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The Tian Shan range offers a natural laboratory to study orogenic processes. Most of the previous studies focused on either the Paleozoic evolution of the range or its Cenozoic intracontinental evolution linked with the India-Asia collision. In this study, detailed field investigations on the relationship between sedimentary cover and basement constrain the Mesozoic evolution of the northern Tian Shan. Sedimentological observations argue for limited transport distance for Lower and Uppermost Jurassic deposits. Geological sections presented in this paper show that, in preserved locations, Triassic to Jurassic sedimentary series present a continuous onlap type sedimentary unconformity on the top of the basement.

At different scales, observations clearly evidence the existence of a major palaeorelief during Mesozoic. According to the present study, the current Tian Shan range topography and the associated movements along its northern front structures cannot be considered as the consequence of Cenozoic reactivation alone.

Introduction

The modern Tian Shan is one of the major mountain ranges in Central Asia. The current structure of Tian Shan mainly results from a combination of two main tectonic events: i) subductions, arc-accretions and continental collision during Paleozoic (e.g. Carroll et al., 1990;Wang et al., 1990;Windley et al., 1990;Sengör et al. 1993;Carroll et al., 1995;Gao et al., 1998;Laurent-Charvet et al., 2002;Charvet et al., 2007;Wang et al., 2007) and ii) intracontinental reactivation linked to the India-Asia collision, during Cenozoic (e.g. Tapponnier and Molnar, 1977;Avouac et al., 1993). At first order, the modern Tian Shan corresponds to a raised ~east-west trending Paleozoic "basement" range, flanked by two closed intracontinental basins whose infill is a particularly accurate record for both tectonic and climate evolutions (Fig. 1). The present-day high topography of Tian Shan, with a mean altitude of ~2500 m and summits of more than 7000 m, is traditionally related to the latest intracontinental deformation of the range (e.g. Tapponnier and Molnar, 1977;Avouac et al., 1993;Burchfiel et al., 1999). Age constraints for the onset of this intracontinental reactivation range from 10 to 24 Ma (e.g. Avouac et al., 1993;Hendrix et al., 1994;Abdrakhmatov et al., 1996;Métivier and Gaudemer, 1997;Sobel et al., 1997;Dumitru et al., 2001;Charreau et al., 2009). In spite of relative age discrepancies (mostly related to the method applied), all ages estimated for the deformation and the associated relief erosion suggest that the mountain range reactivation and relief creation began during Early Miocene at oldest. However, recent Fission-track analyses suggest that uplifting may have existed well before the onset of the Tertiary reactivation through Tian Shan, with exhumation ages such as 160-120 Ma in central Tian Shan, 200-250 Ma detritus cooling age in the Manas River valley (Dumitru et al., 2001;Jolivet et al., 2010) or 140-120 Ma from Bayanbulak intracontinental basin, in the southern Tian Shan (Wang et al., 2009). Moreover, Triassic to Cretaceous sediments are composed of thick continental series characterized by massive coarse-grained formations within both basins, suggesting rather high erosion rate at that time (Hendrix, 2000;Carroll et al., 2010).

This study considers the Mesozoic tectonic and morphologic evolution of Tian Shan through field structural and sedimentological analyses of Mesozoic deposits. It focuses on the northern piedmont of the range, along a ~280 km west-east trending segment (Fig. 1). Thanks to deep incisions of seasonal rivers, contacts between Paleozoic basement and Mesozoic-Cenozoic sedimentary cover are particularly well exposed along several north-south trending sections in this region (Fig. 1). Such new constraints on Mesozoic evolution of the Tian Shan area would lead to reconsider the contribution of Cenozoic tectonics in the modern mountain range building as well as to better quantify the net shortening amount during that period.

Stratigraphy of the Mesozoic sediments within the study area

Sedimentary series can be extensively observed and have already been studied within the Junggar basin, as summarized below (Figs. 1 and 2;Hendrix et al., 1992 and references therein;XBGMR, 1993). Basement units of the north Tian Shan mainly consist of Paleozoic volcanic and sedimentary rocks. From bottom to top, the entire Mesozoic series is composed of ~5 km thick continental clastic deposits highlighting high sedimentation/preservation rates (Fig. 2). Thanks to numerous studies aimed at oil and gas exploration and to 1:200.000 mapping projects hold in this area, ages of the Mesozoic sequences were mainly constrained by floral and sporopollen assemblage analyses (Li et al., 1978;Yang et al., 1982;Liu, 1990; At first order, to the north of the Hutubi He area, Triassic to Neogene sedimentary series form a rather simple monocline structure, dipping 15-20° to the north (Fig. 5a). The southernmost fold-and-thrust belt is composed of one gentle upright anticline and associated syncline with only very limited thrusts developed along the hinge of the fold (Fig. 5a). This belt can be regarded as a fault-propagation fold structure according to the available seismic profile [START_REF] Review | Analysis of the fold-thrust zone in the southern Junggar Basin , north western China[END_REF]; Fig. 5b). Further south, entering within the interior parts of the range, sub-horizontal Lower Jurassic strata lie on top of the Carboniferous units (Fig. 5b).

While basement is strongly deformed, as evidenced by sub-vertical cleavage, its sedimentary cover is only gently folded as illustrated on the geological map, few kilometers west of the river (Fig. 5a; XBGMR, 1978XBGMR, , 1993)). No décollement structure has been observed between the basement top and the sedimentary cover. Besides, a southward backthrust of basement rocks above sediments can be observed to the south of the section, but the net slip must be limited as it rapidly dies out, the fault laterally evolving to a fold toward the west (Fig. 5a).

Unconformity of the basal contact of Mesozoic sediments on top of basement units is observed in the southernmost part of the section (Figs. 5a and6a). As a whole, the successive sub-horizontal and monocline segments define a hinge fold at regional scale (Fig. 5b).

Nevertheless, while ~900 m thick of Triassic sediments have been drilled along the W1 well in the basin (Fig. 5b), no Triassic series have been observed further south in the range, in the section area (Fig. 5a). Indeed, Lowermost to Middle Jurassic levels have been observed and mapped directly on top of the basement units (Fig. 5a; XBGMR, 1978XBGMR, , 1993)). Similarly to the Houxia area, basal contact of the Mesozoic series suggests its onlap deposit, from basin to range, at least during Triassic and Lower-Middle Jurassic.

