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Highlight

• Periglacial conditions in active mountain belts enhance chemical weathering.

• The weathering processes in the Chayu catchment are dominated by the preferential dissolution of reactive phases such as trace carbonate and sulphide and the preferential release of K from sheet silicate (biotite, chlorite).

• In the south, under monsoonal climate, such preferential weathering can be seen in bedrock landslide scars on granitoid lithology.

• In the north, the periglacial conditions coupled with physical erosion dominated by landsliding provide a strong rock exposure mechanism and the preferential weathering is widespread.

Introduction

The Quaternary climatic cycles may bring fluctuations of chemical weathering rate and flux from regional to global scale (e.g. [START_REF] Colin | Erosional history of the Himalayan and Burman ranges during the last two glacial-interglacial cycles[END_REF][START_REF] Foster | Negligible glacial-interglacial variation in continental chemical weathering rates[END_REF][START_REF] Hein | Post-glacial climate forcing of surface processes in the Ganges-Brahmaputra river basin and implications for carbon sequestration[END_REF][START_REF] Vance | Variable Quaternary chemical weathering fluxes and imbalances in marine geochemical budgets[END_REF][START_REF] Wan | Enhanced silicate weathering of tropical shelf sediments exposed during glacial lowstands: A sink for atmospheric CO2[END_REF][START_REF] Wilson | Quaternary climate modulation of Pb isotopes in the deep Indian Ocean linked to the Himalayan chemical weathering[END_REF]. As a key feature of the climatic cycles, the expansion and shrinkage of ice sheet induce downstream climatic impact to the broad high and middle latitudes regions (e.g. [START_REF] Ruddiman | Earth's climate: past and future[END_REF], including the occurrence of periglacial environment over large area of land surface during glacial periods (e.g. [START_REF] Hubberten | The periglacial climate and environment in northern Eurasia during the Last Glaciation[END_REF]Marshall et al., Ruan & Galy Periglacial chemical weathering in Chayu area, SE Tibet Page 3 of 33 2021). Periglacial environment is defined as "the climatic conditions, processes, landforms, landscapes, sediments and soil structures associated with cold, nonglacial environments" [START_REF] Murton | What and where are periglacial landscapes? Permafrost and Periglacial Processes 1-27[END_REF]. The conditions of chemical weathering under periglacial environment can be peculiar since repeated freeze-thaw cycles can increase the porosity in bedrocks (e.g. [START_REF] Hallet | Weathering by segregation ice growth in microcracks at sustained subzero temperatures: Verification from an experimental study using acoustic emissions[END_REF][START_REF] Marshall | Extensive Frost Weathering Across Unglaciated North America During the Last Glacial Maximum[END_REF][START_REF] Marshall | Frost for the trees: Did climate increase erosion in unglaciated landscapes during the late Pleistocene?[END_REF][START_REF] Sun | Characterisation and evolution of the full size range of pores and fractures in rocks under freeze-thaw conditions using nuclear magnetic resonance and three-dimensional X-ray microscopy[END_REF] that might have played a role in the response of weathering to Quaternary climate change [START_REF] Foster | Negligible glacial-interglacial variation in continental chemical weathering rates[END_REF][START_REF] Vance | Variable Quaternary chemical weathering fluxes and imbalances in marine geochemical budgets[END_REF].

Periglacial conditions are also prevailing in the cold alpine part of mountain belts, and the periglacial frost cracking process is not just caused by low temperatures but also by the large amplitude of diurnal or seasonal temperature variations in such setting (e.g. [START_REF] Draebing | The Efficacy of Frost Weathering Processes in Alpine Rockwalls[END_REF][START_REF] Mair | The role of frost cracking in local denudation of steep Alpine rockwalls over millennia (Eiger, Switzerland)[END_REF]. This process is also responsible for the ubiquitous talus deposits beneath bedrock cliffs covering valley slopes [START_REF] Hales | Climatic controls on frost cracking and implications for the evolution of bedrock landscapes[END_REF], and cause high rate of physical erosion in alpine mountain areas (e.g. [START_REF] Egholm | The periglacial engine of mountain erosion -Part 2: Modelling large-scale landscape evolution[END_REF][START_REF] Hales | Climatic controls on frost cracking and implications for the evolution of bedrock landscapes[END_REF]. However, bedrock landsliding is the dominant mass wasting process of active mountain belts [START_REF] Hovius | Supply and Removal of Sediment in a Landslide-Dominated Mountain Belt: Central Range, Taiwan[END_REF][START_REF] Hovius | Sediment flux from a mountain belt derived by landslide mapping[END_REF] and the chemical weathering flux can be significantly impacted by typical reactions occurring within the landslide deposits (Emberson et al., 2016a). The characteristics of such chemical reactions (a strong kinetic limitation and the preferential weathering of the most reactive phases) are promoted by a high surface area of fresh rocks and high porosity rock mass [START_REF] Emberson | Weathering of Reactive Mineral Phases in Landslides Acts as a Source of Carbon Dioxide in Mountain Belts[END_REF][START_REF] Emberson | Combined effect of carbonate and biotite dissolution in landslides biases silicate weathering proxies[END_REF](Emberson et al., , 2016b)). The processes of frost cracking and landsliding share the commonality of breaking bedrocks and creating fresh mineral surfaces for chemical weathering.

Therefore, it is plausible to argue that the frost cracking under periglacial environment may have strong impact on the composition of local water as well.

In this study, we investigated the water chemistry in the Chayu catchment in Southeast Tibet, a place that spans large geographical gradient from periglacial to monsoonal environment, dominated by granitoid lithology, and experiencing active tectonic activity. The aim of this study is first to test the hypothesis that the mass wasting deposits in periglacial environment has the effect of enhancing chemical weathering and preferential weathering of labile phases, identical to the weathering of bedrock landslide deposits [START_REF] Emberson | Weathering of Reactive Mineral Phases in Landslides Acts as a Source of Carbon Dioxide in Mountain Belts[END_REF][START_REF] Emberson | Combined effect of carbonate and biotite dissolution in landslides biases silicate weathering proxies[END_REF](Emberson et al., , 2016b)); and second to test if elevated chemical weathering in landslide deposits extends to granitoid lithologies as well. By comparing the seepage waters from mass wasting deposits and the nearby stream waters in two different environments in the Chayu catchment, we found (1) the chemistry of both seepage and stream waters are similar and concentrated under the periglacial environment, and suggestive of the preferential dissolution of calcite and leaching of K from biotite coupled with sulfuric acid under periglacial environment, and (2) the bedrock landslide seepages are more concentrated than streams under monsoonal environment on granitoid lithology extending the characteristics of bedrock landslides chemical reactions to this lithology.

Study area and sampling protocol

The Chayu river is the upper part of the Lohit river, an eastern tributary of the Brahmaputra. It drains the eastern Himalaya for an area of ~18000 km 2 . The geography of the catchment is diverse and related to the variation in altitude. The north of the catchment (North Chayu) is in a semi-arid periglacial alpine environment.

