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Introduction

Sedimentary provenance analysis is a popular method and an effective tool to study the evolution of an orogenic belt as well as the erosion, the transport and finally the deposition processes in the foredeep basins (e.g. [START_REF] Fedo | Detrital zircon analysis of the sedimentary record[END_REF][START_REF] Cawood | Sedimentary basin and detrital zircon record along East Laurentia and Baltica during J o u r n a l P r e -p r o o f Journal Pre-proof assembly and breakup of Rodinia[END_REF][START_REF] Cawood | Detrital zircon record and tectonic setting[END_REF][START_REF] Dickinson | Use of U-Pb ages of detrital zircons to infer maximum depositional ages of strata: A test against a Colorado Plateau Mesozoic database[END_REF]. Ideally, the analyzed sample would completely represent geological history by including evidence of all the possible provenances. Detrital zircon geochronology has received particular attention as a single-mineral provenance tool because the abundance of zircon (in terms of numbers of grains) does not change drastically during sediment transport, owing to the inherent stability of zircon. The in situ Hf-isotope analysis of single zircon grains has proven to be a useful tool for reconstructing the tectonic evolution of continental blocks [START_REF] Griffin | The Hf isotope composition of cratonic mantle: LAM-MC-ICPMS analyses of zircon megacrysts in kimberlites[END_REF][START_REF] Condie | Granitoid events in space and time: constraints from igneous and detrital zircon age spectra[END_REF]. Therefore, the age spectra and related geochemistry, established from a large number of detrital zircon grains of igneous origin, could be used to constraints the ages of sedimentary sequences, to assess the provenance, and the routing of sediments through temporal/spatial dimensions. Such an approach requires a good knowledge of the magmatic, metamorphic, and tectonic events that took place in the source regions [START_REF] Condie | Granitoid events in space and time: constraints from igneous and detrital zircon age spectra[END_REF]. Conversely, the analysis of detrital zircon age spectra might help to improve the understanding of the geological evolution of the source areas by revealing unexpected, or poorly documented magmatic or metamorphic events. This method has been widely applied in various orogenic belts, for instance the Tethyan & Alpine-Himalayan orogenic belts [START_REF] Gehrels | Detrital zircon geochronology of pretertiary strata in the Tibetan-Himalayan orogen[END_REF][START_REF] Cai | Late Triassic paleogeographic reconstruction along the Neo-Tethyan Ocean margins, southern Tibet[END_REF][START_REF] Chu | Detrital zircon U-Pb ages and Hf isotopic constraints on the terrigenous sediments of the Western Alps and their paleogeographic implications[END_REF][START_REF] Malusà | Tracking Adria indentation beneath the Alps by detrital zircon U-Pb geochronology: Implications for the Oligocene-Miocene dynamics of the Adriatic microplate[END_REF][START_REF] Lin | Detrital zircon age patterns from turbidites of the Balagne and Piedmont nappes of Alpine Corsica (France): evidence for an European margin source[END_REF][START_REF] Metcalfe | Pre-Cretaceous evolution of SE Asian terranes[END_REF][START_REF] Metcalfe | Permian tectonic framework and palaeogeography of SE Asia[END_REF][START_REF] Metcalfe | Palaeozoic-Mesozoic history of SE Asia[END_REF][START_REF] Metcalfe | Gondwana dispersion and Asian accretion: tectonic and palaeogeographic evolution of eastern Tethys[END_REF][START_REF] Metcalfe | Multiple Tethyan ocean basins and orogenic belts in Asia[END_REF]. The European Variscan-Appalachian belt is well investigated in Iberia (e.g. Martínez Catalán et al., 2008, 2009 andreferences J o u r n a l P r e -p r o o f [START_REF] Lepvrier | Indosinian tectonics in Vietnam[END_REF][START_REF] Liu | Permo-Triassic granitoids in the northern part of the Truong Son belt, NW Vietnam: geochronology, geochemistry and tectonic implications[END_REF][START_REF] Kamvong | Adakites in the Truong Son and Loei fold belts, Thailand and Laos: genesis and implications for geodynamics and metallogeny[END_REF][START_REF] Qian | Petrogenesis of the Permian-Triassic felsic igneous rocks along the Truong Son zone in northern Laos and their Paleotethyan assembly[END_REF][START_REF] Hou | Geology, geochronology, and Hf isotopic composition of the Pha Lek Fe deposit, northern Laos: implications for early Permian subduction-related skarn Fe mineralization in the Truong Son belt[END_REF]. At the north of Laos, the Sam Nua zone consists of Permian to Early Triassic volcanic and volcanic-clastic sedimentary series. Several plutons form a NW-SE striking magmatic belt that develops from east of the Dien Bien Fu fault, through the Sam Nua in Laos, up to the margin of the South China sea (Fig. 4). Tectonically, this magmatic belt located in the SW part of the Song Ma suture zone is interpreted as the magmatic arc formed during the southward subduction of the Paleo-Tethys (Fig. 1; [START_REF] Tran | Permo-Triassic intermediate-felsic magmatism of the Truong Son belt, eastern margin of Indochina[END_REF][START_REF] Rossignol | The Indosinian orogeny: A perspective from sedimentary archives of north Vietnam[END_REF].

The geochronological data reveal that the felsic magmatism occurred from the Carboniferous to the Triassic (ca. 310-240 Ma) with a magmatic gap at ca. 270-265 Ma. Before the magmatic quiescent period, during the early magmatic stage (310-270 Ma), most of granitoids have low 87 Sr/ 86 Sr(i) and δ 18 O values, high-Mg # , I-type with positive ε Nd (t) and ε Hf (t) values [START_REF] Qian | Petrogenesis of the Permian-Triassic felsic igneous rocks along the Truong Son zone in northern Laos and their Paleotethyan assembly[END_REF]. These geochemical features are put forward to interpret the Truong Son granitoids as derived from the malting of a crustal source with a significant mantle contribution [START_REF] Kamvong | Adakites in the Truong Son and Loei fold belts, Thailand and Laos: genesis and implications for geodynamics and metallogeny[END_REF][START_REF] Hoa | Permo-Triassic intermediate-felsic magmatism of the Truong Son belt, eastern margin of Indochina[END_REF]. During the late magmatic stage, at 265-240 Ma, the magmatism consists of peraluminous I-type and abundant S-type granitoids of low-Mg # and enriched Hf isotopes (Fig. 4). This suggests that the source of the magma was derived from the melting of an ancient continental crust without obvious mantle contribution [START_REF] Liu | Permo-Triassic granitoids in the northern part of the Truong Son belt, NW Vietnam: geochronology, geochemistry and tectonic implications[END_REF][START_REF] Qian | Petrogenesis of the Permian-Triassic felsic igneous rocks along the Truong Son zone in northern Laos and their Paleotethyan assembly[END_REF].

The Song Ma suture zone: an ophiolitic mélange

This zone is formed by ultramafic, mafic, deep marine sedimentary rocks variously metamorphosed [START_REF] Lepvrier | The Early Triassic Indosinian orogeny in Vietnam (Truong Son Belt and Kontum Massif); implications for the geodynamic evolution of Indochina[END_REF]. The ophiolite mainly consists of peridotite, basalt and gabbro, and experienced greenschist-to lower amphibolite-facies metamorphism (Zhang et al., 2014). The geochemistry of the mafic rocks (gabbro, plagiogranite, amphibolite) suggests a MORB affinity that is interpreted as a fore arc ophiolites signature (Tran and Vu, 2011;[START_REF] Trung | Honvang serpentinite body of the Song Ma fault zone, Northern Vietnam: a remnant of oceanic lithosphere within Indochina and South China suture[END_REF]. Late Carboniferous Sm-Nd whole rock ages comprised between 340 Ma and 310 Ma are obtained from amphibolites and gabbros, whereas zircon and titanite in these mafic rocks yield Late Permian to Late Triassic TIMS and LA-ICP-MS ages (between 270 Ma and 210 Ma) [START_REF] Pham | Formation ages of granites and metabasalts in the Song Ma belt of northwestern Vietnam J o u r n a l P r e -p r o o f Journal Pre-proof and their tectonic implications[END_REF][START_REF] Liu | Permo-Triassic granitoids in the northern part of the Truong Son belt, NW Vietnam: geochronology, geochemistry and tectonic implications[END_REF][START_REF] Nguyen | U/Pb and Sm/Nd dating on ophiolitic rocks of the Song Ma suture zone (northern Vietnam): evidence for Upper Paleozoic Paleotethyan lithospheric remnants[END_REF].

In the Thanh Hoa area, (Fig. 3), the Nui Nua Massif (also named Nui Nua Complex) is a ca. 15 km massif of serpentinized harzburgite, dunite, gabbro, diabase, that represents the southeasternmost ophiolitic element of the Song Ma suture. Serpentinized harzburgite and dunite bodies occurring as lenticular blocks surrounded by deformed and weakly or non-J o u r n a l P r e -p r o o f metamorphosed sedimentary rocks. In the outcrop, the serpentinite breccia, light colored sandstone and siltstone with volcanic elements, such as basalts and volcano-clastic formations surround the mafic-ultramafic rocks are interpreted as an ophiolitic mélange [START_REF] Thanh | Subduction initiation of Indochina and South China blocks: insight from the forearc ophiolitic peridotites of the Song Ma Suture Zone in Vietnam[END_REF]Fig. 5). In the Nui Nua serpentinized peridotite and its country rocks, the NW-SE striking foliation exhibits a vertical or steeply dipping angles ranging from 60° to 85° either to the north or south. Undeformed and unmetamorphosed late Triassic continental coarsegrained feldspar-quartz sandstone overlain the ophiolitic mélange. However, the unconformity is not directly observed.

South of the Song Ma fault, among the Song Chu (i.e. Chu river), reddish sandstone and greywacke, sometimes with an oblique stratification, are ascribed to the Ordovician-Silurian Song Ca formation in the 1/200 000 scale geological map. However, our new detrital zircon analyses (samples TH 13, 14) reveal the presence of ca 270 Ma and/or 245 Ma (Permian, Triassic) ages that argue for a younger age (see details below). Because these sedimentary rocks are intruded by the Truong Son granitoids, they are considered as deposited in the active continental margin of the Northern part of IB.

The Nam Co zone: the highly deformed SCB

Northeast of the Song Ma suture zone, the Nam Co zone forms the tectonic substratum of the ophiolitic mélange. It consists of Neoproterozoic and Paleozoic sandstone, siltstone, and limestone that experienced a MP/MT barrowian metamorphism. East of Dien Bien Fu, HP/LT mafic eclogites yield zircon U-Pb LA-ICMS, and monazite U-Th-Pb chemical ages at 230.5 ± 8 Ma, and 243 ± 4 Ma, respectively [START_REF] Nakano | Discovery of high-pressure granulite-facies metamorphism in northern Vietnam: Constraints on the Permo-Triassic Indochinese continental collision tectonics[END_REF][START_REF] Nakano | Triassic eclogite from northern Vietnam: inferences and geological significance[END_REF][START_REF] Zhang | Origin and Tectonic Implication of Ophiolite and Eclogite in the Song Ma Suture Zone between the South China and Indochina Blocks[END_REF].

The Nam Co zone corresponds to the highly deformed and metamorphosed passive margin of the SCB that overthrust the fold and thrust zone of the NW Vietnam orogen.