More local-scale evidences for onlap sedimentation can also be observed in the Hutubi He area. First, to the south end of the section, Lower Jurassic strata display a kilometer scale onlap type structure on top of basement units, i.e. with younger sediments progressively covering basement, from north to south (Figs. 5a and6a). Second, ~10 km west of the Hutubi River, subhorizontal layers of the Lower Jurassic formation, which can be continuously followed in few kilometers in this small valley, structurally onlap on the deformed Paleozoic basement units (Fig. 6b). There, stratification planes are markedly oblique with the top of the Paleozoic units and no deformation has been observed along this contact. In the landscape, younger Jurassic sediments progressively extend to the south, on top of the Carboniferous units. Sediments progressively overlie and cover a ~150 m high step of the basement top which implies that a significant relief existed during Jurassic sediments deposition.

To the north of the Wusu section, first-order structure of the Mesozoic-Cenozoic series displays a 40-45° north dipping monocline (Figs. 7a and7b). To the south, bedding is subhorizontal and structure of the sedimentary series is marked by a large hinge fold. As drawn on the geological map, thrust faults are observed at the surface, but seismic data show that they do not extend downward into the Mesozoic series (Fig. 7b; suppl. material), which is compatible with the limited throw produced by these faults as deduced from map data analysis (Fig. 7a). While ~400 m of Triassic sediments have been found in a drilled well in the basin, close to this section (see W2 on Fig. 7a), Triassic series becomes much thinner to the south and Jurassic sandstones, sometimes, directly lie on top of the Carboniferous rocks with an erosional undeformed contact (Fig. 7c;XBGMR, 1973).

Discussion and conclusions

In parallel to rather classical view of frontal thrust systems, this study highlights that the northern piedmont of Tian Shan also displays segments where Mesozoic series are preserved unconformably onto the basement with onlap-type relationships. Such features are pointed out along two distant cross-sections and have also been clearly shown at outcrop-scale.

Sedimentary breccias, showing very limited transport distances, have been found within Lower Jurassic sediments of the internal parts of the range. Whatever the scale, all these observations clearly show the existence of proximal relief when Triassic/Jurassic sediments were deposited. Our field observations are consistent with previously published sedimentological datapaleocurrent measurements, heavy mineral composition, sedimentological source analysesin the Junggar and Tarim basins which suggest that Tian Shan could already have existed as a "positive" geomorphologic feature during Mesozoic times (Hendrix et al., 1992, Graham et al., 1993;Hendrix, 2000;Li et al., 2004).

In the field, the local-scale observation of onlap sedimentary architecture reveals that the paleo-altitude difference can reach 100-150 m in a hectometer horizontal distance, which highlights local steep slopes (cf. Fig. 6b). Together with the sedimentological observations in the Houxia valley, this suggests that small-scale ridges with intercalated intra-mountainous basins have probably existed during Mesozoic (Fig. 8a).

Drill wells W1 and W1" (Figs. 4a and4b) display ~1200 m of Lower Jurassic sediments (e.g. Badaowan and Shangonghe Fm., Fig. 2). A comparable thickness for Lower Jurassic has also been observed in the Manas area, 50 km west of the Hutubi section (Fig. 2; Hendrix et al., 1992). Following the geological maps (XBGMR;1978, 1993), Middle Jurassic series directly lie unconformably onto the Carboniferous basement, without Triassic and Lower Jurassic sediments in the southern part of the Hutubi River (see location A in Fig. 4a).

The thickness difference of Jurassic sediments reaches ~1200 m between the location A and the drill well location, for a horizontal distance of about 50 km (Fig. 4a). Such thickness difference may result from subsidence mechanisms. However, whatever the scale considered in this study, Triassic and mostly Jurassic series, up to the late Jurassic Kalaza formation deposit, display parallel bedding with no growth strata observed (Figs. 5b,6 and 7b). Such feature shows that, at the scale of the studied area, significant vertical differential movements may have hardly occurred during Triassic to Upper Jurassic sedimentation. In addition, as described above, Jurassic strata often overlie directly on Carboniferous by onlap, without fault or syn-sedimentary deformations. Seismic profiles across the southern margin of the Junggar basin do not display major fault that could have controlled sedimentation for the Early Jurassic period (Allen et al., 1991;[START_REF] Review | Analysis of the fold-thrust zone in the southern Junggar Basin , north western China[END_REF]. No evidence for structural control on local subsidence could thus be argued here. At larger scale, flexureeither thermal or tectoniccould also have controlled the subsidence for Mesozoic series accumulation.

If considering thermal control, the latest regional tectono-magmatic event occurring before Mesozoic in the Central Tian Shan area ended during early Permian (see compilation by Han et al., 1999), which is about 100 Ma earlier than Jurassic sedimentation. Therefore, according to Hendrix et al. (1992), it seems that thermal driving mechanism may only play a weak role for the Early and Middle Jurassic sedimentation. If considering tectonic control, compressional flexure may also be hard to explain as, for comparable vertical differential movements, buckling of a stable continental lithosphere would result in much larger wavelength (200-300 km) than observed in this study (~50 km) as shown by mechanical modelling (Martinod andDavy, 1992, 1994;Burov et al., 1993;Cloetingh et al., 1999).

At the scale of the present study, Jurassic sedimentation seems hardly controlled by either tectonic or thermal subsidence across northern Tian Shan. Accordingly, the 1200-1300 m thickness difference may be mainly produced by infilling of a long-lasting remnant relief of, at least, 1200-1300 m high at that period (i.e. from Triassic/Lowermost Jurassic; Fig. 8a). During Middle Jurassic, finer-grained sediments were conformably deposited on top of the Lower Jurassic strata within the basin, and were deposited onlap on the Paleozoic basement toward the range (Figs. 5a and8b). Middle Jurassic sediments of the Xishanyao and Toutunhe formations extend to a larger area with respect to the Lower Jurassic and, as a whole, the paleorelief lateral extension was certainly less important during Middle Jurassic than during Triassic/Early Jurassic (Fig. 8b). During latest Jurassic to Early Cretaceous, thick breccias were deposited onto the Middle Jurassic sediments through an angular unconformity (cf. Kalaza Fm.). These breccias are restricted to the front of the modern Tian Shan and change rapidly to finer-grained deposits in lateral equivalents. This configuration is reminiscent of the general architecture of current fans deposited along the modern Tian Shan range that originate from the present day high relief to the south, but show limited northward transport of sediments (Fig. 8c). In turn, location of the main morphological northern front of the paleo-Tian Shan, during Latest Jurassic to Early Cretaceous, would approximately coincide with the one of the current range front (Fig. 5). The uplift documented by these coarse-grained sedimentary breccias is also recorded by AFT chronology studies; Fissiontrack modeling indicates a ca. 160 and 120 Ma cooling age along a Dushanzi-Kuqa corridor, in the mountain interior (Dumitru et al., 2001;Jolivet et al., 2010). Apatite sampled from Bayanbulak area yields the earliest cooling ages of Early Cretaceous (Dumitru et al., 2001;Wang et al. 2009).

