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Tectonic evolution of the Tianshan Akeyazi metamorphic complex (NW China)

The South Tianshan orogen (northwest China) comprises a thick volcanoclastic HP-UHP metamorphic belt, the Akeyazi (high-pressure) metamorphic complex (AMC), exhibiting well-preserved eclogite-and blueschist-facies rocks and pervasive deformation throughout all units. In order to clarify the tectonic evolution of this fossil subduction zone, which remains controversial due to the lack of systematic field observations combining structural and petrological data, we herein present the results of extensive mapping of lithologies, deformation patterns and petrological evolutions.

The AMC is composed of a high-pressure (HP) to ultra-high-pressure (UHP) central domain -the HP-UHP unit -separated in the North by a major detachment from a greenschist-facies domain. A gradational transition in lithologies (i.e., interlayered

Introduction

Over the past three decades numerous occurrences of ultra-high-pressure terranes have been reported worldwide [START_REF] Chopin | Coesite and pure pyrope in high-grade blueschists of the Western Alps: a first record and some consequences[END_REF][START_REF] Gillet | Coesite in subducted continental crust: P-T history deduced from an elastic model[END_REF][START_REF] Kylander-Clark | Size and exhumation rate of ultrahigh-pressure terranes linked to orogenic stage[END_REF][START_REF] Liou | Recycling of crustal materials through study of ultrahigh-pressure minerals in collisional orogens, ophiolites, and mantle xenoliths: A review[END_REF][START_REF] Liou | Global UHP Metamorphism and Continental Subduction/Collision: The Himalayan Model[END_REF][START_REF] Smith | Coesite in clinopyroxene in the Caledonides and its implications for geodynamics[END_REF], continuously questioning the mechanisms of burial and exhumation (e.g., [START_REF] Agard | Exhumation of oceanic blueschists and eclogites in subduction zones: Timing and mechanisms[END_REF][START_REF] Agard | The subduction plate interface : rock record and mechanical coupling ( from long to short timescales)[END_REF][START_REF] Chopin | Ultrahigh-pressure metamorphism: Tracing continental crust into the mantle[END_REF][START_REF] Guillot | Exhumation processes in oceanic and continental subduction context[END_REF]. By influencing viscosity and density, and thus buoyancy, the diversity of subducted material can lead to contrasting mechanical and chemical behaviors along the plate interface [START_REF] Bebout | Metamorphic chemical geodynamics of subduction zones[END_REF][START_REF] Bebout | Devolatilization history and trace element mobility in deeply subducted sedimentary rocks: Evidence from Western Alps HP/UHP suites[END_REF][START_REF] Yamato | Burial and exhumation in a subduction wedge: Mutual constraints from thermomechanical modeling and natural P-T-t data (Schistes Lustrés, western Alps)[END_REF]Behr and Becker, 2018).

Subducted material derived from the lower plate consists of the uppermost part of the subducting oceanic slab, i.e. pelagic sediments with basaltic oceanic crust and/or seamounts (e.g., [START_REF] Ranero | Hydrogeological system of erosional convergent margins and its influence on tectonics and interplate seismogenesis[END_REF]. Additional contribution from the upper plate may consist of ashes from arc-volcanism (e.g., [START_REF] Kutterolf | Pacific offshore record of plinian arc volcanism in Central America: 1. Along-arc correlations[END_REF], pelagic and detrital sediments located in the accretionary prism or in the trench, and/or basement or mantle wedge material if basal erosion occurs [START_REF] Polino | Tectonic erosion at the Adria margin and accretionary processes for the Cretaceous orogeny of the Alps[END_REF][START_REF] Roda | Integration of natural data within a numerical model of ablative subduction: a possible interpretation for the Alpine dynamics of the Austroalpine crust[END_REF][START_REF] Scholl | Sedimentary masses and concepts about tectonic processes at underthrust ocean margins ( subduction)[END_REF]. Whether subduction is primarily in accretion or erosion mode thus partly controls what kind of material is supplied to the plate interface [START_REF] Clift | Controls on tectonic accretion versus erosion in subduction zones: Implications for the origin and recycling of the continental crust[END_REF]Cloos andShreve, 1988a, 1988b) and partly returned in exhumed high-pressure ophiolite sequences (e.g., [START_REF] Angiboust | The Zermatt-Saas ophiolite: The largest (60-km wide) and deepest (c. 70-80km) continuous slice of oceanic lithosphere detached from a subduction zone?[END_REF][START_REF] John | Subducted seamounts in an eclogite-facies ophiolite sequence: The Andean Raspas Complex, SW Ecuador[END_REF][START_REF] Luoni | UHP Ti-chondrodite in the Zermatt-Saas serpentinite: Constraints on a new tectonic scenario[END_REF].

Whatever their respective contributions, materials from the lower and upper plate will be transported on top of the downgoing plate into subduction and may be stripped from the slab as tectonic slices (e.g., [START_REF] Angiboust | Initial water budget: The key to detaching large volumes of eclogitized oceanic crust along the subduction channel?[END_REF][START_REF] Laurent | Strain localization in a fossilized subduction channel: Insights from the Cycladic Blueschist Unit (Syros, Greece)[END_REF][START_REF] Roda | Integration of natural data within a numerical model of ablative subduction: a possible interpretation for the Alpine dynamics of the Austroalpine crust[END_REF], mélanges [START_REF] Festa | Mechanisms and processes of stratal disruption and mixing in the development of mélanges and broken formations: Redefining and classifying mélanges[END_REF][START_REF] Grigull | Order from chaos": A field-based estimate on bulk rheology of tectonic mélanges formed in subduction zones[END_REF][START_REF] Lázaro | Fifty-five-million-year history of oceanic subduction and exhumation at the northern edge of the Caribbean plate (Sierra del Convento mélange, Cuba)[END_REF] and/or possibly get mixed via deformation and fluid-rock interaction processes (e.g., [START_REF] Bebout | Fluid and mass transfer at subduction interfaces-The field metamorphic record[END_REF][START_REF] Marschall | Arc magmas sourced from mélange diapirs in subduction zones[END_REF]. Burial and exhumation at the plate interface are accompanied by intense deformation, so that the plate interface is regarded by many as a large-scale shear zone (e.g., [START_REF] Cloos | Shear-zone thickness and the seismicity of Chilean-and Marianas-type subduction zones[END_REF][START_REF] Raimbourg | Consequences of progressive eclogitisation on crustal exhumation, a mechanical study[END_REF][START_REF] Rowe | The thickness of subduction plate boundary faults from the seafloor into the seismogenic zone[END_REF][START_REF] Von Huene | Generic model of subduction erosion[END_REF][START_REF] Wakabayashi | Anatomy of a subduction complex: Architecture of the Franciscan Complex, California, at multiple length and time scales[END_REF][START_REF] Agard | The subduction plate interface : rock record and mechanical coupling ( from long to short timescales)[END_REF].

To unravel the fate of subducted material during burial and further constrain exhumation processes, we herein present a tectono-metamorphic study of the the Akeyazi (high-pressure) metamorphic complex (AMC, northwestern China), which is characterized by an unusually ca. 4-5 km thick pile of well-preserved high-to ultra-high-pressure (HP-UHP) metasedimentary and metavolcanoclastic rocks with numerous coesite findings [START_REF] Bayet | Massive sediment accretion at ~ 80 km depth along the subduction interface : Evidence from the southern Chinese Tianshan[END_REF][START_REF] Chen | The Mesozoic palaeorelief of the northern Tian Shan (China)[END_REF][START_REF] Li | Coexisting carbonate-bearing eclogite and blueschist in SW Tianshan, China: Petrology and phase equilibria[END_REF][START_REF] Lü | Petrology of coesite-bearing eclogite from Habutengsu Valley, western Tianshan, NW China and its tectonometamorphic implication[END_REF]Lü and Zhang, 2012;[START_REF] Tian | Metamorphism of ultrahigh-pressure eclogites from the Kebuerte Valley, South Tianshan, NW China: phase equilibria and P-T path[END_REF]. Former studies focused on individual pressure-temperature-time paths (e.g., Tan et al., 2017 and references therein;Fig. 1a) and on detailed geochemical and petrological investigations [START_REF] Beinlich | Trace-element mobilization during Cametasomatism along a major fluid conduit: Eclogitization of blueschist as a consequence of fluid-rock interaction[END_REF][START_REF] Gao | The mineralogy, petrology, metamorphic PTDt trajectory and exhumation mechanism of blueschists, south Tianshan, northwestern China[END_REF][START_REF] Gao | Primary fluids entrapped at blueschist to eclogite transition: evidence from the Tianshan meta-subduction complex in northwestern China[END_REF][START_REF] John | Volcanic arcs fed by rapid pulsed fluid flow through subducting slabs[END_REF][START_REF] Klemd | P-T evolution of glaucophaneomphacite bearing HP-LT rocks in the western Tianshan Orogen, NW China: new evidence for "Alpine-type" tectonics[END_REF][START_REF] Li | Poly-cyclic metamorphic evolution of eclogite: Evidence for multistage burial-exhumation cycling in a subduction channel[END_REF][START_REF] Lü | Petrology of coesite-bearing eclogite from Habutengsu Valley, western Tianshan, NW China and its tectonometamorphic implication[END_REF][START_REF] Van Der Straaten | Blueschist-facies rehydration of eclogites (Tian Shan, NW-China): Implications for fluid-rock interaction in the subduction channel[END_REF][START_REF] Wei | Eclogites from the south Tianshan, NW China: petrological characteristic and calculated mineral equilibria in the Na2O-CaO-FeO-MgO-Al2O3-SiO2-H2O system[END_REF]. In contrast, the regional structures and tectonic evolution remain poorly studied, except from local studies in the Kebuerte and Atantayi valleys [START_REF] Soldner | Metamorphic P-T-t-d evolution of (U)HP metabasites from the South Tianshan accretionary complex (NW China) -Implications for rock deformation during exhumation in a subduction channel[END_REF][START_REF] Tan | P-T-time-isotopic evolution of coesite-bearing eclogites: Implications for exhumation processes in SW Tianshan[END_REF], 2019, Fig 2c). The lack of systematic petrostructural data over the entire area, along with scattered P-T-t estimates, has led to two contradictory concepts for the structural evolution of the AMC. It is considered either as 1) a tectonic mélange, with rocks originating from various depths and subsequently juxtaposed during exhumation (e.g., Klemd et al., 2011, Fig. 1b), or as 2) consisting of two sub-units separated by a km-scale shear zone: a HP-UHP unit in the North (based on coesite findings) and a HP unit (coesitefree) in the South (e.g., Lü et al., 2012a, Fig. 1b).

We herein present a detailed study of the structural and lithological relationships together with peak P-T estimates and propose a new geodynamic evolution for the AMC.

Extensive mapping of tectonic boundaries, structures, deformation stages and systematic P-T determinations allow to place constraints on accretion mechanisms and the regional-scale tectono-metamorphic evolution.

Geological overview

The Tianshan orogenic belt was formed by the collision of the Tarim, Yili-Kazakh and Junggar plates during the Paleozoic [START_REF] Gao | Tectonic evolution of the South Tianshan orogen and adjacent regions, NW China: geochemical and age constraints of granitoid rocks[END_REF][START_REF] Han | Late Carboniferous collision between the Tarim and Kazakhstan-Yili terranes in the western segment of the South Tian Shan Orogen, Central Asia, and implications for the Northern Xinjiang, western China[END_REF][START_REF] Long | Geochemical and geochronological studies of granitoid rocks from the Western Tianshan Orogen: Implications for continental growth in the southwestern Central Asian Orogenic Belt[END_REF][START_REF] Xiao | End-Permian to mid-Triassic termination of the accretionary processes of the southern Altaids: implications for the geodynamic evolution, Phanerozoic continental growth, and metallogeny of Central Asia[END_REF] and extends east-west over ~2500 km in central Asia. This orogen is part of the southwestern Central Asian Orogenic Belt (CAOB) (e.g., [START_REF] Jahn | Granitoids of the Central Asian Orogenic Belt and continental growth in the Phanerozoic[END_REF]Fig. 2a).