The surrounding mountains peak above 6000 m and the riverbed is above 3500 m. As altitude decrease, the south of the catchment (South Chayu) reaches a subtropical monsoonal forest environment. The lowest point of the riverbed in this area is around 1000 m. Near Chayu city, where the riverbed altitude is ~2000m, the mean annual temperature (MAT) is 11.9° and the mean annual precipitation (MAP) is about 800 mm (http://www.weather.com.cn/cityintro/101140404.shtml). 30 km NW of North Chayu, outside the catchment at 3850 m, the observed MAT is of 2.4° at the Ranwu lake [START_REF] Ju | Estimating the contribution of glacial meltwater to Ranwu Lake, a proglacial lake in SE Tibet, using observation data and stable isotopic analyses[END_REF]. With a mean altitude around 4600m of the North Chayu (Table 4), and a local thermal gradient of -6.1°/km, the MAT for North Chayu is estimated to be -2.2°C. A rough estimation for MAP in the North Chayu from a satellite observation-based model is less than 200 mm/yr [START_REF] Anders | Spatial patterns of precipitation and topography in the Himalaya, in: Tectonics, Climate, and Landscape Evolution[END_REF].

Mass wasting deposits are well developed in the valley, especially in the north of the catchment. Several types of mass wasting deposits can be identified based on our field survey combined with satellite images (e.g. Google Earth or ArcGIS World Imagery). The most prevailing type is talus (also referred to as "scree" in some literature), which is the accumulation of loose rock debris, usually presented as cones, at the foot of steep slopes [START_REF] Ballantyne | Paraglacial geomorphology[END_REF]. Such landscape is frequently found in alpine periglacial environment over the world (e.g. [START_REF] Hales | Climatic controls on frost cracking and implications for the evolution of bedrock landscapes[END_REF] and the references therein). Materials of the talus are mostly supplied by rockfall of the upper rock cliffs [START_REF] Ballantyne | Paraglacial geomorphology[END_REF], triggered by frost cracking processes caused by the stress during pore water freezing and ice segregation (e.g. [START_REF] Murton | Bedrock Fracture by Ice Segregation in Cold Regions[END_REF]. The talus deposit can experience continuous accumulation or reworking for century to millennium long (e.g. [START_REF] Curry | Lateglacial and Holocene talus slope development and rockwall retreat on Mynydd Du[END_REF]. Despite the temperature-related processes, rock fall triggering mechanisms also include earthquakes (e.g. [START_REF] Matsuoka | Rockfall activity from an alpine cliff during thawing periods[END_REF] and unloading during deglaciation (e.g. [START_REF] Hinchliffe | Talus accumulation and Rockwall retreat, Trotternish, isle of Skye, Scotland[END_REF]. During the Last Glacial Maximum, the high-altitude part of the Chayu valley could have been covered by glacier, because the maximum extension of LGM end moraines in the surrounding eastern Himalaya areas (Namcha Barwa and Parlung Tsangpo Valley) are between 2800 and 3000m [START_REF] Hu | Glacial advances and stability of the moraine dam on Mount Namcha Barwa since the Last Glacial Maximum, eastern Himalayan syntaxis[END_REF][START_REF] Zhou | Glacial advances in southeastern Tibet during late Quaternary and their implications for climatic changes[END_REF].

However, considering the much lower MAP of the North Chayu, which means the

LGM glacier in North Chayu should not reach the elevation as low as the two places, the newly supplied fresh rock debris on the North Chayu talus, and the intense tectonic activity in the area (e.g. [START_REF] Mukhopadhyaya | Earthquake swarms near eastern Himalayan Syntaxis along Jiali Fault in Tibet: A seismotectonic appraisal[END_REF], the talus development in North Chayu cannot be fully ascribed to the Holocene deglaciation.

The second type of deposit is rock glacier, which corresponds to thick talus deposits that contain permafrost and formed by the subsequent creep and deformation of such rock/ice mixture [START_REF] Barsch | Permafrost creep and rockglaciers[END_REF][START_REF] Haeberli | Permafrost creep and rock glacier dynamics[END_REF]. Rock glaciers are often seen in continental climate [START_REF] Barsch | Permafrost creep and rockglaciers[END_REF], and favour places with high talus production rates [START_REF] Janke | Colorado Front Range Rock Glaciers: Distribution and Topographic Characteristics[END_REF]. The north part of the Chayu catchment being on the leeward slope of the Mt. Kangri Garpo, it provides suitable climatic conditions for the rock glaciers. In the Chayu catchment, some "talus" fans are indeed fed by the frontal collapse of rock glaciers (e.g. the talus at 29°19′54.3″N, 97°5′51.0″E). The third type of deposit is associated to bedrock landslide, which refers to the catastrophic movement of mass bedrock along failures by gravity [START_REF] Korup | Giant landslides, topography, and erosion[END_REF].