The fold and thrust zone: the weakly deformed SCB

This domain that develops from the Nam Co zone to the RRF is the widest one of the NW Vietnam belts. It consists of deformed and weakly metamorphosed Paleozoic sedimentary rocks. Fold vergences and kinematic indicators show a top-to-the NE movement.

A bimodal magmatic association with alkaline basalts, rhyolites, and volcanic-clastic rocks is ascribed to the Late Permian Song Da-Tu Lê rift. It is worth to note that, alike for the Jinping J o u r n a l P r e -p r o o f zone in the Ailaoshan belt, these rocks are not ophiolites but belong to the Emeishan intraplate magmatic province offset in the Cenozoic by the Red River fault [START_REF] Tran | Permo-Triassic intermediate-felsic magmatism of the Truong Son belt, eastern margin of Indochina[END_REF]Tran and Vu, 2011).

Analytical procedures

U-Pb isotope measurements

Typical outcrop photos and microphotographs of analyzed samples are shown in Figs. 5 and6. Zircons from the samples were separated by conventional heavy liquid and magnetic techniques, and then picked by hand under a binocular microscope. About 250 zircon grains were randomly selected from over 500 grains (total zircon grains less than 200 were all selected), and mounted in epoxy resin, and polished to expose the inner part of the zircon grains. Transmitted and reflected light were used to avoid cracks and inclusions, and cathodoluminescence (CL) images, obtained by a CAMECA electron microscope, were used to identify the morphology and internal texture of the zircon grains.

Zircon U-Pb age analyses were conducted by using an Agilent 7500a ICP-MS housed at the Institute of Geology and Geophysics, Chinese Academy of Sciences in Beijing (IGGCAS). Laser ablation was operated at a constant energy 80 mJ and at 10 Hz, with a spot diameter of 44 μm. Gas flow rate of highly purified He as the carrier gas was 0.7 L/mn; auxiliary gas Ar was 1.13 L/mn. Total acquisition time of one spot was 45 s. The details of analytical procedures were the same as those described by [START_REF] Xie | In situ simultaneous determination of trace elements, U-Pb and Lu-Hf isotopes in zircon and baddeleyite[END_REF]. The standard zircons (91500 and GJ-1) were used to determine the U-Th-Pb ratios and absolute abundances of the analyzed zircon. Data were processed with the GLITTER program [START_REF] Van Achterbergh | Appendix 3 data reduction software for LA-ICP-MS[END_REF]. The 206 Pb/ 238 U ages are used for zircons with concordant ages less than 1000 Ma, and 207 Pb/ 206 Pb ages are used for zircons when 206 Pb/ 238 U ages are older than 1000 Ma. Data plot was conducted by using the Density Plotter program [START_REF] Vermeesch | On the visualisation of detrital age distributions[END_REF]. In this study, ages with more than ± 10% discordance were excluded.

J o u r n a l P r e -p r o o f

Zircon Lu-Hf Isotopes

In situ Hf isotopic analysis was carried out on a Neptune multi-collector ICP-MS equipped with a Geolas-193 laser ablation system at the Institute of Geology and Geophysics, Chinese Academy of Sciences (IGGCAS). The analyzed spots of Lu-Hf isotopic analysis were performed on the same places on previously analyzed zircon grains for U-Pb isotopes, and detailed analytical procedures were described by [START_REF] Wu | Hf isotopic compositions of the standard zircons and baddeleyites used in U-Pb geochronology[END_REF]. Measuring settings mainly include beam diameter of 44 μm, repetition rate of 6 Hz, and laser beam energy density of 100 mJ/cm 2 and ablation time of 30s. The Lu-Hf model age is calculated assuming a two-stage evolution since extraction of the crustal protolith from depleted mantle, the model age allows us to compare the sedimentary sequence and potential bedrock sources (Andersen et al., 2016). The calculation formulas of the ε Hf (t) and Hf model ages are provided in the supporting information S2.

Sample analytical and results

Sampling and petrography

11 samples (Fig. 2 and3, Table 1) were collected from both Ailaoshan belt and Song Ma belt in southwest China and north Vietnam, respectively. In each sampling site, 1 blocks of sample has been taken when the rock is with coarse grain, while 2 or 3 blocks, which are not far from each other when the rock is with fine grain. In the latter situation, all the blocks were crushed, mixed and enriched zircon grains together in order to acquire enough zircon grains.

Our samples were mainly from the ophiolitic mélange unit (matrix of a serpentinite block) and the corresponding sedimentary cover of Indochina block (Table 1). Except for TH03, which is the pelite and siltstone and represent the matrix of a serpentinite block (Table 1), the samples come from sandstone, or from the sandy interlayers in the shales in the sedimentary cover of IB, and muddy matrix of mélange. Three samples were collected in the Ailaoshan belt, two of them (AS103, AS147) are from the already recognized ophiolitic mélange unit, and the last one (AS79) is from the Silurian sedimentary rock which represents the cover of IB.

AS103 is a sericite schist (meta-sandstone) as the matrix of a serpentinite block in the Ailaoshan ophiolitic mélange zone. In the outcrop, a well-developed foliation can be J o u r n a l P r e -p r o o f Journal Pre-proof observed, suggesting an intense shearing (Fig. 5B). In the thin section, the foliation is defined by oriented muscovite and elongated quartz (Fig. 6B). The major components are muscovite (~ 5%) and quartz (~ 50%). The grain size of this sample is around 0.05-0.50 mm with a concentration about 0.1-0.3 mm. AS147 is a schistose sandstone in the Ailaoshan ophiolitic mélange zone and represents the matrix of the serpentinite block. In the outcrop, the sandstone interbedded with pelite (Fig. 5C). Its grain size ranges from 0.05-0.40 mm, and mostly in 0.2-0.3 mm. In thin section, the foliation is defined by oriented quartz (Fig. 6C).

The major components are quartz (~ 70%) and lithic fragments (~ 20%), with a minor muscovite (< 3%). Considering that, the two samples were from the ophiolitic mélange unit, therefore they were the non-Smith strata. The depositional environment of these samples is hard to determine. In the outcrop, which is less deformed, the Borma sequences could be observed indicating continental slop in a semi deep sea and deep sea environment [START_REF] Hao | Regional stratigraphy in Southwest China[END_REF].

AS79 is a medium-fine grained sandstone from the Silurian turbidite in Ailaoshan area (Fig. 5A), which represents the sedimentary cover of the Indochina block. This sandstone is poorly sorted, and angular. The grain size is around 0.05-0.30 mm with a concentration about 0.1-0.2 mm (Fig. 6A). The major detrital components are quartz, sedimentary rock fragments, and muscovite. In the section, the angular quartz represents about 70% of the detrital component, and lithic fragments and muscovite together < 20% (Fig. 6A). The sequence of this sample was considered to belong to hemipelagic [START_REF] Ynbgmr-Mojiang | Yunnan Bureau of Geological and Mineral Resources[END_REF][START_REF] Hao | Regional stratigraphy in Southwest China[END_REF].

Eight samples were collected from Song Ma belt. Except for TH01, which is a Late Triassic coarse-grained sandstone and represents the post-orogenic continental deposits, four of them (TH03, TH05, TH11, TH12) are from the ophiolitic mélange unit, and considered as the matrix of mélange. The rest three samples (TH09, TH13, TH14) are the coarse-grained sandstone from the Silurian and Middle Triassic turbidites, which are interpreted as the sedimentary cover in the north margin of IB.

TH01 is a Late Triassic grey-dark coarse-grained feldspar-quartz sandstone (Fig. 5D) in Thanh Hoa area. Because of the absence of ductile deformation and metamorphism, those Late Triassic coarse sandstone was interpreted as the continental deposits (Tri and Vu, 2011).

The grain size is around 0.10-1.00 mm and commonly 0.40-0.70 mm. In thin section, the coarse quartz grains represent 75%-80% of the detrital component. Plagioclase and mica are J o u r n a l P r e -p r o o f Journal Pre-proof rarely observed (Fig. 6D). The sequence of this sample was considered to belong to littoral facies or lacustrine facies (Tran and Vu, 2011).

TH03 is a pelite and siltstone collected from surrounding rocks of a serpentinite block in Thanh Hoa area (Fig. 5E). In thin section, this sample is composed by extra-fine-grained minerals (mostly <0.05 mm), the round quartz grains constitute about 50% of the detrital component (Fig. 6E). TH05 is a schistosed medium to fine grained sandstone corresponding to the matrix of the ophiolitic mélange (Fig. 5F). This poorly sorted sandstone has grain-size around 0.02-0.30 mm with a concentration of 0.10-0.20 mm (Fig. 6F). The major components are angular or sub-angular quartz, plagioclase, and lithic fragments. In thin section, the coarse-grained quartz represents nearly 60% of the component. Lithic fragments are ~ 30%, and plagioclase and muscovite are <5% (Fig. 6F). TH11 is an intensively sheared tuff with very thin interbedded pelite in the ophiolitic mélange (Fig. 5G). In thin section, the welldeveloped foliation is defined by elongated quartz, mica and chlorite. The grain size ranges from 0.1 mm to 0.8 mm, with a concentration around 0.3-0.5 mm (Fig. 6H). The major components are quartz (~ 60%), muscovite (~ 20%), and chlorite (<5%). TH12 is a coarsemedium grained schistosed sandstone from the matrix of the ophiolitic mélange (Fig. 5I).

These three samples were considered from the mélange unit, and belong to the non-Smith strata. The depositional environment and facies of these samples are unclear.

TH09 is a medium to fine grained sandstone from the Middle Triassic turbidite in Than Hoa area (Fig. 5H). In the outcrop, these rocks are intensively weathered. This sample is composed of poorly sorted and angular quartz with grain size around 0.05-0.15 mm (Fig. 6G).

TH13 and TH14 is a purplish red, coarse-grained sandstone from the "Silurian" Song Ca Formation in Thanh Hoa area (Fig. 3). The cross beddings observed in the outcrop suggest a normal sequence of this formation (Fig. 5J). Abundant muscovite and volcanic debris can be observed in the outcrop. TH09, TH13 and TH14 were considered from the forearc basin, the cross bedding and the well sorted grains suggest shallow-marine facies (Tran and Vu, 2011).

Zircon U-Pb results

Representative CL images of the analyzed zircons are shown in Fig. 7. Most of the zircon grains exhibit a sub-rounded to rounded shape indicating a relatively long transportation, and only a small part of grains are prismatic crystals. Most of the grains show a zonal structure, and some of the grains possess an inner core surrounded by recrystallization J o u r n a l P r e -p r o o f rims. All the LA-ICP-MS U-Pb results of the eleven samples are provided in Tables S1 in the supporting information. AS79: the detrital zircon grains mostly have a round shape with a length from 80 to 150 μm (Fig. 7A). A total of 74 analyses were undertaken in the 74 grains, and 63 results were concordant. The analyzed zircon grains also show oscillatory zoning in the CL image (Fig. 7A), indicating a magmatic origin. The concordant ages range from 425 to 3549 Ma, with two major peaks at 440 Ma and 970 Ma (Fig. 8A).