The CAOB is referred to as a "tectonic collage" of several subduction zones. In the southwestern Tianshan, the suture between the Yili-Tianshan and Tarim plates exposes a metamorphic belt over ~1500 km from NW China to Tajikistan [START_REF] Gao | Paleozoic tectonic evolution of the Tianshan Orogen, northwestern China[END_REF][START_REF] Gao | The mineralogy, petrology, metamorphic PTDt trajectory and exhumation mechanism of blueschists, south Tianshan, northwestern China[END_REF][START_REF] Hegner | Mineral ages and p-t conditions of late paleozoic high-pressure eclogite and provenance of mélange sediments from atbashi in the south tianshan orogen of kyrgyzstan[END_REF][START_REF] Volkova | Geochemical discrimination of metabasalt rocks of the Fan-Karategin transitional blueschist/greenschist belt, South Tianshan, Tajikistan: seamount volcanism and accretionary tectonics[END_REF]Fig. 2b). The subduction polarity associated with this metamorphic belt is still debated, with some studies suggesting a northward polarity, i.e. underneath the Yili plate (e.g., [START_REF] Charvet | Palaeozoic tectonic evolution of the Tianshan belt, NW China[END_REF][START_REF] Wang | Paleozoic tectonics of the southern Chinese Tianshan: Insights from structural, chronological and geochemical studies of the Heiyingshan ophiolitic mélange (NW China)[END_REF], while others argue for a southward polarity, i.e. underneath the Tarim plate (e.g., [START_REF] Gao | Paleozoic tectonic evolution of the Tianshan Orogen, northwestern China[END_REF][START_REF] Gao | The mineralogy, petrology, metamorphic PTDt trajectory and exhumation mechanism of blueschists, south Tianshan, northwestern China[END_REF][START_REF] Soldner | Metamorphic P-T-t-d evolution of (U)HP metabasites from the South Tianshan accretionary complex (NW China) -Implications for rock deformation during exhumation in a subduction channel[END_REF][START_REF] Xiao | The western Central Asian Orogenic Belt: A window to accretionary orogenesis and continental growth[END_REF].

The area studied here is located in northwestern China and is part of this metamorphic belt. It is bordered by two main structures: the south Central Tianshan Suture (SCTS) in the North and the Northern Haerkeshan Peak Fault in the South (Fig. 2c; [START_REF] Gao | P-T path of high-pressure/low-temperature rocks and tectonic and implications in the western Tianshan Mountains and NW China[END_REF][START_REF] Van Der Straaten | Blueschist-facies rehydration of eclogites (Tian Shan, NW-China): Implications for fluid-rock interaction in the subduction channel[END_REF]. After being activated as a thrust contact, the SCTS was reactivated with a dextral strike slip movement [START_REF] Gao | The mineralogy, petrology, metamorphic PTDt trajectory and exhumation mechanism of blueschists, south Tianshan, northwestern China[END_REF]. It separates the AMC from volcanic and volcanoclastic rocks belonging to the Yili-Tianshan plate in the North. The Northern Haerkeshan Peak Fault defines the boundary between the metamorphic belt and the marbles of the Tarim plate in the South.

The AMC [START_REF] Klemd | Metamorphic evolution of (ultra)-highpressure subduction-related transient crust in the South Tianshan Orogen (Central Asian Orogenic Belt): Geodynamic implications[END_REF][START_REF] Li | Poly-cyclic metamorphic evolution of eclogite: Evidence for multistage burial-exhumation cycling in a subduction channel[END_REF][START_REF] Meyer | An (in-)coherent metamorphic evolution of high-P eclogites and their host rocks in the Chinese southwest Tianshan?[END_REF] consists of a highto ultra-high-pressure (HP-UHP)/low temperature unit in its center, and a greenschist-facies unit separeted in two parts: one located in the North and another in the South (e.g., [START_REF] Gao | Eclogite Occurrences in the Southern Tianshan High-Pressure Belt, Xinjiang, Western China[END_REF]this study). The HP-UHP unit mainly consists of metavolcanoclastic and metasedimentary rocks varying in composition (e.g., [START_REF] Gao | Formation of HP-LT rocks and their tectonic implications in the western Tianshan Orogen, NW China: geochemical and age constraints[END_REF]this study). The southernmost parts of the Akesayi and Atantayi valleys host a large body of eclogite to blueschist-facies pillow basalts [START_REF] Bayet | Massive sediment accretion at ~ 80 km depth along the subduction interface : Evidence from the southern Chinese Tianshan[END_REF][START_REF] Gao | P-T path of high-pressure/low-temperature rocks and tectonic and implications in the western Tianshan Mountains and NW China[END_REF], is correlated to the EB unit of Tan et al. (2019). Available structural data is very limited at the scale of the studied area [START_REF] Gao | P-T path of high-pressure/low-temperature rocks and tectonic and implications in the western Tianshan Mountains and NW China[END_REF]. Only few schistosity measurements are reported, mostly in the western part of the AMC, with a main ENE-WSW strike trend [START_REF] Soldner | Metamorphic P-T-t-d evolution of (U)HP metabasites from the South Tianshan accretionary complex (NW China) -Implications for rock deformation during exhumation in a subduction channel[END_REF][START_REF] Tian | Metamorphism of ultrahigh-pressure eclogites from the Kebuerte Valley, South Tianshan, NW China: phase equilibria and P-T path[END_REF]. Previous studies indeed focused mainly on single outcrops with detailed reconstructions of pressure-temperature-time (P-T-t) paths, investigations of fluid-rock interaction processes, or recovery of the geochemical budget in the HP-UHP unit [START_REF] Beinlich | Trace-element mobilization during Cametasomatism along a major fluid conduit: Eclogitization of blueschist as a consequence of fluid-rock interaction[END_REF][START_REF] Li | Poly-cyclic metamorphic evolution of eclogite: Evidence for multistage burial-exhumation cycling in a subduction channel[END_REF]Lü et al., 2012b;[START_REF] Robinson | Geology John Day Formation of Oregon : A distal record of early Cascade volcanism John Day Formation of Oregon : A distal record of early Cascade volcanism[END_REF][START_REF] Tian | Coexistence of garnet blueschist and eclogite in South Tianshan, NW China: Dependence of P-T evolution and bulk-rock composition[END_REF][START_REF] Van Der Straaten | Blueschist-facies rehydration of eclogites (Tian Shan, NW-China): Implications for fluid-rock interaction in the subduction channel[END_REF]. P-T metamorphic peak conditions in the studied area have been constrained using conventional geothermobarometry based on textural equilibrium, average P-T (using Thermocalc; Holland and Powell, 1998), and pseudosection modelling. The results of these studies provide very scattered estimates in the range of 330 to 650 °C at 1.4 to 3.2 GPa for peak metamorphic conditions, with the most accepted value at ~530 °C and ~2.1 GPa (e.g., [START_REF] Gao | Eclogite Occurrences in the Southern Tianshan High-Pressure Belt, Xinjiang, Western China[END_REF][START_REF] Klemd | Changes in dip of subducted slabs at depth: Petrological and geochronological evidence from HP-UHP rocks (Tianshan, NW-China)[END_REF][START_REF] Connolly | Computation of phase equilibria by linear programming: A tool for geodynamic modeling and its application to subduction zone decarbonation[END_REF], Lü et al., 2012b[START_REF] Nakamura | A new formulation of garnet-clinopyroxene geothermometer based on accumulation and statistical analysis of a large experimental data set[END_REF][START_REF] Wei | Metamorphism of High/ultrahigh-pressure Pelitic-Felsic Schist in the South Tianshan Orogen, NW China: Phase Equilibria and P-T Path[END_REF][START_REF] Chopin | Ultrahigh-pressure metamorphism: Tracing continental crust into the mantle[END_REF].

Radiometric data on the dynamics of the belt span a wide range of ages. Peak burial of rocks now exposed in the AMC is estimated to have occurred between ~315 Ma and ~326 Ma with a main cluster at ~319 Ma, based on Lu-Hf and Sm-Nd dating of garnet and U-Pb zircon and rutile ages (e.g., [START_REF] Klemd | Changes in dip of subducted slabs at depth: Petrological and geochronological evidence from HP-UHP rocks (Tianshan, NW-China)[END_REF][START_REF] Liu | Paleozoic subduction erosion involving accretionary wedge sediments in the South Tianshan Orogen: Evidence from geochronological and geochemical studies on eclogites and their host metasediments[END_REF][START_REF] Soldner | Metamorphic P-T-t-d evolution of (U)HP metabasites from the South Tianshan accretionary complex (NW China) -Implications for rock deformation during exhumation in a subduction channel[END_REF][START_REF] Tan | P-T-time-isotopic evolution of coesite-bearing eclogites: Implications for exhumation processes in SW Tianshan[END_REF]. Exhumation is less well constrained, with blueschist-facies to greenschist-facies conditions around ~310-305 Ma, based on Rb-Sr and Ar-Ar dating of white mica [START_REF] Klemd | New Age Constraints on the Metamorphic Evolution of the High-Pressure/Low-Temperature Belt in the Western Tianshan Mountains, NW China[END_REF].

Field observations: lithologies and structural data

Structural and lithostratigraphic data are shown in figures 3 to 6 through outcrop-scale observations of the different lithologies (Fig. 3), panoramic views of the Muzetekezie and Akesayi valleys (Fig. 5) and synthetic maps and cross-section (Figs. 4,6). The link between lithologies, structures, metamorphism and deformation stages is summarized in Table 1.

The AMC can be divided into two major units: the high-to ultra-high-pressure (HP-UHP) unit in the south and a greenschist-facies (GS) unit in the North (Figs. 4a & 5a). The GS unit also crops out south of the AMC in the Kebuerte Valley [START_REF] Van Der Straaten | Blueschist-facies rehydration of eclogites (Tian Shan, NW-China): Implications for fluid-rock interaction in the subduction channel[END_REF]Tan et al., 2019). The GS and HP-UHP units identified here are spatially correlated, toward the west, with the GS1 and UH units of Tan et al. (2019), respectively. The GS and HP-UHP units are separated in the north by a large-scale tectonic contact extening from west to east for ~13 km, namely the greenschist/high-pressure detachment (GHPD; Figs.

5a). The GHPD is marked by a ~50-100 m thick zone of intense deformation (Fig. 5a). This contact was relocated slightly northward with respect to its former location based on our field observations (Fig. 6a). While the contact is conspicuous in the western and central parts it is more diffuse in the east, due to the tectonic imbrication of greenschists with higher grade metamorphic rocks close to the contact (Fig. 6a). In our study area the GS unit is mainly composed of metapelites containing chlorite-albite-actinolite ± white mica but lacking garnet (Fig. 3l). Schistosity measurements in the GS unit reveal a gentle synclinal fold in its central part vanishing towards the east. In the central part, the GS unit is unconformably overlain by unmetamorphosed micro-conglomerates and silts over a ~1 km 2 large area representing the remnants of a former sedimentary basin (Figs. 4a,5a,3m). We focus in the following on the HP-UHP unit.