Geologically, the Chayu river catchment belongs to the eastern part of the Lhasa terrane, east of the Namche Barwa Himalayan Syntaxis. The Lhasa terrane was the latest geological block rifted from Gandwana, drifted northward and accreted to Eurasia before its collision with the Indian continent [START_REF] Zhu | The Lhasa Terrane: Record of a microcontinent and its histories BQL: below quantification limit[END_REF]. The collision with the Indian plate has been accommodated by the Tibet and Lhasa terrane through strong deformation along strike-slip faults responsible for the eastern extrusion and EW extension (e.g. [START_REF] Tapponnier | Oblique Stepwise Rise and Growth of the Tibet Plateau[END_REF]. In the studied area, a dextral strike-slip fault, the Jiali Fault, goes across the eastern Lhasa terrane, and the fault splits into two branches in the Chayu river catchment (Fig. 1), the Parlung fault in the north and the Puqu fault in the south [START_REF] Lee | Miocene Jiali faulting and its implications for Tibetan tectonic evolution[END_REF]. The consequences of the dextral strike-slip are a N-S zonation of the lithology distribution, and similarities with the regions to the west. In the Chayu river catchment, there are three basic lithological units: (1) the metamorphic Precambrian basement; (2) the Mesozoic cover, and (3) the Eastern Himalayan Batholith (EHB). The Precambrian basement contains an older part bearing schist, leptynite, gneiss, and minor amphibolite and marble [START_REF] Xu | Geochronology and geochemistry of Mesoproterozoic granitoids in the Lhasa terrane, south Tibet: Implications for the early evolution of Lhasa terrane[END_REF], and a younger Neoproterozoic part made of greenschist-facies suite of clastic rocks [START_REF] Xie | Recent progress in the study of the Neoproterozoic-Cambrian Bomi Group in the Bomi-Zayü area, eastern Tibet, China[END_REF]. The Mesozoic cover is composed of Ordovician-Devonian carbonate rocks and Carboniferous-Permian slate [START_REF] Dong | Origin and tectonic implications of Early Cretaceous high-and low-Mg series rocks and mafic enclaves in the Bomi-Chayu Fold Belt, SE Tibet[END_REF]. The EHB is the dominant unit in the study area [START_REF] Chiu | Zircon U-Pb and Hf isotopic constraints from eastern Transhimalayan batholiths on the precollisional magmatic and tectonic evolution in southern Tibet[END_REF][START_REF] Dong | Origin and tectonic implications of Early Cretaceous high-and low-Mg series rocks and mafic enclaves in the Bomi-Chayu Fold Belt, SE Tibet[END_REF][START_REF] Lin | Geochemical and Sr-Nd isotopic characteristics of Cretaceous to Paleocene granitoids and volcanic rocks, SE Tibet: Petrogenesis and tectonic implications[END_REF][START_REF] Pan | Oligocene magmatism in the eastern margin of the east Himalayan syntaxis and its implication for the India-Asia post-collisional process[END_REF][START_REF] Zhu | The Lhasa Terrane: Record of a microcontinent and its histories BQL: below quantification limit[END_REF]. In the Chayu river catchment, intrusions of the EHB mainly occurred in the Early Cretaceous but also in the Paleocene. The limited mineralogy investigation for the EHB in the studied area show that it is constituted by K-feldspar (~40%), plagioclase (~30%), quartz (~20%), biotite (~5 to 10%) and accessary minerals such as hornblende, muscovite, apatite, and opaque phases [START_REF] Chiu | Zircon U-Pb and Hf isotopic constraints from eastern Transhimalayan batholiths on the precollisional magmatic and tectonic evolution in southern Tibet[END_REF][START_REF] Lin | Geochemical and Sr-Nd isotopic characteristics of Cretaceous to Paleocene granitoids and volcanic rocks, SE Tibet: Petrogenesis and tectonic implications[END_REF]. Based on the age, the location relative to the Parlung and Puqu faults and the petrology, the EHB can be divided in three units, which are the Demulha Batholith, the Azhagong Batholith and the Chayu Batholith along the river path from north to south (Fig. 1, [START_REF] Lin | Geochemical and Sr-Nd isotopic characteristics of Cretaceous to Paleocene granitoids and volcanic rocks, SE Tibet: Petrogenesis and tectonic implications[END_REF]. The elemental compositions of these three batholiths are distinctive [START_REF] Lin | Geochemical and Sr-Nd isotopic characteristics of Cretaceous to Paleocene granitoids and volcanic rocks, SE Tibet: Petrogenesis and tectonic implications[END_REF]. Abundances of CaO (wt%) is the highest in the Azhagong Batholith and the lowest in the Demulha Batholith and anti-correlated with abundances of K2O%. According to AFT thermochronology, this area experienced strong exhumation (2.3-10 mm a -1 ) in the Quaternary [START_REF] Sun | Inversion model of drainage basins' tectono-thermal evolution through detrital AFT ages: A case study of Chayu River in southeastern Tibet[END_REF] associated to a significant earthquake activity (e.g. [START_REF] Mukhopadhyaya | Earthquake swarms near eastern Himalayan Syntaxis along Jiali Fault in Tibet: A seismotectonic appraisal[END_REF]. This is corroborated by the basin hypsometry that indicates intense crustal shortening and uplift for the Chayu catchment [START_REF] Zhang | Landscape evolution of the Eastern Himalayan Syntaxis based on basin hypsometry and modern crustal deformation[END_REF].

Field survey and sampling for the Chayu river catchment was conducted in September 2019. A series of samples are collected corresponding to seepages from the mass wasting deposit, bedrocks, and water and solid samples for streams nearby the sampled seepages. Seepages are usually found at points where water exfiltrate from the bottom of the mass wasting deposits (Table 1). For the landslide sampled in the south catchment, seepages water is sourced from the scar of the landslide and flowing on the surface of deposit. Some large deposits had several seepages, and we only collected samples for those with high fluxes but also representative of the range of pH and conductivity. Streams close the seepage sampling sites were also sampled. In the south catchment, three streams near the landslide deposit (Fig. 1) correspond to small (3.6 to 24 km 2 ) catchment draining the same lithology under similar climatic condition and with no evident mass wasting deposit in their upstream catchment. In the north, the greater occurrence of mass wasting deposits, and the poor accessibility implied that only one sampled stream (RYG 153) is without evident deposits. Streams having larger upstream areas (> 100 km 2 ) but with some deposits (RYG 114,RYG 126 and RYG 161) were also sampled. The locations of the seepages and stream samples are shown in Fig. 1. The seepages sampled in the north catchment are mostly from the Demulha Batholith, while the seepages in the south are from Chayu Batholith. This study is far from being extensive since some mass wasting deposits were unreachable (e.g. the bedrock landslide deposit at 28°57′45.9″N, 97°27′46.6″E, on the riverside of a tributary too remote to access).

Methods

Sampling and analytical methods

The water samples are collected using HDPE syringe, filtered in situ through 0.2 μm nylon Millipore filter and stored in two HDPE bottles and one tube free of air. The bottles and tube are fully rinsed with filtered sample water before using. A bottle, for cations element analysis, was acidified with distilled nitric acid immediately after sampling. The second bottle is for anion analysis. The conductivity, temperature, and pH for the water samples are measured in situ with the thermo-hygrometer HANNA 9565.

The major elements were measured on a Thermo Scientific X-series 2 ICP-MS in CRPG, using USGS M214, P62 and T223 as external standards and quality control (QC). There was no systematic drift during the measurement, and the relative standard deviation for all the elements are always below 10%. The Si concentration in water is determined by the colorimetric method of the Mo blue complex [START_REF] Mullin | The colorimetric determination of silicate with special reference to sea and natural waters[END_REF] in CRPG, with an uncertainty below 10%. The F -, Cl -, SO4 2-and NO3 -are measured on Dionex ICS-1000 Ion Chromatograph at GFZ with USGS M214, P62, M212 and M222 as QC. The uncertainty of anions is less than 10% (Emberson et al., 2016b). Bicarbonate concentration is estimated by charge balance. Previous studies of the dissolved chemistry of Himalayan and Southern Tibetan rivers that have measured the bicarbonate by titration in the field show no systematic difference with the values calculated by charge balance (e.g. [START_REF] Galy | Weathering processes in the Ganges-Brahmaputra basin and the riverine alkalinity budget[END_REF][START_REF] Hren | Major ion chemistry of the Yarlung Tsangpo-Brahmaputra river: Chemical weathering, erosion, and CO2 consumption in the southern Tibetan plateau and eastern syntaxis of the Himalaya[END_REF].

The individual differences are actually within the 10% uncertainty of the quantification of the others anions and cations. Therefore, the entire dataset of anions and cations (Table 3) should be considered with uncertainties of 10%. The TDS is calculated by summing the weight of elements of Si and all the cations, anions in per unit volume.

Mapping the deposits and the stream catchments

The areas of the sampled mass wasting deposits are mapped through ArcGIS using the detailed GPS location recorded during the field survey, and the satellite image of ArcGIS World Imagery. The surface covered by fresh rocks on the deposits are usually much brighter than the surface colonized by vegetation including lichen.