AS103: the detrital zircon grains are mostly round-shaped, transparent and colorless, with the length of 30 to 150 μm, most of which show oscillatory zoning in the CL image (Fig. 7B). Among the 90 analyses conducted on 90 zircon grains in this sample, 71 dated zircons have concordant ages. The concordant ages range from 371 to 3089 Ma with two major peaks at 430 Ma and 975 Ma and two subordinate peaks at 1090 Ma and 2480 Ma (Fig. 8B). AS147: the detrital zircon grains of sample AS147 are round or prismatic shape, ranging from 50 to 200 μm (Fig. 7C). In this sample, a total of 91 spots on 91 grains were analyzed, and 79 concordant ages were obtained. Th/U ratios of these zircons range from 0.02 to 2.26, in which the majority have Th/U ratios higher than 0.1 (Table S1). Combined with the oscillatory zoning shown in the CL images (Fig. 7C), the Th/U ratios indicate a magmatic origin for them. These zircons yield the concordant ages ranging from 374 to 3231 Ma, which have peaks at 425 Ma, 965 Ma, 1730 Ma and 2520 Ma (Fig. 8C).

TH01: the analyzed grains range from 120 to 200 μm in length, with round or prismatic shape, and have length-width ratios of 1:1 to 3:1 (Fig. 7D). In this sample, a total of 100 spots from 97 grains was analyzed, and 95 analyzed results were concordant. These zircons have Th/U ratios ranging from 0.01 to 2.12 (Table S1). Apart from three grains, Th/U ratios of most grains are higher than 0.1, indicating a magmatic origin for the dated zircons. These zircons yield the concordant ages ranging from 217 to 2363 Ma. The concordant ages mainly cluster at 200 to 500 Ma with two significant peaks at 240 Ma and 440 Ma and show two subordinate peaks at 920 Ma and 2360 Ma (Fig. 8D).

TH03: a total of 163 spots on 163 grains were analyzed, and 53 analyses were concordant. Apart from one spot, other zircon have Th/U ratios higher than 0.1, ranging from 0.13 to 2.65. The measured concordant ages range from 223 to 2486 Ma (Table S1). One J o u r n a l P r e -p r o o f major age group occurs at 220-400 Ma, showing two peaks at 240 Ma and 370 Ma (Fig. 8E).

Two subordinate groups are also present at 700-1000 Ma with a peak at 780 Ma, and 1600-1800 Ma with a peak at 1750 Ma (Fig. 8E).

TH05: the detrital zircon grains are 50 to 200 μm in length with round or prismatic shape and have length-width ratios of 1:1 to 3:1 (Fig. 7F). 101 analytical spots were carried out on 101 zircon gains and yield 88 concordant ages ranging from 263 to 3426 Ma. All of these zircons have Th/U ratios higher than 0.1 with the range of 0.11 to 4.79 (Table S1). Two major age groups occur at 415-500 Ma and 800-1000 Ma with peaks at 440 Ma and 950 Ma (Fig. 8F). Two subordinate age peaks of 1865 Ma and 2425 Ma are also shown in the sample TH05 (Fig. 8F).

TH09: in this sample, detrital zircons are mostly round, transparent and colorless, ranging from 80 to 200 μm in length, with a length-width ratio of 1:1 to 2:1 (Fig. 7G). A total of 100 grains were analyzed, and 75 out of 100 spots have the concordant ages. Except one spot with Th/U ratio lower than 0.1, others have higher Th/U ratios with a range of 0.14 to 2.14 (Table S1). Combined with the oscillatory zoning revealed in the CL images, the Th/U ratios higher than 0.1 are indicative of a magmatic origin. The concordant ages range from 232 to 2721 Ma with two dominate peaks at 260 Ma and 450 Ma and one subordinate peak around 890 Ma (Fig. 8G).

TH11: the detrital zircon grains in this sample are 30 to 120 μm in length with round or prismatic shape and have length-width ratios of 1:1 to 2:1 (Fig. 7H). We analyzed 100 spots on 100 grains in this sample, and all of the results are concordant. Combined with the CL images, the Th/U ratios of dated zircons with a range of 0.07 to 1.59, mostly higher than 0.1, indicate a magmatic origin for these zircons (Fig. 7H and Table S1). Except the youngest age (TH11#60, 117 Ma), the concordant ages mainly cluster between 204 and 283 Ma with a significant peak at 247 Ma (Fig. 8H). TH12: the detrital zircon grains of this sample are mostly round-shaped, transparent and colorless, which are 60 to 150 μm in length with length-width ratios of 1:1 to 2.5:1 and show oscillatory zoning in the CL image (Fig. 7I). 81 analyses were carried out on 78 zircon grains and 75 spots give concordant ages (Table S1). Apart from one spot with Th/U ratio of 0.07, others have Th/U ratios higher than 0.1, indicating a predominantly magmatic origin for these zircons. The concordant ages range from 224 to 1078 Ma, mostly clustering between 220 and J o u r n a l P r e -p r o o f 270 Ma. Hence, sample TH12 show a significant peak at 246 Ma and a subordinate peak at 740 Ma (Fig. 8I).

TH13: the detrital zircon grains are mostly round-shaped, transparent and colorless, with the length of 100 to 180 μm, most of which show oscillatory zoning in the CL image (Fig. 7J). In this sample, a total of 100 spots on 100 grains were analyzed, and 98 concordant ages were obtained. All of these zircons show Th/U ratios higher than 0.1 and range from 0.14 to 1.75 (Table S1). These Th/U ratios and morphometric features revealed by CL image are indicative of a magmatic origin for these zircons (Fig. 7J). The concordant ages range from 225 to 2517 Ma. The analyzed results fall into the range of 220-300 Ma and 350-450 Ma with a significant peak around 270 Ma and a subordinate peak at 440 Ma (Fig. 8J). A low background of dispersed ages from Early Paleozoic to Neoarchean is also demonstrated (Fig. 8J).

TH14: the detrital zircon grains selected from this sample for dating are mostly round or prismatic-shaped, transparent and colorless. They are about 30 to 80 μm in length with lengthwidth ratios of 1:1 to 1.5:1 and show oscillatory zoning in the CL image (Fig. 7K). A total 100 analyses were carried out in 100 grains, and 73 results are concordant, ranging from 223 to 1879 Ma (Table S1). Th/U ratios of these zircons range from 0.01 to 1.56, in which more than 90% ones are higher than 0.1(Table S1). Two dominant age groups are documented at 250-280 Ma with a peak at 245 Ma and at 320-480 Ma with a peak at 385 Ma (Fig. 8K). One subordinate peak of 935 Ma is shown in the sample TH14 (Fig. 8K).

Zircon Lu-Hf isotopic analysis

Lu-Hf isotopic analysis were carried out on dated zircon grains, with analytical spots adjacent to those for U-Pb dating. The results of the U-Pb ages, ε Hf (t) values and T DM 2 ages are plotted in Figs. 8, S1, 9 and 10. All the Lu-Hf results of eleven samples are provided in Table S2 in the supporting information.

AS79: in this sample, twenty-three grains from the dated zircons were chosen for in situ Hf isotope analyses. The ages of these detrital zircons are between 406 and 2042 Ma with ( 176 Hf/ 177 Hf) i ratios varying from 0.281516 to 0.282789 (Table S2). Accordingly, these zircon grains have ε Hf (t) values of -21.1 to +10.1 with peaks at -9.70 and 7.75 (Fig. S2A). The J o u r n a l P r e -p r o o f calculated T DM 2 ages of these zircons range from 764 to 3012 Ma, peaking at 870 Ma, 1970

Ma, 2530, and 2940 Ma (Fig. 9A).

AS103: in this sample, twenty-nine dated zircons were chosen for in situ Hf isotope analyses and yield ( 176 Hf/ 177 Hf) i ratios ranging from 0.281498 to 0.282706 (Table S2).

Combined with their concordant ages of 421 to 2514 Ma, these zircons yield ε Hf (t) values ranging from -23.3 to +24.2 with one major peak at -3.55 and two subordinate peaks at -21.2 and 5.55 (Fig. S2B). The T DM 2 ages vary from 931 to 3268 Ma with clusters around 1470 Ma, 2030 Ma, 2350 Ma and 3020 Ma (Fig. 9B).

AS147: in this sample, thirty-six dated zircons were chosen for in situ Hf isotope analyses, which have the concordant ages of 413 to 2533 Ma. They show the ( 176 Hf/ 177 Hf) i ratios varying from 0.281171 to 0.282448 (Table S2). All the analyses have ε Hf (t) values of -21.5 to +2.92 with peaks at -3.55, -10.2 and -20.6 (Fig. S2C). The zircon T DM 2 ages have the range of 1541 to 3025 Ma, clustering around 1620 Ma, 2080 Ma, 2610 Ma and 2950 Ma (Fig. 9C).

TH01: in this sample, twenty dated zircons were chosen for in situ Hf isotope analyses, yielding the ( 176 Hf/ 177 Hf) i ratios varying from 0.281784 to 0.282650 (Table S2). Considering that the concordant ages of these zircons range between 239 and 976 Ma, we calculated εHf(t)

values to be -14.1 to +3.95 with one major peak at -8.31 (Fig. S2D). The zircon T DM 2 ages range of 1209 to 2682 Ma with a significant peak at 1950 Ma (Fig. 9D).

TH03: in this sample, twenty dated zircons with concordant ages of 237-2692 Ma were chosen for in situ Hf isotope analyses. They yield 176 Hf/ 177 Hf ratios varying from 0.281063 to 0.282719 (Table S2). Accordingly, the ε Hf (t) values range from -26.2 to +7.5 with three peaks at -25.7, -10.9, and 1.35 (Fig. S2E). The zircon T DM 2 ages vary from 925 to 3143 Ma, clustering at 1100 Ma, 1580 Ma, 2090 Ma, 2360 Ma, and 2940 Ma (Fig. 9E).

TH05: in this sample, twenty dated zircons were chosen for in situ Hf isotope analyses with the U-Pb ages of 431 to 2525 Ma. Their ( 176 Hf/ 177 Hf) i ratios vary from 0.280783 to 0.282792, and ε Hf (t) values range from -15.7 to +10.3 with peaks at -9.35 and -3.05 (Table S2 and Fig. S2F). Accordingly, the zircon T DM 2 ages were calculated to be 754 to 3915 Ma with one major peak around 1980 Ma and several subordinate peaks at 750 Ma, 1510 Ma, 2480

Ma, 3310 Ma and 3920 Ma (Fig. 9F).

J o u r n a l P r e -p r o o f TH09: in this sample, thirty-one dated zircons were chosen for in situ Hf isotope analyses, yielding the ( 176 Hf/ 177 Hf) i ratios with the range of 0.281535 to 0.282553 (Table S2).

These zircons have concordant ages between 239 and 1760 Ma, mostly clustering between 240 and 500 Ma. Accordingly, their ε Hf (t) values range from -30.3 to +29.1 with one major peak at -9.80 (Fig. S2G). The calculated T DM 2 ages of these zircons range from 552 to 3283

Ma with one major peak at 2000 Ma and four subordinate peaks at 550 Ma, 1645 Ma, 2510

Ma, and 3270 Ma (Fig. 9G).

TH11: in this sample, ten dated zircons that have concordant ages around 247 Ma were chosen for in situ Hf isotope analyses. The ( 176 Hf/ 177 Hf) i ratios range from 0.282342 to 0.282773 (Table S2). All the analyses reveal the ε Hf (t) values ranging from -10.3 to +5.15

with two dominant peaks at -8.45 and 3.15 (Fig. S2H). The calculated T DM 2 ages of these zircons range from 925 to 1898 Ma, showing two peaks at 1020 Ma and 1800 Ma (Fig. 9H).

