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Abstract

Northwestern China belts result from the Palaeozoic collage of Central Asia and the subsequent
reactivations due to far-field effects of the Mesozoic Tibetan and the Cenozoic Himalayan collisions.
Triassic is a crucial period to understand and decipher the tectonics related to these two episodes.
About 250 oriented palaeomagnetic cores from 43 sites were collected from six sections of Upper
Permian to Late Triassic sandstone, in South and West Junggar, Northwestern China.

Thermomagnetic, IRM and hysteresis measurements reveal magnetite as the main carrier of the
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magnetic remanence with minor hematite and maghemite. Stepwise thermal demagnetisation has
generally isolated two components. The low temperature component, up to 300-350°C, displays a
direction consistent with the present-day geomagnetic field. The locality-mean directions related to the
high temperature component (above 350°C) were also calculated. Two out of six sections display
intense viscous magnetisation and the occurrence of maghemite reveals a possible Cenozoic chemical
remagnetisation for these two localities. For the other four localities, we assume that the magnetisation
IS primary because: 1) AMS measurements reveal a primary fabric, 2) there are local occurrences of
antipodal polarities, and 3) palaeolatitudes of tilt-corrected poles are compatible with previous studies.
The consistency between the Early Triassic poles of West and South Junggar indicates that Junggar
evolved as a rigid block only since Early Mesozoic. The comparison of the Late Palaeozoic and the
Early Mesozoic poles of Junggar and those of Siberia and Tarim shows major rotations between the
Late Permian and the Late Jurassic-Early Cretaceous. These periods of discrete rotations are
characterized by strike-slip faulting in Tianshan and Altai and they may correlate with the major
episodes of coarse-grained detrital sedimentation and uplift of the range. Especially, the counter-
clockwise rotations of Junggar relative to Tarim and Siberia, which occurred between the Early and
the Late Triassic and between the Late Triassic and the Late Jurassic, are accommodated by
transpressive tectonics in the Tianshan and the Altai belts. This reactivation is a far-field effect of
Tibetan blocks diachronous collisions. Therefore, these first Triassic palaeomagnetic results from
Junggar infer that post-Carboniferous rotations were due to the combined effect of the post-orogenic

transcurrent movement and the Mesozoic oblique reactivation.

1. Introduction

The present structures in Central Asia are due to the combined effect of the Palaeozoic
orogenic collage and the subsequent reactivations. This Palaeozoic collage, namely the Altaids, was
formed by the amalgamation of the Baltica, the Siberia and the Tarim cratons. A single long-lived

subduction was initially proposed to account for the linear pattern of Central Asia units (Sengor et al.,



1993; Sengor and Natal’in, 1996). This model also emphasizes the role of Late Palacozoic strike-slip
faults that shredded the original collage to give its current disturbed geometry (Sengér et al., 1993).
Although several recent studies throughout the Altaids rather support a polycyclic collage than a
single-phase model (Fillipova et al., 2001; Badarch et al., 2002; Xiao et al., 2004; Charvet et al., 2007;
Degtyarev, 2011), the Late Palaeozoic transcurrent event was largely documented (Yin & Nie, 1996;
Laurent-Charvet et al., 2002; 2003; Buslov et al., 2004; Wang et al., 2007). Syn-kinematic granites and
mylonitic rocks attest for a ductile deformation localized along the major strike-slip shear zones in
Altai (Laurent-Charvet et al., 2002; Buslov et al., 2004) or Tianshan (Yin & Nie, 1996; de Jong et al.,
2009; Wang et al., 2009a). Ar-Ar dating on micas from the mylonitic rocks constrains ductile shearing
between 305 Ma and 245 Ma (Melnikov et al., 1997, 1998; Vladimirov et al., 1998; Travin et al.,
2001; Zhou et al., 2001; Laurent-Charvet et al., 2003; de Jong et al., 2009; Wang et al., 2009a); late
brittle faulting along these shear zones is not well documented, though. Recent palaecomagnetic studies
have intended to estimate the importance of these Late Palaeozoic displacements, in Northwestern
China. Firstly, Wang et al. (2007) pointed out significant Permian rotations of Junggar with respect to
Siberia and Tarim, accommodated by displacements up to several hundreds of kilometres along Altai
and Tianshan strike-slip faults considering the Junggar as a rigid block. However, the existence of a
rigid Junggar block was challenged by new palaeomagnetic collections from West and South Junggar
(Choulet et al., 2011) that display significant differences of declination and inclination between these
two areas in the Late Permian. The amount of displacements along the shear zones was also re-
evaluated with significant rotations occurring rather after the Late Permian than during the Permian

(Choulet et al., 2011). The origin of these movements remains an open question.

The reactivation of the Central Asian belts was long recognized, especially in Tianshan (e.g.
Molnar and Tapponnier, 1975; 1977). Folds and thrusts affect its northern and southern foreland. The
major deformation event during Cenozoic (45-40 Ma) is interpreted as a far-field effect of the India-
Asia collision (Molnar and Tapponnier, 1975, 1977; Avouac et al., 1993). Other minor reactivations,
occurring during the Mesozoic time, were documented by the coarse and chaotic intercalations within

the sedimentary record of the foreland (Hendrix et al., 1992; Hendrix, 2000; Li et al., 2004).



Specifically, the huge conglomerate layers attest for episodic reactivations related to the Late Triassic
(230-200 Ma), the Late Jurassic-Early Cretaceous (140-125 Ma) and the Late Cretaceous (80-70 Ma)
successive collisions along the southern margin of Asia (Enkin et al., 1992; Yin & Harrison, 2000).
Folds and thrusts accommodate the deformation, but a significant transcurrent component is also
emphasised (Hendrix et al., 1992). From the relationships between the Palaeozoic basement and its
sedimentary cover, a Mesozoic palaeorelief was inferred in Tianshan, arguing for contemporaneous
tectonics (Hendrix, 2000; Chen et al., 2011) and basement exhumation (Dumitru et al., 2001; Jolivet et

al., 2010; Wang et al., 2009b).

In addition, the Late Jurassic to Early Cretaceous poles of Junggar and Tarim are statistically
compatible, indicating that no statistically significant rotation or shortening has occurred since that
time (Chen et al., 1991). However, Choulet et al. (2011) have shown significant rotations of Junggar
with respect to Siberia and Tarim after the Late Permian. Therefore, the Triassic is a crucial period for
understanding the interactions between the late-orogenic transcurrent movements and the Mesozoic
reactivations, but very few data are available up to now. Hence, we have collected six sections of Late
Permian to Late Triassic sedimentary rocks in West and South Junggar, aiming at estimating the
Triassic displacements related to the post-orogenic transcurrent motions and the reactivations with

palaeomagnetic tools.

2. Geological setting

2.i. Northwestern China

Northwestern China is a part of the Central Asian Orogenic Belt (CAOB), namely the Altaids
(Fig. 1a). In Central Asia, this huge belt that developed from the Urals to the Pacific Ocean results
from the amalgamation of the Baltica, the Siberia and the Tarim cratons during Palaeozoic. Single
subduction (Sengor et al., 1993; Seng6r and Natal’in, 1996) and polycyclic models (Filippova et al.,

2001; Xiao et al., 2010) have been proposed to explain the linear pattern of the Central Asia units.



In Northwestern China, the linearly trending Tianshan is the major structure that extends to
Beishan to the east (Fig. 1b). To the west, the belt enlarges and contours the triangular-shaped Yili
block, which represents a fragment of the Kazakhstan microcontinent (Wang et al., 2006, 2011). Two
sedimentary basins with a Palaeozoic to Quaternary infilling bound the Tianshan range: the Junggar
basin to the north and the Tarim basin to the south. The Tianshan range can be separated into three
parts. The southern and central Tianshan consist of a Precambrian basement similar to Tarim,
ophiolitic mélange and magmatic arc series (Charvet et al., 2007). Although the evolution of
Palaeozoic Tianshan is largely debated (e.g. Gao et al., 1998; Xiao et al., 2008), a model including
south—directed subductions of two separate oceanic domains and mid-Carboniferous collision has been
proposed (e.g. Charvet et al., 2007; 2011). Conversely, North Tianshan is composed of a magmatic
arc, an ophiolitic mélange, and associated turbidites. A Devonian to Carboniferous south-directed
subduction is inferred (Wang et al., 2006). This subduction zone extends to the Kazakhstan, and its
strike has been clockwise rotated up to 180° in Kazakhstan and West Junggar (Fig. 1a). This bend

structure represents the Kazakh orocline (Abrajevitch et al., 2007, 2008).

The northernmost units belong to the NW-SE striking Mongolian Fold Belt and the Altai-Sayan
Belts (Fig. 1b). These units consist of Palaeozoic magmatic arc rocks, turbidites and ophiolitic
mélanges (Windley et al., 2002; Xiao et al., 2004); microcontinents with metamorphic rocks are also
recognized in the Altai Mountains. A polycyclic evolution with multiple subductions is proposed for

the Mongolian Fold Belt, Chinese Altai and Altay-Sayan (Buslov et al., 2001; Xiao et al., 2004, 2009).

2.ii. North Tianshan

North Tianshan corresponds to the northern piedmont of the range; it is also referred as South
Junggar (Fig. 2a). Basement units of the Borohoro Range (western part) consist of volcanic rocks
related to a Devonian to Carboniferous arc (Wang et al., 2009a), folded turbidites (Wang et al., 2006),
and an ophiolitic meélange (Wu & Liu, 1989). To the east, at the northern piedmont of Bogda Range,
the ophiolitic mélange is hidden, but sedimentary and volcanic rocks are similarly associated (Charvet

et al., 2007).



