposition of the middle
Permian sandy conglomerates. In the Indo Epoch, the
Daerbute fault zone was inversed from the initial dextral
strike-slip faulting to the later sinistral strike-slip faulting,
resulting in the subsequent uplift and erosion of the sandy
conglomerates under localized contraction along the
Daerbute fault zone.

4) The tectonic evolution of the Daerbute fault played an
important control on the stratigraphy and structures in the
northwestern margin of the Junggar basin. The initiation of
the strike-slip faulting of the Daerbute fault probably
indicated the termination of the early foreland basin
development, leading to the basin-ward migration of the
depocenters. Multiple strike-slip splay faults such as the
Great Jurassic Trough fault and the 973-pluton fault were
then developed due to the tectonic inversion from the
initial dextral strike-slip faulting to the later sinistral strike-
slip faulting of the Daerbute fault.
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