TH12: in this sample, in situ Hf isotope analyses carried out on twenty-two dated zircons show ( 176 Hf/ 177 Hf) i ratios ranging from 0.281771 to 0.282791 (Table S2). Combined their concordant ages of 234 to 1078 Ma, these zircons yield ε Hf (t) values ranging from -11.7 to +5.95 with one major peak at -7.65 and 3.70 (Fig. S2I). The T DM 2 ages vary from 879 to 2630

Ma with clusters around 1050 Ma, 1510 Ma, 1770 Ma and 2640 Ma (Fig. 9I).

TH13: in this sample, in situ Hf isotope analyses are carried on twenty zircons that have the concordant ages clustering at 250-450 Ma and three zircons with Proterozoic ages, yielding the ( 176 Hf/ 177 Hf) i ratios of 0.281591 to 0.282596 (Table S2). The ε Hf (t) values vary from -27.5 to +14.2 with one significant peak at -2.15 (Fig. S2J). These zircons have T DM 2 ages ranging from 1310 to 2996 Ma that have a major peak at 1430 Ma (Fig. 9J).

TH14: in this sample, due to the small size of these zircons, only thirteen results of situ Hf isotope analyses have been acquired. The ( 176 Hf/ 177 Hf) i ratios range from 0.281603 to 0.282616 (Table S2). Combined with their concordant ages of 242 to 1620 Ma, ε Hf (t) values were calculated to be -23.6 to 3.12 with peaks at -11.4 and -6.12 (Fig. S2K). The calculated T DM 2 ages range from 1178 to 2921 Ma, clustering around 1170 Ma, 1740 Ma, 2110 Ma, and 2800 Ma (Fig. 9K).
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Discussion

Classification of the Ailaoshan-Song Ma mélange from the view of the detrital zircon

Based on our own data and previous detrital zircon works in the Ailaoshan-Song Ma ophiolitic mélange zone [START_REF] Xia | Where was the Ailaoshan Ocean and when did it open: A perspective based on detrital zircon U-Pb age and Hf isotope evidence[END_REF][START_REF] Xia | Subduction polarity of the Ailaoshan Ocean (eastern Paleotethys): Constraints from detrital zircon U-Pb and Hf-O isotopes for the Longtan Formation[END_REF][START_REF] Xu | When Did the Paleotethys Ailaoshan Ocean Close: New Insights from Detrital Zircon U-Pb age and Hf Isotopes[END_REF], we reinterpreted these results according to our understanding of the Indosinian orogeny. Three groups of samples reveal three mélange related units, M1, M2, and M3, respectively (Table 3). Namely, M1 unit:

AS103, AS147, TH05, YN41, YN54 (the specimens in bold are belong to this study, the rest refer to [START_REF] Xia | Where was the Ailaoshan Ocean and when did it open: A perspective based on detrital zircon U-Pb age and Hf isotope evidence[END_REF][START_REF] Xia | Subduction polarity of the Ailaoshan Ocean (eastern Paleotethys): Constraints from detrital zircon U-Pb and Hf-O isotopes for the Longtan Formation[END_REF]and Xu et al., 2019) Neoproterozoic-Paleozoic and Paleoproterozoic clusters (Fig. 11); and M3 unit: AW17, AW1720, 13YZ06, TH03, TH11, and TH12, is characterized by only one conspicuous Mesozoic age peak located at 250 Ma (Fig. 11).

The M1 unit mainly crops out in the middle segment of the Ailaoshan ophiolitic mélange (Fig. 2). In the 1:200,000 scale geological map, this unit was identified as Silurian sedimentary rocks (Fig. 2; YNBGMR-Mojiang, 1976). Our analytical results exhibit age peaks ranging from Neoarchean to early Paleozoic at 2510 Ma, 1860 Ma, 1690 Ma, 1085 Ma, 970 Ma, 810 Ma and 435 Ma (Fig. 11). Among them 970 Ma and 435 Ma are the two most significant peaks. A youngest cluster around 370 Ma (Famennian) indicates that the previously proposed stratigraphy deserves re-evaluation (Table 2; Fig. 11). The existence of the Late Paleozoic cluster suggests that the deposition of these rocks was younger than the previous stratigraphic attribution indicated in the geological map [START_REF] Ynbgmr-Mojiang | Yunnan Bureau of Geological and Mineral Resources[END_REF].

It is worth to mention, that the T DM 2 of these analytical zircons indicates several peaks of Archean to Proterozoic with 1.55, 2.05, 2.35 and 2.95 Ga and the Phanerozoic zircon show the ε Hf range from -15 ~ +10 (Figs. 12 and 13).

At the NW segment of the Ailaoshan ophiolitic mélange zone, the rocks ascribed here to the M2 unit are reclassified as parts of the mélange unit instead of the Permian strata in the 1:200,000 scale geological map (Fig. 2; [START_REF] Ynbgmr-Mojiang | Yunnan Bureau of Geological and Mineral Resources[END_REF]Jian et al., 1998a;[START_REF] Faure | The South China block-Indochina collision: where, when, and how?[END_REF]Faure et al., , 2016;;[START_REF] Liu | Record of Tethyan ocean closure and Indosinian collision along the Ailaoshan suture zone (SW China)[END_REF][START_REF] Xia | Where was the Ailaoshan Ocean and when did it open: A perspective based on detrital zircon U-Pb age and Hf isotope evidence[END_REF][START_REF] Xia | Subduction polarity of the Ailaoshan Ocean (eastern Paleotethys): Constraints from detrital zircon U-Pb and Hf-O isotopes for the Longtan Formation[END_REF]. Detrital zircons from this unit exhibit (Fig. 11). Among them 250 Ma represents a conspicuous peak. A youngest cluster around 240

Ma (Ladinian, Table 2; Fig. 11) is also detected. This means that the deposition age of M3 is younger than Ladinian. The ε Hf (t) of the zircon with ages comprised between 250-235 Ma show ranges from -17 ~ -5 with the two-stage model ages mainly concentrated at 1.3 Ga to 1.8 Ga (Fig. 12), and indicates the material derived from ancient continental crust without significant mantle contribution (Fig. 13). These characters make the M3 different from the M1 and M2.

Source of Detrital Zircons of the Cover of North Indochina Block

In our samples, the AS79, TH09, TH13, and TH14 represent the Paleozoic sedimentary cover in the north Indochina block (Figs. 2,3). These rocks are supposed to locate at the retrobelt [START_REF] Doglioni | Subduction kinematics and dynamic constraints[END_REF][START_REF] Doglioni | Polarized plate tectonics[END_REF]. However, in the field, this tectonic event could not be fixed because of the intensive Cenozoic sinister strike-slip deformation.

The TH13 is a coarse grain sandstone marked as "Silurian" in the local geological map (Fig. 3). However, according to the result of detrital zircon, the youngest graphical age peak, youngest 1σ grain cluster, and youngest 2σ grain cluster are much younger, around 270 Ma ( [START_REF] Zhong | The Paleotethys orogenic belt in west of Sichuan and Yunnan[END_REF]Jian et al., 2009a), and the missing rift related magmatism can be the potential provenance of the age group detrital zircons.

Sources of detrital zircons of the Ailaoshan-Song Ma Suture Zone

J o u r n a l P r e -p r o o f

Provenance of detrital zircons in M1 unit

The age pattern of the detrital zircon in M1 is characterized by two dominant age groups at 400-450 Ma and 930-1000 Ma, with age peaks at around 435 Ma and 970 Ma respectively (Figs. 11 and 14). This age distribution is highly consistent with the results of detrital zircon ages yielded from the Silurian sedimentary rocks, which were considered as the cover of IB [START_REF] Zhong | The Paleotethys orogenic belt in west of Sichuan and Yunnan[END_REF]Tri and Vu, 2011;[START_REF] Xia | Where was the Ailaoshan Ocean and when did it open: A perspective based on detrital zircon U-Pb age and Hf isotope evidence[END_REF] 2), contemporary gabbro, plagiogranite and diabase, considered to relate with the opening of Paleo-Tethys, had been widely reported in the Ailaoshan-Song Ma ophiolitic mélange zone (Jian et al., 2009a;Vuong et al., 2013;Lai et al., 2014a;[START_REF] Zhang | U-Pb dating and tectonic implication of ophiolite and metabasite from the Song Ma suture zone, Northern Vietnam[END_REF].

Based on this hypothesis, there would be contemporary acid magmatism although it has not been reported before, therefore these Late Devonian acid magmatic rocks can be also a potential provenance of the youngest Late Paleozoic cluster zircons. It is worth to note that all the M1+M2+M3 mélanges contain these Late Devonian zircons.

Provenance of detrital zircon in M2 unit

The age pattern of the detrital zircon in M2 unit is relatively simple and dominated by a 240-270 Ma age group. In addition, five minor age groups with peaks at around 410 Ma, 770

Ma, 950 Ma, 1840 Ma, and 2480 Ma have been recognized in the M2 (Fig. 11; [START_REF] Xia | Subduction polarity of the Ailaoshan Ocean (eastern Paleotethys): Constraints from detrital zircon U-Pb and Hf-O isotopes for the Longtan Formation[END_REF]. It is worth to note that the minor age spectrum in the M2 was consistent with the age pattern of M1 (Fig. 11). Therefore, we interpret the component with these minor age groups in
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Journal Pre-proof M2 as mainly recycled from the sedimentary rocks in IB. This hypothesis is supported by the high similarity of the detrital zircon age distributions between the M2 and the Late Permian Longtan Formation in Eastern Simao, IB (Fig. 15; [START_REF] Xia | Subduction polarity of the Ailaoshan Ocean (eastern Paleotethys): Constraints from detrital zircon U-Pb and Hf-O isotopes for the Longtan Formation[END_REF].

As for the dominant 240-270 Ma age group in M2, the corresponding ε Hf (t) values and model ages of detrital zircon range from -28.9 to +8.1 and 2.53 Ga to 0.67 Ga respectively.

According to [START_REF] Xia | Subduction polarity of the Ailaoshan Ocean (eastern Paleotethys): Constraints from detrital zircon U-Pb and Hf-O isotopes for the Longtan Formation[END_REF], the dominant 240-270 Ma age group represents the detrital material from the magmatic arc. However, there is another possibility that this group of detrital zircons originated from the Emeishan Large Igneous Province (ELIP, characterized by basaltic magmatism with subordinate rhyolites, granites and syenites, [START_REF] Xu | Zircon U-Pb and Hf isotope constraints on crustal melting associated with the Emeishan mantle plume[END_REF], which was as a major magmatic event that occurred mainly between 250-270 Ma in the western margin of the SCB [START_REF] Xu | Zircon U-Pb and Hf isotope constraints on crustal melting associated with the Emeishan mantle plume[END_REF]. Considering the Cenozoic large scale strike slip of the Ailaoshan shear zone [START_REF] Tapponnier | The Ailaoshan-Red river metamorphic belt: tertiary left-lateral shear between Indochina and South China[END_REF][START_REF] Leloup | The Ailao Shan-Red River shear zone (Yunnan, China), Tertiary transform boundary of Indochina[END_REF], it is reasonable to consider that the ELIP supplied the detrital material to the M2. This hypothesis could be identified by: 1) the highly similarity of ε Hf (t) values and model ages from the 240-270 Ma detrital zircons in M2 and the zircons in ELIP (Figs. 12 and13); 2) the ε Hf (t) values and model ages of the 240-270 Ma detrital zircons from the Late Permian Longtan Formation, which was considered to record the detrital material directly from the magmatic arc [START_REF] Xia | Subduction polarity of the Ailaoshan Ocean (eastern Paleotethys): Constraints from detrital zircon U-Pb and Hf-O isotopes for the Longtan Formation[END_REF], are highly similar with those from ELIP (Fig. 16); 3) most importantly, the ε Hf (t) values and model ages of the magmatic zircons from Western Ailaoshan-Truong Son belt are significantly different with the detrital zircons from both M2 unit and Late Permian Longtan Formation (Fig. 17). These lines of hints suggest that the 240-270 Ma detrital zircons, at least half of them (positive ε Hf (t) values, 52%), may come from the ELIP, rather than the magmatic arc as previously suggested [START_REF] Xia | Subduction polarity of the Ailaoshan Ocean (eastern Paleotethys): Constraints from detrital zircon U-Pb and Hf-O isotopes for the Longtan Formation[END_REF]. J o u r n a l P r e -p r o o f are negative, which is significantly different from that in M2 (Fig. 13). On the contrary, the ε Hf (t) values and model ages in M3 unit are highly consistent with those yielded by the 230-260 Ma magmatic arc in western Ailaoshan-Truong Son belt (Fig. 16). Therefore, this dominant cluster in M3 unit recorded the detrital material directly supplied by the western Ailaoshan-Truong Son magmatic arc. This hypothesis is also supported by the widespread magmatism during 245-255 Ma in the western Ailaoshan-Truong Son magmatic arc belt (Fig. 16).