Late Carboniferous to Permian detrital rocks crop out near Urumgqi city (Fig. 2a). Despite a
regional variability of the Permian stratigraphy (Wartes et al., 2002), these thick sequences of clastic
deposits (Carroll et al., 1995) represent a molasse that postdates the Carboniferous deformation
(Charvet et al., 2007). Contemporaneously, dextral strike-slip faulting along major shear zones (Allen
& Vincent, 1997; Laurent-Charvet et al., 2002; 2003; Wang et al., 2009a) has generated pull-apart

basin (Wang et al., 2009a), with bimodal alkaline magmatism (Shu et al., 2011).

The filling of the Junggar basin is marked by several kilometres of continental clastic deposits
that underline high sedimentation rates (Chen et al., 2011). Timing and style of the deposition are
relatively homogenous within the Junggar basin and similar to those of the Turfan-Hami and Tarim
basins (Hendrix et al., 1992). The Triassic fluvial deposits consist of red sandstone at the base and at
the top, with a thick intermediate conglomerate. Triassic is often hidden below the thick Lower
Jurassic well-sorted clast-supported conglomerate (1000 metres), which becomes progressively finer
and grades into the Middle Jurassic coal-rich sandstones (Hendrix et al., 1992). The Upper Jurassic
consists of fine red beds, but the transition between the Jurassic and the Cretaceous is marked by a
thick sedimentary breccia that can reach up to 800 m (Chen et al., 2011). Fine-grained fluvial to
lacustrine sedimentation characterizes the Lower Cretaceous, but unconformable coarse-grained clastic
rocks mark the Upper Cretaceous (Hendrix et al., 1992). Tertiary deposits consist of shale, sandstone
and conglomerate (BGRMXUAR, 1993). The thick Xiyu conglomerate chiefly characterizes the Late

Cenozoic deposits and the modern sedimentation (Charreau et al., 2005).

The northern piedmont of Tianshan was affected by intercontinental deformation (e.g.
Tapponnier and Molnar, 1977; Avouac et al., 1993), which is documented by top to the north thrusts
and folds (Fig. 2a). Although the principal structuration is recent (Tertiary to Quaternary), evidence of
Mesozoic deformation is visible by sedimentation (Hendrix et al., 1992; Hendrix, 2000; Li et al.,
2004), and a Mesozoic palaeorelief was inferred from the relationships between the basement and its

sedimentary cover (Chen et al., 2011).

2.1iii. West Junggar



West Junggar is a mountainous massif located to the west of the Junggar Basin near the
Kazakh-Chinese border (Fig 3a). The Early Palaeozoic basement is composed of volcanic arc rocks,
turbidites and ophiolitic melanges that recorded a pre-Upper Silurian deformation (Buckman and
Aitchison, 2004; Choulet et al., 2012a). After a period of tectonic quiescence (Feng et al., 1989) and of
alkaline magmatism (Chen et al., 2010), two new subduction zones developed, bounding the Early
Palaeozoic basement. To the north, the Middle Devonian to Middle Carboniferous volcanic rocks,
turbidites and ophiolitic mélanges are related to the south-directed (present coordinates) subduction of
the Ob-Zaisan Ocean (Buslov et al., 2001). To the southeast, a magmatic arc is associated with a well-
documented accretionary complex composed of Carboniferous turbidites and ophiolitic mélanges
(Zhang et al., 2011; Choulet et al., 2012b). A transition from the Carboniferous calk-alkaline
magmatism toward the Permian alkaline magmatism attests to the termination of subduction process
and is contemporaneous to the final collage of Central Asia (Chen & Jahn, 2004). Lower Permian
molasse is associated with alkaline lava flows (Buckman & Aitchison, 2004), whereas Upper Permian
pull-apart basins, with coarse clastic sedimentation developed along the Dalabute strike-slip fault

(Allen & Vincent, 1997).

In West Junggar, the post-Palaeozoic sedimentation is limited to the region near Karamay City
that corresponds to the westernmost part of the Junggar Basin. The stratigraphic pile is very similar to
that of North Tianshan. The Triassic layers are poorly exposed and often hidden by the transgressive
Middle Jurassic strata (Lawrence, 1990). Nevertheless, some Triassic rocks are preserved in the intra-
mountainous basin of Laba (Fig. 3b). Contrary to North Tianshan, the reactivation of the belt during
Mesozoic and Cenozoic has been very limited in West Junggar. This difference is likely due to the
orientation of pre-existing structures (e.g. the NE-SW striking Dalabute Fault) that hinders the
development of major thrusts like in Tianshan. A prominent deformation is yet localized at the

interface between the Palaeozoic basement and its sedimentary cover (Lawrence, 1990).

3. Palaeomagnetic sampling and methods



Samples were collected on six sections from South and West Junggar, during three field trips
held in 2008, 2009 and 2010. Figure 4 presents a synoptic chart of the Upper-Permian and Triassic

formations of Northwest China with the stratigraphic position of the six investigated sections.

In South Junggar, the Urumgqi section (Qijiagou section from Hendrix et al., 1992) is located
about five kilometres to the east of Urumqi city (Fig. 2a). This section consists of a NE-SW trending
asymmetric syncline with Upper Triassic strata in the middle and a periclinal termination to the
northeast (Fig. 2b). The northwestern limb is slightly dipping, whereas the southeastern one is highly
inclined and even occasionally overturned. The Lower Triassic rocks belong to the Shaofanggou
Formation (Lower Cangfanggou Group) and consist of fine-grained red beds with lenticular sandstone
encased in reddish to greenish shale and siltstone (Hendrix et al., 1992; Fig. 5a). The Karamay
Formation of Middle Triassic age is a thick sequence of well-sorted imbricated conglomerate and
sandstone, overlain by the braided-fluvial sandstone and siltstone of the Upper Triassic Huangshanjie
Formation (Hendrix et al., 1992; Fig. 5b). The age assignment is based on palynostratigraphy,
vertebrates (Metcalfe et al., 2009) and gasteropods, like Omphaloptycha, and plants, like Neocalamites
(BGRMXUAR, 1993). The Lower and Upper Triassic strata from both limbs and the periclinal
termination were sampled (Figs. 2b and 4). 113 cores from 15 sites have been collected in this section
(Table 1). It is worth to mention that the Lower and Upper Permian rocks from the same section were
already collected for palaecomagnetic studies (Li et al., 1991; Sharps et al., 1992; Choulet et al., 2011;

Fig. 2b).

The Tianchi section (South Junggar) is located about 50 km to the northeast of Urumqi (Figs.
2a and 2b). In this monoclinal section, there is no obvious unconformity between the basal mid-
Carboniferous turbidites and the Late Carboniferous-Early Permian volcaniclastic sandstone (Carroll
et al., 1990; Fig. 2b). The Permian sedimentary series fines down upward and grades into a thick pile
of lacustrine mudstone, with intercalations of sandstone (Carroll et al., 1995; Fig. 5c). Coarse-grained
clastic rocks of fluvial-alluvial origin characterize the top of the Permian (Carroll et al., 1990; 1995;

Wartes et al., 2002), where the sandstone samples were collected (Lucaogou and Hongyanchi



Formations; Figs. 2b and 4). Rich faunas and floras constrain the age of the Permian series (see a
review in Wartes et al., 2002). The sampling locality is close to that of Nie et al. (1993; Fig. 2b).
Because this pole was different from the other Permian poles of this area (Li et al., 1991; Sharps et al.,
1992; Choulet et al., 2011), we have conducted this new investigation in order to understand this

discrepancy. 48 cores from 6 sites have been collected in this section (Table 1).

The Jimusar section (South Junggar) is located about 250 km to the east of Urumgqi city, 10 km
to the south of Jimusar city (Figs. 2a and 2c). The section consists of monoclinal alternations of
mudstone, siltstone and sandstone (Fig. 5d) that were deposited in lacustrine and fluvial environments
(Carroll, 1998; Wartes et al., 2002). Redbeds, which belong to the Upper Triassic Huangshanjie
Formation, were collected in Jimusar (Figs. 2c and 4). Precise stratigraphic and time constraints are
available for the Triassic and Permian series (Li et al., 1986; Yang et al., 1986; Ouyang & Norris,
1999), since the Permian-Triassic boundary was investigated in detail along the Dalongkou section, 30
km to the east of the Jimusar section (Liu, 1994; Metcalfe et al., 2009). 51 cores from 6 sites have been

collected in this section (Table 1).

The Aiwergou section is located to the west of the Turfan-Hami Basin and 100 km to the south
of Urumqi City (Figs. 2a and 2d). This section displays a prominent unconformity of the Triassic
monoclinal shallow dipping strata upon the gently folded Upper Permian (Greene et al., 2001; Wartes
et al., 2002; Figs. 2d and 5e). At the basis of the section, well-sorted conglomerate with sandstone
interlayers belongs to the Lower Triassic Jiucaiyuan Formation (Greene et al., 2001; Fig. 5f). The
collected rocks consist of grey to pink sandstone, which constitutes the top of the formation (likely the
Lower Triassic Shaofanggou Formation; Fig. 4). 58 cores from 8 sites have been collected in this

section (Table 1).

The Laba section is located about 150 km to the west of Karamay City, in West Junggar (Figs.
3a and 3b). Triassic rocks belong to an intra-mountainous basin, bounded by two north-south trending
brittle faults (Fig. 3b). These faults have controlled the opening of the basin; they correspond to

reactivated Permian strike-slip faults that had juxtaposed Carboniferous turbidites with the Silurian



ophiolitic melange of Mayila (Choulet et al., 2012b; Fig. 5g). Triassic monoclinal and gently dipping
strata are composed of conglomerate and sedimentary breccia to the base, and sandstone and siltstone
to the top (Fig. 5h). Redbeds of Lower Tiassic Jianshangou Formation were collected (BRGMXUAR,
1993). However, no fossils are reported at Laba locality, and this assignment is based on lithological
analogies with Lower Triassic Jianshangou Formation near Karamay City that contains
Chasmatosaurus or Listrosaurus (BRGMXUAR, 1993). 42 cores from 8 sites have been collected in

this section (Table 1).