We mapped the area colonized by vegetation on each deposit and calculated the vegetation coverage (Table 1). For the sampled streams, we extract their catchments with the Hydrology tools in ArcGIS based on the 30-m resolution ASTER GDEM (Advanced Spaceborne Thermal Emission and Reflection Radiometer Global Digital Elevation Model) data (Geospatial Data Cloud, http://www.gscloud.cn/), and for streams that is too small to be extracted, the catchments were mapped on ArcGIS by hands. Then, the average altitude of the area or catchment of each deposit and stream is calculated (Table 1 and2).

Results

The cation, anions, silicon concentrations and TDS of the seepages and streams are listed in Table 3. The pH value and water temperature are also listed, as well as the altitude of the sampling sites. The data are grouped by the North Chayu and the South Chayu. In the North Chayu, the seepages have a wide range of TDS, varying from 55 to 225 mg/L but describing a negative trend with the sampling altitude. The streams have variable TDS as well but slightly lower than the seepages (49 to 173 mg/L). In the South Chayu, the TDS values are generally lower than in the North Chayu, and the seepages have higher TDS values (102 to 139 mg/L) than the streams (29 to 77 mg/L).

In terms of anions, the HCO3 -is the dominant load. It makes up 71 to 95 Eq% (% in equivalent units) of total anion in the north seepages, 59 to 90 Eq% in the north streams, 54 to 72 Eq% in the south seepages and 70 to 76 Eq% in the south streams (Fig. 2). Cl -has concentrations between 4.4 and 14.6 µmol/L and corresponds to a minor component (<2 Eq% of total anion), suggesting that 1) no minor evaporitic lithologies are present, and 2) cyclic input is very limited in the Chayu catchment. SO4 2-is the second most important anion, which makes up 4 to 28 Eq% of total anion in the north seepages, 9 to 41 Eq% to the north streams, 19 to 36 Eq% in south seepages and 11 to 12 Eq% in the south streams (Fig. 2). In terms of cations, Ca 2+ is dominant in the north streams and all the seepages (57 to 87 Eq% of total cation) but appears to be lower in the south streams (52 to 69 Eq%). Na + shows the opposite systematics, making up 13 to 23 Eq% in the south streams, which is higher than all the other water samples (2 to 11 Eq%). K + is systematically higher in the South Chayu and the highest K + concentration is observed in the seepages. The proportion of dissolved Si in TDS span a similar range in the seepages and the streams in the north, varying from 2.8 to 12.4% of TDS. The Si load in TDS is higher in the South Chayu.

For seepages it makes up 9.9 to 14.4% and for streams it makes up 19.6 to 37.1%. The comparison between the seepages and the streams shows a greater difference in the South Chayu, where the concentrations of SO4 2-, Ca 2+ and K + in the seepages are clearly more elevated than in the streams. In the North Chayu, seepages and streams are similar in composition.

In comparison with the rivers draining silicate lithology in [START_REF]K)sil equals to the Mg/K ratio of the corresponding batholith[END_REF] the Lhasa terrane (e.g. [START_REF] Hren | Major ion chemistry of the Yarlung Tsangpo-Brahmaputra river: Chemical weathering, erosion, and CO2 consumption in the southern Tibetan plateau and eastern syntaxis of the Himalaya[END_REF]Yu et al., 2021, Fig. 2) and ( 2) the southern flank of the Himalaya (e.g. [START_REF] Galy | Weathering processes in the Ganges-Brahmaputra basin and the riverine alkalinity budget[END_REF], the north Chayu seepages and streams are similar with the Nyang River, in the Eastern part of the Lhasa terrane while the south Chayu water samples with greater contribution of the alkalis is closer to the rivers draining silicate lithologies (e.g. Lhasa River and southern Himalayan flank rivers draining gneiss). However, the surface water samples from the Chayu catchment have a lower Cl -concentration and Cl -/anions ratio (Fig. 2), which is different from many of the Lhasa terrane rivers impacted by hot-springs and/or evaporite formations [START_REF] Hren | Major ion chemistry of the Yarlung Tsangpo-Brahmaputra river: Chemical weathering, erosion, and CO2 consumption in the southern Tibetan plateau and eastern syntaxis of the Himalaya[END_REF][START_REF] Yu | Chemical weathering in the upstream and midstream reaches of the Yarlung Tsangpo basin, southern Tibetan Plateau[END_REF].

Discussion

Cyclic input correction

The rain composition (Table 4) from the network of Southeastern Tibet Stations (SET, [START_REF] Liu | Wet precipitation chemistry at a high-altitude site (3,326 m a.s.l.) in the southeastern Tibetan Plateau[END_REF] is used in our study to correct for the cyclic input. The closest station to the Chayu valley is near Nyinchi city, about 200 km to the west to our study area. Based on the low Cl -concentrations in our samples, and the lack of correlation between Cl -and SO4 2-, the weathering of evaporite lithology is unlikely. Therefore, we adopt the assumption that all the dissolved chloride in surface water is from cyclic input, and the correction is based on the following standard equation: [Cl ] Where [X] is the measured concentration of any species, and [X]* denotes the concentration corrected for the cyclic input. The atmospheric contribution to our samples represents 5.6 to 20.0 Eq% for Na and 0.8 to 21.5 Eq% for K, whereas Mg and Ca are less impacted (0.1 to 5.2 Eq% and 1.5 to 14.5 Eq%, respectively). The highest cyclic contributions are found in some seepages from the North Chayu, associated with a small discharge of these seepages. More generally, the cyclic contribution in the seepages is lower in the South Chayu than in the North Chayu. The Chayu catchment is also poorly impacted by human activities, and this is specially the case for the sampled seepages and streams. So [X]* is likely to be representative of natural mineral weathering.

[X] * = [X] sample -[X] rain ×( [Cl ] sample

Source of sulphate

We use X value to represent the proportion of sulphate in anions corrected for the cyclic input, defined by the following equation: Since there is no evident evaporite unit in the lithology of the Chayu catchment (Fig. 1) and given the lack of correlation between Cl -and SO4 2-, the dissolved sulphate can be considered as the result of sulphide oxidation. All the X values are higher than 0.04 and 70% are above 0.1, suggesting the prevalence of sulphide weathering in the Chayu catchment. In the Lhasa terrane, sulphide minerals are found associated with Cu-bearing deposits hosted in granitoid rocks (e.g. [START_REF] Fu | Two episodes of mineralization in the Mengya'a deposit and implications Ruan & Galy Periglacial chemical weathering in Chayu area, SE Tibet Page 21 of 33 for the evolution and intensity of Pb-Zn-(Ag) mineralization in the Lhasa terrane, Tibet[END_REF][START_REF] Hou | Lithospheric Architecture of the Lhasa Terrane and Its Control on Ore Deposits in the Himalayan-Tibetan Orogen*[END_REF], with S-bearing assemblages such as sphalerite + galena + pyrite + chalcopyrite [START_REF] Hou | Lithospheric Architecture of the Lhasa Terrane and Its Control on Ore Deposits in the Himalayan-Tibetan Orogen*[END_REF]. However, the highest sulphate concentrations are found in the streams RYG 125, RYG 126 and RYG 161. They are within a small area of 300 km 2 , with RYG 125 and 126 draining mostly pre-Cambrian metamorphic sedimentary rocks, and RYG 161 draining Mesozoic sedimentary formations (Fig. 1).