Because no major tectonic event occurred in the Northern Tian Shan during Mesozoic times (e.g. De Grave et al., 2007), the Paleozoic subduction-collision orogeny (Gao et al., 1998;Laurent-Charvet et al., 2002;Charvet et al., 2007) appears as the most probable origin of the Mesozoic paleorelief above described. In such case, the Tian Shan would persist as remnant relieves for several tens of Ma after the end of the orogenic events which are progressively and unconformably overlain by Triassic and then Jurassic sedimentation (e.g. onlap structures, mesoscale paleorelief infilling). This scenario implies extremely low erosion rates to allow the preservation of a significant relief; such feature has already been reported for other regions of Central Asia from thermochronological (AFT) and field data analyses (Jolivet et al., 2007). In parallel, Central Asia Mesozoic tectonic history is marked by the polyphased Cimmerian orogeny in Tibet area (e.g. Hendrix et al., 1992;Sobel and Dumitru, 1997;De Grave et al., 2007). Low amplitude, far-field effects can thus be recognized in the Mesozoic northern Tian Shan: one early collision stage -Qiantang/Kunlun blocks during Late Triassic/Middle Jurassicwould correspond to the drastic coarsening of the Lower Jurassic sedimentation. In turn, a later collision stage -Lhasa/Qiantang blocks during Late Jurassic/Early Cretaceouswell corresponds to the deposits of the thick and coarse breccias of the Kalaza Fm. at that time. In this case, a tectonic origin of the relief rejuvenation is attested by a major angular unconformity observed regionally.

As unambiguously demonstrated, the physiography of the modern Tian Shan dominantly results from the recent tectonic evolution of the area (e.g. Tapponnier and Molnar, 1977;Avouac et al., 1993;Métivier and Gaudemer, 1997;Charreau et al., 2009). However, this study put forward that the current Tian Shan topography can probably not be considered as the consequence of the Cenozoic intracontinental reactivation alone, but as a combination of the Cenozoic deformations superimposed on a reminiscent Mesozoic paleo-range. These new results question on the amplitude of the movements that could be estimated along the northern front structures during Cenozoic intracontinental reactivation. zone in the southern Junggar Basin , north western China. Earth Science Frontiers, 12, 411-421.
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intracontinental reactivation linked to the India-Asia collision, during Cenozoic (e.g. Tapponnier and Molnar, 1977;Avouac et al., 1993). At first order, the modern Tian Shan corresponds to a raised ~east-west trending Paleozoic 'basement' range, flanked by two closed intracontinental basins whose infill is a particularly accurate record for both tectonic and climate evolutions (Fig. 1). The present-day high topography of Tian Shan, with a mean altitude of ~2500 m and summits of more than 7000 m, is traditionally related to the latest intracontinental deformation of the range (e.g. Tapponnier and Molnar, 1977;Avouac et al., 1993;Burchfiel et al., 1999). Age constraints for the onset of this intracontinental reactivation range from 10 to 24 Ma (e.g. Avouac et al., 1993;Hendrix et al., 1994;Abdrakhmatov et al., 1996;Métivier and Gaudemer, 1997;Sobel et al., 1997;Dumitru et al., 2001;Charreau et al., 2009). In spite of relative age discrepancies (mostly related to the method applied), all ages estimated for the deformation and the associated relief erosion suggest that the mountain range reactivation and relief creation began during Early Miocene at oldest.

However, recent Fission-track analyses suggest that uplifting may have existed well before the onset of the Tertiary reactivation through Tian Shan, with exhumation ages such as 160-120 Ma in central Tian Shan, 200-250 Ma detritus cooling age in the Manas River valley (Dumitru et al., 2001;Jolivet et al., 2010) or 140-120 Ma from Bayanbulak intracontinental basin, in the southern Tian Shan (Wang et al., 2009). Moreover, Triassic to Cretaceous sediments are composed of thick continental series characterized by massive coarse-grained formations within both basins, suggesting rather high erosion rate at that time (Hendrix, 2000;Carroll et al., 2010).

This study considers the Mesozoic tectonic and morphologic evolution of Tian Shan through field structural and sedimentological analyses of Mesozoic deposits. It focuses on the northern piedmont of the range, along a ~280 km west-east trending segment (Fig. 1). Thanks to deep incisions of seasonal rivers, contacts between Paleozoic basement and Mesozoic-Cenozoic sedimentary cover are particularly well exposed along several north-south trending sections in this region (Fig. 1). Such new constraints on Mesozoic evolution of the Tian Shan area would lead to reconsider the contribution of Cenozoic tectonics in the modern mountain range building as well as to better quantify the net shortening amount during that period.

Stratigraphy of the Mesozoic sediments within the study area

Sedimentary series can be extensively observed and have already been studied within the Junggar basin, as summarized below (Figs. 1 and 2; Hendrix et al., 1992 and references therein;XBGMR, 1993). Basement units of the north Tian Shan mainly consist of Paleozoic volcanic and sedimentary rocks. From bottom to top, the entire Mesozoic series is composed of ~5 km thick continental clastic deposits highlighting high sedimentation/preservation rates (Fig. 2). Thanks to numerous studies aimed at oil and gas exploration and to 1:200.000 mapping projects hold in this area, ages of the Mesozoic sequences were mainly constrained by floral and sporopollen assemblage analyses (Li et al., 1978;Yang et al., 1982;Liu, 1990;XBGMR, 1993;Lu and Deng, 2005;Yang et al., 2005;Huang and Li, 2007). In the study area, the Triassic series are mostly missing along the piedmont though locally exposed (Fig. 1).

Where it crops out, Triassic displays alluvial sandstones and conglomerates intercalated coarse conglomeratic deposits, as exposed in the south of Qingshui He (Fig. 3a). Thickness of Lower Jurassic reaches 1000 m over the area extending from Manasi to Urumqi, and decreases westwardly and eastwardly. Sediments become progressively finer upward, grading into ~3 km thick series of Lower/Middle Jurassic gray sandstones, silty shales (Fig. 2).

Middle Jurassic sandstones and mudstones locally contain coal-rich layers consistent with a lacustrine depositional facies (Hendrix et al., 1992). Upper Jurassic comprises typical finegrained red beds where conglomerates remain scarce. The transition from Jurassic to Cretaceous series is marked by up to 800 m thick sedimentary breccias (Kalaza formation -J3k; Fig. 3b) made of coarse-grained angular clasts (Fig. 3c). It rapidly dies laterally and grades to sandstones within the Junggar basin itself (XBGMR, 1978;1993). The marked unconformity between the Kalaza formation and the underlying finer-grained Upper Jurassic red beds (Fig. 3b) suggests a short transport distance of material before deposition and nearby relief uplifting.