Provenance of detrital zircons in M3 unit

As discussed above, the cluster with age peak around 370 Ma may record the detrital material from the magmatic rocks coeval with the opening of Paleo-Tethys, similar with the case in M3 unit. However, the age group with peak at ~ 780 Ma was documented from the Paleozoic sedimentary rock in both the IB (including Simao) and southwest margin of SCB [START_REF] Xia | Where was the Ailaoshan Ocean and when did it open: A perspective based on detrital zircon U-Pb age and Hf isotope evidence[END_REF]Wang et al., 2016a;[START_REF] Zhou | Component variation in the late Neoproterozoic to Cambrian sedimentary rocks of SW China -NE Vietnam, and its tectonic significance[END_REF]. Besides, the contemporary igneous rocks are widely reported in the southwest margin of the SCB [START_REF] Li | U-Pb zircon geochronology, geochemistry and Nd isotopic study of Neoproterozoic bimodal volcanic rocks in the Kangdian Rift of South China: implications for the initial rifting of Rodinia[END_REF]Li, 2003aLi, , 2003b;;[START_REF] Huang | Petrogenesis and tectonic implications of Neoproterozoic, highly fractionated A-type granites from Mianning, South China[END_REF][START_REF] Wang | Thermochronology of the PoSen complex, northern Vietnam: implications for tectonic evolution in SE Asia[END_REF][START_REF] Cai | Neoproterozoic crustal growth of the Southern Yangtze Block: Geochemical and zircon U-Pb geochronological and Lu-Hf isotopic evidence of Neoproterozoic diorite from the Ailaoshan zone[END_REF][START_REF] Chen | Neoproterozoic granitoids along the Ailao Shan-Red River belt: Zircon U-Pb geochronology, Hf isotope analysis and tectonic implications[END_REF][START_REF] Li | Neoproterozoic granitoids from the Phan Si Pan belt, Northwest Vietnam: Implication for the tectonic linkage between Northwest Vietnam and the Yangtze Block[END_REF]) Nevertheless, we tend to consider that this detrital zircon age group originated from the southwest margin of the SCB, rather than IB, for the following reasons: 1) the 780 Ma cluster appears as a major age group of the Paleozoic sedimentary rocks in southwest margin of the SCB, and just a minor one in IB; 2) the characteristic age peaks at around 440 Ma and 960 Ma of the IB are missing in the M3 unit, which suggests that the Paleozoic sequences in IB may not supply the material of the M3 unit; 3) the rounded to subrounded shapes of this age group zircons (Fig. 7) indicate a long transportation or a polycyclic history of the grains, this means that the 780 Ma age group zircons probably not directly originated from the igneous rocks in the southwest margin of SCB. Moreover, the M3 unit deposited in the Middle Triassic when the Paleo-Tethys ocean was almost closed, thus it is quite possible that the detrital material of the SCB deposited in the subduction zone.

Source of Detrital Zircons of the Late Triassic continental deposits

In our samples, the TH01 is the Late Triassic coarse sandstone, unconformably resting upon the Nui Nua Complex, Thanh Hoa ophiolitic mélange, was interpreted as the postcollisional continental deposits (Tran and Vu, 2011). The age pattern shows two main age groups of 220-270 Ma and 410-470 Ma (Fig. 8D). A minor age groups with age peaks around 920 Ma is also detected (Fig. 8D). This age pattern is similar to the results from the Late Triassic sedimentary in Sam Nua basin [START_REF] Rossignol | The Indosinian orogeny: A perspective from sedimentary archives of north Vietnam[END_REF], therefore a similar J o u r n a l P r e -p r o o f provenance for the TH01 can be inferred. According to [START_REF] Rossignol | The Indosinian orogeny: A perspective from sedimentary archives of north Vietnam[END_REF], the provenance of the 200-300 Ma detrital zircons was attributed to the post-collisional magmatic rocks in Truong Son belt and the 400-500 Ma detrital zircons derived from the magmatic rocks in Kontum massif or recycled from the Paleozoic sedimentary rocks.

Comparison of the Ailaoshan-Song Ma and Song Chay ophiolitic mélange

The Song Chay ophiolitic mélange is a discontinuous zone, exposed as discrete patches along the Song Chay fault, NE of the Day Nui Con Voi. This mélange zone was recognized and proposed as a suture zone from long-time (Şengör et al. 1988;[START_REF] Lepvrier | North-directed Triassic nappes in Northeastern Vietnam (East Bac Bo)[END_REF]. Figs. 8,11,and 13). This significant difference between the Ailaoshan-Song Ma and Song Chay ophiolitic mélange suggests different provenances for these two ophiolitic mélanges (Fig. 14). The provenance of the detrital zircon in the Song Chay mélange was interpreted as mainly from the SCB, with only a very limited amount of Late Paleozoic zircons that might come from the IB [START_REF] Wang | Detrital zircon U-Pb age distribution and Hf isotopic constraints from the terrigenous sediments of the Song Chay Suture Zone (NE Vietnam) and their paleogeographic implications on the Eastern Paleo-Tethys evolution[END_REF]. Therefore, we speculate that the differences in the age patterns of detrital zircon in the Song Chay and Ailaoshan-Song Ma ophiolitic mélanges reflect the variety of the sources that supplied the material deposited in the subduction mélange all along the segments of the Ailaoshan-Song Ma-Song Chay suture. This interpretation agrees with what is also identified in the Ailaoshan-Song Ma ophiolitic mélange zone by the different M1, M2, and M3 units (Fig. 14).

Tectonic implications

It is well known that at least from Middle Devonian, several blocks were separated from the Northern Gondwana, drifted to the north, and accreted onto the Laurasia, along with the [START_REF] Hoa | Permo-Triassic intermediate-felsic magmatism of the Truong Son belt, eastern margin of Indochina[END_REF][START_REF] Liu | Permo-Triassic granitoids in the northern part of the Truong Son belt, NW Vietnam: geochronology, geochemistry and tectonic implications[END_REF][START_REF] Shi | Zircon U-Pb ages and geochemistry of granitoids in the Truong Son terrane, Vietnam: tectonic and metallogenic implications[END_REF]Wang et al. 2018). The geochemical features (low 87 Sr/ 86 Sr (i) and δ 18 O values, high-Mg # , I-type with positive ε Nd (t) and ε Hf (t))

indicated the early stage of the magmatism and were often interpreted as typical for the subduction process (the A1 in Fig. 16; [START_REF] Hoa | Permo-Triassic intermediate-felsic magmatism of the Truong Son belt, eastern margin of Indochina[END_REF][START_REF] Fan | Permian arc-back-arc basin development along the Ailaoshan tectonic zone: geochemical, isotopic and geochronological evidence fromthe Mojiang volcanic rocks, Southwest China[END_REF][START_REF] Li | Granites geochemical characteristics and Era research of the Skarn-type iron ore deposit In Laos Pa[END_REF][START_REF] Kamvong | Adakites in the Truong Son and Loei fold belts, Thailand and Laos: genesis and implications for geodynamics and metallogeny[END_REF]Lai et al., 2014aLai et al., , 2014b;;[START_REF] Hieu | Stages of late Paleozoic to early Mesozoic magmatism in the Song Ma belt, NW Vietnam: evidence from zircon U-Pb geochronology and Hf isotope composition[END_REF]Wang et al., 2016bWang et al., , 2018;;[START_REF] Hou | Geology, geochronology, and Hf isotopic composition of the Pha Lek Fe deposit, northern Laos: implications for early Permian subduction-related skarn Fe mineralization in the Truong Son belt[END_REF][START_REF] Qian | Petrogenesis of the Permian-Triassic felsic igneous rocks along the Truong Son zone in northern Laos and their Paleotethyan assembly[END_REF]Jiang et al., 2020). During this time, along the Song Chay segment, the magmatic arc was less developed, and the SCB (as the passive margin) acted as the main provenance of sediments in the mélange (Figs. 14, 17B;[START_REF] Wang | Detrital zircon U-Pb age distribution and Hf isotopic constraints from the terrigenous sediments of the Song Chay Suture Zone (NE Vietnam) and their paleogeographic implications on the Eastern Paleo-Tethys evolution[END_REF]. On the contrary, in the western part of Western Ailaoshan-Truong Son magmatic arc belt (IB), the Upper Permian (Longtan formation), as the sediments of retro-arc basin, contain significant signal of these period (yellow cross in Fig. 16). For the suture zone of Ailaoshan-Song Ma belt, it seems that the magmatic arc did not provide material as the source of the ophiolitic mélange (Fig. 11). As mentioned above (5.3.1), we argue that the sedimentary cover of the Eastern Simao as the main source of the M1 unit (Fig. 17B'). During the 270-265 Ma interval, Western Ailaoshan-Truong Son magmatic arc belt experienced a magmatically quiet period (Fig. 4). Generally, this quiescent period was interpreted as the tectonic transition from subduction to initial collision, which reasonably accounts for the change in the petrogenetic types and magma sources of the associated igneous rocks (Qian et al., 2016[START_REF] Qian | Petrogenesis of the Permian-Triassic felsic igneous rocks along the Truong Son zone in northern Laos and their Paleotethyan assembly[END_REF][START_REF] Hou | Geology, geochronology, and Hf isotopic composition of the Pha Lek Fe deposit, northern Laos: implications for early Permian subduction-related skarn Fe mineralization in the Truong Son belt[END_REF]. After the magmatic gap, the magmatic arc began to develop again in Western Ailaoshan-Truong Son belt, which could supply numerous zircons to the mélange. However, the ELIP also developed during this time and the acid magmatism could also provide a large number of zircons and act as the source of the mélange. Even we cannot exclude the provenance of M2 unit from the Longtan formation of Eastern Simao [START_REF] Xia | Subduction polarity of the Ailaoshan Ocean (eastern Paleotethys): Constraints from detrital zircon U-Pb and Hf-O isotopes for the Longtan Formation[END_REF], the highly similarity of ε Hf (t) values and model ages from the 240-270 Ma detrital zircons in M2 and the zircons in ELIP make us to conclude that the provenance of M2 may come from the ELIP of the SCB (A2 in Fig. 16; Fig. 17C). On the period of the 260-240 Ma, from the view of the ε Hf (t) values and model ages in M3, the provenance of the component of the mélange was supplied from the magmatic arc in western Ailaoshan-Truong Son magmatic arc belt (Fig. 16). As discussed in the section 5.3.3, a part of the component in M3 came from the J o u r n a l P r e -p r o o f passive margin of the SCB, and this support the provenance of M3 from the both sides of the suture zone (Fig. 17D).