Lithologies in the HP-UHP unit

The HP-UHP unit consists of a ~4-5 km-thick metavolcanoclastic sequence with great lithological variability: (i) 'pure' mica-rich metasediments (Fig. 3a), (ii) 'pure' mafic rocks (Fig 3c,d), both being often interlayered (Figs. 3f,g), (iii) layers of volcanoclastic rocks with intermediate composition (Fig. 3b,e), also interlayered with more pelitic (Fig 3 e,i,k) or mafic (Fig 3h,j) layers and (iv) carbonates and marbles present as veins (cm-dm), layers and bodies intercalated with volcanoclastic rocks (Fig. 3n).

To evaluate lithological variations within the HP-UHP unit, we classified lithologies according to the proportion of volcanic and sedimentary components, ranging from a 'purely' mafic metavolcanic rock (hereafter referred to as M-type) to a 'pure' micaschist (Stype), with intermediate metavolcanoclastic compositions (V-type). V-type rocks generally contain a high proportion of white mica and lesser amounts of amphibole and/or clinopyroxene compared to purely mafic rocks.

Micaschists dominate in the North, with a small proportion of mafic components and mafic rocks, only present as thin layers or small boudins (Fig. 4b; topmost part of section).

Across the study area, the lithology varies gradually from more pelitic in the North to more mafic in the South (Figs. 4a,b). The mafic component increases southward through the presence of large-scale lenses and m-to km-thick continuous mafic horizons, which can be mapped for up to a few kilometers. The southernmost accessible part of the HP-UHP unit consists of a large body, trending E-W over 3-4 km, of pillow basalts (Fig. 3p), and pillow breccias interlayered with radiolarian cherts (Fig. 3q). Due to the presence of glaciers and very difficult access further south, its southern extension remains ill-constrained.

Rocks in the HP-UHP unit underwent blueschist-to eclogite-facies metamorphism, as indicated by the occurrence of index HP and UHP minerals (e.g., omphacite, glaucophane, garnet, coesite), the presence of formerly lawsonite-bearing blueschist (Fig. 3d), glaucophanite (Fig. 3o) and eclogite s.s. (Fig. 3c). An occasional greenschist-facies overprint can be found in the HP-UHP unit.

Tectonic overview and sub-units within the HP-UHP unit

The HP-UHP unit experienced intense deformation marked by penetrative schistosities, folding, boudinage and stretching lineations (Figs. 5 to 8). Schistosity, folding and shearing tend to localize in the more pelitic lithologies, while the mafic lithologies are less affected by deformation (Fig. 3). At the km-scale, the attitude of the main schistosity (hereafter termed S n ) appears relatively monotonous (Figs. 5b,c,6a), with an average schistosity pole value around N085 30N (Fig. 6b). This apparent continuity is interrupted by several km-scale, mappable shear zones with systematical top to the north shear senses, and thus normal kinematic (Fig. 6a,c), which locally deflect the main schistosity and some large-scale markers such as carbonate horizons. These large-scale shear zones are meter to several meter wide, highly deformed zones outlined by an increase in the density of shear bands and/or overprinting crenulation. Ductile shearing is marked at all scales by S/C fabrics and fish structures (e.g. Figs. 3k,6e). C' planes strike ~N060 on average throughout the area (Fig. 6c), with consistent top-to-the-north shear senses, and thus apparent normal kinematics (Figs. 6e). C' planes commonly evidence recrystallization of blue amphibole and dominantly N-S directed lineations (Fig. 6d). A synthetic cross-section for the area is shown in figure 6f.

The large-scale shear zones, together with some changes in lithology (i.e., no marbles in sub-unit 4), allow to define five sub-units from north to south (Figs. 6a,f): sub-units 1 to 4 are characterized by metasedimentary to metamafic sequences while sub-unit 5, in the southernmost part of the study area, corresponds to a large, km-scale body of pillow basalts and associated radiolarian cherts.

Deformation stages and characteristic outcrop-scale deformation patterns

The main schistosity shown in figures 6e,f is in fact composite in many places, particularly near mafic boudins or shear zones: it is made of a dominant schistosity variably overprinted by crenulation, in places so pervasive that both cannot be distinguished. These planar structures are termed Sn and Sn+1, respectively. Ductile shear bands and C' planes cross-cutting them are therefore referred to as Dn+2 (Fig. 6e). For the sake of clarity, figure 6g features the various deformation stages found across the study area and their crosscutting relations. Table 1 provides a more detailed account of the systematic characteristics allowing to define successive deformation patterns.

Boudinage, crenulation schistosity and C' structures reworking the main schistosity, and minerals associated with these successive deformation steps, are best observed in the HP-UHP unit at the outcrop scale and/or in thin-section. Figures 7a,b show the shear zone separating units 1 and 2, which consists of a ~1 m thick mylonitic shear band with S/C structures in metapelitic rocks and boudinaged mafic rocks. Figures 7c,d show a typical boudin wrapped into a more pelitic lithology and features characteristic of successive deformation events.

The crenulation schistosity (S C ) is observed across the entire area (e.g., Fig. 7d). As for S n , S C strikes ENE-WSW but with a higher dip angle. It fully overprints S n in strongly deformed areas or along shear bands so that the main schistosity there is in fact S n+1 (e.g., Figs. 7e,f). Tight and recumbent folding visible at the cm-to km-scale, commonly with axial planes parallel to S n+1 , is therefore mostly associated to the Dn+1 deformation stage (e.g., Fig. 7h; Table 1). Large-scale folds, most obvious for metacarbonate horizons, strike N080 on average (Fig. 6a). Most of these recumbent folds rework peak burial eclogite-facies parageneses (see § Petrology below), suggesting that Dn+1 occurs at least partly during (the start of) exhumation. Some cm-scale sheath folds accompanied by blue amphibole overgrowths may correspond to Dn+1 and/or Dn+2 (Fig. 7i).

Figure 7g,j show C and C' planes of Dn+2 stage reworking the Sn+n+1 composite schistosity with blue amphibole lineation. Some minor, less pervasive shear zones display blue-green-amphibole (greenschist-facies) lineations with more randomly dispersed directions (Fig. 6d). They commonly occur as cm-to meter-scale brittle to ductile, highangle C' structures, oblique to C n+2 planes (Fig. 7k,l), and are dominantly associated with chlorite overgrowths. These greenschist-facies shear zones cutting across or overprinting blueschist-facies ones define a Dn+3 stage, possibly marking the transition from blueschistto greenschist-facies conditions (Table 1).

Deformation patterns at thin-section scale

Mafic rocks show little internal deformation, even at smaller scale (cm to mm), particularly when surrounded by metasediments: most minerals are euhedral and there is no foliation (Fig. 8a). Deformation intensifies together with an increasing white mica proportion in mafic rocks, both under eclogite-(Fig. 8b,c) and blueschist-facies conditions (Fig. 8d). Omphacite-bearing mafic rocks show much less deformation than amphibolebearing mafic rocks.

At the hand specimen or thin-section scale, deformation is accommodated by the development of a schistosity (Dn to Dn+1) composed of white mica, quartz ± acicular amphibole. Pressure shadows develop around garnet (Figs. 8e,f). In the most deformed samples, quartz presents undulose extinction and dynamic recrystallization (Fig. 8e). In addition to deformation stages recognized in the field, a former deformation stage D n-1 can be identified in these garnets (Figs. 8g,h): quartz inclusions in garnet define an older schistosity, S n-1 , rotated as garnet grows and commonly at an angle with S n (Fig. 8f). The crenulation schistosity (S C , Fig. 7e,f) develops in both V-and S-type rocks (Fig. 8g).

Shearing associated with D n+2 is expressed as S/C structures, quartz pressure shadows around garnet, foliation fishes, boudinage and rotated garnets in shear bands (Fig. 8h).

Methodology: estimation of P-T conditions and analytical techniques

Estimation of peak pressure-temperature conditions

To assess metamorphic conditions of the area and reconstruct the tectonometamorphic history, we estimated peak pressure-temperature conditions (P-T) of samples evenly distributed across the entire area using four different methods: 1) Raman spectroscopy on carbonaceous material (RSCM) thermometry, 2) Zr-in-rutile thermometry, 3) quartz-in-garnet (QuiG) barometry and 4) phengite (-garnet-omphacite) barometry.

The RSCM method (T C ) is based on the temperature dependent crystallinity of carbonaceous material, which irreversibly increases with increasing temperature. RSCM thermometry thus allows to estimate peak temperatures and was calibrated over the 330-650 °C range (e.g., [START_REF] Beyssac | Raman spectra of carbonaceous material in metasediments: A new geothermometer[END_REF]. The Zr-in-rutile thermometry (T Zr ) is based on the Zr content in rutile and measured using the electron microprobe. With increasing temperature, rutile can incorporate more Zr into its structure, independently from the rock type (S, V or M). When quartz and zircon buffer the system the corresponding temperature can be calculated purely based on Zr-content in rutile (e.g., [START_REF] Zack | Temperature dependence of Zr in rutile: Empirical calibration of a rutile thermometer[END_REF]. The Zr in rutile thermometer allows broad applications on various rock types over a large temperature range (430-1100 °C). We used the calibration of Ferry and Watson (2007). All measured rutiles have zircon in their close vicinity to buffer the Zr system. Inasmuch as possible, we avoided rutile with zircon exsolution or inclusions, which may bias the calculated temperatures [START_REF] Meyer | Trace element composition of rutile and the application of Zr-in-rutile thermometry to UHT metamorphism (Epupa Complex, NW Namibia)[END_REF]. We measured as many grains as possible from 10-15 µm up to a few centimeters to obtain better statistics and homogeneous results. Both thermometers are restricted by an absolute uncertainty of about ± 50 °C. Their precision, however, is estimated to be ± 10 °C, which reflects their high reproducibility [START_REF] Beyssac | Raman spectra of carbonaceous material in metasediments: A new geothermometer[END_REF][START_REF] Zack | Temperature dependence of Zr in rutile: Empirical calibration of a rutile thermometer[END_REF].

Minimum peak pressures (P Q ) were estimated using quartz-in-garnet (QuiG) barometry following the method of [START_REF] Enami | Laser Raman microspectrometry of metamorphic quartz: A simple method for comparison of metamorphic pressures[END_REF] and Ashley et al. (2014b). This method is based on the different elastic moduli of garnet and quartz, resulting in less compression of the garnet lattice with increasing pressure compared to the quartz lattice.

Pressure at the time of formation of the minerals is stored as residual stress in the quartz lattice enclosed by the stiff garnet container, which can be quantified using Raman spectroscopy. The stressed quartz lattice results in a shift of the 464 cm -1 peak of quartz (Δυ464), reflecting the residual confining pressure [START_REF] Ashley | Quartz-in-garnet inclusion barometry under fire: Reducing uncertainty from model estimates[END_REF]. However, change in garnet composition induces a modification of its elasticity, leading to subsidiary quartz lattice relaxation (Rosenfeld, 1969). Accordingly, we measured garnet compositions near all inclusions. Pressures (P Q ) were then determined using the QuiBCalc program (Ashley et al., 2014b), with the equation of state of [START_REF] Van Der Molen | The pressure path of solid inclusions in minerals: the retention of coesite inclusions during uplift[END_REF]. The program requires three input parameters: 1) the quartz Raman shift (Δυ464), 2) the relevant garnet composition, and 3) the temperature of entrapment. Garnet compositions were determined by single spot EMPA near the location of the inclusion or by extrapolation using chemical maps in combination with line scans from EMPA. The individual entrapment temperatures for the inclusions have been carefully calculated by: 1) determining the temperature of the initial stage of garnet growth using pseudosection modeling (Perple_X 6.7.3;[START_REF] Connolly | Computation of phase equilibria by linear programming: A tool for geodynamic modeling and its application to subduction zone decarbonation[END_REF][START_REF] Connolly | Multivariable phase diagrams: an algorithm based on generalized thermodynamics[END_REF]; 2) considering the previously determined peak temperature of each sample for garnet rim growth (T C and T Zr ) and 3) evaluating the distance of each inclusion from the garnet core and interpolating the temperature linearly from core to rim.