In this study, Mesozoic sediments have also been extensively observed within internal parts of the range, and more particularly in the eastern part of the studied area (Fig. 1).

Triassic to Jurassic sediments are encountered on top of the Paleozoic basement units, at rather high altitudes (2000 to 3000 m) in comparison with the mean altitude of the foreland fold-and-thrust belts (1000 to 1500 m high). In the Houxia valley for instance -65 km SSW of Urumqi -a Lower to Upper Jurassic continuous sedimentary series is preserved in a syncline structure (Fig. 4a). According to the geological map (Fig. 4a; XBGMR, 1977), Lower Jurassic formations -i.e. Shangonghe Fm. to the northwest and Lowermost Jurassic Badaowan Fm. to the east -directly overlie on top of Carboniferous basement units, without intercalated Triassic sediments. Besides, south and north verging thrusts developed along parts of the northern and southern limbs of the fold, respectively (Fig. 4a). A section made across the north limb of the syncline displays continuous Lower to Middle Jurassic series with no fault contact observed (Fig. 4b). From south to north, bedding planes progressively straighten up from ~30° south dipping to vertical, and even overturned just below the south verging thrust (Figs. 4a ,4b and 4d). From a sedimentological point of view, the upper and main part of Jurassic series is made of fine-grained sandstones and mudstones while the lowermost deposits of the series is characterized by intercalations of coarse-grained sedimentary breccias mostly made of highly angular clasts of Carboniferous tuffaceous sandstones (Fig. 4c). Local abundance of these breccias and the common lithological nature of the clasts with the adjacent basement unit strongly suggest a very short transport distance.

Structural analysis of the Mesozoic basal contact

Deformation of the northern Tian Shan has already been studied through the structural analysis of sedimentary series, within the Cenozoic foreland basin (e.g. Avouac et al., 1993;Deng et al., 1996;Burchfiel et al., 1999). This part focuses on the basal contact of the Mesozoic sediments, in the northern "front" area of Tian Shan.

As shown on the map (Fig. 1), some parts of the piedmont display northward thrusts that mark out the boundary in between the Paleozoic uplifted basement units and relatively subsiding proximal foreland basin. Yet, as described above, Mesozoic series are not solely restricted to the piedmont fold-and-thrust belts but are also well preserved on top of the basement units, within the range (Fig. 1). Then, some other segments of the piedmont display perfectly continuous Mesozoic sedimentary series from basin until internal and higher parts of the range, without being strained by any faulting or folding in the range front area (Fig. 1).

Structural analysis of such unstrained basal contact of Mesozoic series is presented for two of the sections constructed from field work combined with available seismic profiles and drillholes data: the Hutubi He and the Wusu sections (Fig. 1).
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At first order, to the north of the Hutubi He area, Triassic to Neogene sedimentary series form a rather simple monocline structure, dipping 15-20° to the north (Fig. 5a). The southernmost fold-and-thrust belt is composed of one gentle upright anticline and associated syncline with only very limited thrusts developed along the hinge of the fold (Fig. 5a). This belt can be regarded as a fault-propagation fold structure according to the available seismic profile [START_REF] Review | Analysis of the fold-thrust zone in the southern Junggar Basin , north western China[END_REF]; Fig. 5b). Further south, entering within the interior parts of the range, sub-horizontal Lower Jurassic strata lie on top of the Carboniferous units (Fig. 5b).

While basement is strongly deformed, as evidenced by sub-vertical cleavage, its sedimentary cover is only gently folded as illustrated on the geological map, few kilometers west of the river (Fig. 5a; XBGMR, 1978XBGMR, , 1993)). No décollement structure has been observed between the basement top and the sedimentary cover. Besides, a southward backthrust of basement rocks above sediments can be observed to the south of the section, but the net slip must be limited as it rapidly dies out, the fault laterally evolving to a fold toward the west (Fig. 5a).

Unconformity of the basal contact of Mesozoic sediments on top of basement units is observed in the southernmost part of the section (Figs. 5a and6a). As a whole, the successive sub-horizontal and monocline segments define a hinge fold at regional scale (Fig. 5b).

Nevertheless, while ~900 m thick of Triassic sediments have been drilled along the W1 well in the basin (Fig. 5b), no Triassic series have been observed further south in the range, in the section area (Fig. 5a). Indeed, Lowermost to Middle Jurassic levels have been observed and mapped directly on top of the basement units (Fig. 5a; XBGMR, 1978XBGMR, , 1993)). Similarly to the Houxia area, basal contact of the Mesozoic series suggests its onlap deposit, from basin to range, at least during Triassic and Lower-Middle Jurassic.

More local-scale evidences for onlap sedimentation can also be observed in the Hutubi He area. First, to the south end of the section, Lower Jurassic strata display a kilometer scale onlap type structure on top of basement units, i.e. with younger sediments progressively covering basement, from north to south (Figs. 5a and6a). Second, ~10 km west of the Hutubi River, subhorizontal layers of the Lower Jurassic formation, which can be continuously followed in few kilometers in this small valley, structurally onlap on the deformed Paleozoic basement units (Fig. 6b). There, stratification planes are markedly oblique with the top of the Paleozoic units and no deformation has been observed along this contact. In the landscape, younger Jurassic sediments progressively extend to the south, on top of the Carboniferous units. Sediments progressively overlie and cover a ~150 m high step of the basement top which implies that a significant relief existed during Jurassic sediments deposition.

To the north of the Wusu section, first-order structure of the Mesozoic-Cenozoic series displays a 40-45° north dipping monocline (Figs. 7a and7b). To the south, bedding is subhorizontal and structure of the sedimentary series is marked by a large hinge fold. As drawn on the geological map, thrust faults are observed at the surface, but seismic data show that they do not extend downward into the Mesozoic series (Fig. 7b; suppl. material), which is compatible with the limited throw produced by these faults as deduced from map data analysis (Fig. 7a). While ~400 m of Triassic sediments have been found in a drilled well in the basin, close to this section (see W2 on Fig. 7a), Triassic series becomes much thinner to the south and Jurassic sandstones, sometimes, directly lie on top of the Carboniferous rocks with an erosional undeformed contact (Fig. 7c; XBGMR, 1973).