X = 2× SO 4 2- * 2× 
The prevalence of sulphate in the Chayu water samples could indicate the contribution of the oxidation of disseminated sulphide in the granitoids while high [SO4 2-] in some streams are related to sedimentary lithology locally enriched in sulphide, although little documented in that part of the Himalayas and Tibet but recognised ~800km to the West in the Tethys Himalaya (e.g. [START_REF] Feng | Isotopic study of the source and cycle of sulfur in the Yamdrok Tso basin, Southern Tibet, China[END_REF].

Carbonate weathering

The contribution of carbonate weathering (Xcarb) can be estimated using the dissolved load corrected for cyclic input (e.g. Galy and France-Lanord, 1999):

X = (2 × Ca * + 2 × Mg * )/(Na * + K * + 2 × Ca * + 2 × Mg * ) ....... ( 3 
)
Where Na * , K * , Ca * and Mg * are measured concentrations corrected for cyclic input. The Ca * and Mg * are calculated by subtracting silicate-derived Ca and Mg from the Ca * and Mg * (Eq. ( 4) and Eq. ( 5)). This assumes that there are no evaporite-derived cations in the water, likely to be the case given the very low dissolved chlorine concentration (Table 3). Ca * = Ca * -Ca ? @ * = Ca * -Na * × (Ca/Na) ? @ .. Of course, the (Ca/Na) ? @ and (Mg/K) ? @ (expressed in molar ratio) have to correspond to the local composition of the silicate endmember (e.g. [START_REF] Galy | Weathering processes in the Ganges-Brahmaputra basin and the riverine alkalinity budget[END_REF]. According to the mean rock composition in each unit of EHB [START_REF] Lin | Geochemical and Sr-Nd isotopic characteristics of Cretaceous to Paleocene granitoids and volcanic rocks, SE Tibet: Petrogenesis and tectonic implications[END_REF], the (Ca/Na)sil for the Chayu Batholith in South Chayu and the Demulha Batholith in the North Chayu are 0.277 and 0.117, respectively, and the mean (Mg/K)sil for the Chayu Batholith is 0.049. For the Demulha Batholith, the MgO content is not formally listed in [START_REF] Lin | Geochemical and Sr-Nd isotopic characteristics of Cretaceous to Paleocene granitoids and volcanic rocks, SE Tibet: Petrogenesis and tectonic implications[END_REF], however, their limit of quantification and the overall trend between MgO and SiO2 suggest that an average MgO content of 0.10±0.02 (weight%). Therefore, we use a (Mg/K)sil=0.023±0.007 for the Demulha Batholith. The Xcarb is based on the bulk chemistry of the silicate endmember, and is likely to only be an inaccurate estimate for the relative contribution of carbonate and silicate as soon as incongruent weathering becomes important. For instance, a possible incongruent release of K could be the result of the faster release of K during the weathering of biotite (e.g. [START_REF] Chae | Batch dissolution of granite and biotite in water: Implication for fluorine geochemistry in groundwater[END_REF][START_REF] Malmström | Biotite dissolution at 25°C: The pH dependence of dissolution rate and stoichiometry[END_REF] and may significantly change the Mg/K ratio of the weathered silicate endmember. The bulk (Mg/K)sil has to be regarded as an upper limit of the (Mg/K)sil ratios, and we also consider the ratios to be 80% less according to the biotite dissolution experiments [START_REF] Malmström | Biotite dissolution at 25°C: The pH dependence of dissolution rate and stoichiometry[END_REF]. In this case, the (Mg/K)sil for the Chayu Batholith and Demulha Batholith used in our estimation for Xcarb values are 0.008-0.049 and 0.005-0.023, respectively. Results shows that the variation of (Mg/K)sil caused by the potential incongruent release of K has little impact on the estimation of Xcarb (Table 3).

A faster dissolution of Ca-bearing silicates (Ca-plagioclase or epidote, e.g. [START_REF] Blum | Feldspar dissolution kinetics[END_REF][START_REF] Oliva | Chemical weathering in granitic environments[END_REF]) would correspond to an incongruent dissolution of silicates and would raise the inaccuracy of the relative contribution of carbonate and silicate, so only large variations in the Xcarb can be discussed. Based on the source rock (Mg/K)sil ratios, the Xcarb is 0.85 to 0.97 and 0.91 to 0.97 for the seepages and streams in the North Chayu, respectively, and the values are 0.78 to 0.80 and 0.51 to 0.73 in the South Chayu, respectively. So, it is clear that (1) carbonate still contributes the majority solute load (>50%) despite lithologies dominated by granitoids and ( 2)

the North Chayu water samples have higher Xcarb values than the South Chayu.

All the mass wasting deposits in this study have Xcarb values above 0.8. In pure granitoid deposits and watersheds (RYG 153,129,114,96,97 and 99), disseminated calcite is likely the most important carbonate source (e.g. [START_REF] White | The role of disseminated calcite in the chemical weathering of granitoid rocks[END_REF]. For streams partly draining sedimentary lithologies (RYG 125, 126 and 161), sedimentary carbonate formations could be the dominant source.

Comparison between the seepages and streams

The influence of mass wasting deposits on chemical weathering has already been recognised in the Western Southern Alps (WSA) and in Taiwan by a direct comparison of the seepages from the mass wasting deposits with the nearby streams [START_REF] Emberson | Weathering of Reactive Mineral Phases in Landslides Acts as a Source of Carbon Dioxide in Mountain Belts[END_REF][START_REF] Emberson | Combined effect of carbonate and biotite dissolution in landslides biases silicate weathering proxies[END_REF](Emberson et al., , 2016a)). This approach allows to reduce the effects of different climate and lithology, so it will be applied to the periglacial North Chayu and the monsoonal South Chayu separately. In WSA and Taiwan, the differences between seepages and streams are emphasised when the K*/Si and Ca*/Si ratios and the Xcarb and X values are considered. Here, the differences of those indicators are always larger in the South Chayu than in the North Chayu (Fig. 3).

The South Chayu

The Xcarb and X values and the K*/Si and Ca*/Si ratios are elevated in the seepages. By comparison to the streams, those values are 29.5%, 350.0%, 264.6%, 116.7% higher in seepages, respectively.