The distance to the garnet core of each inclusion was determined using element distribution maps. Quartz inclusions should be small in comparison to the thin section thickness (< 1/3 of about 30 µm) and not exposed to the surface or at the bottom of the thin section to ensure good confinement conditions. Only maximum estimates of P Q were considered, as this value may have been decreased by elastic and viscous relaxation.

Peak pressures were also estimated using the phengite barometry based on the assemblage garnet-clinopyroxene-phengite (P GOP ), using the equilibrium described in [START_REF] Waters | The garnet-cpx-phengite barometer-recommended calibration and calculation method[END_REF]:

6 diopside (Di) + 3 muscovite (Ms) = pyrope (Py) + 2 grossular (Grs) +3 celadonite (Cel) (1)
Equilibrium conditions are estimated following the activity models and method of [START_REF] Ravna | Geothermobarometry of UHP and HP eclogites and schists -An evaluation of equilibria among garnet-clinopyroxene-kyanite-phengitecoesite/quartz[END_REF], based on transfer reactions between the different end-members.

Temperatures estimated through this method, however, essentially rely on Fe-Mg equilibrium (e.g., [START_REF] Ellis | An experimental study of the effect of Ca upon garnetclinopyroxene Fe-Mg exchange equilibria[END_REF][START_REF] Ravna | The garnet -clinopyroxene Fe 2 + -Mg geothermometer : an updated calibration[END_REF], which is known to overestimate temperatures by about 50 °C (e.g., [START_REF] Klemd | Changes in dip of subducted slabs at depth: Petrological and geochronological evidence from HP-UHP rocks (Tianshan, NW-China)[END_REF][START_REF] Lü | Petrology of coesite-bearing eclogite from Habutengsu Valley, western Tianshan, NW China and its tectonometamorphic implication[END_REF][START_REF] Nakamura | A new formulation of garnet-clinopyroxene geothermometer based on accumulation and statistical analysis of a large experimental data set[END_REF], and standard deviations are large (±82 °C and ±65 °C in the quartz and coesite stability fields, respectively), in part due to the unreliable estimation of the Fe 3+ /Fe tot by charge balance. To circumvent these problems, the peak pressure was herein calculated from independent Zr-inrutile and RSCM thermometry, since reaction (1) above can be used independently as a phengite geobarometer for a given temperature. To estimate the peak recorded pressure (P GOP ), garnet with maximum �𝑎𝑎 𝑔𝑔𝑔𝑔𝑔𝑔 𝑔𝑔𝑔𝑔𝑔𝑔 �²𝑎𝑎 𝑝𝑝𝑝𝑝 𝑔𝑔𝑔𝑔𝑔𝑔 , omphacite with minimum 𝑎𝑎 𝑑𝑑𝑑𝑑 𝑐𝑐𝑝𝑝𝑐𝑐 (and correspondingly maximum X Jd ) and phengite with maximum 𝑎𝑎 𝐴𝐴𝐴𝐴-𝑐𝑐𝑐𝑐𝐴𝐴 𝑝𝑝ℎ𝑐𝑐 (maximum Si-content)

were considered [START_REF] Carswell | Metamorphic evolution, mineral chemistry and thermobarometry of schists and orthogneisses hosting ultra-high pressure eclogites in the Dabieshan of central China[END_REF][START_REF] Ravna | Geothermobarometry of UHP and HP eclogites and schists -An evaluation of equilibria among garnet-clinopyroxene-kyanite-phengitecoesite/quartz[END_REF].

Electron microprobe analyses (EMPA)

Concentration of Zr in rutile was determined by EMPA performed on a JEOL JXA 8900 Superprobe electron microprobe at the Institute for Mineralogy at the Westfälische Wilhelms-Universität Münster. Operating conditions were 15 kV accelerating voltage, 120

nA beam current and a beam diameter of 3 μm. To achieve low detection limits (35 µg/g) of Zr, peak counting rates were 30 s and 15 s for background for Si, Nb and Zr with 5 accumulations. To avoid boundary effects, we measured rutiles >10 μm. We used the quality control after [START_REF] Zack | Temperature dependence of Zr in rutile: Empirical calibration of a rutile thermometer[END_REF], by measuring the Si concentration, ensuring a maximum limit for the Si content of 250 µg/g.

We performed EMPA to determine the mineral chemistry and chemical zoning of key minerals. Most of the EMPA were performed on a JEOL JXA 8200 Superprobe electron microprobe, equipped with five wavelength-dispersive spectrometers (WDS), at the Freie Universität Berlin, Germany. Some of the analyses were performed on a Cameca SX100 at Camparis in Université Paris 6. Operating conditions were 15 kV accelerating voltage, 20

nA beam current and a beam diameter of 5 μm for white micas, amphiboles and epidotes, and of 1 μm for all other minerals. Both natural and synthetic standards have been used. The raw data were corrected with the ZAF procedure. The relative analytical error for majorelements is less than 1%. Peak counting times are 10 s for Na, Mg, Al, Si, Ca, K, Ti, and Ba, 30 s for Mn and Fe, and we used half of the peak time for background counting. Element distribution maps were measured in WDS (Si, Al, Ca, Fe, Mn, Mg, Cr, Ti, Na, K) and energy-dispersive spectrometer mode with an acceleration voltage of 15 kV, a beam current of 20 nA. We used different pixel size (1-10 μm) and dwell time (70-100 ms) depending on the mapped area.

Raman spectroscopy

Raman spectroscopy has been performed to estimate both pressure and temperature independently. Pressure estimates on quartz inclusions enclosed by garnet were performed at Freie Universität Berlin, Germany using a Horiba ISA Dilor Labram confocal Raman spectrometer, equipped with a Nd-YAG laser (532 nm wavelength) and temperatures on carbonaceous material at École Normale Supérieure, Paris, France using a Renishaw in Via equipped with an Ar ion laser (514.5 nm wavelength). Both Raman spectrometers were equipped with a CCD detector and laser spot size was focused to 1 μm through a microscope (x100 objective) on the material of interest. With a 1800 grooves/mm and 100 µm slitwidth the spectral resolution near 464 cm -1 was around 4 cm -1 for quartz measurements.

Calibration was done on a Si standard with a 520.7 cm -1 peak in both cases. To ensure good determination of the quartz band, the 464 cm -1 band of an additional quartz standard was used. Both standards were measured several times during the measuring period to correct for potential peak shifts with time. To avoid any heating effects on the carbonaceous material due to the laser, the laser energy on the sample surface was reduced to half of its full power by introducing adequate filters. To account for structural heterogeneity of the carbonaceous material, 15-20 spectra were measured for each sample. The spectra obtained with Raman spectroscopy was processed using the program PeakFit 3.0 (Jandel Scientific) using Voigt functions.

Petrological characterization of the HP-UHP unit

We investigated 137 representative samples from various lithologies and metamorphic grades, of which ~30 were selected for petrographic, mineralogical, chemical, and Raman spectroscopic analysis, from the greenschist-facies unit, the HP-UHP unit with both metasedimentary, mafic, and intermediate composition rocks (sub-units 1-4), and the pillowbearing unit (sub-unit 5). We particularly focused on blueschist-to eclogite-facies rocks to assess peak metamorphic conditions of the studied area and so essentially present below the results obtained for the HP-UHP unit.

The grenschist-facies unit is composed of metasedimentary rocks having experienced greenschist-facies conditions only. These rocks consist of albite + white mica + green amphibole + chlorite + epidote + quartz (Fig. 9a). Titanite, carbonate and iron oxides are present as minor phases. Albite and white mica present a poikiloblastic texture and are elongated parallel to the schistosity. Epidote, chlorite, and green amphibole make up the matrix as patchy small grains. Quartz forms large grains in the matrix. Omphacite, blue amphibole, rutile, and garnet are systematically absent, suggesting peak metamorphism at greenschist-facies conditions. The same mineral assemblage has been determined for samples belonging to the greenschist-facies unit in the south of the belt.

Mafic rocks

Pure mafic rocks show eclogite-facies conditions and are of two types:

-Blueschists (s.s.) consist of glaucophane (up to 70 vol. %) + garnet ± white mica ± epidote ± quartz ± omphacite (Fig. 9b). Omphacite, when present, is in equilibrium with glaucophane. Garnet porphyroblasts (0.5-1 cm) are euhedral to subhedral. Garnet contains variable amount of inclusions of quartz ± epidote ± omphacite ± amphibole ± chlorite ± carbonate and numerous Ti-phases. Glaucophane composes the matrix as elongated crystals.

The Ti-phase is mainly rutile and occasionally titanite. Some samples contain carbonate.

Apatite, zircon, and iron oxide represent the accessory minerals.

-Eclogites (s.s.) consist of omphacite (up to 80 vol. %) + garnet ± amphibole ± white mica ± epidote ± rutile (Figs. 3c,9c). Omphacite is mostly interstitial and either patchy or found as rare prisms. Is also occurs as small inclusions in garnets. Garnet occurs as euhedral to subhedral porphyroblasts of 0.5 mm to 3-5 cm size and contains similar inclusions to those of garnets in blueschists (Fig. 9d). Chlorite is commonly found in the core of garnet, epidote is located between the core and mantle, while omphacite is mainly found in the mantle to rim of garnet, suggesting prograde garnet growth. Garnet has often inclusion-free rims (Fig. 9d). Matrix omphacite is anhedral and forms patchy and fibrous grains. When present, matrix amphibole is sub-to euhedral with a prismatic to needle shape.

White mica is present as euhedral lamellae. Euhedral rutile occurs as inclusion in garnet, amphibole, white mica, epidote and in the matrix (up to 5%) and is in places rimmed by titanite, when found in the matrix assemblage. Some samples contain carbonate as a minor phase. Accessory minerals include apatite, pyrite, zircon, and iron oxide.

Volcano-clastic rocks

Volcano-clastic rocks are characterized by a mineral assemblage of white mica + garnet + quartz + albite plus minor and accessory phases such as omphacite, amphibole and epidote. The presence of omphacite, amphibole or epidote shows that these rocks are impure metasediments with a variable psammitic and/or mafic fraction. Garnet size and shape vary significantly among samples, from euhedral to anhedral. The small garnet crystals (0.1-1 mm in size) are mostly inclusion free, while the larger porphyroblasts (0.5-1 cm size) show the same inclusion pattern as the more mafic rocks. Volcanoclastic rocks present a more or less pronounced schistosity (S n ) depeding on the proportion of white mica present in each sample. Albite always displays a poikiloblastic texture.

Metasedimentary rocks

Metasedimentary rocks are mainly commposed of white mica + garnet + quartz + albite plus minor and accessory phases. Mafic minerals, such as omphacite, amphibole or epidote are absent or present in negligeable proportions. Garnets are often euhedral to subhedral small (0.1-0.2 mm in size) crystals and mostly inclusion free. Metasedimentary rocks always evidence a strong schistosity (S n ), mainly marked by phengite and stretched quartz crystals. Albite displays a poikiloblastic texture.

Retrograde blueschist-facies to greenschist-facies metamorphism

Blueschist-facies retrogression is indicated by the replacement of omphacite and/or glaucophane by blue-green amphiboles (Fig. 9e), with rare relicts of glaucophane in amphibole cores. Retrogression is also indicated by large (up to 0.5 cm) albite grains (Fig. 9e) and titanite as the main Ti-phase, although a few rutile grains remain in some samples.

The greenschist-facies retrogression is marked by further chloritisation of various Mg-Ferich minerals such as amphibole, omphacite and garnet (Fig. 9f).