Discussion and conclusions

In parallel to rather classical view of frontal thrust systems, this study highlights that the northern piedmont of Tian Shan also displays segments where Mesozoic series are preserved unconformably onto the basement with onlap-type relationships. Such features are pointed out along two distant cross-sections and have also been clearly shown at outcrop-scale.

Sedimentary breccias, showing very limited transport distances, have been found within Lower Jurassic sediments of the internal parts of the range. Whatever the scale, all these observations clearly show the existence of proximal relief when Triassic/Jurassic sediments were deposited. Our field observations are consistent with previously published sedimentological data -paleocurrent measurements, heavy mineral composition, sedimentological source analyses -in the Junggar and Tarim basins which suggest that Tian Shan could already have existed as a "positive" geomorphologic feature during Mesozoic times (Hendrix et al., 1992, Graham et al., 1993;Hendrix, 2000;Li et al., 2004).

In the field, the local-scale observation of onlap sedimentary architecture reveals that the paleo-altitude difference can reach 100-150 m in a hectometer horizontal distance, which highlights local steep slopes (cf. Fig. 6b). Together with the sedimentological observations in the Houxia valley, this suggests that small-scale ridges with intercalated intra-mountainous basins have probably existed during Mesozoic (Fig. 8a).

Drill wells W1 and W1' (Figs. 4a and4b) display ~1200 m of Lower Jurassic sediments (e.g. Badaowan and Shangonghe Fm., Fig. 2). A comparable thickness for Lower Jurassic has also been observed in the Manas area, 50 km west of the Hutubi section (Fig. 2; Hendrix et al., 1992). Following the geological maps (XBGMR;1978, 1993), Middle Jurassic series directly lie unconformably onto the Carboniferous basement, without Triassic and Lower Jurassic sediments in the southern part of the Hutubi River (see location A in Fig. 4a).

The thickness difference of Jurassic sediments reaches ~1200 m between the location A and the drill well location, for a horizontal distance of about 50 km (Fig. 4a). Such thickness difference may result from subsidence mechanisms. However, whatever the scale considered in this study, Triassic and mostly Jurassic series, up to the late Jurassic Kalaza formation deposit, display parallel bedding with no growth strata observed (Figs. 5b, 6 and 7b). Such feature shows that, at the scale of the studied area, significant vertical differential movements may have hardly occurred during Triassic to Upper Jurassic sedimentation. In addition, as described above, Jurassic strata often overlie directly on Carboniferous by onlap, without fault or syn-sedimentary deformations. Seismic profiles across the southern margin of the Junggar basin do not display major fault that could have controlled sedimentation for the Early Jurassic period (Allen et al., 1991;[START_REF] Review | Analysis of the fold-thrust zone in the southern Junggar Basin , north western China[END_REF]. No evidence for structural control on local subsidence could thus be argued here. At larger scale, flexure -either thermal or tectonic -could also have controlled the subsidence for Mesozoic series accumulation.

If considering thermal control, the latest regional tectono-magmatic event occurring before Mesozoic in the Central Tian Shan area ended during early Permian (see compilation by Han et al., 1999), which is about 100 Ma earlier than Jurassic sedimentation. Therefore, according to Hendrix et al. (1992), it seems that thermal driving mechanism may only play a weak role for the Early and Middle Jurassic sedimentation. If considering tectonic control, compressional flexure may also be hard to explain as, for comparable vertical differential movements, buckling of a stable continental lithosphere would result in much larger wavelength (200-300 km) than observed in this study (~50 km) as shown by mechanical modelling (Martinod andDavy, 1992, 1994;Burov et al., 1993;Cloetingh et al., 1999).

At the scale of the present study, Jurassic sedimentation seems hardly controlled by either tectonic or thermal subsidence across northern Tian Shan. Accordingly, the 1200-1300 m thickness difference may be mainly produced by infilling of a long-lasting remnant relief of, at least, 1200-1300 m high at that period (i.e. from Triassic/Lowermost Jurassic; Fig. 8a). During Middle Jurassic, finer-grained sediments were conformably deposited on top of the Lower Jurassic strata within the basin, and were deposited onlap on the Paleozoic basement toward the range (Figs. 5a and8b). Middle Jurassic sediments of the Xishanyao and Toutunhe formations extend to a larger area with respect to the Lower Jurassic and, as a whole, the paleorelief lateral extension was certainly less important during Middle Jurassic than during Triassic/Early Jurassic (Fig. 8b). During latest Jurassic to Early Cretaceous, thick breccias were deposited onto the Middle Jurassic sediments through an angular unconformity (cf. Kalaza Fm.). These breccias are restricted to the front of the modern Tian Shan and change rapidly to finer-grained deposits in lateral equivalents. This configuration is reminiscent of the general architecture of current fans deposited along the modern Tian Shan range that originate from the present day high relief to the south, but show limited northward transport of sediments (Fig. 8c). In turn, location of the main morphological northern front of the paleo-Tian Shan, during Latest Jurassic to Early Cretaceous, would approximately coincide with the one of the current range front (Fig. 5). The uplift documented by these coarse-grained sedimentary breccias is also recorded by AFT chronology studies; Fissiontrack modeling indicates a ca. 160 and 120 Ma cooling age along a Dushanzi-Kuqa corridor, in the mountain interior (Dumitru et al., 2001;Jolivet et al., 2010). Apatite sampled from Bayanbulak area yields the earliest cooling ages of Early Cretaceous (Dumitru et al., 2001;Wang et al. 2009).

Because no major tectonic event occurred in the Northern Tian Shan during Mesozoic times (e.g. De Grave et al., 2007), the Paleozoic subduction-collision orogeny (Gao et al., 1998;Laurent-Charvet et al., 2002;Charvet et al., 2007) appears as the most probable origin of the Mesozoic paleorelief above described. In such case, the Tian Shan would persist as remnant relieves for several tens of Ma after the end of the orogenic events which are progressively and unconformably overlain by Triassic and then Jurassic sedimentation (e.g. onlap structures, mesoscale paleorelief infilling). This scenario implies extremely low erosion rates to allow the preservation of a significant relief; such feature has already been reported

for other regions of Central Asia from thermochronological (AFT) and field data analyses (Jolivet et al., 2007). In parallel, Central Asia Mesozoic tectonic history is marked by the polyphased Cimmerian orogeny in Tibet area (e.g. Hendrix et al., 1992;Sobel and Dumitru, 1997;De Grave et al., 2007). Low amplitude, far-field effects can thus be recognized in the Mesozoic northern Tian Shan: one early collision stage -Qiantang/Kunlun blocks during Late Triassic/Middle Jurassic -would correspond to the drastic coarsening of the Lower Jurassic sedimentation. In turn, a later collision stage -Lhasa/Qiantang blocks during Late Jurassic/Early Cretaceous -well corresponds to the deposits of the thick and coarse breccias of the Kalaza Fm. at that time. In this case, a tectonic origin of the relief rejuvenation is attested by a major angular unconformity observed regionally.