The different components and provenances of the Song Chay ophiolitic mélange, Song Ma ophiolitic mélange and Ailaoshan ophiolitic mélange suggest a lateral heterogeneity of the Ailaoshan-Song Ma-Song Chay suture. The SCB acted as the main provenance for the Song Chay ophiolitic mélange, which indicates that the Paleo-Tethys ocean in the Song Chay segment was a narrow ocean [START_REF] Wang | Detrital zircon U-Pb age distribution and Hf isotopic constraints from the terrigenous sediments of the Song Chay Suture Zone (NE Vietnam) and their paleogeographic implications on the Eastern Paleo-Tethys evolution[END_REF]. However, the sedimentary cover in IB and the magmatic arc was the main source of the Ailaoshan and Song Ma ophiolitic mélanges, except the M2 unit, limited detrital zircons were considered to derive from SCB, this may suggest a relatively wide ocean basin separating the SCB and IB. Therefore, we consider that this branch of the Paleo-Tethys ocean was narrowing eastward.

Based on this hypothesis, a paleogeographic reconstructions of the postulated positions of Asian continental blocks from Early Carboniferous to Middle Triassic is proposed in Fig.

18

. The opening of the Ailaoshan-Song Ma-Song Chay ocean was considered to take place in the Middle Devonian [START_REF] Zhong | The Paleotethys orogenic belt in west of Sichuan and Yunnan[END_REF]Jian et al., 2009a), and the Indochina block began to travel northward due to the opening of another southern branch of the Paleo-Tethys (Figs.

17A and 18A). During the ocean spreading period (380-310 Ma), the Ailaoshan-Song Ma-Song Chay ocean became a wedge-shape ocean narrowing eastward (Fig. 18A). The Ailaoshan-Song Ma-Song Chay ocean began to subduct southward during Late Carboniferous and lead to the 310-270 Ma magmatic arc documented in the Western Ailaoshan-Truong Son belt (Figs. 4,16,17B and 18B). During this time, the Paleo-Tethys ocean in the Song Chay area was a narrow ocean, the detrital material from the SCB was supplied in the Song Chay ophiolitic mélange (Figs. 17B and18B). However, in the Ailaoshan-Song Ma area, the detrital material from the SCB was not transported to the trench possibly because of the wideness of the ocean basin (Figs. 17B' and18B). The 270-260 Ma magmatic quiescence in the Western Ailaoshan-Truong Son magmatic arc belt was interpreted as due to the initial collision between the SCB and IB (Qian et al., 2016[START_REF] Qian | Petrogenesis of the Permian-Triassic felsic igneous rocks along the Truong Son zone in northern Laos and their Paleotethyan assembly[END_REF][START_REF] Hou | Geology, geochronology, and Hf isotopic composition of the Pha Lek Fe deposit, northern Laos: implications for early Permian subduction-related skarn Fe mineralization in the Truong Son belt[END_REF]. The eruption of the ELIP in this period provided abundant zircons, which supplied the clastic material in the M2 unit of the Ailaoshan-Song Ma ophiolitic mélange zone (Figs. 17C and18C). During the Upper Permian to Lower Triassic (260-240 Ma), the SCB continued to subduct (Fig. 17D), and the second stage magmatic rocks began to develop (Figs. 4,16 and 17D). At this time, the SCB and IB were amalgamated together (Figs. 17D and18D). The Late Triassic magmatic J o u r n a l P r e -p r o o f rocks in Western Ailaoshan-Truong Son magmatic arc belt (Figs. 4 and 16) were interpreted as the post-collisional magmatism [START_REF] Liu | Permo-Triassic granitoids in the northern part of the Truong Son belt, NW Vietnam: geochronology, geochemistry and tectonic implications[END_REF]Lai et al., 2014b;[START_REF] Hieu | Stages of late Paleozoic to early Mesozoic magmatism in the Song Ma belt, NW Vietnam: evidence from zircon U-Pb geochronology and Hf isotope composition[END_REF]. : the bold sample is from this study, the rest from [START_REF] Xia | Where was the Ailaoshan Ocean and when did it open: A perspective based on detrital zircon U-Pb age and Hf isotope evidence[END_REF][START_REF] Xia | Subduction polarity of the Ailaoshan Ocean (eastern Paleotethys): Constraints from detrital zircon U-Pb and Hf-O isotopes for the Longtan Formation[END_REF] and [START_REF] Xu | When Did the Paleotethys Ailaoshan Ocean Close: New Insights from Detrital Zircon U-Pb age and Hf Isotopes[END_REF]. In the detrital age spectrum, the bold ages represent the major age peaks S1 for zircon ages [START_REF] Xia | Where was the Ailaoshan Ocean and when did it open: A perspective based on detrital zircon U-Pb age and Hf isotope evidence[END_REF][START_REF] Xia | Subduction polarity of the Ailaoshan Ocean (eastern Paleotethys): Constraints from detrital zircon U-Pb and Hf-O isotopes for the Longtan Formation[END_REF]and Xu et al., 2019). [START_REF] Xia | Where was the Ailaoshan Ocean and when did it open: A perspective based on detrital zircon U-Pb age and Hf isotope evidence[END_REF][START_REF] Xia | Subduction polarity of the Ailaoshan Ocean (eastern Paleotethys): Constraints from detrital zircon U-Pb and Hf-O isotopes for the Longtan Formation[END_REF]and Xu et al., 2019), and ELIP [START_REF] Xu | Zircon U-Pb and Hf isotope constraints on crustal melting associated with the Emeishan mantle plume[END_REF][START_REF] Usuki | Zircon U-Pb ages and Hf isotopic compositions of alkaline silicic magmatic rocks in the Phan Si Pan-Tu Le region, northern Vietnam: Identification of a displaced western extension of the Emeishan Large Igneous Province[END_REF] Fig. 13 Temporal variations of εHf (t) values at 0-3.0 Ga of all the measurement of the Ailaoshan-Song Ma ophiolitic mélange with the separation of M1 (This study, [START_REF] Xia | Where was the Ailaoshan Ocean and when did it open: A perspective based on detrital zircon U-Pb age and Hf isotope evidence[END_REF], M2 [START_REF] Xia | Subduction polarity of the Ailaoshan Ocean (eastern Paleotethys): Constraints from detrital zircon U-Pb and Hf-O isotopes for the Longtan Formation[END_REF], M3 [START_REF] Xu | When Did the Paleotethys Ailaoshan Ocean Close: New Insights from Detrital Zircon U-Pb age and Hf Isotopes[END_REF] and ELIP [START_REF] Xu | Zircon U-Pb and Hf isotope constraints on crustal melting associated with the Emeishan mantle plume[END_REF][START_REF] Usuki | Zircon U-Pb ages and Hf isotopic compositions of alkaline silicic magmatic rocks in the Phan Si Pan-Tu Le region, northern Vietnam: Identification of a displaced western extension of the Emeishan Large Igneous Province[END_REF]. [START_REF] Xia | Where was the Ailaoshan Ocean and when did it open: A perspective based on detrital zircon U-Pb age and Hf isotope evidence[END_REF][START_REF] Xia | Subduction polarity of the Ailaoshan Ocean (eastern Paleotethys): Constraints from detrital zircon U-Pb and Hf-O isotopes for the Longtan Formation[END_REF]and Xu et al., 2019 ) and Song Chay ophiolitic mélanges (Wang et al., under review). ages. Cathaysia block including the region of Qin-Fang [START_REF] Zhang | Paleozoic Tectonic Setting and Paleogeographic Evolution of the Qin-Fang Region, Southern South China Block: Detrital Zircon U-Pb Geochronological and Hf Isotopic Constraints[END_REF], Shiwandashan [START_REF] Hu | Drivers for late Paleozoic to early Mesozoic orogenesis in South China: constraints from the sedimentary record[END_REF][START_REF] Hu | Detrital records for Upper Permian-Lower Triassic succession in the Shiwandashan Basin, South China and implication for Permo-Triassic (Indosinian) orogeny[END_REF][START_REF] Hu | Permo-Triassic detrital records of South China and implications for the Indosinian events in East Asia[END_REF] and Youjiang basins [START_REF] Yang | Detrital record of Indosinian mountain building in SW China: Provenance of the Middle Triassic turbidites in the Youjiang Basin[END_REF][START_REF] Duan | New insights on the Triassic tectonic development of South China from the detrital zircon provenance of Nanpanjiang turbidites[END_REF][START_REF] Qiu | Early to Middle Triassic sedimentary records in the Youjiang Basin, South China: Implications for Indosinian orogenesis[END_REF]; Western margin of SCB (Longmenshan) (Shao et al., 2015;[START_REF] Chen | U-Pb ages and hf isotopic record of zircons from the late Neoproterozoic and Silurian-Devonian sedimentary rocks of the western Yangtze block: implications for its tectonic evolution and continental affinity[END_REF][START_REF] Chen | Provenance study for the Paleozoic sedimentary rocks from the west Yangtze block: constraint on possible link of south china to the Gondwana supercontinent reconstruction[END_REF][START_REF] Zhong | Influence of a tectonically active mountain belt on its foreland basin: Evidence from detrital zircon dating of bedrocks and sediments from the eastern Tibetan Plateau and Sichuan Basin, SW China[END_REF][START_REF] Zhu | The depositional record of Southwestern Upper Yangtze area during Triassic and its restriction on the tectonic framework of basin and range[END_REF]; SW margin of the SCB (NE region of Ailaoshan belt) [START_REF] Xia | Where was the Ailaoshan Ocean and when did it open: A perspective based on detrital zircon U-Pb age and Hf isotope evidence[END_REF][START_REF] Xia | Subduction polarity of the Ailaoshan Ocean (eastern Paleotethys): Constraints from detrital zircon U-Pb and Hf-O isotopes for the Longtan Formation[END_REF][START_REF] Xu | When Did the Paleotethys Ailaoshan Ocean Close: New Insights from Detrital Zircon U-Pb age and Hf Isotopes[END_REF]; NW part of Indochina block (Simao area) [START_REF] Xia | Where was the Ailaoshan Ocean and when did it open: A perspective based on detrital zircon U-Pb age and Hf isotope evidence[END_REF][START_REF] Xia | Subduction polarity of the Ailaoshan Ocean (eastern Paleotethys): Constraints from detrital zircon U-Pb and Hf-O isotopes for the Longtan Formation[END_REF][START_REF] Xu | When Did the Paleotethys Ailaoshan Ocean Close: New Insights from Detrital Zircon U-Pb age and Hf Isotopes[END_REF]; Central Indochina block (Truong Son and Sam Nua belt) (Wang et al., 2016;[START_REF] Rossignol | The Indosinian orogeny: A perspective from sedimentary archives of north Vietnam[END_REF]. 