Palaeomagnetic sampling was carried out using a portable gasoline-powered drill. The cores
were oriented with magnetic and sun compasses, when possible, to correct for the local magnetic
declinations. The average differences between magnetic and sun measurements are 2.3° at Urumaqi,
2.7° at Tianchi, 1.6° at Jimusar, and 4.4° at Laba. A correction of 2.6°, corresponding to the
International Geomagnetic Reference Field (IGRF) value for year 2010 has been applied to the

samples from the Aiwergou section, where no sun measurements were available.

The magnetic mineralogy of this collection was investigated by several methods: 1)
thermomagnetic measurements for determining the Curie points, 2) isothermal remanent magnetisation
(IRM) acquisition and 3) hysteresis loops. The thermal magnetic experiments were carried out at
Institut des Sciences de la Terre d’Orléans (ISTO) by using an AGICO KLY3S kappabridge
susceptometer coupled to a CS3 furnace and a pump-assisted cooling system. Induced magnetisation
was applied with an ASC Scientific IM-10-30 impulse magnetiser, and the IRM measurements were
performed with an AGICO JR-5 automatic spinner magnetometer. Magnetic hysteresis curves were
obtained with a homemade magnetic inductometer at Institut de Physique du Globe de Paris (IPGP). In
addition, the anisotropy of the magnetic susceptibility (AMS) was measured by using an AGICO

KLY3S kappabridge susceptometer, hosted at ISTO.

Stepwise thermal demagnetisations were performed to separate magnetic components. Four to
nine specimens from each collected site were demagnetised with laboratory-built furnace, by ca.

fifteen steps from room temperature up to 700°C. Magnetic remanence was measured with an AGICO



JR-5A automatic spinner magnetometer, hosted at ISTO. Inclinations and declinations obtained by
stepwise demagnetisation were plotted on orthogonal vector diagrams (Zijderveld, 1967). Magnetic
remanent directions were isolated using several methods: 1) the principal component analysis
(Kirschvink, 1980), 2) the intersection of great circles (Hoffman & Day, 1978), 3) the Fisher spherical
statistics (Fisher, 1953), and 4) the combined analysis of great circles and stable points (McFadden &
McElhinny, 1988). Site-mean directions were computed with Fisher (1953) statistics. Palaeomagnetic

software package of Cogné (2003) was used for data processing.

4. Analytic Results

4.i. Magnetic mineralogy

Representative results of thermomagnetic experiments are presented in Figure 6. All
specimens, except those from Laba locality, display a sharp drop of the magnetic susceptibility
between 500°C and 580°C (Figs. 6a to 6e), consistent with the Curie point of magnetite at 585°C (e.g.
Dunlop & Ozdemir, 1997). A subsidiary decrease of the magnetic susceptibility from 600°C to 700°C
is also observed and suggests a minor contribution of hematite. At Laba, a progressive drop of the
magnetic susceptibility between 550°C and 700°C indicates that the magnetic mineralogy is dominated
by hematite (Fig. 6f). The sharp drop of the susceptibility of some specimens from 300°C to 400°C
may correspond to the transformation of maghemite, an iron oxide due to the oxidation of magnetite
during weathering (Figs. 6a and 6b). Four out of six samples present a slight increase of the magnetic
susceptibility over the range of 200-300°C (Figs. 6¢, 6d and 6f). This may correspond to a mineral
transformation of the original phase into a secondary magnetite. The irreversible trend of some
thermomagnetic curves (e.g. Fig.6¢, 6d and 6e) also suggests mineral transformation during heating
and cooling processes. Except for specimens from Tianchi (Fig. 6¢), the susceptibility is generally low,

indicating a weak proportion of magnetic mineral within the studied rocks.



In addition, IRM measurements were carried out on three out of the six sections to confirm the
thermomagnetic measurements and they are presented in Figure 7. Samples from Tianchi display two
magnetic behaviours (Fig. 7a): 1) a 90% saturation before 300 mT, which might indicate a
predominance of low-coercivity minerals, such as magnetite, and 2) an uncompleted saturation at 1200
mT that could reveal the coexistence of low and high-coercivity minerals, like magnetite and hematite,
respectively. All specimens from Jimusar show a ca. 90% saturation before 300 mT, indicating that
magnetite is the principal magnetic remanent carrier (Fig. 7b). Like in Tianchi, samples from
Aiwergou display two contrasting behaviours (Fig. 7c): 1) a total saturation before 200 mT that is
characteristic of magnetite, and 2) a rapid increase of magnetisation before 200 mT, followed by a
weak slope and an uncompleted saturation until to 1200 mT. Such latter magnetic behaviour may

confirm coexistence of low and high-coercivity minerals, like magnetite and hematite, respectively. (

Figure 8 displays the hysteresis loops of representative specimens from each section. A
paramagnetic correction was applied to the linear part of original loops. For all specimens, the induced
magnetic moment is of the order of 10" to 10> mA.m?kg, which, as noted above, indicates that the
proportion of the magnetic minerals in the rock is relatively weak. For five out of six specimens, the
loops are narrow-waisted (Figs. 8a to 8e) and this may suggest that low-coercivity minerals, like
magnetite are predominant. The specimen from Laba (Fig. 8f) displays a broader loop, indicating that

minerals of higher coercivity, like hematite, coexist with minor magnetite.

Thermomagnetic experiments, IRM measurements and hysteresis loops show that magnetite
may be considered as the principal magnetic carrier in all the sections except Laba. Minor hematite is
also inferred, especially in Tianchi and Aiwergou. Conversely, in Laba, high coercive mineral, like
hematite seems to be the main magnetic carrier. Specimens collected in Urumgi have revealed

maghemite indicating that rocks experienced post-deposition weathering.

4.ii. Anisotropy of the magnetic susceptibility

Although field observations of the gently folded or tilted strata (Fig. 5) do not support the

existence of a pervasive deformation, we have checked for anisotropy of magnetic susceptibility on a



representative set of specimens from three selected sections out of the six sampled ones (Urumgqi,
Jimusar and Aiwergou; Fig. 9). As expected, the magnetic anisotropy of this collection is characterised
by a weak corrected anisotropy degree P; (P; < 1.04). The shape parameter (T) indicates either oblate
or prolate fabrics, without any regular trend. After bedding correction, the three principal magnetic
anisotropy axes display a vertical well-grouped mean Kj, pole of magnetic foliation, and shallow
plunging and girdle-distributed Kj, magnetic lineation (Fig. 7.C.9). This indicates that the original
deposition surface was not significantly different from the horizontal and that these rocks have not
experienced intensive deformation since deposition. At Jimusar, no preferred orientation of K; axes
can be inferred, but at Urumqi and Aiwergou, site-mean K; axes are relatively clustered and average
directions trend to NE-SW and NW-SE, respectively. At Urumgi, this direction is significantly
different from N-S Middle and Upper Triassic palaeocurrents (Hendrix et al., 1992). At Aiwergou, no
constraints on the Lower Triassic palaeocurrents are available. However, this NW-SE direction is
compatible with a predicted direction interpolated from the Upper Permian easterly sediment transport
(Greene et al., 2001) and from the Lower Jurassic south-directed palaeocurrents (Yu et al., 1996). A

preferred orientation of minerals is also visible in the thin-sections of sandstone from Aiwergou.

4.iii. Palaeomagnetic directions

Progressive demagnetisation displays two magnetic components for most of the samples. A low
temperature component (LTC) is isolated below 300-350°C from numerous specimens of all six
sections. This component is northerly and steeply plunging downward before bedding correction (Fig.
10). In the Upper Triassic rocks collected near Urumgi, this LTC often persists up to high temperature
(550°C) and it is often the sole magnetic component recorded in the rocks. Except for the slightly
abnormal directions of the LTC at Tianshi (Fig. 10c), five out of six sections display a well-grouped
mean direction around the present-day geomagnetic field (PEF), computed after IGRF for year 2010,
and the geocentric-dipole field (DF) directions (Fig. 10). Thus, LTC is most probably a recent and

viscous magnetization. Although this component is not helpful for tectonic interpretations, the good



clustering of LTC directions and the consistency between the site-mean directions and the PEF or DF

directions attest to precise and coherent field-orientations during the sampling.

Samples from the Lower Triassic section of Urumqi display a high temperature component
after removal of the LTC in the temperature range of 120°C-580°C (Fig. 11a). In geographic
coordinates, the HTC are north to northeastward and steeply plunging downward, decaying to the
origin. The comparison of the direction distribution before and after the bedding corrections reveals a
significant dispersion of the site-mean directions in stratigraphic coordinates with respect to those in
geographic coordinates (Figs. 11b and 11c) and we calculated a locality-mean direction at: Dy = 15.3°,

Concerning the specimens from Upper Triassic of Urumqi, most samples show highly viscous
low temperature component (Fig. 11d), and only 10 out of the 64 measured specimens display a stable
high temperature component, with unblocking temperature above 300-350°C up to 580°C. Among
these 10 specimens, 3 of them show north to northwestward and steeply plunging downward directions
(Fig. 11e), whereas others present unstable end-points at high temperature. Their directions were,
therefore, estimated by great circle (Fig. 11f). A specimen-mean direction was calculated by the
combined analysis of great circles and stable points (McFadden & McElhinny, 1988) for this locality
(Figs. 11g and 11h): Dy = 325.4°, Iy = 33.4°, kg = 21.2, agsg = 11.3° and Ds = 325.8°, Is = 49°, ks =

59.5, otgss = 6.7°, with n = 10 (Table 1).