As unambiguously demonstrated, the physiography of the modern Tian Shan dominantly results from the recent tectonic evolution of the area (e.g. Tapponnier and Molnar, 1977;Avouac et al., 1993;Métivier and Gaudemer, 1997;Charreau et al., 2009). However, this study put forward that the current Tian Shan topography can probably not be considered as the consequence of the Cenozoic intracontinental reactivation alone, but as a combination of the Cenozoic deformations superimposed on a reminiscent Mesozoic paleo-range. These new results question on the amplitude of the movements that could be estimated along the northern front structures during Cenozoic intracontinental reactivation. The modern Tian Shan is one of the major mountain ranges in Central Asia. The current structure of Tian Shan mainly results from a combination of two main tectonic events: i) subductions, arc-accretions and continental collision during Paleozoic (e.g. Carroll et al., 1990;Wang et al., 1990;Windley et al., 1990;Sengör et al. 1993;Carroll et al., 1995;Gao et al., 1998;Laurent-Charvet et al., 2002;Charvet et al., 2007;Wang et al., 2007) and ii)
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intracontinental reactivation linked to the India-Asia collision, during Cenozoic (e.g. Tapponnier and Molnar, 1977;Avouac et al., 1993). At first order, the modern Tian Shan corresponds to a raised ~east-west trending Paleozoic 'basement' range, flanked by two closed intracontinental basins whose infill is a particularly accurate record for both tectonic and climate evolutions (Fig. 1). The present-day high topography of Tian Shan, with a mean altitude of ~2500 m and summits of more than 7000 m, is traditionally related to the latest intracontinental deformation of the range (e.g. Tapponnier and Molnar, 1977;Avouac et al., 1993;Burchfiel et al., 1999). Age constraints for the onset of this intracontinental reactivation range from 10 to 24 Ma (e.g. Avouac et al., 1993;Hendrix et al., 1994;Abdrakhmatov et al., 1996;Métivier and Gaudemer, 1997;Sobel et al., 1997;Dumitru et al., 2001;Charreau et al., 2009). In spite of relative age discrepancies (mostly related to the method applied), all ages estimated for the deformation and the associated relief erosion suggest that the mountain range reactivation and relief creation began during Early Miocene at oldest.

However, recent Fission-track analyses suggest that uplifting may have existed well before the onset of the Tertiary reactivation through Tian Shan, with exhumation ages such as 160-120 Ma in central Tian Shan, 200-250 Ma detritus cooling age in the Manas River valley (Dumitru et al., 2001;Jolivet et al., 2010) or 140-120 Ma from Bayanbulak intracontinental basin, in the southern Tian Shan (Wang et al., 2009). Moreover, Triassic to Cretaceous sediments are composed of thick continental series characterized by massive coarse-grained formations within both basins, suggesting rather high erosion rate at that time (Hendrix, 2000;Carroll et al., 2010).

This study considers the Mesozoic tectonic and morphologic evolution of Tian Shan through field structural and sedimentological analyses of Mesozoic deposits. It focuses on the northern piedmont of the range, along a ~280 km west-east trending segment (Fig. 1). Thanks to deep incisions of seasonal rivers, contacts between Paleozoic basement and Mesozoic-Cenozoic sedimentary cover are particularly well exposed along several north-south trending sections in this region (Fig. 1). Such new constraints on Mesozoic evolution of the Tian Shan area would lead to reconsider the contribution of Cenozoic tectonics in the modern mountain range building as well as to better quantify the net shortening amount during that period.

Stratigraphy of the Mesozoic sediments within the study area

Sedimentary series can be extensively observed and have already been studied within the Junggar basin, as summarized below (Figs. 1 and 2; Hendrix et al., 1992 and references therein;XBGMR, 1993). Basement units of the north Tian Shan mainly consist of Paleozoic volcanic and sedimentary rocks. From bottom to top, the entire Mesozoic series is composed of ~5 km thick continental clastic deposits highlighting high sedimentation/preservation rates (Fig. 2). Thanks to numerous studies aimed at oil and gas exploration and to 1:200.000 mapping projects hold in this area, ages of the Mesozoic sequences were mainly constrained by floral and sporopollen assemblage analyses (Li et al., 1978;Yang et al., 1982;Liu, 1990;XBGMR, 1993;Lu and Deng, 2005;Yang et al., 2005;Huang and Li, 2007). In the study area, the Triassic series are mostly missing along the piedmont though locally exposed (Fig. 1).

Where it crops out, Triassic displays alluvial sandstones and conglomerates intercalated within and silty mudstones (red-beds). At the scale of the northern Tian Shan piedmont, Lowermost Jurassic layers indicate a change in the sedimentation as they consist in thick and no fault contact observed (Fig. 4b). From south to north, bedding planes progressively straighten up from ~30° south dipping to vertical, and even overturned just below the south verging thrust (Figs. 4a ,4b and 4d). From a sedimentological point of view, the upper and main part of Jurassic series is made of fine-grained sandstones and mudstones while the lowermost deposits of the series is characterized by intercalations of coarse-grained sedimentary breccias mostly made of highly angular clasts of Carboniferous tuffaceous sandstones (Fig. 4c). Local abundance of these breccias and the common lithological nature of the clasts with the adjacent basement unit strongly suggest a very short transport distance.

Structural analysis of the Mesozoic basal contact

Deformation of the northern Tian Shan has already been studied through the structural analysis of sedimentary series, within the Cenozoic foreland basin (e.g. Avouac et al., 1993;Deng et al., 1996;Burchfiel et al., 1999). This part focuses on the basal contact of the Mesozoic sediments, in the northern "front" area of Tian Shan.

As shown on the map (Fig. 1), some parts of the piedmont display northward thrusts that mark out the boundary in between the Paleozoic uplifted basement units and relatively subsiding proximal foreland basin. Yet, as described above, Mesozoic series are not solely restricted to the piedmont fold-and-thrust belts but are also well preserved on top of the basement units, within the range (Fig. 1). Then, some other segments of the piedmont display perfectly continuous Mesozoic sedimentary series from basin until internal and higher parts of the range, without being strained by any faulting or folding in the range front area (Fig. 1).

Structural analysis of such unstrained basal contact of Mesozoic series is presented for two of the sections constructed from field work combined with available seismic profiles and drillholes data: the Hutubi He and the Wusu sections (Fig. 1).