Notes to Table

J

  o u r n a l P r e -p r o o f Journal Pre-proof a major age group at 250-280 Ma with peak at 260 Ma, and serval age minor groups with peaks at around 410 Ma, 770 Ma, 950 Ma, 1840 Ma, 2480 Ma (Xia et al., 2020). The twostage model Hf age of these 280-240 Ma zircons indicate a significant peak of Neoproterozoic (0.85 Ga; Fig. 11). At the same time, the ε Hf of the zircon with the ages between 260-240 Ma show ranges from -1 ~ +7 and indicates the parts of the material have mantle contribution (Figs. 12 and 13). At the SE segment of the Ailaoshan and the Song Ma ophiolitic mélange zone, the M3 located at the NE of Song Ma fault. Our analytical results exhibit age ranging from Neoarchean to early Mesozoic with clusters around 1045 Ma, 770 Ma, 360 Ma, and 250 Ma

  [START_REF] Wang | Detrital zircon U-Pb age distribution and Hf isotopic constraints from the terrigenous sediments of the Song Chay Suture Zone (NE Vietnam) and their paleogeographic implications on the Eastern Paleo-Tethys evolution[END_REF] have analyzed the detrital zircons from the matrix of Song Chay ophiolitic mélange. This study revealed that the detrital zircon yields several age peaks from Paleoproterozoic to Late Paleozoic, at 2440 Ma, 1775 Ma, 1560 Ma, 970Ma, 770 Ma, 730 Ma, 620 Ma, 460 Ma, and 310 Ma (Fig.14). The widely represented Indosinian (240-260 Ma) detrital zircons in the M2 and M3 units are missing in the Song Chay mélange, and on the contrary, the dominant 700-800 Ma cluster in the Song Chay mélange is very limited in the three units of the Ailaoshan-Song Ma ophiolitic mélange (

J

  o u r n a l P r e -p r o o f opening and closure of the Paleo-Tethys (Figs. 17A and 18A). Combined our detrital zircon work and previous geochronological, geochemical and structural geology works in this region, during the Late Carboniferous to Early Permian (310-270 Ma), the Paleo-Tethys begin to close. This process was accommodated by a south-directed subduction and made a NW-SE striking Western Ailaoshan-Truong Son magmatic arc belt along the north margin of IB (e.g.

  Detrital zircon U-Pb dating results from eleven samples in the Ailaoshan-Song Ma suture zone demonstrate major age peaks at 245 Ma, 440 Ma, and 970 Ma that correspond to the tectonic events recognized in SCB and IB. In-situ Hf isotopic results indicate that these Neoproterozoic and Early Paleozoic events represent significant continental growth episodes with mantle addition. Along the suture zone, the ophiolitic mélange zone have been subdivided into M1, M2, and M3 units based on the differences in zircon age and Hf isotopic signature. M1 is characterized by two major age groups with peaks at around 435 Ma and 970 Ma, the source of M1 is likely the Paleozoic sedimentary cover (especially Silurian sedimentary rocks) in IB mainly, with a very small amount from magmatic rocks in the ophiolitic mélange. M2 is characterized by a dominant late Permian (260 Ma) age group with the ε Hf (t) values ranging from -1 ~ +7 and a significant peak at ~ 0.85 Ga of model ages, the source of M2 is considered dominantly from the ELIP and related rocks in SCB with a very small number of detrital zircons derived from recycled sedimentary rocks in IB. M3 is characterized by only one conspicuous Mesozoic age peak located at 250 Ma with the ε Hf (t) values ranging from -17 ~ -5 and the two-stage model ages mainly concentrated at 1.3 Ga to 1.8 Ga, the M3 material was dominantly supplied from the magmatic arc in IB (Western Ailaoshan-Truong Son belt) with a very small amount from southwest margin of the SCB. The distinction of these three units shown above indicates a significant lateral heterogeneity along the suture zone. Our data shed new light on the understanding the paleogeographic reconstructions of the postulated positions of Asian continental blocks from the Early Carboniferous to the Middle Triassic. National Natural Science Foundation of China (91855212 and 91755205) and the National Key R&D Program of China (2016YFC0600102 and 2016YFC0600401).

Fig. 1

 1 Fig. 1 Tectonic map of Asia showing the main microcontinents of SE Asia and Tibet with emphasis on the Ailaoshan-Song Ma suture zone between South China and Indochina or Sibumasu blocks respectively (Faure et al., 2016). RRF: Red River Fault, SCF: Song Chay Fault; DBF: Dien Bien Phu Fault; WAl:Western Ailaoshan zone; ALSZ: Ailaoshan suture zone; JP: Jinping basalt; SC: Song Chay massif; SCSZ: Song Chay suture zone; SMSZ: Song Ma suture zone; SD: Song Da.

Fig. 2

 2 Fig. 2 Geological map of Ailaoshan (adapted from 1:20000 geological map of Yunnan) with the sample locations (blue marks are the samples of this study, black marks are from Xu et al. (2019), Xia et al. (2020))

Fig. 4

 4 Fig. 4 Simplified granitoids distribution map of West Ailaoshan-Truong Son belt (adapted from Hou et al., 2019) with the age distritution pattern inserted. RRF: Red River Fault, SCF: Song Ca Fault; SMF: Song Ma fault; DBF: Dien Bien Phu fault.

Fig. 5

 5 Fig. 5 Representative outcrop photos of the analyzed samples. A. AS79, Silurian laminated sandstone interbedded with mudstone layers. Sedimentary cover of the Indochina Block, Ailaoshan area. B. AS103, sericite schist, matrix of a serpentinite block, Ailaoshan area. C. AS147, Schistose sandstone-mudstone alternations, matrix of a serpentinite block, Ailaoshan area. D. TH01, Late Triassic (T3) coarse grained sandstone, interpreted as molasse formation, Thanh Hoa area. E. TH03, Pelite and siltstone, matrix of a serpentinite block, Thanh Hoa area.

Fig. 6

 6 Fig. 6 Microphotographs showing the textural features and mineral compositions of the analyzed samples from Ailaoshan-Song Ma ophiolitic mélange. A. gravel-size quartz and rock fragments in the fine grain matrix in AS79; B. oriented muscovite and elongated quartz indicating a pervasive shearing in AS103; C. Moderate sorted, angular to sub-angular quartz and lithic fragments in AS147; D. undeformed and poorly sorted quartz and lithic fragments in TH01; E. extra-fine-grained quartz and muscovite in TH03; F. poorly sorted, angular quartz in TH05; G. poorly sorted, angular to subangular quartz and lithic fragments in TH09.H. elongated quartz and oriented muscovite that define the well-developed foliation in TH11;

Fig. 9

 9 Fig. 9 Diagrams of T DM 2 values from the same samples as those analyzed for detrital zircons in the Ailaoshan-Song Ma ophiolitic mélange.

Fig. 10 A

 10 Fig. 10 A. Temporal variations of εHf(t) values at 0-3.0 Ga of this study. The crustal evolution range comes from Linnemann et al. (2014). Dashed lines demonstrate evolution of zircons with depleted mantle model ages between 1.0 Ga, 1.9 Ga and 2.5 Ga. Half of the analyzed zircons plot in the crustal evolution zone between 1.0 Ga and 1.9 Ga, but Archean data are consistent with the range of the Archean crust. B. Diagram of the two-stage model Hf age (T DM 2 ) versus age plots for detrital zircons, indicating the source of zircons. Zircon Hf model ages are older than their crystallization ages, revealing a formation from re-melting of older crustal rocks crystallized during the previous events.

Fig. 11

 11 Fig. 11 Synthetic and comparison of the cumulative probability plots of detrital zircon U-Pb ages from the different units (M1, M2, and M3) Ailaoshan-Song Ma ophiolitic mélange (this study,[START_REF] Xia | Where was the Ailaoshan Ocean and when did it open: A perspective based on detrital zircon U-Pb age and Hf isotope evidence[END_REF][START_REF] Xia | Subduction polarity of the Ailaoshan Ocean (eastern Paleotethys): Constraints from detrital zircon U-Pb and Hf-O isotopes for the Longtan Formation[END_REF] and Xu et al., 2019).

Fig. 12

 12 Fig. 12 Diagrams of T DM 2 values from the samples as those analyzed for detrital zircons in the different units (M1, M2, and M3) of the Ailaoshan-Song Ma ophiolitic mélange (this study,

Fig. 14

 14 Fig. 14 Synthetic and comparison of the cumulative probability plots of detrital zircon U-Pb ages from the Ailaoshan-Song Ma (This study,[START_REF] Xia | Where was the Ailaoshan Ocean and when did it open: A perspective based on detrital zircon U-Pb age and Hf isotope evidence[END_REF][START_REF] Xia | Subduction polarity of the Ailaoshan Ocean (eastern Paleotethys): Constraints from detrital zircon U-Pb and Hf-O isotopes for the Longtan Formation[END_REF] and Xu et al., 2019 ) and 

Fig. 15

 15 Fig. 15 Synthesis and comparison of Kernel Density Estimate diagrams of detrital zircon U-Pb

Fig. 16

 16 Fig. 16 Temporal variations of ε Hf (t) and T DM 2 values between 200-300 Ma of all the measurement of the West Ailaoshan-Truong Son magmatic belt with the separation of Early stage (A1), Late stage (A2), Emeishan large igneous province (ELIP), and post orogenic magmatism (PO).

Fig. 17

 17 Fig. 17 Schematic reconstruction of the Late Carboniferous-Middle Triassic geodynamic evolution between the SCB and IB to illustrate the provenance of detrital zircon in different units along the Ailaoshan-Song Ma suture zone.

Figure 18

 18 Figure18

  

  

  

  

  

  

  

  

  

  

  are characterized by two major age groups with peaks at around 435 Ma and 970 Ma (Fig.11); M2 unit: AE02, AW06, AW07, AW08, AW10, is characterized by a major late Permian (260 Ma) age group with several unobvious

  AS79 is a Middle Silurian sandstone from the West Ailaoshan belt, representing the sedimentary cover of the IB[START_REF] Ynbgmr-Mojiang | Yunnan Bureau of Geological and Mineral Resources[END_REF]. According to the result of detrital zircon U-Pb ages, the deposition age of sample AS79 was not older than 440 Ma (Table2) and correspond well to the Middle Silurian strata age. The age spectrum of AS79 shows two major age groups of 400-500 Ma and 900-1000 Ma, which is almost the same with the results of the Silurian sedimentary rocks in Truong Son belt(Wang et al., 2016a). According toWang et al. (2016a), the 400-500 Ma detrital zircons with age peak around 440 Ma originated Rayner-Eastern Ghats belt in India and Antarctic[START_REF] Usuki | Linking the Indochina block and Gondwana during the early Paleozoic: evidence from U-Pb ages and Hf isotopes of J o u r n a l P r e -p r o o f Journal Pre-proof detrital zircons[END_REF] Wang et al., 2016a;[START_REF] Xia | Where was the Ailaoshan Ocean and when did it open: A perspective based on detrital zircon U-Pb age and Hf isotope evidence[END_REF].TH09 is a Middle Triassic medium to fine grained sandstone , the maximum deposition age of this sample is about 257 Ma, which is constrained by the youngest graphical age peak, youngest 1σ grain cluster, and youngest 2σ grain cluster (Table2). Two major age groups of 230-290 Ma and 420-470 Ma were revealed in the age spectrum (Fig.8G). The 230-290 Ma age group with peak at around 260 Ma detrital zircons yield negative ε Hf value (Fig.10), which corresponds to the magmatic rocks in the Truong Son belt (Figs.4 and 16). Therefore, we consider that the 230-290 Ma detrital zircons recorded the detrital materials from the magmatic arc. The 420-470 Ma age group with peak at around 440 Ma may come from the magmatic rocks in Kontum massif or recycled from the Paleozoic sedimentary rocks in the north Indochina. Considering the euhedral zircons of this age group, we prefer to consider the magmatic rocks in Kontum massif as the main source.

from the magmatic rocks in Kontum massif. The 900-1000 Ma detrital zircons, showing subrounded to rounded shaped, were considered to derive from the magmatic rocks in the J o u r n a l P r e -p r o o f

Table 2

 2 

	TH14 is a "Silurian" coarse sandstone close to TH13. The age spectrum shows two main
	age peaks and a minor one at around 245 Ma and 385 Ma, and 935 Ma, respectively. The
	deposition age of this sample is younger than 242 Ma (Anisian), which suggests a late Middle
	Triassic age of this sample. The 200-300 Ma age group detrital zircons probably come from
	the magmatic rocks of the Truong Son belt. As for the 350-450 Ma detrital zircons with age
	peaks at ~ 385 Ma, although there is no contemporaneous magmatic record in Indochina, the
	Ailaoshan ocean opened in this period

). This result suggests that TH13 deposited later than 270 Ma, and a Late Permian age is assumed for this sample. The age spectrum exhibits a dominated cluster at around 270 Ma and a minor group around 440 Ma, together with the euhedral morphology of the zircons, suggests a nearby provenance of these zircons. Like TH09, the 270 Ma group is considered to derived from the magmatic rocks of the Truong Son belt, and the 440 Ma age group could come from the magmatic rocks in the Kontum massif.