After removing the LTC, specimens from the Upper Permian section of Tianchi display a high
temperature component pointing toward the origin of the orthogonal plots (Fig. 12a and 12b) with an
unblocking temperature over 300-350°C. After bedding correction, this component is chiefly south to
southwestward and steeply plunging upward (Fig. 12a). In addition, a north to northeastward and
downward component is rarely observed (Fig. 12b). When plotted in stereoplot, site-mean directions
are well grouped and we have calculated a locality-mean direction at: Dy = 283.3°, Iy = -75.1°, kg =
137.2, agsq = 5.7° and Ds = 192.9°, Is = -60.0°, ks = 52.4, agss = 9.3°, with n=6 (Figs. 12c and 12d;

Table1).



At Jimusar (Fig. 12e to 12h), after removal of the LTC and the random NRM, specimens
collected in the Upper Triassic Huangshanjie Formation display a southerly and steeply upward high
temperature component, in stratigraphic coordinates, decaying to the origin (Figs. 12e and 12f). Site-
mean directions of this HTC cluster in stratigraphic and geographic coordinates (Figs. 12g and 12h).

We have calculated a mean direction for this locality at: Dy = 212.2°, I = -11.4°, kg = 68.4, oug5q = 8.2°

and Dy = 181.1°, I = -64.4°, ks = 44.1, agss = 10.2°, with n = 6 (Table 1).

At Aiwergou (Fig. 13a to 13e), after removing the LTC, a high temperature component is also
inferred. For half of the specimens, the principal component analysis was used to calculate this HTC,
which is either southeastward and upward (Fig. 13a), or northwestward and downward (Fig. 13b). For
other specimens, probably because of overlapping spectra of LTC and HTC unblocking temperatures,
the great-circle method (Halls, 1978) was used to estimate the HTC direction (Fig. 13c). In some
cases, the stable points and the great circles were combined to calculate the site-mean (Bailey & Halls,
1984; McFadden & McEIlhinny, 1988). Except an outlier that represents a coarse-grained facies, seven
out of eight sites were used to calculate an average direction for the locality at (Figs. 13d and 13e): Dy
=357.9° Iy =40.0°, kg = 26.4, agsg = 12.0° and Ds = 330.3°, Is = 60.3°, ks = 40.1, agss = 9.6°, with n =

7 (Table 1).

After removing the LTC, the specimens from the Lower Triassic Jianshangou Formation at
Laba (Fig. 13f to 13i) display a southeasterly and steeply upward high temperature component with
unblocking temperatures at 300-350°C to the origin at 700°C (Figs. 13f and 13g). Although two
isolated specimens display differences in inclinations (Table 1), site-mean directions are well grouped
(Figs. 13h and 13i). We have calculated an average direction for this locality at: Dy = 195.2°, Iy = -
71.8°, kg = 46.8, 0gsq = 9.9° and Ds = 151.0 °, |5 = -64.9°, ks = 28.4, agss = 12.8°, with n = 6 (Table 1).
In addition, two sites (DQO7 and DQO08) corresponding to coarse grained facies like sedimentary
breccia display random directions and were not taken into consideration for the average calculation

(Table 1).



5. Discussion

For these six sections, two magnetic components have been generally isolated from stepwise
demagnetisation. The direction of the low temperature component (LTC) is consistent with the
present-day geomagnetic field direction and is of viscous and recent origin. The high temperature
components (HTC) with unblocking temperature over 300-350°C are carried by magnetite or, rarely
hematite, like at Laba. Except few outliers due to a coarse-grained lithology, the HTC directions are
well grouped and the locality-mean directions were calculated for each section. Before interpreting
these directions in terms of tectonics, a discussion on the reliability and the age of the magnetisation is

required, since Northwest China had experienced polyphase deformation.

5.i. Reliability of results and age of the magnetisation

The locality-mean directions of the HTC from Lower Triassic rocks of Urumgi display a
unique normal polarity in geographic coordinates. The stereoplots also display a significant scattering
of the site-mean directions after bedding correction, whereas the data are better clustered in geographic
coordinates (Figs. 11b and 11c). The fold test is negative at 95%, since the Kq/ks ratio of 9.46 exceeds
the F-distribution value F12,12) of 2.69 for the 5% significance level (McElhinny, 1964); it means that
the magnetisation was acquired after folding. To the northeast of Urumgi, the youngest tilted strata are
of Late Jurassic age (BRGMXUAR, 1993), but to the southwest of Urumqi, Cretaceous and Tertiary
strata form the core of syncline. Therefore, folding probably took place during the Tertiary period
(Charreau et al., 2009) and this secondary magnetisation is probably syn to post-Tertiary. Furthermore,
a tectonic origin for this remagnetisation seems unlikely, since folding of North Tianshan is relatively
gentle and affects shallow crustal levels. No Cenozoic magmatic events are either recorded or inferred,
ruling out the hypothesis of a thermal remagnetisation. Chemical processes might be, therefore,
advanced. As North Tianshan experienced a polyphase reactivation (Hendrix et al., 1992) that
culminated during the Tertiary, folding and thrusting have accommodated the exhumation of the
Triassic strata (Dumitru et al., 2001; Charreau et al., 2009; Wang et al., 2009b). Therefore, the strata

have been exposed to weathering, and alteration of the magnetic minerals was probably followed by



recrystallization (Dunlop & Ozdemir, 1997). Occurrence of maghemite, which was inferred from our
thermomagnetic experiments (Fig. 6a), argues for a secondary magnetisation, which may completely
overprint the primary one. This remagnetisation is likely of Tertiary age, as the high temperature
component is distinct from the LTC and the PEF directions. Therefore, we have calculated a Tertiary
palaeomagnetic pole at: A = 193.4°N, ® = 77.8°E, Ags = 15.6°, n = 7 (see Section 5.ii for the
remagnetisation age). Interestingly, the Triassic rocks of the Urumgi area experienced intense
weathering, whereas no mineral alteration is documented in the adjacent Permian strata (Li et al.,

1991; Sharps et al., 1992; Choulet et al., 2011).

For the Upper Triassic rocks of Urumqi, a locality mean-direction of the high temperature
component was calculated from specimens instead of sites, because only 10 out of 64 samples display
HTC (Table 1). These HTC directions were isolated from both limbs of the syncline (Fig. 2b). The
cluster of the directions is better in stratigraphic coordinates, and the precision parameter K is
significantly improved after bedding corrections (Fig. 11b, Table 1). We applied the McFadden (1990)
fold test. The statistical parameter &; (&) of 3.79 (4.54) in geographic coordinates is greater than the
critical value (&c) of 2.08 (2.66) at the 95% (99%) confidence level, suggesting that the in situ mean
direction is correlated with geographic coordinates. After bedding adjustment, the &; (&;) value of 1.54
(2.04) is less than &, so the tilt-corrected mean HTC direction is not correlated with bedding attitudes.
The McFadden fold test is therefore positive at 95% and 99 % and the HTC was acquired before the
Tertiary folding. Although we could calculated a pre-Tertiary pole at: A = 342.2°N, ® = 59.6°E, Ags =
5.8, this pole was computed from only ten specimens. As a consequence, we exclude this locality from

further discussion.

The stepwise demagnetisation curves of the Upper Permian rocks from Tianshi display two
directions for the high temperature component: a principal south to southwestward and steeply
plunging upward one and a minor north to northeastward and downward one (Figs. 12a and 12b). The
sampled section is monoclinal, with moderately dipping strata. Although the precision parameter k

decreases after bedding correction, the fold test (McElhinny, 1964) is inconclusive, since the value of



Kg/Ks (2.62) is lower than the F-distribution value F010) of 2.98 for the 5% significance level (Figs.
12c and 12d, Table 1). After bedding corrections, the two polarity means differ by 16.1°, which is less
than the critical angle y. of 23.4°, but the dataset is very unbalanced (one normal vs. five reverse
directions) so that the reversal test is indeterminate (McFadden & McElhinny, 1990). However, the
occurrence of these two opposite polarities may suggest a primary magnetisation for these Late
Permian sandstones. Therefore, we have calculated a new P2 pole at: A = 80.0°N, @ = 191.6°E, Ags =

12.4°, n =6 (Table 2).

The Late Triassic rocks from Jimusar were also collected along a monoclinal section. Though
the precision parameter slightly decreases after bedding correction, the value of ky/ks (1.55) is lower
than the F-distribution value F(1414) 0f 2.48 for the 5% significance level. The fold test (McElhinny,
1964) is therefore not conclusive (Table 1). A unique polarity is observed and no reversal test could
have been carried out. However, the occurrence of a single normal polarity cannot be a criterion to rule
out the hypothesis of a primary magnetisation, since Late Triassic period is marked by successive
long-lasting normal and reverse chrons (Gradstein et al., 2004). In this case, we propose to estimate the
origin and the age of the magnetisation, by looking at the geological implications of the two possible
palaeomagnetic poles (before and after bedding corrections). In Jimusar area, the Permian to Middle
Jurassic strata experienced a folding episode that is postdated by the Pliocene deposits (Fig. 2c). In
case of a secondary magnetisation, it would mean that the calculated pole before bedding corrections
(A = 42.6°N, ® = 223.1°E) represents a period between the Late Jurassic and the present (the solely
reverse polarity in geographic coordinate indicates that this remagnetisation is not due to PEF).
Moreover, the comparison between this pole and the Late Jurassic-Early Cretaceous and Late
Cretaceous-Early Tertiary poles of North Tianshan (Chen et al., 1991) shows a huge discrepancy in
local inclination (24.0°+5.0°, 26.3°+6.1°, respectively), requiring a latitudinal movement of at least
2500 km between these two localities. Evidence of such displacement is absent. To the opposite, the
palaecomagnetic pole (A = 87.5°N, ® = 106.2°E, Ags = 13.1°, n = 6) calculated after bedding

corrections (Table 2) is more compatible (-16.4°+11.2°, -14.1°+11.7°) with the Mesozoic data of the



Junggar Basin (Chen et al., 1991). Therefore, magnetisation more likely predates the tilting of the
strata. As no thermal, tectonic and weathering events have occurred between sedimentation and
folding, we assume that this magnetisation is likely primary and of Late Triassic age. Although this
pole will be considered for tectonic implications, we are mindful that the lack of a reliable
palaeomagnetic stability test may challenge further interpretations. Additional data would be required

to assess our preliminary conclusions.