At first order, to the north of the Hutubi He area, Triassic to Neogene sedimentary series form a rather simple monocline structure, dipping 15-20° to the north (Fig. 5a). The southernmost fold-and-thrust belt is composed of one gentle upright anticline and associated syncline with only very limited thrusts developed along the hinge of the fold (Fig. 5a). This belt can be regarded as a fault-propagation fold structure according to the available seismic profile [START_REF] Review | Analysis of the fold-thrust zone in the southern Junggar Basin , north western China[END_REF]; Fig. 5b). Further south, entering within the interior parts of the range, sub-horizontal Lower Jurassic strata lie on top of the Carboniferous units (Fig. 5b).

While basement is strongly deformed, as evidenced by sub-vertical cleavage, its sedimentary cover is only gently folded as illustrated on the geological map, few kilometers west of the river (Fig. 5a; XBGMR, 1978XBGMR, , 1993)). No décollement structure has been observed between the basement top and the sedimentary cover. Besides, a southward backthrust of basement rocks above sediments can be observed to the south of the section, but the net slip must be limited as it rapidly dies out, the fault laterally evolving to a fold toward the west (Fig. 5a).

Unconformity of the basal contact of Mesozoic sediments on top of basement units is observed in the southernmost part of the section (Figs. 5a and6a). As a whole, the successive sub-horizontal and monocline segments define a hinge fold at regional scale (Fig. 5b).

Nevertheless, while ~900 m thick of Triassic sediments have been drilled along the W1 well in the basin (Fig. 5b), no Triassic series have been observed further south in the range, in the section area (Fig. 5a). Indeed, Lowermost to Middle Jurassic levels have been observed and mapped directly on top of the basement units (Fig. 5a; XBGMR, 1978XBGMR, , 1993)). Similarly to the Houxia area, basal contact of the Mesozoic series suggests its onlap deposit, from basin to range, at least during Triassic and Lower-Middle Jurassic.

More local-scale evidences for onlap sedimentation can also be observed in the Hutubi He area. First, to the south end of the section, Lower Jurassic strata display a kilometer scale onlap type structure on top of basement units, i.e. with younger sediments progressively covering basement, from north to south (Figs. 5a and6a). Second, ~10 km west of the Hutubi River, subhorizontal layers of the Lower Jurassic formation, which can be continuously followed in few kilometers in this small valley, structurally onlap on the deformed Paleozoic basement units (Fig. 6b). There, stratification planes are markedly oblique with the top of the Paleozoic units and no deformation has been observed along this contact. In the landscape, younger Jurassic sediments progressively extend to the south, on top of the Carboniferous units. Sediments progressively overlie and cover a ~150 m high step of the basement top which implies that a significant relief existed during Jurassic sediments deposition.

To the north of the Wusu section, first-order structure of the Mesozoic-Cenozoic series displays a 40-45° north dipping monocline (Figs. 7a and7b). To the south, bedding is subhorizontal and structure of the sedimentary series is marked by a large hinge fold. As drawn on the geological map, thrust faults are observed at the surface, but seismic data show that they do not extend downward into the Mesozoic series (Fig. 7b; suppl. material), which is compatible with the limited throw produced by these faults as deduced from map data analysis (Fig. 7a). While ~400 m of Triassic sediments have been found in a drilled well in the basin, close to this section (see W2 on Fig. 7a), Triassic series becomes much thinner to the south and Jurassic sandstones, sometimes, directly lie on top of the Carboniferous rocks with an erosional undeformed contact (Fig. 7c;XBGMR, 1973).

Discussion and conclusions

In parallel to rather classical view of frontal thrust systems, this study highlights that the northern piedmont of Tian Shan also displays segments where Mesozoic series are preserved unconformably onto the basement with onlap-type relationships. Such features are pointed out along two distant cross-sections and have also been clearly shown at outcrop-scale.

Sedimentary breccias, showing very limited transport distances, have been found within Lower Jurassic sediments of the internal parts of the range. Whatever the scale, all these observations clearly show the existence of proximal relief when Triassic/Jurassic sediments were deposited. Our field observations are consistent with previously published sedimentological data -paleocurrent measurements, heavy mineral composition, sedimentological source analyses -in the Junggar and Tarim basins which suggest that Tian Shan could already have existed as a "positive" geomorphologic feature during Mesozoic times (Hendrix et al., 1992, Graham et al., 1993;Hendrix, 2000;Li et al., 2004).

In the field, the local-scale observation of onlap sedimentary architecture reveals that the paleo-altitude difference can reach 100-150 m in a hectometer horizontal distance, which highlights local steep slopes (cf. Fig. 6b). Together with the sedimentological observations in the Houxia valley, this suggests that small-scale ridges with intercalated intra-mountainous basins have probably existed during Mesozoic (Fig. 8a).

Drill wells W1 and W1' (Figs. 4a and4b) display ~1200 m of Lower Jurassic sediments (e.g. Badaowan and Shangonghe Fm., Fig. 2). A comparable thickness for Lower Jurassic has also been observed in the Manas area, 50 km west of the Hutubi section (Fig. 2; Hendrix et al., 1992). Following the geological maps (XBGMR;1978, 1993), Middle Jurassic series directly lie unconformably onto the Carboniferous basement, without Triassic and Lower Jurassic sediments in the southern part of the Hutubi River (see location A in Fig. 4a).

The thickness difference of Jurassic sediments reaches ~1200 m between the location A and the drill well location, for a horizontal distance of about 50 km (Fig. 4a). Such thickness difference may result from subsidence mechanisms. However, whatever the scale considered in this study, Triassic and mostly Jurassic series, up to the late Jurassic Kalaza formation deposit, display parallel bedding with no growth strata observed (Figs. 5b,6 and 7b). Such feature shows that, at the scale of the studied area, significant vertical differential movements may have hardly occurred during Triassic to Upper Jurassic sedimentation. In addition, as described above, Jurassic strata often overlie directly on Carboniferous by onlap, without fault or syn-sedimentary deformations. Seismic profiles across the southern margin of the Junggar basin do not display major fault that could have controlled sedimentation for the Early Jurassic period (Allen et al., 1991;[START_REF] Review | Analysis of the fold-thrust zone in the southern Junggar Basin , north western China[END_REF]. No evidence for structural control on local subsidence could thus be argued here. At larger scale, flexure -either thermal or tectonic -could also have controlled the subsidence for Mesozoic series accumulation.