  , in Eastern Simao or Truong Son belt (IB,

	Figs. 1 and15). Furthermore, similar detrital zircon age patterns are also reported in the Late
	Paleozoic sedimentary rocks in both in IB and Cathaysia Block (Wang et al., 2014; Xia et al.,
	2016; Wang et al., 2016a; Fig. 15). These Paleozoic sedimentary rocks are potential sources
	for the M1 unit. The ε Hf (t) values of the 400-450 Ma age group in M1 range from -19.6 to
	+10.3, yet most (84.2%) of data are negative, and the corresponding model ages range from
	0.75 Ga to 2.61Ga (Fig. 10). The distributions of ε

Hf (t) values and model age are in agreement with the results from the Silurian sedimentary rocks in Eastern Simao (Fig.

1

;

[START_REF] Xia | Where was the Ailaoshan Ocean and when did it open: A perspective based on detrital zircon U-Pb age and Hf isotope evidence[END_REF]

, therefore we tend to regard the Silurian sedimentary rocks in Eastern Simao as the main source of the M1 unit. Even so, we cannot exclude the 400-450 Ma magmatic rocks in northern Kontum massif as the potential sources of this group of detrital zircons

(Wang et al., 2021 and references therein)

. As for the youngest cluster zircons around 370 Ma in the M1 unit (Table

  Declaration of interest statementNo conflict of interest exits in the submission of this manuscript. All the authors listed have approved the manuscript that is enclosed. Neither the entire paper nor any part of its content has been published or has been accepted elsewhere. It is not being submitted to any other journal at the same time. Zi, J.W., Cawood, P.A., Fan, W.M., Wang, Y.J., Tohver, E., McCuaig, T.C., Peng, T.P., 2012. Triassic collision in the Paleo-Tethys Ocean constrained by volcanic activity in SW China.[145][146][147][148][149][150][151][152][153][154][155][156][157][158][159][160] 

			Journal Pre-proof Journal Pre-proof
	margin	of fine	is grain sheared volcanic	(5) (14)
		grained	supported, Light grey debris	
	AW06 TH13	sandsto	the to grey Purplish	450.1±5.5 270.6±3.4
		ne and 261.5±2.47 framewor fine red coarse 460 225.6±2.1 269	444.3±5.9 (2) 270.6±3.4 (76)
	Table 1 facies and interpretation of the analyzed samples from the Ailaoshan-Song Ma mélange and its adjacent active margin in IB Sam ple num ber GPS locatio n Lithofa cies Descriptio n Depositional environment Tectonic setting Geochronological constraints TH0 5 19.790 65° N, 105.51 487° E Schisto sed mediu m to fine grained sandsto ne Dark grey to grey grain supported sandstone with medium grain size, the framewor k detritus is angular shaped, and in low sphericity, schistocity well developed Non-Smith strata, matrix of a serpentinite block Song Ma ophiolitic mélange unit Song Ma formation, Inouya sp.? Indicated as Cambrian strata. Being the matrix of a serpentinite block, a late Carboniferous to middle Triassic age was suggested M1 AS1 03 23.446 9° N, 101.87 03° E Sericite schist (meta-sandsto ne) Elongated quartz and newly formed muscovite formed the foliation of the schist Wall rock of a serpentinite block Ailaosha n Ophioliti c mélange unit No report AS1 47 23.655 0° N, 101.63 37° E Schisto sed fine grained sandsto ne from interbe dding series Dark yellow to grey fine grained sandstone interbedde d with pelite layer, the sandstone Non-Smith strata, matrix of a serpentinite block Ailaosha n Ophioliti c mélange unit No report J o u r n a l P r e -p r o o f pelite k detritus is subangula r and in low sphericity, the layer of the sandstone is 30-50 cm in thickness while the layer of pelite is 50-100 cm in thickness. highly sheared TH0 3 19.609 14° N, 105.71 722° E Pelite and siltston e Yellow to grey pelite and siltstone Non-Smith strata, matrix of a serpentinite block Song Ma ophiolitic mélange unit Song Ma formation, Inouya sp.? Indicated as Cambrian strata. Being the matrix of a serpentinite block, a late Carboniferous to middle Triassic was suggested M3 TH1 1 19.862 16° N, 105.41 061° E Schisto sed tuff with very thin interbe dded pelite cryptocrys talline, the strata of tuff is normally 10-30 cm in thickness, highly sheared Non-Smith strata, matrix of a serpentinite block Ophioliti c mélange unit TH1 2 19.864 82° N, 105.44 180° E Schisto sed sandsto ne Dark grey coarse to medium grained, highly Non-Smith strata, matrix of a serpentinite block Ophioliti c unit and M2 AE02 229±4.6 250 259.8±3.2 (3) 254.6±2.8 muscovite mélange Ditto TH1 3 19.883 29° N, 105.29 522° E Thick bedded cross-laminat ed sandsto ne sandstone which is 50-100 cm in thickness, with the of (15) IB North TH09 232.0±6.9 260 257.0±6.0 (14) 257.0±6.0 presence Shallow-marine environment Forearc basin of Truong Son belt 399.7±5.1 440 401.3±4.7 (2) were suggested YN-41 435.1±5.5 (13) work, P-T strata 425.5±4.4 440 441.1±4.6 (13) According to our (11) AS79 441.1±4.6 Silurian strata. 427.2±6.7 440 441.5±6.0 (9) Indicated as the YN-54 449.2±6.6 (69) Ditto J o u r n a l P r e -p r o o f AS7 9 23.417 5° N, 101.67 68° E laminat ed mediu m to fine grained sandsto ne grained sandstone which is about 10 cm in thickness interbedde d with millimetri c to centimetri c mudstone layers, well sorted and roundness , representi ng the D-E of Bouma sequence semi deep-sea environment Sediment ary cover of IB, Ailaosha n belt Pristiograptus regularis Tornquist, TH1 4 19.883 28° N, 105.30 289° E Cross-laminat ed sandsto ne grained (3) (76) Indicated as the sandstone, with the presence of Shallow-marine environment Forearc basin of Truong Son belt Silurian strata. According to our work, (middle) AW07 239±2.2 260 257.3±2.8 223.8±3.1 246.3±3.8 258.3±2.9 (18) TH14 245 242.6±2.6 (22) (19) (25) Triassic strata muscovite and volcanic debris was suggested AW08 242±2.8 260 259.5±2.7 TH01 248.1±4.5 260.0±2.7 (39) 217.3±6.2 240 247.0±4.4 (31) (41) (34) Grey Monograptus priodon (Bronn), Monoclimacis cf. vomerinus IB Nor th mar gin TH0 9 19.735 38° N, 105.45 736° E mediu m to fine grained sandsto ne Purplish red fine grained sandstone, 50-100 cm in thickness, interbedde d with 224.4±4.8 245 244.7±4.8 (69) grained (8) TH12 244.7±4.8 red coarse M1 373.7±3.8 425 436.4±4.6 (6) Purplish AS147 428.6±4.5 (99) mudstone Shallow-marine environment Forearc basin of Truong Son belt Dong Trau formation, Neoschizodus ovatus elongatus, Costatoria proharpa. J o u r n a l P r e -p r o o f TH0 1 19.564 66° N, 105.71 004° E Massiv e sandsto ne coarse grained massive sandstone without deformati on and metamorp hism Littoral or lacustrine environment Post-orogenic intra-continent al sediment s Dong Do formation, Yalina(?) sp., Cycadites saladini Table 2 Summary of the four measures of youngest age of detrital zircon grains in our analyzed samples sample YSG YPP YC1σ (2+) a YC2σ (3+) a TH05 263.3±2.2 439 370.4±2.6 (2) 435.6±3.7 (17) AS103 371.4±3.9 432 435.5±4.6 (12) 435.5±4.6 (12) J o u r n a l P r e -p r o o f AW10 232.4±2.4 260 258.3±2.5 (7) 258.3±2.5 (7) M3 AW17 237±3 245 243.3±2.5 (47) 244.2±2.5 (49) AW20 236±3 245 244.9±2.4 (29) 244.9±2.4 (29) 13YZ06 236±2 245 246.9±2.4 (31) 246.9±2.4 (31) TH03 223.2±11.0 240 242.6±6.2 (20) 242.6±6.2 (20) TH11 117.0±21.3 247 249.3±6.7 (99) 249.3±6.7 Notes to Table: YSG: youngest single grain age; YPP: youngest graphical age peak; YC1σ (2+): J o u r n a l P r e -p r o o f youngest 1σ grain cluster; YC2σ (3+): youngest 2σ grain cluster.

a Numbers of grain ages in clusters in parentheses.

Table 3

 3 Summary of the characteristic of M1, M2 and M3 unit

	Mélange unit M1	Samples AS103, AS147, TH05, YN41, YN54 J o u r n a l P r e -p r o o f Tectonic locations Detrital age spectrum Youngest age Phanerozoic zircon ε Hf (t) value Middle segment of Ailaoshan ophiolitic mélange and part of SE Song Ma ophiolitic mélange 435 Ma, 810 Ma, 970 Ma, 1085 Ma, 1690 Ma, 1860 Ma, 2510 Ma 263.3±2.2 -19.6 ~ +10.2 with peak at -8.0	T DM Peaks 2 at 1.55 Ga, 2.05 Ga, 2.35 Ga, 2.95 Ga	Speculative sources 1. Main Paleozoic sedimentary cover (especially Silurian sedimentary rocks) in IB; 2. Very small amount from magmatic
								rocks in the
								ophiolitic
								mélange.
							Peaks	1. Dominant
	M2	AW02, AW06, AW07, AW08, AW10	NW segment of Ailaoshan ophiolitic mélange	260 Ma, 410 Ma, 770 Ma, 950 Ma, 1840 Ma, 2480 Ma	229±4.6	-28 ~ +8 with peaks at -10.5, -2.5, +0.4, +5.0	at 0.85 Ga, 1.55 Ga, 1.75 Ga, 1.95	from ELIP and related rocks in SCB; 2. Very small amount from
							Ga	recycled the
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