At Aiwergou, the Lower Triassic rocks display both normal and reverse polarities. After
bedding corrections, the two polarity means differ by 15.1°, which is less than the critical angle y. of
21.6, but the precision parameters of each polarity mean are too much different to get a conclusive
reversal test (McFadden & McElhinny, 1990). Although data tend to cluster upon unfolding (Table 1),
the value Ky/kq (1.52) is lower than the F-distribution value F4,14y of 2.48 for the 5% significance level.
The fold test (McElhinny, 1964) is therefore not conclusive. However, the occurrence of two polarities
may suggest a primary magnetisation of detrital origin and of Early Triassic age. We propose a new

palaeomagnetic pole for Early Triassic age at: L = 68.0°N, ® = 3.0°E, Ags = 14.6°, n =7 (Table 2).

At Laba, the strata are shallow dipping (Table 1). Unfolding appears to slightly scatter the data.
However, the value of k¢/ks (1.65) is lower than the F-distribution value Fo10) 0f 2.97 for the 5%
significance level. The fold test (McElhinny, 1964) is therefore not conclusive. Only the normal
polarity has been isolated. As previously mentioned, West Junggar did not experience major tectonic
or thermal event since Late Permian. Only a chemical origin can be envisaged for a possible
remagnetisation, however samples do not show any evidence of intense alteration. The red colour of
the red beds is due to pigmentary hematite that formed soon after sediment deposition. This hematite
was discriminated by multiple methods of magnetic mineralogy determination. The growth Chemical
Remanent Magnetisation (g-CRM) that hematite carries is related to diagenesis, and no recent
weathering process did affect the high temperature component. Moreover, the pole calculated before

bedding corrections (A = 75.3°N, ® = 117.6°E) would imply an absolute latitudinal motion of -

27.4°+18.1°, i.e. 2500 km of West Junggar with respect to its Late Permian position (A = 53°N, ® =



183.9°E from Choulet et al., 2011). In Central Asia, subductions have ceased before Permian and
could not account for these huge Late Permian displacements. In addition, no significant (in
palaeomagnetic terms) latitudinal motions between blocks surrounding West Junggar are observed
during and after the Mesozoic (Chen et al., 1991; 1993; Gilder et al., 1996; 2008). Thus, we assume
that g-CRM of this formation represents a primary magnetisation. The palaeomagnetic pole calculated
after bedding correction (A = 69.9°N, ® = 7.7°E, Ags = 20.6°, n = 6) is more compatible in
palaeolatitude with the West Junggar Upper Permian one’s (-17.5°+18.8°, Choulet et al., 2011).
Despite the lack of statistical test, this debatable pole will be used for tectonic interpretation assuming

that the magnetisation is primary and of Early Triassic age.

5.1i. Relative motions between blocks of Northwest China

The pre-existing Late Permian pole of Tianchi in South Junggar, proposed by Nie et al. (1993)
and re-calculated by Choulet et al. (2011), was significantly different from the mean South Junggar
Permian pole (Choulet et al., 2011). Our new pole for the Late Permian rocks of Tianchi (A = 80.0°N,
® = 191.6°E, Ags = 12.4°) is consistent with that of Nie et al. (1993), since angular difference is only
of 4.6°+13.2° (Fig. 14a). The angular difference between our Late Permian pole and the mean Permian
one’s from Choulet et al. (2011) is still significant (23.0°£14.6°). The origin of this angular difference
is not well understood though that is related rather to clockwise (CW) rotation (31.1°+£19.9°) than
latitudinal motion (3.2°+9.5°). It is likely that rotations around a vertical axis of the strata have caused
this discrepancy. Although this value of rotation is relatively high, this situation may happen in case of
syn-tectonic sedimentation processes. The occurrence of conglomerate intercalations in the Upper
Lucaogou and Hongyanchi Formations, where cores were collected, supports the hypothesis of Late
Permian local tectonics. As pointed out by Choulet et al. (2011), the mean South Junggar Permian pole
displays a significant discrepancy in rotation with the Upper Permian poles of West Junggar, Tarim
and Siberia. The calculated counterclockwise (CCW) rotations of South Junggar with respect to the

surrounding blocks are of the order of several tens of degrees (-62.0°+23.7°, -52.2°+15.9° and -



73.9°+13.1° relative to West Junggar, Tarim and Siberia, respectively), but latitudinal displacements

remain weak and non-significant (Fig. 14a)

The Early Triassic palaeomagnetic poles of Laba (West Junggar) and Aiwergou (South
Junggar) display an insignificant angular difference of 2.5°+23.4° (Fig. 14b). The consistency between
these poles refutes the idea that Cenozoic tectonics has partitioned the Junggar block into small blocks
and that significant local rotations around vertical axis between these blocks have recently occurred
(e.g. Gilder et al., 2008 for Tarim block). The observed movements between Junggar and the
surrounding blocks cannot be regarded as an artefact of the Cenozoic tectonics, but the Mesozoic
movements should be considered. However, a significant discrepancy exists between the Early
Triassic poles from Tarim (McFadden et al., 1988; Zhu et al., 1998). Here, these declination
differences are due to local vertical-axis block rotations that occurred over the last 20 Ma (Gilder et al.,
1996; 2008). On the basis of a large review of published palaeomagnetic data, Gilder et al., (2008)
proposed a mean Late Carboniferous — Early Triassic pole, arguing a relative stable Tarim block. This
pole was used for the calculations. The two compatible poles of West and South Junggar display
significant CCW relative rotations of -83.3°+£15.8° and -63.3°£16.6° with respect to Siberia and Tarim,

respectively (Fig. 14b). However, the latitudinal movements between Junggar and Siberia (3.4°+9.4°)

and between Junggar and Tarim (-5.0°+£10.0°) are not significant (Fig. 4b).

Two new poles of possible Late Triassic age were computed for South Junggar at Urumgi and
at Jimusar sections (Table 2), but we have not considered the pole from Urumgi for statistical reasons.
The Late Triassic pole calculated at Jimusar section (Fig. 14c), will be here regarded as representative
of the Junggar block, although we are aware that this assumption is still disputable. Additional data on
Upper Triassic rocks from the Junggar block would help to improve these preliminary results, but
others sections with analysable Upper Triassic rocks are presently not available. Besides, the Late
Triassic pole of Tarim was calculated by interpolation of the linear trend between the C3-T1 and the J2
poles (Gilder et al., 2008; Table 2). We lend credence to this study as it is based on an extensive

review of the literature and because geological processes experienced by Tarim were taken into



consideration. Therefore, the Late Triassic pole of Tarim (Fang et al., 1990) that is away from the
expected value was not included in the analysis (white dot in Fig. 14c). Figure 14c shows the Late
Triassic poles indicating CCW rotations of Junggar relative to Siberia (-51.6°+25.2°) and Tarim (-
23.4°+20.9°). Again, no significant N-S movement between Junggar and Siberia (10.9°+12.7°) or

between Junggar and Tarim (-8.8°+11.9°) can be advanced.

The likely Cenozoic pole obtained from Lower Triassic remagnetised rocks of Urumqi is
consistent with the Lower Cenozoic palaeopole of Junggar (Chen et al., 1991), since an angular
difference of 7.9°+11.8° is observed (Fig. 14d). In addition, Chen et al. (1991) have proposed that
during Late Mesozoic and Cenozoic times Junggar was relatively stable relative to its present-day
position. The J3-Cz pole of Junggar is compatible with that of Tarim (angular difference equal to 7.7°+
8.4°) and with the apparent polar wander path (APWP) of Eurasia (Besse & Courtillot, 1991) since the
Early Cretaceous. Actually, the angular difference of the Cenozoic pole of Urumqi with the AWPW

pole at 40 Ma is only 9.2°+12.1° (Fig. 14d).

5.iii. The Early Triassic single rigid Junggar block

The consistency of the Early Triassic poles of Laba (West Junggar) and Aiwergou (South
Junggar) suggests that no more displacement between these two blocks occurred since that time.
Therefore, Junggar can be regarded as a rigid block since the Early Triassic. In fact, a rigid Junggar
block during the Palaeozoic was suggested in many previous palaecomagnetic studies (Li et al., 1991;
Wang et al., 2007). However, the palacomagnetic directions of the Late Carboniferous to Permian
rocks from West and South Junggar display significant differences in inclination and declination
(Choulet et al., 2011; Fig. 14a). These results challenge the idea of a rigid Junggar block in Late
Palaeozoic. Choulet et al. (2011) rather suggest that West and South Junggar underwent individual

evolution related to the inheritance of the Palaeozoic geodynamics.