In the South Chayu, the seepages are from a bedrock landslide and such contrast with the nearby streams is in agreement with the studies of bedrock landslide weathering from the WSA and Taiwan [START_REF] Emberson | Weathering of Reactive Mineral Phases in Landslides Acts as a Source of Carbon Dioxide in Mountain Belts[END_REF][START_REF] Emberson | Combined effect of carbonate and biotite dissolution in landslides biases silicate weathering proxies[END_REF](Emberson et al., , 2016a(Emberson et al., , 2016b) ) although their lithologies are different from the Chayu catchment. Bedrock landslides expose fresh mineral surfaces by generating landslide scar and grind the mobile rock mass together with conducting water into debris and fractures (Emberson et al., 2016a). Higher TDS, K*/Si and Ca*/Si ratios, and Xcarb and X values in seepages have been associated to processes characteristic of the initiation of chemical weathering with abundant fresh mineral surfaces and fluid supply [START_REF] Emberson | Combined effect of carbonate and biotite dissolution in landslides biases silicate weathering proxies[END_REF](Emberson et al., , 2016b(Emberson et al., , 2016a)): the fast dissolution of disseminated calcite [START_REF] White | The role of disseminated calcite in the chemical weathering of granitoid rocks[END_REF] and sulphide (e.g. [START_REF] Nicholson | Pyrite oxidation in carbonate-buffered solution: 1. Experimental kinetics[END_REF][START_REF] Wildaman | The weathering of sedimentary organic matter as a control on athmospheric O2: I. Analysis of a black shale[END_REF] and the fast release of interlayer K from biotite [START_REF] Malmström | Biotite dissolution at 25°C: The pH dependence of dissolution rate and stoichiometry[END_REF]. Results in the South Chayu, fitting well with previous results for bedrock landslide weathering in sedimentary or metamorphic lithologies indicate that such processes are also pronounced in granitoid bedrock landslides.

The North Chayu

The results from the North Chayu are in sharp contrast with the results from the South Chayu. For the north seepages and streams, the K*/Si ratios are 0.08 to 0.46 and 0.2 to 0.75, respectively; the Ca*/Si ratios are 3.61 to 11.19 and 3.18 to 13.28, respectively; the X are 0.04 to 0.28 and 0.09 to 0.41, respectively; and the Xcarb is 0.85 to 0.97 and 0.91 to 0.97, respectively (Table 3). Regarding these parameters, there are two major differences between the North and South Chayu (Fig. 3): (1) the differences between the seepages and streams are negligible in the North not in the South, and ( 2) the values are high in both the North Chayu stream and seepage waters.

The lack of sizable difference between the seepages and the streams may indicate variable weathering conditions in the mass wasting deposits in North Chayu. Given the variable nature of the studied mass wasting deposits (Table 1), weathering conditions might be more diverse than those of fresh bedrock landslides. Indeed, the freshness of the material in talus deposit varies greatly since they can be continuously supplied by new rock mass and that they could be of different age leading to variable weathering rates and yields (Emberson et al., 2016a;[START_REF] Taylor | Relation between soil age and silicate weathering rates determined from the chemical evolution of a glacial chronosequence[END_REF]. One rough way to estimate the recent activity of a landslide and the relative age of the deposits is by vegetation coverage, because the colonization of vegetation on the deposit needs a stable surface [START_REF] Innes | Lichenometry[END_REF]. However, in North Chayu, the vegetation coverage of the mass wasting deposits (Table 1) correlate neither with the K*/Si ratios (R 2 = 0.03, p = 0.04) nor the Ca*/Si ratios (R 2 = 0.11, p = 0.06) of the corresponding seepages, which suggest that the age is not responsible for the large variations in the K*/Si and Ca*/Si ratios of the seepages in the North Chayu.

The negligible difference between the seepages and streams can be a statistical artefact of the large range in the K*/Si and Ca*/Si ratios and X (Fig. 3), but two other possibilities should be considered. First, the streams sampled in the North Chayu are significantly influenced by mass wasting deposits. The satellite image

shows that talus deposits are ubiquitous on both sides of the valleys for those streams, and there is just one small stream (RYG 153) among those we have sampled, which has no deposits. It is worth noticing that the influence of deposits is widespread for the streams in North Chayu. However, the dissolved load in the streams corresponds to the mixing between a pure mass wasting deposits end-member and the weathering of areas without any deposits. And some streams (RYG 129,125,126 and 161) have K*/Si, Ca*/Si, Xcarb and X even higher than some seepages (RYG 117,131,(139)(140)(141)(142)(143)Tables 3). Assuming adding water coming from a pure mass wasting deposit end-member in variable proportion seems to have little impact on the dissolved load of the streams. Therefore, the chemical composition of the water from mass wasting deposits and the water characteristic of chemical weathering in North

Chayu outside the landslides (vegetated slopes or meadows at the bottom of the valleys) are likely to be similar.

Three factors have been indicated as the key factors enhancing weathering in bedrock landslides deposits [START_REF] Emberson | Weathering of Reactive Mineral Phases in Landslides Acts as a Source of Carbon Dioxide in Mountain Belts[END_REF](Emberson et al., , 2016a)): the larger mineral surface for water-rocks interaction, the more favourable hydrological conditions, and the occurrence of fresh rocks. Our results suggest that similar conditions should be more widespread in North Chayu than just restricted to landslides and mass wasting deposits in order to explain the chemistry of the streams.

Regarding the geomorphic processes and the climate in this region, the key factor to such conditions is likely to be the periglacial environment. Under periglacial environment, the repeat freeze-thaw process caused by the low temperature and large amplitude of diurnal and seasonal temperature change [START_REF] Marshall | Extensive Frost Weathering Across Unglaciated North America During the Last Glacial Maximum[END_REF] increases the density of pores and fractures in bedrock [START_REF] Sun | Characterisation and evolution of the full size range of pores and fractures in rocks under freeze-thaw conditions using nuclear magnetic resonance and three-dimensional X-ray microscopy[END_REF], as well as the permeability [START_REF] Takarli | Damage in granite under heating/cooling cycles and water freeze-thaw condition[END_REF], thus increasing the surface area for water-rock interaction. The estimated MAT in the North Chayu is within the range (-4 to -15°C)

suggested to be most effective in making fractures by ice segregation growth [START_REF] Walder | A theoretical model of the fracture of rock during freezing[END_REF]. However, the low temperature of the periglacial environment can in turn exert kinetic limitations on chemical weathering. In addition, in the North Chayu the water supply is limited. Water availability is an important factor limiting the efficacy of chemical weathering [START_REF] Maher | Hydrologic Regulation of Chemical Weathering and the Geologic Carbon Cycle[END_REF]. The fresh surfaces area created by freeze-thaw cycles are not readily exposed to chemical weathering since they are ice-filled for a period of time, limiting the availability of fluids [START_REF] Hall | On the persistence of 'weathering[END_REF]. Only during the thaw, the rock fragments are available for weathering.