If considering thermal control, the latest regional tectono-magmatic event occurring before Mesozoic in the Central Tian Shan area ended during early Permian (see compilation by Han et al., 1999), which is about 100 Ma earlier than Jurassic sedimentation. Therefore, according to Hendrix et al. (1992), it seems that thermal driving mechanism may only play a weak role for the Early and Middle Jurassic sedimentation. If considering tectonic control, compressional flexure may also be hard to explain as, for comparable vertical differential movements, buckling of a stable continental lithosphere would result in much larger wavelength (200-300 km) than observed in this study (~50 km) as shown by mechanical modelling (Martinod andDavy, 1992, 1994;Burov et al., 1993;Cloetingh et al., 1999).

At the scale of the present study, Jurassic sedimentation seems hardly controlled by either tectonic or thermal subsidence across northern Tian Shan. Accordingly, the 1200-1300 m thickness difference may be mainly produced by infilling of a long-lasting remnant relief of, at least, 1200-1300 m high at that period (i.e. from Triassic/Lowermost Jurassic; Fig. 8a). During Middle Jurassic, finer-grained sediments were conformably deposited on top of the Lower Jurassic strata within the basin, and were deposited onlap on the Paleozoic basement toward the range (Figs. 5a and8b). Middle Jurassic sediments of the Xishanyao and Toutunhe formations extend to a larger area with respect to the Lower Jurassic and, as a whole, the paleorelief lateral extension was certainly less important during Middle Jurassic than during Triassic/Early Jurassic (Fig. 8b). During latest Jurassic to Early Cretaceous, thick breccias were deposited onto the Middle Jurassic sediments through an angular unconformity (cf. Kalaza Fm.). These breccias are restricted to the front of the modern Tian Shan and change rapidly to finer-grained deposits in lateral equivalents. This configuration is reminiscent of the general architecture of current fans deposited along the modern Tian Shan range that originate from the present day high relief to the south, but show limited northward transport of sediments (Fig. 8c). In turn, location of the main morphological northern front of the paleo-Tian Shan, during Latest Jurassic to Early Cretaceous, would approximately coincide with the one of the current range front (Fig. 5). The uplift documented by these coarse-grained sedimentary breccias is also recorded by AFT chronology studies; Fissiontrack modeling indicates a ca. 160 and 120 Ma cooling age along a Dushanzi-Kuqa corridor, in the mountain interior (Dumitru et al., 2001;Jolivet et al., 2010). Apatite sampled from Bayanbulak area yields the earliest cooling ages of Early Cretaceous (Dumitru et al., 2001;Wang et al. 2009).

Because no major tectonic event occurred in the Northern Tian Shan during Mesozoic times (e.g. De Grave et al., 2007), the Paleozoic subduction-collision orogeny (Gao et al., 1998;Laurent-Charvet et al., 2002;Charvet et al., 2007) appears as the most probable origin of the Mesozoic paleorelief above described. In such case, the Tian Shan would persist as remnant relieves for several tens of Ma after the end of the orogenic events which are progressively and unconformably overlain by Triassic and then Jurassic sedimentation (e.g. onlap structures, mesoscale paleorelief infilling). This scenario implies extremely low erosion rates to allow the preservation of a significant relief; such feature has already been reported

for other regions of Central Asia from thermochronological (AFT) and field data analyses (Jolivet et al., 2007). In parallel, Central Asia Mesozoic tectonic history is marked by the polyphased Cimmerian orogeny in Tibet area (e.g. Hendrix et al., 1992;Sobel and Dumitru, 1997;De Grave et al., 2007). Low amplitude, far-field effects can thus be recognized in the Mesozoic northern Tian Shan: one early collision stage -Qiantang/Kunlun blocks during Late Triassic/Middle Jurassic -would correspond to the drastic coarsening of the Lower Jurassic sedimentation. In turn, a later collision stage -Lhasa/Qiantang blocks during Late Jurassic/Early Cretaceous -well corresponds to the deposits of the thick and coarse breccias of the Kalaza Fm. at that time. In this case, a tectonic origin of the relief rejuvenation is attested by a major angular unconformity observed regionally.

As unambiguously demonstrated, the physiography of the modern Tian Shan dominantly results from the recent tectonic evolution of the area (e.g. Tapponnier and Molnar, 1977;Avouac et al., 1993;Métivier and Gaudemer, 1997;Charreau et al., 2009). However, this study put forward that the current Tian Shan topography can probably not be considered as the consequence of the Cenozoic intracontinental reactivation alone, but as a combination of the Cenozoic deformations superimposed on a reminiscent Mesozoic paleo-range. These new results question on the amplitude of the movements that could be estimated along the northern front structures during Cenozoic intracontinental reactivation. 
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coarse conglomeratic deposits, as exposed in the south of Qingshui He (Fig. 3a). Thickness of Lower Jurassic reaches 1000 m over the area extending from Manasi to Urumqi, and decreases westwardly and eastwardly. Sediments become progressively finer upward, grading into ~3 km thick series of Lower/Middle Jurassic gray sandstones, silty shales (Fig. 2).

Middle Jurassic sandstones and mudstones locally contain coal-rich layers consistent with a lacustrine depositional facies (Hendrix et al., 1992). Upper Jurassic comprises typical finegrained red beds where conglomerates remain scarce. The transition from Jurassic to Cretaceous series is marked by up to 800 m thick sedimentary breccias (Kalaza formation -J3k; Fig. 3b) made of coarse-grained angular clasts (Fig. 3c). It rapidly dies laterally and grades to sandstones within the Junggar basin itself (XBGMR, 1978;1993). The marked unconformity between the Kalaza formation and the underlying finer-grained Upper Jurassic red beds (Fig. 3b) suggests a short transport distance of material before deposition and nearby relief uplifting.

In this study, Mesozoic sediments have also been extensively observed within internal parts of the range, and more particularly in the eastern part of the studied area (Fig. 1).

Triassic to Jurassic sediments are encountered on top of the Paleozoic basement units, at rather high altitudes (2000 to 3000 m) in comparison with the mean altitude of the foreland fold-and-thrust belts (1000 to 1500 m high). In the Houxia valley for instance -65 km SSW of Urumqi -a Lower to Upper Jurassic continuous sedimentary series is preserved in a syncline structure (Fig. 4a). According to the geological map (Fig. 4a; XBGMR, 1977), Lower Jurassic formations -i.e. Shangonghe Fm. to the northwest and Lowermost Jurassic Badaowan Fm. to the east -directly overlie on top of Carboniferous basement units, without intercalated Triassic sediments. Besides, south and north verging thrusts developed along parts of the northern and southern limbs of the fold, respectively (Fig. 4a). A section made across the north limb of the syncline displays continuous Lower to Middle Jurassic series with discordance at the base).