West Junggar is partly composed by an accretionary complex, including ophiolitic mélanges

bounded to the north by a magmatic arc (Geng et al., 2011). Structural constraints suggest



northwestward direction (present coordinates) of the Late Palaeozoic subduction (Choulet et al.,
2012b). North Tian Shan also presents a southern magmatic arc bounded by a northern accretionary
complex with ophiolitic mélanges and structural data constrain a south-directed Late Palaeozoic
subduction (Wang et al., 2006). Westward extensions of these units form a horseshoe-shaped structure,
which has been long recognized as the Kazakhstan orocline (Zonenshain et al., 1990; Abrajevitch et
al., 2008). Therefore, West Junggar and North Tianshan (South Junggar) were parts of the same active
margin that enclosed the Junggar Ocean (Choulet et al., 2012b; Fig. 15). According to the
palaeogeographic reconstructions, the increase of the orocline curvature is accommodated by the
reduction of the inner oceanic domain, caused by Devonian to Carboniferous subduction of the
Junggar Ocean below Tian Shan, Kazakhstan and West Junggar margins (Wang et al., 2006; Windley
et al., 2007; Choulet et al., 2012b). During the Permian, the oceanic domains have been completely
removed (Windley et al., 2007), and now the oceanic remnants are solely found within the ophiolitic
mélanges surrounding the Alakol and Junggar Quaternary sedimentary basins. Therefore, the suture
zone of Junggar Ocean is cryptic (Fig. 15), but may be tracked by geophysical surveying, since
transcrustal and translithospheric discontinuities and low to mid-crustal high conductivity bodies have

been revealed below the Junggar Bassin (Zhao et al., 2003).

Nevertheless, oroclinal bending can only account for the half of the present belt curvature
(Abrajevitch et al, 2008). Another half is due to the Permian “orocline disarticulation” assisted by the
block rotations around vertical axes (Levashova et al., 2003; Van der Voo, 2006; Wang et al., 2007).
Movements along strike-slip faults in the whole Altaids (Laurent-Charvet et al., 2002; 2003; Natal’in
and Sengor, 2005) have accommodated these rotations and the related displacements were estimated to
several hundred of kilometres in Tianshan and Altai (Wang et al., 2007; Choulet et al., 2011; Fig. 15).
The Ar-Ar geochronological investigations, carried out on mylonites from Tianshan and Altai, indicate
transcurrent movements between the Late Carboniferous and the Early Triassic (Laurent-Charvet et
al., 2003). These faults likely stem from the individual rotations of West and South Junggar with
respect to their surrounding blocks (Choulet et al., 2011). In addition, structures related to

transpressive deformation in the West Junggar accretionary prism (Choulet et al., 2012b) and ridge



subduction (Geng et al., 2009; Tang et al., 2010) document a non-frontal Carboniferous subduction of
the Junggar Ocean. This oblique subduction has evolved to a Permian oblique collage (Choulet et al.,
2012b). Therefore, the hidden suture of the palaeo-Junggar Ocean, representing the limit between
West and South Junggar, may have been reactivated as a strike-slip fault during the Permian (Fig. 15).
Like in numerous regions of Central Asia, the transcurrent motions have persisted until the Early
Triassic (Melnikov et al., 1998; Laurent-Charvet et al., 2003). In consequence, no more relative
displacement are recorded between West and South Junggar after the Early Triassic, and then Junggar

may have evolved as a single rigid block.

5.iv. Mesozoic tectonics in Northwest China

Though the previous studies have emphasized the Late Palaeozoic deformation (Wang et al.,
2007; Choulet et al., 2011), the comparison of the palaecomagnetic poles from Junggar, Tarim and
Siberia ranging from the Late Permian to the Cenozoic show the importance of the Mesozoic relative
movements between these blocks, which are essentially rotations. Since Junggar became a rigid block
at Early Triassic and relatively compatible Cenozoic poles are observed among Junggar, Tarim and
Siberia, the observed rotations are neither local nor related to a late Cenozoic deformation. These
rotations rather correspond to the large-scale Mesozoic tectonic episodes, which need to be discussed

in detail.

The comparison of the Late Permian poles of South Junggar, West Junggar, Tarim and Yili
(Fig. 14a) infers that important rotations may have occurred after the Late Permian (Choulet et al.,
2011), but no upper limit of these motions was available yet. These rotations were supposed to be
accommodated by strike-slip faults in Altai and Tianshan (Wang et al., 2007; Choulet et al., 2011).
Actually, mylonites have recorded a ductile transcurrent deformation up to the Early Triassic along the
Irtysch-Gornotsaev shear zone or the Chingiz-Alakol-North Tianshan Fault (Melnikov et al., 1998;
Laurent-Charvet et al., 2003). The CW rotations of South Junggar relative to Tarim and Siberia from
the Late Permian to the Early Triassic are estimated to 11.1°£17.9° and 9.4°+18°, respectively (Table

3). Despite non-significant values, the inferred rotation of South Junggar with respect to these two



adjacent blocks is clockwise, instead of the anticlockwise movement deduced from Late Permian
poles. This unexpected kinematics may results from discrete (in space and time) transcurrent
movements in Altai and Tianshan, but their tectonic origin is still an open question. It is widely
accepted that the Irtysch-Gornotsaev Shear Zone (Fig. 1b) is a Late Palaeozoic sinistral shear zone
(Laurent-Charvet et al., 2002; Buslov et al., 2004; Natal’in and Sengor, 2005), but dextral kinematic is
also recorded between 244+3 Ma and 249+2 Ma (Laurent-Charvet et al., 2003). According to the
curved shape of the Irtysch zone, this Early Triassic dextral shearing may have accommodates a CW
rotation of South Junggar with respect to Tarim. In Tianshan, dextral Late Permian to Early Triassic
movements along the Nalati and the Main Tianshan faults (Fig. 1b) are also described (Laurent-
Charvet et al., 2003; de Jong et al., 2009). Late Permian - Early Triassic shearing along the North
Tianshan Fault is little documented (de Jong et al., 2009) and the post-Permian rotation between Yili
and South Junggar is null (Wang et al., 2007) or weak (Choulet et al., 2011). The true Late-Permian-
Early Triassic boundary between Junggar and Tarim may be therefore represented by the Nalati and
Main Tianshan faults that display a curved shape. If the Euler pole related to a rotation along these
faults is located in Tarim, dextral motions along these faults may have accommodated the Late
Permian-Early Triassic CW rotation of Junggar block relative to Tarim. Although the Early Triassic
poles of Laba and Aiwergou suggest a rigid Junggar block, this Junggar block seems to have
experienced important post-Early Triassic CCW rotations with respect to Siberia and Tarim (Table 3).
This suggests that displacements ascribed to the pre-Early Triassic transcurrent tectonics were
probably overemphasized by the previous studies (Wang et al., 2007; Choulet et al., 2011) and that a
great part of the relative displacements between Tarim, Junggar and Siberia was rather accommodated

since the Early Mesozoic (Fig. 16).

The post-Early Triassic CCW rotations (-63.3°+16.6°) between Junggar and Tarim were partly
accommodated by the Middle Triassic reactivation of the Palaeozoic faults in the Tianshan (Fig. 16),
since the rotation of Junggar relative to Tarim between the Early and the Late Triassic was estimated at
-39.9°£20.8° (Table 3). Evidence of such a deformation may be recorded by the 300m thick

conglomerate of the Karamay Formation, observed in Junggar, Tarim and Turfan-Hami basins



(Hendrix et al., 1992; Greene et al., 2001) and the contemporaneous unconformity. At the present time,
the Middle to Late Triassic movements between Siberia and Junggar are not documented by geologic
evidence in Altai, but brittle faulting in the Irtysch zone remains poorly constrained. The origin of the
mid-Triassic reactivation could be related to the Triassic collision of the Qiangtang block with the
basement of the Songpang-Ganzi terrane (Yin & Harrison, 2000). Based on the diachronous arc
magmatism from west to east (Searle, 1991; Burchfiel et al., 1995), the collision was likely oblique
(Yin & Harrison, 2000) and this may have favoured transpressive reactivation tectonics in Tianshan.
The Late Triassic poles display significant CCW rotation movements of Junggar relative to Siberia (-
51.6°+25.2°) and Tarim (-23.4°+£20.9°) (Table 3). Consequently, the Triassic tectonics can only

account for a part of the post-Early Triassic rotations and younger tectonics must be forwarded.

As pointed out by the previous studies, rotations of less than ten degrees were calculated
between the mean Mesozoic poles of South Junggar (by averaging J3-K1 and K2-Cz1 poles) and those
of Tarim and Siberia (Chen et al., 1991, 1993). Therefore, only a small part of the large-scale rotations
inferred from the Triassic palaecomagnetic data is due to the post-Jurassic tectonics. In other words, it
means that the CCW rotation of Junggar with respect to Tarim between the Late Triassic and the Late
Jurassic-Early Cretaceous periods was accommodated by displacements along Jurassic strike-slip
faults, although the value of -15.8°+£17.9° may be regarded as not significant (Table 3). The Jurassic
tectonics is not well documented in Tianshan, but geological evidence can be found in the sedimentary
pile. The thick conglomerate sequences of the Badaowan Formation (J1) and the Kalaze Formation
(J3-K1) may indicate an intense basin subsidence controlled by tectonic processes (Hendrix et al.,
1992; Hendrix, 2000). This tectonic was accompanied by the formation of an Early Mesozoic relief in
Tianshan (Hendrix et al., 1992; Sobel & Dimitru, 1997; Dimitru et al., 2001; Greene et al., 2001;
Jolivet et al., 2010; Chen et al., 2011). An angular unconformity is also visible at the top of the
Jurassic layers (Chen et al., 2011). Similarly to the Middle Triassic intracontinental deformation, the
Late Jurassic deformation is usually described as a far-field effect of the collision between the Lhasa
block and the Asian margin (Hendrix et al., 1992). Like for the Qiangtang block, the collision is

diachronous along strike (Dewey et al., 1988; Gaetani et al., 1993) and Late Jurassic transpressive



reactivation is usually advanced in Tarim or Tianshan regions (McKnight et al., 1990; Nishidai and
Berry, 1990; Hendrix et al., 1992). The Early Jurassic reactivation along Tianshan is not well
documented and its origin is unclear. It could be due to a far-field effect of the late collisional

movements in the Songpang-Ganzi area (Yin & Harrison, 2000).