Mineral chemistry

Representative analyses of major element composition of minerals are shown in Fig. 10 and given in Table 2 (more data are avalaible in Table S1). Table S2 shows some XRF data of the composition for the different rock types. Mineral abbreviations are after Whitney and Evans (2010).

Garnet

Garnet is found in all rock types in the HP-UHP unit. Most garnet porphyroblasts show a typical prograde chemical growth zoning, characterized by almandine (Fe) and spessartine (Mn) components decreasing from core to rim, while the pyrope (Mg) and grossular (Ca) components are increasing (Table 2; Fig. 10a). Some samples nevertheless exhibit garnet with different zoning patterns, such as oscillatory zoning, two step growth, or embayments due to corrosion followed by a phase of new garnet growth. The various zonings are not specific to a rock-type. Garnets in eclogite-facies V-type rocks, blueschistfacies V-type rocks, and micaschists samples have an average composition of Alm 55-82 -Pyr 1- 15 -Grs 14-41 (except sample FTS 2-7: Alm 52-63 -Pyr 14-25 -Grs 22-25 ), Alm 62-84 -Pyr 4-15 -Grs 7-26 and Alm 60-82 -Pyr 4-19 -Grs 6-28 , respectively (Fig. 10a; Table 2). Garnets containing inclusions systematically display a prograde pattern, with greenschists-facies minerals near the core (chlorite) to blueschist-facies minerals (epidote, blue-amphibole) from core to mantle, and eclogite-facies minerals (omphacite, epidote) from mantle to rim. Quartz inclusions are located throughout the whole garnet, while coesite inclusions have been found only in the garnet mantle.

White mica

White mica occurs as paragonite and/or phengite. They form single euhedral crystals of paragonite and phengite (or an intergrowth) in mafic omphacite, eclogite-facies and retrograde blueschist-facies samples. In pelitic rocks, white mica aligns along the schistosity and forms the matrix. Paragonite and phengite present Na/(K+Na) values of 0.8-1 and 0.1-0.3, respectively. Phengites show Fe+Mg (pfu) values ranging from 0.37 to 0.67 and a Si (pfu) content of 3.25 to 3.70 (Fig. 10b). Offset from the tschermak 1:1 line (Fig. 10b) is likely due to a high Fe 3+ content. Paragonite displays a Fe (pfu) content ≤ 0.025. Paragonite is found is all rock types and is present as a retrograde phase in eclogites. In greenschist samples, paragonite is the only white mica present.

Clinopyroxene

Clinopyroxene is classified according to the nomenclature of [START_REF] Morimoto | Nomenclature of Pyroxenes[END_REF]. The estimation of the ferric iron content is based on the method described in [START_REF] Droop | A General Equation for Estimating Fe3+ Concentrations in Ferromagnesian Silicates and Oxides from Microprobe Analyses, Using Stoichiometric Criteria[END_REF]. Most of the clinopyroxene minerals are omphacite (Jd 24-58 -Ae 0-32 -Di-Hd 30-62 ), except for two samples (eclogites s.s.), which are partly in the field of aegerine-augite (Jd 21-34 -Ae 30-36 -Di-Hd 33-47 ) (Fig. 10c; Table 2). Omphacites form a matrix of intergrown patchy grains, due to variation of jadeite and aegerine composition (Fig. 9d). Omphacite occurring as inclusion in garnet and within the matrix display the same compositional range, although inclusions tend to be closer to the aegirine-augite field.

Amphibole

Amphibole is classified according to the nomenclature of [START_REF] Leake | Nomenclature of Amphiboles: Report of the Subcommittee on Amphiboles of the International Mineralogical Association Commission on New Minerals and Mineral Names[END_REF][START_REF] Leake | Nomenclature of amphiboles: Additions and revisions to the International Mineralogical Association's amphibole nomenclature[END_REF] (Fig. 10d) and structural formulae are calculated after the procedure outlined by J.

Schumacher (in [START_REF] Leake | Nomenclature of Amphiboles: Report of the Subcommittee on Amphiboles of the International Mineralogical Association Commission on New Minerals and Mineral Names[END_REF]. Amphiboles are mainly glaucophane and barroisite in composition, with minor occurences of winchite, richterite, Mg-hornblendeand rare actinolite (Table 2). They occur as prismatic and acicular euhedral crystals, or as prisms elongated parallel to schistosity. Blue amphibole in eclogites occurs along the Dn+1 schistosity or in pressure shadows along Dn. They form porphyroblasts floating in the matrix, as matrix minerals, or as inclusion in other minerals such as garnet. Amphibole retrogression is marked by thin barroisitic or crossitic rims surrounding glaucophane porphyroblasts. Amphibole inclusions in garnet have compositions similar to the matrix minerals.

Epidote group minerals

Epidote-group minerals occur as prismatic and acicular shape large grains of various sizes in the matrix or as inclusions in garnet. Some epidotes, mainly in mafic samples, contain quartz, rutile and amphibole inclusions. Most matrix epidote-group minerals present a core to rim zoning varying from allanitic or epidotic (LREE-or Fe 3+ -rich) to clinozoisite (Al 3+ -rich). In the sample M 14.8 from the greenschist-facies unit, their composition is closer to the clinozoisite end-member, with X Al (Al/(Al+Fe 3+ )) values of 0.7-0.9 (Table 2).

Chlorite

Chlorite, when present, is commonly associated with garnet and appears in garnet core regions as inclusion, or filling fractures across garnet, or replacing garnet at garnet rims. In retrogressed samples, chlorite is present in the matrix as elongated or patchy crystals. Their X Mg varies between 0.2 and 0.6 in the HP-UHP unit, while chlorite in the greenschist-facies unit has an X Mg =0.64-0.67 (Table 2).

Rutile/Titanite

In pristine high-pressure rocks, the main Ti-phase is rutile, occurring in the matrix and as inclusion in garnet, white mica, amphibole, epidote. Matrix rutile may develop a titanite rim when significant retrogression affected the rock.

Other minerals

Carbonate minerals have compositions between ankerite and calcite (Table 2). They occur as vein filling, single crystal in the matrix or as inclusions. Albite (X Ab > 0.98, Table 2)

formed during retrogression and is mostly found in mica-rich samples and occasionally in more mafic ones. Pyrite crystals occur as matrix mineral as well as inclusion in various minerals. Apatite is mostly present in the matrix as rounded grains. Zircon is present as rare small grains (few μm).

Estimation of peak P-T conditions

Peak temperature estimates

The thermometer based on graphitization of the carbonaceous material (T C ) could be applied to 24 samples in the HP-UHP unit, mainly V-and S-type, as the M-type rarely contains carbonaceous material, and one sample in the Greenschist Unit (M 14.10; to assess its peak metamorphic condition). The proportion of carbonaceous material varies between a few percent to up to 10-20 % of the mineral assemblage (garnet + carbonaceous material + white mica + quartz ± feldspar ± amphibole ± omphacite). The thermometer based on Zr content in rutile (T Zr ) was applied to 10 samples (Table S3). This allows comparison of both thermometers and a temperature estimate for samples lacking carbonaceous material.

Estimated T C values range between 525 °C and 553 °C (with 15 to 32 °C intra-sample error) with an average of 539 ± 13 °C (Fig. 11a). Two samples exhibit slightly off range T C estimates of 509 ± 20 °C (AT 14.30) and 573 ± 29 °C (AK 14.10-1), although remaining in the range within error of the method. T Zr estimates display slightly lower values than T C (Fig. 11a). T Zr estimates range from 520 °C to 543 °C (with 14 to 22 °C intra-sample error),

with 530 ± 7 °C on average (Fig. 11a). The combination of both thermometers results in an average temperature of 538 ± 12 °C for the entire HP-UHP unit with a rather homogeneous distribution throughout the studied area (Fig. 11b). No significant difference is observed between samples with distinct apparent metamorphic grade (blueschists, mixed blueschists/eclogites, eclogites; Fig. 11c). Sample M 14.10 exhibits a T C value of 180 ± 35

°C with a maximum of 235 °C, consistent with maximum low-grade greenschist-facies conditions.

Pressure estimates

The QuiG barometer was applied to 18 samples from various rock types to estimate minimum values of the peak pressure (P R ) in the HP-UHP unit. Garnets used for QuiG barometry have an average composition of Alm 67.8 -Sps 2.4 -Pyr 9.0 -Grs 20.5 , with core to rim variations ranging between Alm 64.9 -Sps 7.1 -Pyr 8.6 -Grs 19.4 and Alm 63.9 -Sps 2.2 -Pyr 10.0 -Grs 23.4 .

Most garnets present a prograde growth zoning, allowing to correlate the temperature linearily from core to rim for each mineral inclusion. The Δυ464 value (and accordingly pressure) increases from garnet core to garnet mantle, with a slight decrease towards the garnet rim (Fig. 11e). Estimated values of P R vary from 1.5 to 2.8 GPa with an error of 0.2 GPa.

For the sake of comparison (and for samples lacking suitable quartz inclusions for the QuiG barometry) we applied the phengite barometer (P GOP ) to 6 samples in the HP-UHP unit. P GOP values obtained range from 2.3 to 3.0 GPa, with 3 samples exhibiting values above the quartz-coesite transition (>0.6 GPa, [START_REF] Richter | Stresses and pressures at the quartz-tocoesite phase transformation in shear deformation experiments[END_REF].

Coesite inclusions in garnet were identified by Raman spectroscopy by their main bands at 521 cm -1 (Fig. 11d) and are mainly found in the mantle zone of garnet. The presence of coesite implies a minimum pressure of ~ 2.6 GPa for the determined regional temperature of ~540 °C [START_REF] Richter | Stresses and pressures at the quartz-tocoesite phase transformation in shear deformation experiments[END_REF]. We considered a minimum peak pressure of 2.6 GPa for coesite-bearing samples, when the estimated pressure with QuiG (P R ) and/or phengite barometry (P GOP ) was < 2.6 GPa.

The combination of P R ,P GOP , and coesite occurrence for each sample provides a new range of minimum peak pressures of 2.1 to 3.0 GPa, with an average of 2.5 ± 0.2 GPa. This restricted pressure range reveals a rather homogeneous distribution throughout the sampled area (Fig. 11e). No variations in pressure are observed across the observed km-scale shear zones (Fig. 12d).

Discussion

Peak metamorphic conditions across the HP-UHP unit

Peak P-T conditions in the HP-UHP unit (Table S4) were investigated on continuously distributed samples across the entire Akeyazi metamorphic complex (AMC), using the same combination of methods.

Peak-temperatures estimated by RSCM spectroscopy, T C , yielded a tight cluster at ~540 °C (Figs. 11a,b). Only two samples deviate significantly from this average value (AT 14.30, T C =509 °C and AK 14.10-1, T C =573 °C) and may record local temperature deviations, possibly as a result of fluid-rock interactions. T Zr yields slightly lower values than T C , although overlapping within error. Minor Zr diffusion out of rutile grains during cooling may have lowered T Zr estimates [START_REF] Cherniak | Pb diffusion in rutile[END_REF][START_REF] Zack | Temperature dependence of Zr in rutile: Empirical calibration of a rutile thermometer[END_REF], which seems supported by the observation of local zircon or baddeleyite exsolutions within rutile.

Interestingly, T Zr displays no difference in temperature for eclogites or blueschists (Fig. 11c). This confirms that the distinct mineral assemblages of these rocks reflect individual bulk composition rather than different P-T conditions (e.g., [START_REF] Beinlich | Trace-element mobilization during Cametasomatism along a major fluid conduit: Eclogitization of blueschist as a consequence of fluid-rock interaction[END_REF][START_REF] Tian | Coexistence of garnet blueschist and eclogite in South Tianshan, NW China: Dependence of P-T evolution and bulk-rock composition[END_REF].