Moreover, low temperatures reduce the silicate weathering rate but also increase carbonate solubility. A change in MAT from 11.9°C to -2.2°C, for the comparison of the South Chayu with the North Chayu, induces a 15% increase in the dissolved carbonate, while the silicate weathering rate decreases by 63% to 90% (using the apparent activation energy of 74±29 kJ mol -1 of [START_REF] West | Tectonic and climatic controls on silicate weathering[END_REF] and a change in Ksp for CaCO3 by 133%, e.g. [START_REF] Bufe | Co-variation of silicate, carbonate and sulfide weathering drives CO2 release with erosion[END_REF]. Therefore, silicate weathering in the periglacial environment is likely to be limited by the low temperature while carbonate weathering is slightly increased. In addition water availability is restricted to thaw periods, so periglacial environment could greatly inhibit silicate weathering. But, the freeze-thaw cycles are exposing fresh surfaces, enhancing the preferential weathering of the most reactive phases, e.g. the disseminated calcite and pyrite, and the release of K from the biotite. The importance of such weathering of reactive mineral phases is, however, only relative because silicate weathering is strongly inhibited. The positive correlation between the Ca*/Si ratios and the X values for the North Chayu streams (Fig. 4) corroborates the carbonate weathering enhanced by sulphide oxidation. And the positive correlations of K*/Si and Ca*/Si ratios and Xcarb and X values with TDS* in both the seepage and stream water samples from North Chayu (Fig. 5) suggest the weathering of the labile phases dominate the dissolved load in the North Chayu, irrespective to the relative occurrence of mass wasting deposits.

To sum up, we attribute the dissolved characteristics in the North Chayu to the periglacial environment. The frost process creates large surfaces areas for water-rock interaction, while the hydrological conditions and low temperature just favour the preferential weathering of labile phases and reduce the silicate weathering rate. As a result, the chemical weathering has specific characteristics: high TDS*, K*/Si and Ca*/Si ratios and Xcarb and X values.

Implication on periglacial weathering

Comparison with alpine weathering of granitoids

The particularity of the periglacial weathering in the North Chayu can be further supported by the comparison with the large dataset of granitoid watersheds [START_REF] White | The role of disseminated calcite in the chemical weathering of granitoid rocks[END_REF][START_REF] Oliva | Chemical weathering in granitic environments[END_REF][START_REF] Gurumurthy | Controls on intense silicate weathering in a tropical river, southwestern India[END_REF][START_REF] Wu | Chemical weathering, atmospheric CO2 consumption, and the controlling factors in a subtropical metamorphic-hosted watershed[END_REF][START_REF] Zhang | Riverine hydrochemistry and CO2 consumption in the tropic monsoon region: a case study in a granite-hosted basin, Hainan Island, China[END_REF][START_REF] Sun | Silicate weathering rate and its controlling factors: A study from small granitic watersheds in the Jiuhua Mountains[END_REF]. For a direct comparison, that dataset has been corrected

for cyclic input following the same method used for the Chayu catchment. The K*/Si and Ca*/Si ratios do not correlate with MAT, where MAT has been estimated using a local thermal gradient of -6.1°/km and the mean altitude of the corresponding catchment (Fig. 6). The data span a MAT range of 0 to 30°C, and their K*/Si ratios are <0.37 and Ca*/Si ratios are <2.33. A watershed with a K*/Si of 0.66 corresponds to very high [K + ] of 212 μmol/L in river water, and such values are likely to witness a significant contribution from fertilizer [START_REF] Sun | Silicate weathering rate and its controlling factors: A study from small granitic watersheds in the Jiuhua Mountains[END_REF] and are not considered in the dataset. So with these, a rough range of water compositions draining granitoid lithology under most of the environmental conditions on the earth surface is defined.

The data from the South Chayu streams are compatible to this range (Fig. 6a,b). In contrast, the North Chayu data, draining mostly granitoid lithology as well, are much higher, highlighting the effect of its periglacial environment. Although the North Chayu is distinctive to all the other watersheds in the world granitoid dataset, we regard that the alpine periglacial environment is not rare on the Earth surface, but are only rarely studied. The alpine periglacial environment should draw attention since it nurtures the headwaters of most mountain rivers.

Implications on continental weathering during glacial-interglacial cycles

Alpine periglacial weathering may play an important role in modulating the chemical weathering during the Quaternary glacial-interglacial cycles. Several hypotheses have been proposed to explain the records for past continental weathering.

The cyclic expansion and retreat of continental ice sheet could rejuvenise the surfaces affected by chemical weathering and so boost the weathering rate [START_REF] Crocket | Continental weathering fluxes during the last glacial/interglacial cycle: insights from the marine sedimentary Pb isotope record at Orphan Knoll, NW Atlantic[END_REF][START_REF] Foster | Negligible glacial-interglacial variation in continental chemical weathering rates[END_REF][START_REF] Vance | Variable Quaternary chemical weathering fluxes and imbalances in marine geochemical budgets[END_REF]. The cyclic latitudinal migration of the inter-tropical convergence zone and associated variation in monsoon strength could drive higher interglacial chemical flux (e.g. [START_REF] Hein | Post-glacial climate forcing of surface processes in the Ganges-Brahmaputra river basin and implications for carbon sequestration[END_REF][START_REF] Wilson | Quaternary climate modulation of Pb isotopes in the deep Indian Ocean linked to the Himalayan chemical weathering[END_REF].

The exposure of continental shelf could introduce additional carbonate weathering flux into the ocean during glacial periods (e.g. [START_REF] Stoll | Effects of Quaternary Sea Level Cycles on Strontium in Seawater[END_REF], and probably silicate weathering flux in tropical areas (e.g. [START_REF] Wan | Enhanced silicate weathering of tropical shelf sediments exposed during glacial lowstands: A sink for atmospheric CO2[END_REF], although there are also studies suggesting stable weathering flux during the Quaternary climate cycles (e.g. von [START_REF] Von Blanckenburg | Stable runoff and weathering fluxes into the oceans over Quaternary climate cycles[END_REF].

Enhanced chemical weathering under periglacial environment is likely to require significant fractured bedrock allowing deep-water penetration before the freeze-thaw processes take place. Indeed, the Chayu valley is within a seismic belt (e.g. [START_REF] Mukhopadhyaya | Earthquake swarms near eastern Himalayan Syntaxis along Jiali Fault in Tibet: A seismotectonic appraisal[END_REF] and affected by high magnitude earthquake capable of triggering landslides (e.g. Coudurier-Curveuer et al., 2020;[START_REF] Zhao | Insights into the geohazards triggered by the 2017 Ms 6.9 Nyingchi earthquake in the east Himalayan syntaxis[END_REF]. On the other hand, in areas sculptured by ice sheet or glacial (proglacial settings) fluctuations and exposed to weathering [START_REF] Foster | Negligible glacial-interglacial variation in continental chemical weathering rates[END_REF] the chemical weathering rate could be limited since the bedrock surface smoothed by ice motion could lack fractures. Therefore, the most remarkable increases in chemical weathering rate after ice sheet rejuvenation [START_REF] Foster | Negligible glacial-interglacial variation in continental chemical weathering rates[END_REF] will take place in active mountain belts where new fractures are constantly generated due to tectonic activity. Temperate areas can also become a periglacial environment during the glacial expansion, e.g. central Eurasia [START_REF] Hubberten | The periglacial climate and environment in northern Eurasia during the Last Glaciation[END_REF] and mid-latitude North American [START_REF] Marshall | Extensive Frost Weathering Across Unglaciated North America During the Last Glacial Maximum[END_REF]. Among those areas, the periglacial weathering mechanisms should be more significant in the active mountain belts where fractures exist, and less on the stable terrains. Therefore, the alpine regions in active mountain belts are likely to be much more sensitive to the Quaternary climatic change through periglacial weathering.