The Mesozoic intracontinental deformation is also described in Altai and Mongolia (de Grave
et al., 2007; Jolivet et al., 2007) and could account for the post-Late Triassic CCW relative rotation of
Junggar with respect to Siberia (-51.6°+£25.2°) (Table 3). However, the position of Siberia remains
problematic. Siberia and Europe formed Eurasia after the Permian collision in the Urals and, usually,
the synthetic Eurasian APWP (Besse & Courtillot, 1991; 2002) is used to represent Siberia. However,
the important inclination discrepancies between the Central Asian blocks and Siberia led many authors
to consider that Eurasia might not be a rigid plate (Cogné et al., 1999; Hankard et al., 2007; Gilder et
al., 2008; Cogné et al., 2013) and that movements of Siberia relative to Europe may have occurred
during the Mesozoic and/or the Cenozoic. Therefore, it is rather difficult to give credence to the

inferred Triassic and Jurassic rotations of Junggar with respect to Siberia at the present time.

6. Conclusion

Constraining the past tectonic events is a crucial issue to understand the present geometry of
Central Asia. The geological and the geophysical studies have focused on the Late Palaeozoic
transcurrent episode and the Tertiary reactivation. However, much uncertainty has remained about the
Mesozoic, which was generally considered as a period of tectonic quiescence. Sedimentary data,
combined with recent structural and geochronological results have suggested possible Mesozoic

reactivations, but no kinematic constraints were currently available.

This study presents new palaesomagnetic results from Permian and Triassic sedimentary rocks
collected around the Junggar basin. Newly obtained poles suggest that Junggar might be regarded as a
rigid block only after Early Triassic. Comparison of palaeomagnetic poles from Junggar and Tarim

blocks reveals significant post-Permian relative rotations due to the probable reactivation of Permian



strike-slip faults under brittle conditions, though more field surveys are needed for geological

evidence.

These new results are in agreement with the hypothesis of a Mesozoic intracontinental
reactivation in Central Asia in response to a far-field effect of the Tibetan collisions. Although the
current physiography of Central Asia is due to the recent tectonics, the Mesozoic episode has probably
played an important role on the present geometric pattern. However, these interpretations and
conclusions are still preliminary, other palaeomagnetic constraints are necessary to improve the

kinematic scenario advanced in this study.
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Table and figure captions

Table 1. Results of the palaeomagnetic measurements. Abbreviations: n: number of measured samples;
N: number of collected samples; Dg, Ig, Ds, and Is: declination (D) and inclination (1) in geographic
(9) and stratigraphic (s) coordinates; k, precision parameter; ags; radius of the 95% confidence
circle. Types of demagnetisation: g: great circles, k: principal component analysis and s: stable
point. See text for further explanations and references of methodology. *: for the Upper Triassic
rocks from Urumaqi, the palaeomagnetic mean direction of HTC is computed from specimen data
instead of site-mean data. This result was excluded of tectonic interpretations.

Table 2. Compilation of palaeomagnetic data of Junggar, Tarim, and Siberia over the Early Mesozoic
period. Abbreviations: N: number of sites; Slat (Plat): latitude of site (pole); Slong (Plong):
longitude of site (pole); Ags: radius of the 95% confidence circle. *: The Upper Triassic pole for
Tarim is expected from Gilder et al. (2008).

Table 3. Compilation of the Late Palaeozoic relative movements between South Junggar, West
Junggar, Siberia, and Tarim; ANG + DANG, ROT £+ DROT and PLAT + DPLAT correspond to the
angular difference between the palaeopoles, the relative rotation and the latitudinal displacement
(and their error limit) between the blocks, respectively. Errors were computed by using the
conversion factor of 0.78 (Demarest, 1983; Coe et al., 1985). The relative movements between the
blocks are computed by using an average site at 44°N, 87°E for the Junggar block. A clockwise
(counterclockwise) rotation relate to a positive (negative) ROT value. A positive (negative) value of
Plat corresponds to a convergence (divergence) between the two blocks. Abbreviations: JG:
Junggar; SJG: South Junggar; SIB: Siberia; TAR: Tarim; WJG: West Junggar.

Figure 1. a: Map of Eurasia, including the major domains with age. The grey curve structure represents
the trend of the Kazakh Orocline, which encompasses West Junggar and North Tian Shan, b: Map
of Northwestern China and neighbouring areas. Abbreviations: CANTF: Chingiz-Alakol-North

Tianshan Fault, DF: Dalabute Fault, FF: Fuyun Fault, IGSZ: Irtysh-Gornotsaev Shear Zone, KF:



Kelameili Fault, MTL: Main Tianshan Fault, NNTL: Nalati-Nikolaiev Tectonic Line, STF: South
Tianshan Fault. Location of figures 2 and 3 is also reported.

Figure 2. a: Geological map of North Tian Shan including the location of the three collected sections
and data available in the literature, b: detailed geological map of Urumqi and Tien Shi areas, c:
detailed geological map of Jimusar area, d: detailed geological map of Aiwergou area. All maps are
adapted from BGRMXUAR (1993).

Figure 3. a: Geological map of West Junggar, including the location of the Laba area and data
available in the literature, b: detailed geological map of the Laba area.

Figure 4 Synoptic table of the Upper Permian and Triassic formations of Northwestern China. The
stratigraphic position of each collected section is also reported.

Figure 5 Picture’s plate of the sampling localities. a: Lower Triassic redbeds from Urumgqi, b: shallow
dipping Upper Triassic sandstone from Urumqi, c: Upper Permian reddish sandstones from Tianshi,
d: steeply dipping variegated Upper Triassic sandstone, e: panoramic view of the unconformable
shallow dipping Lower Triassic strata over the Upper Permian folded black turbidites at Aiwergou,
f: alternation of well-grading conglomerate and fine-grained pink sandstone, Early Triassic,
Aiwergou, g: northward view of the Lower Triassic Laba basin, with shallow dipping red strata, h:
detailed view of Early Triassic redbeds of Laba.

Figure 6. Results of the thermomagnetic Curie temperature measurements carried out on the six
sections. a: Urumqi (Lower Triassic), b: Urumqi (Upper Triassic), c: Tianshi, d: Jimusar, e:
Aiwergou, f: Laba. HC (CC): heating (cooling) curve.

Figure 7. Results of the Isothermal Remanence of the Magnetism (IRM) measurements carried out on
three out of the six sections. a: Urumqi (Upper Triassic), b: Jimusar, ¢c: Aiwergou.

Figure 8 Hysterisis cycle showing the typical shape for the ferromagnetic minerals. Paramagnetic
corrections have been applied to the loops, but the uncorrected loops are also shown in insert. a:
Urumgqi (Lower Triassic), b: Urumqi (Upper Triassic), c: Tianshi, d: Jimusar, e: Aiwergou, f: Laba.

Figure 9. AMS measurements for a: Urumgi (Upper Triassic), b: Jimusar, c: Aiwergou. Left:

Stereoplots of Kj, K, and K3 data (open symbols) and their means (filled symbols), after Jelinek



(1978). Right: Plots of the anisotropy degree (P;) versus the anisotropy shape (T) of the magnetic
susceptibility are also displayed. Pj=exp{2[(INK1-InKn)*+(INK2-InKn)?+(InK5-InKn)?]¥2},  and
T=2In(K2/K3)/In(K1/K3)-1 (Jelinek, 1981; Hrouda, 1982). K;, K, and Kj are the principal axes of
the magnetic fabrics and Ky, is the average of them.

Figure 10. Stereoplots of the site-mean directions of the low temperature component (LTC) and the
locality-mean direction. Open (closed) symbols represent upper (lower) hemisphere projections.
Data are in geographic coordinates. a: Urumqi (Lower Triassic), b: Urumqi (Upper Triassic), c:
Tianshi, d: Jimusar, e: Aiwergou, f: Laba. White stars represent the site-mean directions. For
comparison, the grey stars and the grey diamonds indicate the respective positions of the poles
referring to the Axial Centred Dipole Field (DF) and the Present Earth Field (PEF).

Figure 11. Representative thermal demagnetisation plots (a, d, e, f) and site-mean stereoplots (b, c, g,
h) of the Lower (a to d) and the Upper (e to h) Triassic rocks from Urumgqi. For the thermal
demagnetisation plots, the open (closed) symbols correspond to the magnetisation end-points
projected onto the vertical (horizontal) plane. For the stereoplots, the open (closed) symbols
represent the upper (lower) hemisphere projections.

Figure 12 Representative thermal demagnetisation plots (a, b, e and f) and site-mean stereoplots (c, d,
g and h) of the Upper Permian rocks from Tianchi (a to d) and of the Upper Triassic rocks from
Jimusar (e to h). For the thermal demagnetisation plots, the open (closed) symbols correspond to the
magnetisation end-points projected onto the vertical (horizontal) plane. For the stereoplots, open
(closed) symbols represent the upper (lower) hemisphere projections.

Figure 13. Representative thermal demagnetisation plots (a, b, ¢, f and g) and site-mean stereoplots (c,
d, h and i) of the Lower Triassic rocks from Aiwergou (a to e) and of the Lower Triassic rocks from
Laba (e to i). Dotted circle of confidence in (d) and (e) indicates the excluded site DQ57 (see text
and Table 1). For the thermal demagnetisation plots, the open (closed) symbols correspond to the
magnetisation end-points projected onto the vertical (horizontal) plane. For the stereoplots, open

(closed) symbols represent the upper (lower) hemisphere projections.