Estimated pressures, P R and P GOP , range from 1.48 GPa to 2.81 GPa and 2.31 GPa to 2.98 GPa, respectively. It should be recalled that P R values determined through the QuiG barometry correspond to minimum estimates of Pmax, since estimated pressures only reflect the residual pressure preserved by the quartz inclusion, whose relaxation in turn depends on the elasticity of its host [START_REF] Enami | Influence of garnet hosts on the Raman spectra of quartz inclusions[END_REF]. The discrepancy, in some samples and in the same garnets (e.g., AK 14.66), between very low P R estimates around 1.5 GPa and the presence of coesite inclusions implying P > 2.6 GPa [START_REF] Richter | Stresses and pressures at the quartz-tocoesite phase transformation in shear deformation experiments[END_REF], could therefore result from cracks in the vicinity of the measured quartz inclusions (thereby altering quartz relaxation; [START_REF] Angel | How large are departures from lithostatic pressure? Constraints from host-inclusion elasticity[END_REF]Ashley et al., 2014a) or inclusions being located too close to the thin section edge. This is corroborated by the observation of many cracks in garnets, especially the large ones, in addition to a large amount of inclusions very close to each other in many of the garnets. In particular, the dilatant transformation of coesite inclusions to quartz can fracture garnet [START_REF] Chopin | Coesite and pure pyrope in high-grade blueschists of the Western Alps: a first record and some consequences[END_REF][START_REF] Gillet | Coesite in subducted continental crust: P-T history deduced from an elastic model[END_REF][START_REF] Van Der Molen | The pressure path of solid inclusions in minerals: the retention of coesite inclusions during uplift[END_REF], leading to partial decompression of quartz inclusions. Interestingly, the quartz maximum shift, peak P R and coesite findings are mainly located in the garnet mantle zone, followed by a slight P R decrease towards the rim.

Pressures estimated using the phengite barometry (P GOP ) are calculated based on textural equilibrium between phengite-ompacite-garnet minerals (using only euhedral garnet devoid of rim corrosion to ensure equilibrium between the last growth stage and the matrix minerals). We only considered maximum Si contents of phengite to estimate the peak pressure, as phengite may have recrystallized to lower Si contents during retrogression. Two of the samples recording P GOP >2.6 GPa contain coesite, suggesting that one may rely on this method to estimate pressure conditions if the minerals chosen really grew in equilibrium at peak conditions.

Combining T Zr and T C yields a regional average of ca. 540 °C for the HP-UHP unit, with no significant variations in temperature along and across the area (Figs. 11a,b,12d).

Therefore this indicates that both thermometers seem to record peak temperatures and that Zr concentrations (for T Zr ) or carbonaceous material (for T c ) were not affected by later retrogression (e.g., [START_REF] Beyssac | Raman spectra of carbonaceous material in metasediments: A new geothermometer[END_REF], whatever the lithology (mafic, volcanoclastic, or micaschist) and effective bulk composition [START_REF] Beinlich | Trace-element mobilization during Cametasomatism along a major fluid conduit: Eclogitization of blueschist as a consequence of fluid-rock interaction[END_REF].

The distribution of global effective pressure P eff , taken as the maximum value of pressure estimates (i.e., out of QuiG barometry, phengite barometry and coesite occurrence), is rather uniform though less homogeneous, ranging from 2.1 GPa to 3.0 GPa, with an average of 2.5 GPa (Fig. 11e). The regional average of ca. 2.5 GPa for the given peak temperatures of ca. 540 °C suggests that the whole area had been at a depth close to or at the quartz-coesite transition zone (Fig. 12d), a conclusion supported by the many coesite findings (e.g., [START_REF] Lü | Petrology of coesite-bearing eclogite from Habutengsu Valley, western Tianshan, NW China and its tectonometamorphic implication[END_REF]Lü and Zhang, 2012, this study). The values around 2.5-2.8

GPa are also in agreement with recent pseudosection modelling in the AMC [START_REF] Lü | Petrology of coesite-bearing eclogite from Habutengsu Valley, western Tianshan, NW China and its tectonometamorphic implication[END_REF](Lü et al., , 2012a;;[START_REF] Soldner | Metamorphic P-T-t-d evolution of (U)HP metabasites from the South Tianshan accretionary complex (NW China) -Implications for rock deformation during exhumation in a subduction channel[END_REF][START_REF] Tan | P-T-time-isotopic evolution of coesite-bearing eclogites: Implications for exhumation processes in SW Tianshan[END_REF].

These results demonstrate that the sub-units of the HP-UHP sequence were subducted and detached from the downgoing slab to form a single nappe stack near peak burial UHP conditions (Fig. 12). The continuous temperature increase from garnet core to garnet rim, and slight pressure decrease from garnet mantle to garnet rim, indicates partial exhumation of this unit at a slightly higher level, while heating up to 540 °C.

8.2 Tectonic implications at the scale of the area

Nature and origin of the lithologies

Detailed mapping reveals that the HP-UHP unit is composed of a ~4-5 km-thick metasedimentary and metavolcanoclastic sequence grading southward from more pelitic to more mafic (Fig. 4b). The N-MORB, E-MORB, OIB and/or arc geochemical signatures of the mafic rocks [START_REF] Gao | The mineralogy, petrology, metamorphic PTDt trajectory and exhumation mechanism of blueschists, south Tianshan, northwestern China[END_REF][START_REF] Gao | Formation of HP-LT rocks and their tectonic implications in the western Tianshan Orogen, NW China: geochemical and age constraints[END_REF][START_REF] Liu | Paleozoic subduction erosion involving accretionary wedge sediments in the South Tianshan Orogen: Evidence from geochronological and geochemical studies on eclogites and their host metasediments[END_REF][START_REF] Van Der Straaten | Tracing the effects of high-pressure metasomatic fluids and seawater alteration in blueschist-facies overprinted eclogites: Implications for subduction channel processes[END_REF] testify the existence of a complex oceanic crust (i.e., with seamount-like heterogeneities and/or subduction related arc-volcanism), while metasedimentary components (carbonates and micaschists) may correspond to the sedimentary cover of the subducting oceanic crust and/or trench or fore-arc basin sediments [START_REF] Ai | Geochemical characteristics and tectonic implications of HP-UHP eclogites and blueschists in Southwestern Tianshan, China[END_REF][START_REF] Gao | The mineralogy, petrology, metamorphic PTDt trajectory and exhumation mechanism of blueschists, south Tianshan, northwestern China[END_REF][START_REF] Liu | Paleozoic subduction erosion involving accretionary wedge sediments in the South Tianshan Orogen: Evidence from geochronological and geochemical studies on eclogites and their host metasediments[END_REF][START_REF] Meyer | An (in-)coherent metamorphic evolution of high-P eclogites and their host rocks in the Chinese southwest Tianshan?[END_REF].

Intercalated radiolarian cherts, pillow basalts and pillow breccias (with N-MORB to E-MORB signature; [START_REF] Gao | The mineralogy, petrology, metamorphic PTDt trajectory and exhumation mechanism of blueschists, south Tianshan, northwestern China[END_REF] of the southernmost and last accreted unit (sub-unit 5)

represent the upper portion of the oceanic slab. We suggest that the north to south lithological and compositional gradient documented here (in sub-units 1 to 4; Figs. 5,6) reflects the incorporation of increasing amounts of trench material of volcanoclastic origin (likely upper plate derived, for example as a result of large volcanic eruptions; Kutterolf et al., 2008a[START_REF] Kutterolf | Pacific offshore record of plinian arc volcanism in Central America: 1. Along-arc correlations[END_REF][START_REF] Co Scudder | Dispersed ash in deeply buried sediment from the northwest Pacific Ocean: An example from the Izu-Bonin arc (ODP Site 1149)[END_REF] as the subduction system evolves.

This increasing input of volcanoclastic material may also reflect an evolution from subduction accretion (with only thin veneers of deep-sea sediments, as in sub-unit 1, making their way into subduction) to subduction erosion: the more psammitic and mafic components would correspond to large pieces of the accretionary prism and arc-derived material shovelled into subduction. Such an evolution was suggested for the Apennines to explain the change in slope basin deposits and the removal of the toe of the Ligurian accretionary prism [START_REF] Remitti | Tectonic and sedimentary evolution of the frontal part of an ancient subduction complex at the transition from accretion to erosion: The case of the Ligurian wedge of the Northern Apennines, Italy[END_REF] and subduction erosion was previously proposed for the AMC [START_REF] Ai | Geochemical characteristics and tectonic implications of HP-UHP eclogites and blueschists in Southwestern Tianshan, China[END_REF][START_REF] Liu | Paleozoic subduction erosion involving accretionary wedge sediments in the South Tianshan Orogen: Evidence from geochronological and geochemical studies on eclogites and their host metasediments[END_REF].

Tectonic mélange or sub-belt model?

Two contradictory concepts were so far proposed for the structural evolution of the AMC (Fig. 1b).

On the one hand, the AMC was regarded as a block in matrix tectonic mélange, assuming eclogite boudins and bodies are embedded in "country rock" metapelites (e.g., [START_REF] Klemd | Metamorphic evolution of (ultra)-highpressure subduction-related transient crust in the South Tianshan Orogen (Central Asian Orogenic Belt): Geodynamic implications[END_REF][START_REF] Klemd | Changes in dip of subducted slabs at depth: Petrological and geochronological evidence from HP-UHP rocks (Tianshan, NW-China)[END_REF][START_REF] Li | Poly-cyclic metamorphic evolution of eclogite: Evidence for multistage burial-exhumation cycling in a subduction channel[END_REF][START_REF] Meyer | An (in-)coherent metamorphic evolution of high-P eclogites and their host rocks in the Chinese southwest Tianshan?[END_REF]. Our findings conflict with such a mélange structure, as mapping reveals km-scale lateral continuities and interlayering of mafic and sedimentary rocks (Figs.4,5; see also [START_REF] Gao | Formation of HP-LT rocks and their tectonic implications in the western Tianshan Orogen, NW China: geochemical and age constraints[END_REF][START_REF] Liu | Paleozoic subduction erosion involving accretionary wedge sediments in the South Tianshan Orogen: Evidence from geochronological and geochemical studies on eclogites and their host metasediments[END_REF].

Some rocks (mostly from loose blocks and/or river beds in fact) seem to have experienced a complex P-T evolution (e.g., [START_REF] Li | Poly-cyclic metamorphic evolution of eclogite: Evidence for multistage burial-exhumation cycling in a subduction channel[END_REF]. This could tentatively be reconciled with our findings by thinking these may have been incorporated between tectonic slices, i.e. along major shear zones of the nappe stack.

On the other hand, the AMC was described as consisting of two units: a ultra-highpressure unit to the North, separated from a high-pressure unit in the South by a ~10-15 km shear zone (Lü et al., 2012a;[START_REF] Tian | Coexistence of garnet blueschist and eclogite in South Tianshan, NW China: Dependence of P-T evolution and bulk-rock composition[END_REF]. The lack of pressure gradient across the area (Figs. 11e,12d), and across a particular contact, does not support the existence of this boundary (which was progressively shifted on the maps, as more and more coesite was discovered in the area; Lü et al., 2012a;Tian and Wei, 2014 and references therein).

Overall, the intimate layering, homogeneous peak P-T estimates (irrespective of sedimentary or mafic protoliths) and almost ubiquitous coesite occurrences throughout the entire study area stand in contradiction with both concepts. Contrary to earlier suggestions (e.g., [START_REF] Klemd | Changes in dip of subducted slabs at depth: Petrological and geochronological evidence from HP-UHP rocks (Tianshan, NW-China)[END_REF]Lü et al., 2012a;[START_REF] Tian | Coexistence of garnet blueschist and eclogite in South Tianshan, NW China: Dependence of P-T evolution and bulk-rock composition[END_REF], large-scale shear zones do not separate units or individual blocks from various depths (Fig. 12a), , but rather accomodate deep stacking and minor later offsets during exhumation.