Conclusion

In the Chayu catchment in the eastern Himalaya draining granitoid lithology, we studied the dissolved load of the seepages water from mass wasting deposits and the streams water in two regions with different climatic conditions. In the water samples studied, the cations are dominated by Ca 2+ except for the South Chayu streams in which Na + and K + become important and the anions are dominated by HCO3 -. The cyclic input represents 5.7 to 8.2 % of the dissolved load. The SO4 2-of the water samples are mainly from the oxidation of sulphide mineral in granitoid lithology, with the minor contribution from sedimentary sulphide for some North Chayu streams.

Carbonate weathering contribute to a large part for the dissolved load despite the granitoid lithology, and the carbonate contribution is more significant in the North Chayu.

In the South Chayu with sub-tropical monsoonal environment, the seepages are found to be systematically higher in TDS*, K*/Si and Ca*/Si ratios, and Xcarb and X values than the nearby streams. The differences between landslide seepage and stream are identical to the previous studies about landslide weathering with other lithologies (e.g. greywacke or sedimentary rock enriched with carbonate), suggesting the enhanced weathering by landslide process still holds in granitoid regions.

In the North Chayu with alpine periglacial environment, the differences between the seepages and streams are negligible and the values are high. This highlights the impact of the periglacial environment. The high K*/Si, Ca*/Si and X values in all the periglacial water samples suggest the preferential weathering of reactive mineral phases, likely related to their fresh exposure by freeze-thaw cycles. Besides, earthquake is likely an important parameter, promoting landslides and exposing bedrocks in the area, since seismic activity is both frequent and strong around the Eastern Himalayan Syntaxis (e.g. [START_REF] Mukhopadhyaya | Earthquake swarms near eastern Himalayan Syntaxis along Jiali Fault in Tibet: A seismotectonic appraisal[END_REF] The black line represents the linear fit for the North Chayu streams with 95% confidence interval presented by the grey shade. For the linear fit, the correlation coefficient (R) is 0.931, and the P-value is 0.007. the studied Chayu water samples and granitoid watersheds elsewhere [START_REF] White | The role of disseminated calcite in the chemical weathering of granitoid rocks[END_REF][START_REF] Oliva | Chemical weathering in granitic environments[END_REF][START_REF] Gurumurthy | Controls on intense silicate weathering in a tropical river, southwestern India[END_REF][START_REF] Wu | Chemical weathering, atmospheric CO2 consumption, and the controlling factors in a subtropical metamorphic-hosted watershed[END_REF][START_REF] Zhang | Riverine hydrochemistry and CO2 consumption in the tropic monsoon region: a case study in a granite-hosted basin, Hainan Island, China[END_REF][START_REF] Sun | Silicate weathering rate and its controlling factors: A study from small granitic watersheds in the Jiuhua Mountains[END_REF]. The colder North Chayu has higher K*/Si and Ca*/Si ratios than other granitoid watersheds from literature, highlighting factors other than temperature that enhance chemical weathering in this periglacial environment. 
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 3 Fig. 3. The K*/Si, Ca*/Si ratios (corrected for cyclic input), X and Xcarb values of the water samples, grouped by location and nature. The vertical bars in the panel of K*/Si and Ca*/Si indicate the corresponding composition of the batholiths, with the red bar for the Demulha Batholith in the North Chayu and the green bar for the Chayu Batholith in the South Chayu.
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 4 Fig. 4. Ca*/Si ratios versus X values for the North Chayu streams and seepages.

Fig. 5 .

 5 Fig. 5. TDS* versus a) K*/Si ratios, b) Ca*/Si ratios and c) X values of the water samples. The red lines and the pink shades represent the linear fits and the 95% confidence interval, respectively, for the North Chayu streams except the sample RYG 114 (this stream shows a significantly lower TDS* compared with other streams with similar K*/Si and Ca*/Si ratios, thus is considered to be diluted by the melt water from an upstream glacier). The linear fit is characterised by a correlation coefficient (R) and a P-value of 0.986 and 0.002 in panel b, while those values are 0.926, and 0.024 in panel c.
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 6 Fig. 6. Mean annual Temperature (MAT) versus a) K*/Si ratio and b) Ca*/Si ratio for
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  Ternary plots representing the relative abundance, expressed in Eq/L, of the major cation and anion of the studied Chayu water samples with the rivers draining the Lhasa terrane[START_REF] Hren | Major ion chemistry of the Yarlung Tsangpo-Brahmaputra river: Chemical weathering, erosion, and CO2 consumption in the southern Tibetan plateau and eastern syntaxis of the Himalaya[END_REF][START_REF] Yu | Chemical weathering in the upstream and midstream reaches of the Yarlung Tsangpo basin, southern Tibetan Plateau[END_REF] as a comparison. Ca 2+ is dominant and Cl -is negligible in the samples of this study. The K + and Na + are more significant in the South Chayu than in the North Chayu water samples.
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	and the
	Chayu catchment is in a landslide-prone area (e.g. Coudurier-Curveuer et al., 2020;
	Zhao et al. 2021). Therefore, the freeze-thaw process coupled with a physical erosion
	dominated by landsliding provide a strong rock exposure mechanism in alpine
	periglacial setting of the North Chayu. The preferential weathering of the reactive
	mineral phases is also more dominant since the partial availability of water, restricted
	to thaw periods and low temperature favour the preferential weathering of labile
	mineralogical phases and mineralogical sites and reduces the weathering rates of
	silicate. Alpine periglacial weathering is important since the headwaters of most
	mountain rivers originates from periglacial environment and granitoids are prevalent
	among the active mountain belts. In addition, the alpine periglacial weathering in
	active mountain belt could play an important role in modulating the chemical
	weathering during the Quaternary glacial-interglacial cycles.

Table 1

 1 

		Information	about	the		sampled	mass	wasting	deposits.
	Sample ID	Deposit No.	Long.	Lat.	Altitude [1]	Relief	Type of mass wasting deposit		Surface Area	Vegetation Cover
					m	m			km 2
	RYG 109, 110	ZL-1	97.1699	29.2948	4133	1312	Talus fan		0.779	39%
	RYG 119, 120	ZL-2	97.0376	29.3370	4944	673	Rock glacier		0.232	13%
	RYG 131	ZL-3	97.0947	29.3341	4306	247	Talus fan / rock glacier		0.199	62%
	RYG 139-142, 117	ZL-4	97.1095	29.3296	4263	310	Talus fan		0.231	29%
	RYG 143	ZL-5	97.1500	29.3273	3973	322	Talus fan		0.213	97%
	RYG 155	ZL-6	97.1104	29.3227	4284	385	Rock glacier		0.091	54%
	RYG 158	ZL-7	97.0571	29.3382	4390	225	Talus fan		0.113	85%
	RYG 147-149	ZL-8	97.1617	28.5993	2010	1220	Bedrock landslide		0.921	51%
	[1] The mean altitude of the deposit area.							
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