Figure 14. (a—d) Equal-area projections of Late Palaeozoic — Mesozoic poles of West Junggar, South
Junggar Tarim and Siberia (see table 3 for numerical values and details on calculation). The poles
with the dotted circle of confidence were excluded from the discussion. The angular difference
(AD) and the amount of relative rotation (rot) and latitudinal movement (N-S) between the blocks
are also indicated. The open stars represent the sampling location. Each small circle centred on this
location and passing through poles reveals large discrepancies in declination (subsequent rotation)
and weak differences in palaeolatitude (subsequent N-S movements) of blocks. Abbreviations: JG:
Junggar; SJG: South Junggar; SIB: Siberia; TAR: Tarim; URM: Urumqi; WJG: West Junggar.

Figure 15. Simplified map of the Late Palaeozoic belts (in blue) of Western Central Asia (modified
after Choulet et al., 2011). This belts overlie an Early Palaeozoic basement (in green) and display a
180° curvature. The cryptic suture of the Junggar basement (red dashes) is hidden below the
Junggar and Alakol basin (in yellow). The Late Carboniferous to Permian strike-slip faults and their
major kinematics are also displayed. Abbreviations: CANTSF: Chingiz-Alakol-North Tianshan
Fault, CKF: Central Kazakhstan Fault, DF: Dalabute Fault, GF: Gornotsaev Fault, K: Karamay city,
KZK: Kazakhstan, NNTL: Nalati-Nikolaiev Tectonic Line, NTS: North Tianshan, U: Urumaqi city,
WJG: West Junggar.

Figure 16. Synoptic chart illustrating the tectonic episodes experienced by Northwestern China. The
major alluvial events recorded in the South Junggar basin correlates with the major tectonic
episodes. The sketches (not to scale) of the relative displacements between West Junggar (WJG),
South Junggar (SJG), Junggar (JG), Siberia (SIB) and Tarim (TAR) reveal that the post-
Carboniferous rotations were accommodated by late orogenic-transcurrent faulting due to

successive oblique reactivations.



Table 1

Site Strike/dip  n/N type Dg Ig Ds Is k 095
URUMOQI SECTION (LOWER TRIASSIC)
717 359.6 62.6 100.0 6.1
Mean LTC
717 342.5 43.2 3.8 36.0
DQ42 232/105 4/8 3g, 1k 351.8 483 3520 -48.6 340.8 6.8
DQ43 237/33 7/8 7k 10,0 61.3 3499 33.0 3922 121
DQ44 222/30 8/8 8k 9.3 68.0 3383 445 20.3 18.3
DQ45 216/24 7/7 7k 399 488 140 448 107.7 151
DQ46 220/24 5/5 S5k 50.6 575 144 542 25.5 134
DQ47 115/30 6/8 6k 6.9 556 311.0 799 10.7 21.5
DQ48 43/35 5/5 S5k 358.1 592 716 65.6 11.0 24.1
717 15.3 58.7 342 105
Mean HTC
717 1.2 47.0 3.6 37.0
URUMQI SECTION (UPPER TRIASSIC)
8/8 12.0 59.2 163.5 4.3
Mean LTC
8/8 12.5 53.2 7.1 22.3
10/64 3254 334 212 113
Mean HTC*
10/64 325.8 49.0 59.5 6.7
TIANCHI SECTION (UPPER PERMIAN)
6/6 519 74.2 52.3 9.3
Mean LTC
6/6 6.9 47.3 79.7 7.6
DQO1 252/40 5/5 4g, 1k 71.2 75.7 3.6 47.7 59.3 12.5
DQO02 252/40 5/5 S5g 2713 -73.8 187.8 -52.7 0.0 12.4
DQO03 248/30 4/5 lg,3k 2955 -82.1 170.8 -653 65.1 12.2
DQO0O4 260/31 5/5 S5k 2940 -76.8 1959 -64.2 1382 6.5
DQO5 260/30 5/5 3g,2k  299.0 -67.5 219.6 -67.0 113.0 8.2
DQO06 262/35 5/5 3g,2k 2857 -71.0 206.5 -58.2 76.1 10.0
6/6 283.3 -75.1 137.2 5.7
MeanHTC
6/6 1929 -60.0 52.4 9.3
JIMUSAR SECTION (UPPER TRIASSIC)
5/6 18.5 64.8 52.7 10.6
MeanLTC
5/6 252.8 47.6 473 11.2
DQ66 145/65 8/8 8k 219.0 -17.9 1674 -73.5 65.8 6.9
DQ67 145/65 8/8 8k 213.0 -18.8 1574 -68.7 58.7 7.3
DQ68 145/65 9/9 1g, 8 217.2 -18.6 162.6 -72.3 59.7 6.8
DQ69 136/55 8/8 8k 2094 03 198.8 -51.4 88.6 59
DQ70 136/55 10/10 10k 2086 -2.7 1956 -539 632 6.1
DQ71 139/60 8/8 2g, 6k  206.6 -103 177.7 -61.3 47.1 8.3
6/6 212.2 -114 68.4 8.2
MeanHTC
6/6 181.1 -64.4 44.1 10.2

AIWERGOU SECTION (LOWER TRIASSIC)



8/8 348.4 48.6 1236 5.0
Mean LTC
8/8 3094 62.2 1303 49
DQ57 120/23 7/9  S5g, 1s, 1k 359.1 759 2437 77.0 284 127
DQ58 135/22 6/7 5g, 1k 28.6 59.3 3575 78.7 442 12.1
DQ59 134/23 6/9 5g, 1k 358.8 53.8 3232 64.9 194 183
DQ60 118/30 5/8 4g, 1k 0.4 243 3474 495 40.6 15.1
DQ61 125/32 5/8 S5g 172.1 -33.8 1463 -52.6 - 134
DQ62 125/32 7/8 7g 181.3 -35.8 1552 -58.7 - 19.2
DQ63 118/32 4/8 4g 169.9 -29.0 149.2 -50.9 - 9.9
DQo64 115/38 6/9 5g, 1k 166.4 -40.5 1232 -61.3 485 11.5
7/8 3579 40.0 264 12.0
Mean HTC
7/8 330.3 60.3 40.1 9.6
LABA SECTION (UNDIFFERENCIED TRIASSIC)
5/8 6.0 58.3 2749 4.6
Mean LTC
5/8 341.5 551 369.6 4.0
DQO7 185/10 4/4 excluded
DQO8 185/10 4/4 excluded
DQO09 210/20 4/4 4k 177.0 -62.4 1557 -48.3 12.6  27.0
DQI10 210/20 7/7 lg.6k 1722 -583 1550 -43.6 98.1 6.2
DQIl1 185/22 8/8 lg. 7k 2235 -748 1394 -729 171.5 43
DQI12 185/22 4/4 4k 2258 -70.7 1534 -729 1750.1 2.2
DQI13 185/22 5/5 5k 224.1 -80.6 1456 -80.5 27.0 15.0
DQI14 185/15 5/8 lg. 4k 190.0 -749 1436 -69.8 462 11.7
6/8 195.2 -71.8 46.8 9.9
Mean HTC
6/8 151.0 -649 284 128




Table 2

Block Locality Age N Slat Slong Plat Plong Ays Reference

West Junggar Mean P2 3 455 844 53.0 1839 16.6 Chouletetal, 2011
Laba T1 6 454 831 699 7.7 20.6 This study

South Junggar Mean C3-P 6 438 878 77.0 7.6 9.9  Chouletetal., 2011
Tianchi P2 6 439 88.1 80.0 191.6 12.4 This study
Aiwergou T1 7 43.0 875 68.0 3.0 14.6  This study

Junggar Jimusar T3 6 43.8 89.2 87.5 106.2 13.1 This study
Junggar J3-K1 13 442 86.0 723 2273 48 Chenetal, 1991
Junggar K2-Czl 9 442 86.0 743 22311 1.9 Chenetal, 1991
Urumgqi Cz 7 43.8 87.8 77.8 1934 15.6 This study

Tarim Mean C3-T1 63.4 181.0 6.2 Gilderetal., 2008
West
Tarim T1 5 410 749 528 1755 8.0 Zhuetal, 1998
Mean T3 70.4 190.0 7.0 Gilder et al., 2008*
Aksu T3 8 41.7 80.5 52.1 166.8 5.8 Fangetal 1990
Kuche J2 6 42.1 832 757 198.0 8.1 Gilderetal., 2008

Siberia Mean P2 5 50.0 160.0 7.0 Vander Voo, 1993
Mean T1 9 52.0 156.0 4.0 Vander Voo, 1993
Mean T3 6 55.0 138.0 9.0 Vander Voo, 1993




Table 3

Age  Blocks ANG+AANG (°) ROT +AROT (°) PLAT + APLAT (°)

SIG-TAR 395+11.7 -52.2+15.9 -7.6+9.3
P2 SJIG-SIB 51.8+12.1 -73.9+16.8 2.4+97
SIG-WIG 50.0+19.2 -62.1 £23.7 42+155
SJIG-TAR 48.6 +12.7 -63.3+16.6 -5.0+10.2
T1 SJG-SIB 583+11.8 -83.3+15.8 34+94
SIG-WIG 25+234 -2.0+31.9 2.0+18.7
3 JG-TAR 19.5+14.9 -23.4+20.9 -8.8+11.9
JG-SIB 32.9+15.9 -51.6+25.2 109+ 12.7
J3-Cz1 JG-TAR 7.7+84 -7.6+9.6 -3.8+6.7
Blocks ROT + AROT (°)
SIG-TAR (P2 to T1) 111+ 179
SIG-TAR (T1 to T3) 39.9+20.8
SIG-TAR (T3 to J3K1) 1584179
SIG-SIB (P2 to T1) 944180
SJG-SIB (T1 to T3) 3174232
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