Succession and significance of deformation stages

Five stages of deformation were identified, the first one being only identified in thin section (D n-1 ) as quartz inclusion trails in garnet (Figs. 6g, 8f. Garnets enclosing S n-1 exhibit prograde growth zoning and preserve increasing pressures from core to rim (P R ), suggesting that this deformation stage developed during burial. The pervasive, dominant schistosity S n (stage D n ) strikes approximately E-W. A similar ~ENE-WSW trend was reported from a few scattered schistosity measurements in the study of [START_REF] Tian | Metamorphism of ultrahigh-pressure eclogites from the Kebuerte Valley, South Tianshan, NW China: phase equilibria and P-T path[END_REF]. [START_REF] Soldner | Metamorphic P-T-t-d evolution of (U)HP metabasites from the South Tianshan accretionary complex (NW China) -Implications for rock deformation during exhumation in a subduction channel[END_REF] recently reported foliation and schistosity measurements with (i) a chaotic ENE-WSW trend in Atantayi, (ii) an E-W striking trend north of Kebuerte turning into (iii) a NW-SE trend towards the South.

Later D n+1 to D n+3 fabrics show very homogeneous N-S trending lineations with top to the north shear senses (Fig. 7k,l). These fabrics (Fig. 12a) are consistent with expected exhumation dynamics following northward subduction [START_REF] Scheltens | Northward subduction-related orogenesis of the southern Altaids: Constraints from structural and metamorphic analysis of the HP/UHP accretionary complex in Chinese southwestern Tianshan, NW China[END_REF][START_REF] Soldner | Metamorphic P-T-t-d evolution of (U)HP metabasites from the South Tianshan accretionary complex (NW China) -Implications for rock deformation during exhumation in a subduction channel[END_REF]. D n and D n+1 likely occurred at eclogite-facies conditions, prior to retrograde blueschist-facies conditions. D n+2 reflects exhumation at blueschist-facies conditions, as

shown by the ubiquitous glaucophane lineations along (mm-to km-scale) shear planes (Fig. 7j). Blue-and green-amphibole lineations associated to C' planes (i.e., extensional crenulation cleavage; D n+3 ) suggest exhumation from blueschist-to greenschist-facies conditions.

Juxtaposition of the HP-UHP unit with other units

The northern greenschist-facies (GS) unit is bound in the North by the south Central Tianshan Suture (e.g., [START_REF] Gao | P-T path of high-pressure/low-temperature rocks and tectonic and implications in the western Tianshan Mountains and NW China[END_REF] and in the South by the greenschist/high-pressure detachment (GHPD; this study). This study reappraises the location of the GHPD slightly further to the North with respect to former ones.

While the distinction between the HP-UHP unit and the GS unit is sharp in the West, it is less clear in the East, as samples close and on either side of the contact may contain garnet. We propose that the GHPD is more diffuse in the East because it branches into several fault strands. The eclogite sample located immediately north of the GHPD (AK 15.20), with T C ~544°C, would thus represent a tectonic sliver sheared off the HP-UHP unit along the contact during the juxtaposition of the two units. Contrary to [START_REF] Gao | P-T path of high-pressure/low-temperature rocks and tectonic and implications in the western Tianshan Mountains and NW China[END_REF], describing greenschist-facies rocks as "country rocks" containing garnet and muscovite and possibly retrogressed from higher pressure conditions, only typical low-grade mineral assemblages and peak temperatures < 250°C were indeed found in this study.

In the central part of the GS unit a unit comprising unmetamorphosed and mostly undeformed sedimentary rocks unconformably overlains the GHPD. No age constraints could be obtained, unfortunately, for what was likely a small molasse-type continental basin.

Geodynamic evolution of the southern Chinese Tianshan metamorphic belt

Using the above petrological and structural constraints, we tentatively reappraise the geodynamic evolution of the southern Chinese Tianshan metamorphic belt (Fig. 12).

Initial stage: ongoing subduction

The nature of the AMC material indicates that trench infill, during subduction (whether or not an accretionary wedge developed), comprised pelitic and carbonate-rich sediments and variable amounts of volcanoclastic material. Based on (i) the observed lithological gradient from more pelitic in the north to more volcano-clastic and mafic towards the south, (ii) assuming northward subduction (see Geological setting) and recognizing that (iii) the 4-5 km thick sequence is made of a stack of (successive) tectonic slices, it may be argued that pelitic rocks in the north were incorporated first in the subduction zone and that the nature of the original material evolved slightly over time, comprising more volcanic fragments/ashes (Fig. 12a).

Detachment and accretion

Pieces dragged down into subduction get sequentially detached and stacked at eclogite-facies HP-UHP conditions, with average peak pressures around 2.5-2.7 GPa (Fig. 12b). This is supporting the existence of a critical point at ca. 80 km depth [START_REF] Agard | Exhumation of oceanic blueschists and eclogites in subduction zones: Timing and mechanisms[END_REF] and of coupling/decoupling level from numerical models (e.g., [START_REF] Syracuse | The global range of subduction zone thermal models[END_REF][START_REF] Wada | Common depth of slab-mantle decoupling: Reconciling diversity and uniformity of subduction zones[END_REF]. We suggest that the observed sequence was detached and stacked as several slices. The first slice comprises more metapelitic trench infill material, possibly from a still sediment-dominated margin. Successively detached slices reflect the continuous incorporation of an increasing volcano-clastic component into the trench, as a result of subduction erosion and/or increased volcanic activity [START_REF] Agard | The subduction plate interface : rock record and mechanical coupling ( from long to short timescales)[END_REF]; see discussion in § 6.2.1). The detachment of each slice is associated with thrust contacts now bounding the structural sub-units observed in the field (Figs. 12a,b). Although residing at ca. 80 km depth, temperatures were buffered and the HP-UHP unit remained relatively cool. This absence of significant heating after peak burial might be explained by shielding of the AMC from heat transfer from the overlying mantle (e.g., fluid circulation along the plate interface or presence of a mantle wedge "cold nose"; [START_REF] Abers | The thermal structure of subduction zones constrained by seismic imaging: Implications for slab dehydration and wedge flow[END_REF][START_REF] Bayet | Massive sediment accretion at ~ 80 km depth along the subduction interface : Evidence from the southern Chinese Tianshan[END_REF][START_REF] Van Der Straaten | Blueschist-facies rehydration of eclogites (Tian Shan, NW-China): Implications for fluid-rock interaction in the subduction channel[END_REF].

Detachment and stacking of the last tectonic slice with abundant pillow basalts (i.e., sub-unit 5; Fig. 6f) remains enigmatic, as no peak pressure could be estimated for these rocks (Figs. 11e,12d): this tectonic slice was either detached from the slab at UHP conditions, or later accreted to the rest of the sequence at eclogitic yet not UHP conditions.

Since the GS facies unit did not experience any HP-LT metamorphism, juxtaposition between the HP-UHP and GS units occured late or even postdated the subduction history.

Despite the lithological homogeneity of the GS unit and the fact that it is only underlain by HP-LT sub-units, its paleogeographic significance and whether it was subducted is still unclear.

Exhumation

Exhumation and pervasive thinning of the HP-UHP sequence occurred at blueschistfacies conditions, as indicated by ubiquitous glaucophane lineations, most likely through the reactivation of the former thrusts as shear zones (Fig. 12c). As only top to the north shear senses are observed and given the inferred northward subduction, this means that (i) shear zones are extensional (at least in a relative sense) and exhumation-related, and (ii) because they separate units with slightly contrasting lithological content they may have corresponded to the original (thrust) boundaries between the tectonic slices.

From that stage onwards the nappe stack behaved as a single unit, which is supported by the homogeneous distribution of the peak P-T values throughout the entire area (Fig. 12d). Sub-unit 5, if not yet part of the nappe stack (see above), most likely was detached by then from the descending slab, welded and exhumed together with the HP-UHP sequence.

Present day configuration

The greenschist unit was either exhumed prior to exhumation of the HP-UHP unit or coevally, yet, during ongoing subduction. In both cases, the AMC developed a dome-like structure with the GS unit on top of the HP-UHP unit and 'detachment' faults on each side.

This metamorphic dome may have formed while the UHP unit was exhumed throughout the greenschist unit, as in metamorphic core-complexes (e.g., Jolivet et al., 1998), or may represent later folding of previously exhumed units. Owing to the lack of diagnostic shape for the exhumation P-T path in support of the first hypothesis, folding is most likely postdating much of the exhumation. Both units were later tilted and subsequently eroded. A small molasse basin formed on top of the GHPD after all metamorphic units had reached the surface, and was later squeezed during (possibly Cenozoic) compression (Fig. 12d).

Conclusions

The systematic study of structural and lithological relationships tied to peak P-T estimates across the whole Southern Tianshan metamorphic belt allows to draw the following conclusions:

1. The lithology in the HP-UHP unit exhibits a north to south gradient, from more pelitic to more mafic. This is thought to reflect an increasing amount of volcanoclastic component in subducted material and/or a shift to subduction erosion mode through time. The studied area does not represent a block-in-matrix tectonic mélange, as continuous layers of mafic rocks are intimately interlayered with metapelitic layers.

2. The HP-UHP unit underwent rather homogeneous peak P-T conditions around ~2.5 GPa and ~540 °C and reached uniform UHP or near UHP conditions, as attested by the ubiquitous presence of coesite. Subducted trench infill was thus detached at HP-UHP conditions and stacked as several individual tectonic slices (sub-units 1-4) to form the present-day nappe stack.

3. Pervasive deformation occurs in the HP-UHP unit through five deformation stages:

(i) Dn-1 records burial and is only visible at mm-scale as inclusion trails in garnet; 4. No gap in peak pressure or temperature is observed across the large-scale shear zones operating during retrograde blueschist-facies conditions. This observation suggest that they separate sub-units stacked at similar depths and accomodate only minor offsets during later exhumation.

5. Progressive deformation patterns in the area are consistent with a northward dipping subduction. The HP-UHP sequence was exhumed close to the surface and juxtaposed to the greenschist facies unit during or after its exhumation. Regional tectonic map of the Chinese Tianshan modified after [START_REF] Gao | P-T path of high-pressure/low-temperature rocks and tectonic and implications in the western Tianshan Mountains and NW China[END_REF]. (c)

Figure captions

Geological map of the Tianshan Akeyazi metamorphic complex in NW China displaying the suggested "HP/UHP shear zone" modified after Lü et al (2012). Profiles a, b and c represent localities for field views of figure 4. barroisite, magnesio-hornblende, winchite or richterite and actinolite after [START_REF] Leake | Nomenclature of Amphiboles: Report of the Subcommittee on Amphiboles of the International Mineralogical Association Commission on New Minerals and Mineral Names[END_REF][START_REF] Leake | Nomenclature of amphiboles: Additions and revisions to the International Mineralogical Association's amphibole nomenclature[END_REF]. Blue amphibole is mostly glaucophane (blue area). e) Sample names and symbols legend: yellow symbols refer to S-to V-types rocks, blue symbols to blueschistfacies V-to M-type rocks, and dark green symbols to eclogite-facies V-to M-type rocks. 2018)). Peak temperature estimates reported above the transect, according to their distance from the Greenschist / high-pressure detachment (GHPD), show a great homogeneity. Peak pressure estimates reported under the transect, according to their position in the different sub-units, show that no major gap in pressure exists between the sub-units. 

(

  ii) Dn is represented by the penetrative north dipping schistosity striking ~ENE-WSW and most likely coincides with the nappe stacking of the sub-units recognized in this study (i.e., initial thrust contacts); (iii) Dn+1, corresponds to the eclogite to blueschist-facies crenulation and folding of the schistosity; (iv) Dn+2 is marked by distributed blueschist-facies shearing during exhumation and is reworking earlier, large-scale shear zones as extensional structures; (v) Dn+3 is characterized by ductile to brittle C' structures locally cutting across all previous structures.
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Table 2 :

 2 Representative major element composition of minerals of Tianshan metamorphic rocks Sample AK 14.19-2 AK 14.19-2 AK 14.

  Gt core Gt rim Gt core Gt rim Gt rim Gt mantle Gt core Cpx -inclCpx -matCpx -matCpx -matCpx -inclCpx -incl Alm: almandine, Grs: grossular, Prp: pyrope, Sps: spessartine, And: andradite, Di: diopside, Hd: hedenbergite, Jd: jadeite, Acm: acmite. Fe3+ was calculated assuming stoichiometric mineral compositions n.d.: not determined, n.c.: not calculated Minerals structural formulae calculation are based on a number of oxygens of : 12 for garnet, 8 for clinopyroxenes, 11 for phengite, for 12.5 epidote, and 6 for albite Amphibole structural formulae are based on 23 oxygens with Fe2+/Fe3+ estimation assuming ∑13 cations -except for Fe-Mg-Mn amphiboles where ∑15 is applied.
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	SiO2	38.23	36.95	37.20	37.23	37.47	37.48	37.27	36.95	54.11	55.10	55.48	56.57	54.78	54.33	53.28	53.47	52.07	50.05	49.93	57.55	54.10	58.35	59.48	48.47	53.91	54.55	36.87	39.59	38.47	38.18	25.71	27.00	68.62	0.00	0.02
	TiO2	0.03	0.05	0.04	0.08	0.05	0.05	0.03	0.05	0.11	0.01	0.12	0.04	0.08	0.04	0.22	0.11	0.29	0.08	0.26	0.02	0.10	0.01	0.01	0.27	0.12	0.00	0.41	0.09	0.07	0.01	0.04	0.05	0.03	0.01	0.00
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	Cr2O3	n.d.	n.d.	n.d.	n.d.	n.d.	0.02	0.00	0.00	0.10	0.09	0.04	0.00	0.00	0.00	n.d.	0.00	0.00	n.d.	0.03			0.03	0.02	0.00	0.00	0.00	n.d.	n.d.	n.d.	n.d.	0.00	0.01	n.d.	0.00	11.01
	FeO	28.85	34.60	26.61	29.71	27.51	30.11	34.84	34.60	12.42	11.06	6.69	4.79	9.84	16.98	2.50	2.75	2.50	0.46	13.49	10.64	13.23	9.30	8.87	19.07	15.61	9.25	0.00	0.00	0.00	0.00	18.89	22.56	0.13	0.11	0.05
	Fe2O3	n.d.	n.d.	n.d.	n.d.	n.d.	n.d.	n.d.	n.d.	n.d.	n.d.	n.d.	n.d.	n.d.	n.d.	n.d.	n.d.	n.d.	n.d.	n.d.	0.00	0.00	n.d.	n.d.	n.d.	n.d.	n.d.	5.18	1.60	11.20	14.78	n.d.	n.d.	n.d.	n.d.	n.d.
	MnO	0.21	2.48	0.73	1.72	0.24	0.45	1.08	2.48	0.04	0.04	0.02	0.00	0.15	0.08	0.00	0.04	0.03	0.02	0.10	0.02	0.09	0.00	0.08	0.08	0.03	0.11	0.07	0.00	0.01	0.27	0.16	0.08	0.04	0.04	0.09
	MgO	3.39	2.18	2.00	1.58	4.51	3.08	2.43	2.18	6.16	6.10	7.33	6.05	6.46	3.51	3.49	4.32	2.92	0.13	11.36	9.36	9.02	10.21	10.55	7.98	8.35	17.38	0.04	0.02	0.11	0.02	19.60	17.76	0.00	0.01	14.48
	CaO	8.03	2.63	11.36	8.09	7.79	6.99	3.65	2.63	13.56	12.62	13.11	10.16	12.21	8.35	0.00	0.02	0.03	0.09	7.42	0.31	2.44	0.44	0.53	5.70	2.32	13.14	24.73	24.72	23.44	23.31	0.15	0.01	0.15	54.23	27.80
	Na2O	0.02	0.08	0.03	0.00	0.00	0.04	0.02	0.08	6.55	7.07	7.32	8.76	7.43	9.06	0.51	0.13	0.58	6.89	3.66	6.69	5.97	6.91	7.33	4.81	6.46	0.19	0.01	0.07	0.00	0.00	0.00	0.01	11.27	0.00	0.04
	K2O	0.00	0.01	0.01	0.01	0.01	0.02	0.02	0.01	0.00	0.00	0.01	0.00	0.00	0.01	9.93	10.35	9.66	0.56	0.24	0.02	0.09	0.03	0.02	0.31	0.11	0.03	0.00	0.00	0.00	0.00	0.01	0.01	0.02	0.00	0.00
	Total	100.40 99.68	99.88	99.63	99.50	99.65 100.32 99.68	99.75	99.63	99.92	99.78	99.47	99.16	96.55	94.25	96.17	96.90	96.97	96.14	95.82	97.52	98.63 96.86	96.66	95.52	95.66	98.33	98.01	97.97	83.82	87.48	99.78	54.40	53.49
	Si	6.01	5.99	5.90	5.98	5.92	5.97	5.98	5.99	1.99	2.01	1.98	2.00	1.99	0.00	3.49	3.60	3.42	3.12	7.15	7.96	7.69	7.92	8.01	7.11	7.70	7.91	2.92	3.01	3.03	3.06	2.75	2.80	3.00		
	Ti	0.00	0.01	0.01	0.01	0.01	0.01	0.00	0.01	0.00	0.00	0.00	0.00	0.00	0.31	0.01	0.01	0.01	0.00	0.03	0.00	0.01	0.00	0.00	0.03	0.01	0.00	0.02	0.01	0.00	0.00	0.00	0.00	0.00		
	Al	4.01	3.96	4.10	4.02	4.01	4.02	3.97	3.96	0.29	0.33	0.41	0.56	0.36	0.00	2.05	1.83	2.17	2.84	1.77	1.88	1.81	1.96	1.86	1.76	1.64	0.15	2.65	2.88	2.29	2.02	2.43	2.45	1.01		
	Cr	0.00	0.00	0.00	0.00	0.00	0.00	0.00	0.00	0.00	0.00	0.00	0.00	0.00	0.54	n.c.	n.c.	0.00	n.c.	0.00	0.00	0.00	0.00	0.00	0.00	0.00	0.00	0.00	0.00	0.00	0.00	n.c.	n.c.	0.00		
	Fetot	3.79	4.69	3.53	3.99	3.63	4.01	4.68	4.69	0.38	0.34	0.20	0.14	0.30	0.20	0.14	0.16	0.14	0.02	1.62	0.31	0.39	1.06	1.00	2.34	1.86	1.12	0.34	0.09	0.66	0.89	1.69	1.96	0.01		
	Fe 2+	3.79	4.69	3.53	3.99	3.62	4.01	4.68	4.69	0.19	0.19	0.12	0.05	0.18	0.00	n.c.	n.c.	n.c.	n.c.	1.08	0.92	1.18	0.81	0.96	1.61	1.45	1.12	n.c.	n.c.	n.c.	n.c.	1.69	1.96	0.01		
	Fe 3+	0.00	0.00	0.00	0.01	0.01	0.00	0.00	0.00	0.19	0.15	0.08	0.10	0.12	0.20	n.c.	n.c.	n.c.	n.c.	0.54	1.23	1.57	0.25	0.04	0.73	0.41	0.00	0.34	0.09	0.66	0.89	n.c.	n.c.	n.c.		
	Mn	0.03	0.34	0.10	0.24	0.03	0.06	0.15	0.34	0.00	0.00	0.00	0.00	0.01	0.34	0.00	0.00	0.00	0.00	0.01	0.00	0.01	0.00	0.01	0.01	0.00	0.01	0.00	0.00	0.00	0.02	0.02	0.01	0.00		
	Mg	0.79	0.53	0.47	0.38	1.06	0.73	0.58	0.53	0.34	0.33	0.39	0.32	0.35	0.67	0.34	0.43	0.29	0.01	2.42	1.93	1.91	2.07	2.12	1.75	1.78	3.76	0.00	0.00	0.01	0.00	3.13	2.75	0.00		
	Ca	1.35	0.46	1.93	1.39	1.32	1.19	0.63	0.46	0.53	0.49	0.50	0.38	0.47	0.00	0.00	0.00	0.00	0.01	1.14	0.05	0.37	0.06	0.08	0.90	0.36	2.04	2.10	2.01	1.98	2.00	0.02	0.00	0.01		
	Na	0.01	0.03	0.01	0.00	0.00	0.01	0.01	0.03	0.47	0.50	0.51	0.60	0.52	0.27	0.06	0.02	0.07	0.83	1.02	1.79	1.65	1.82	1.91	1.37	1.79	0.05	0.00	0.01	0.00	0.00	0.00	0.00	0.96		
	K	0.00	0.00	0.00	0.00	0.00	0.00	0.00	0.00	0.00	0.00	0.00	0.00	0.00	0.00	0.83	0.89	0.81	0.05	0.04	0.00	0.02	0.01	0.00	0.06	0.02	0.01	0.00	0.00	0.00	0.00	0.00	0.00	0.00		
	XMg	0.17	0.10	0.12	0.09	0.23	0.15	0.11	0.10	0.47	0.49	0.66	0.69	0.54	0.77	0.71	0.74	0.35	n.c.	0.69	0.68	0.62	0.72	0.69	0.52	0.55	0.77	n.c.	n.c.	n.c.	n.c.	0.65	0.58	n.c.		
	Alm	63.56	77.97	58.51	66.52	60.05																														
	Pyr	13.30	8.77	7.85	6.33	17.57																														
	Grs	22.67	7.60	31.99	23.12	31.66																														
	Sps	0.48	5.66	1.63	3.91	0.64																														
	And	0.00	0.00	0.02	0.12	0.18																														
	Di									0.34	0.33	0.40	0.30	0.35	75.00																					
	Hd									0.19	0.18	0.08	0.09	0.12	0.17																					
	Jd									0.26	0.34	0.38	0.56	0.34	0.17																					
	Acm									0.19	0.16	0.12	0.05	0.18	0.31																					
	K/Na+K															0.93	0.93	0.93	0.05																	
	(Ca+Na) (B)																			2.00	1.84	2.00	1.88	2.00	2.00	2.00	2.04									
	Na (B)																			0.86	1.79	1.63	1.82	1.10	1.10	1.65	0.00									
	(Na+K) (A)																			0.20	0.00	0.03	0.01	0.32	0.32	0.17	0.06									
	Fe 3+ /(Fe 3+ +Al VI )																			0.37	0.15	0.21	0.12	0.46	0.46	0.24	0.00									
	Pistachite (Fe)																											0.11	0.03	0.22	0.31					
	Zoïsite (Al)																											0.89	0.97	0.78	0.69					
	XMg=Mg/(Fe2+/Mg);																																		

Acknowledgements

We thank Laura Airaghi for helpful comments and acknowledge Ralf Milke, Jasper Berndt-Gerdes and Anja Maria Schleicher for electron microprobe and XRF analyses. We also want to thank the reviewers , Davide Zanoni, and Thomas Pettke for their comments and suffestions to revise this manuscript. This research received funding from the People Programme (Marie Curie Actions) of the European Union's Seventh Framework Programme FP7/2017-2013/under REA grant agreement no. 604713, 'Zooming in between Plates (ZIP)'.