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Fluid-rock interactions at Mid-Oceanic Ridges lead to metal deposition in the so-called seafloor massive sulfides at ultramafic-hosted systems. Due to restricted access to the seafloor and scarcity of 3D exposures, these systems are poorly understood at-depth. A way to access the vertical dimension is to focus on fossil analogs preserved on-land such as the one preserved in serpentinites from the Platta nappe (SE Switzerland). For this example, we document the element distribution in the mineralized rocks at three distinct levels in the rock column using both whole rock chemical analyses and LA-ICPMS analysis of sulfide (chalcopyrite and pyrrhotite) and magnetite. We bring, for the first time, chemical signatures of the mineralization in the root zone of ultramafic-hosted black smokers. At any given depth, the Co/Ni ratio is maximum in the most mineralized samples indicating that this ratio is linked to the intensity of hydrothermal alteration. Additionally, the Co/Ni ratio decreases in mineralized rocks towards the paleosurface, whereas the Se content increases. An episode of carbonation recorded in the highest structural level of the system was responsible for a slight remobilization of the former Cu stock. We propose a model in which the uprising mineralizing fluid mixed with seawater within the host serpentinites, before venting at the paleoseafloor.

.

. Because of the nature of the host rock, mineralization at mafic-hosted and ultramafic-hosted hydrothermal systems are slightly different. They consist of Fe-Cu-Zn-rich deposits in mafic settings and Cu-Co-Zn-(Ni)-(Au)-rich deposits in ultramafic settings (e.g. Fouquet et al., 2010. Along the Mid-Atlantic Ridge, these systems were extensively studied through
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J o u r n a l P r e -p r o o f and metamorphism and the metallic stock has been locally partially reworked. In some cases, the origin of the mineralization is hard to retrieve [START_REF] Foose | Setting of a Magmatic Sulfide Occurrence in a Dismembered Ophiolite, Southwestern Oregon[END_REF]Talhammer et al., 1896;[START_REF] Song | Ni-Cu-(PGE) magmatic sulfide deposits in the Yangliuping area, Permian Emeishan igneous province, SW China[END_REF].

In the Platta nappe, Coltat et al., (2019b) recognized a fossil Jurassic ultramafic-hosted black smoker-like system. The overall geometry of this Marmorera-Cotschen hydrothermal system (MCHS) has been preserved from the Alpine overprint. Also, the structural relationships between mineralization, mafic intrusions and detachment fault can be restored. We propose here, based on this geometry, to evaluate the elemental distribution at different structural positions, i.e. at distinct paleo-depths below the detachment, through in-situ LA-ICPMS on metal-bearing phases (chalcopyrite, pyrrhotite, magnetite) and whole rock geochemistry. The geochemical signatures of the MCHS are compared with the ones reported at present-day seafloor massive sulfides (SMS) to better decipher the processes that occur during the ascent of hydrothermal fluids. On this basis, we propose that the mineralizing fluids mixed with seawater within the host serpentinites on their way up to the seafloor.

Geological setting

The Platta nappe is located in the southeastern part of the Swiss Alps (Grisons' canton) and belongs to the South Pennine Alpine units (figure 1A,B). It represents an ophiolite formed during the opening of the Alpine Tethys basin during the Jurassic. During this period, E-W mantle exhumation was accommodated along detachments faults (figure 1C, Froitzheim andManatschal, 1996, Epin et al., 2019) and accompanied by mafic magmatism (Desmurs et al., 2002[START_REF] Amann | Geochemical characteristics of basalts related to incipient oceanization: The example from the Alpine-Tethys OCTs[END_REF]. U-Pb dating on zicon grains in gabbroic bodies from the Platta nappe yielded an age of 161± 1 Ma [START_REF] Schaltegger | The transition from rifting to sea-floor spreading within a magma-poor rifted margin: field and isotopic constraints[END_REF]. As the magmatic budget in the Platta nappe was low, serpentinized mantle rocks commonly crop out at the surface where they are covered by mafic extrusives or post-rift sediments (figure 1B, [START_REF] Dietrich | Die Stratigraphie der Platta-Decke: facielle Zusammenhänge zwischen Oberpenninikum und Unterostalpin[END_REF][START_REF] Epin | Polyphase tectono-magmatic evolution during mantle exhumation in an ultra-distal, magma-poor rift domain: example of the fossil Platta ophiolite, SE Switzerland[END_REF]. As such, the Platta nappe corresponds to an "amagmatic ophiolite" rather than to a Penrose-type ophiolite (i.e. it lacks of a continue and complete oceanic crust). The end of the rifting period was marked by deposition of the Radiolarian Chert Formation. During the Cretaceous, the subduction of the European plate beneath the African plate led to the closure of the former Alpine Tethyan realm. The continental collision implied crustal thickening through W-NW-vergent nappe stacking (D1 phase, [START_REF] Froitzheim | Repeated change from crustal shortening to orogen-parallel extension in the Austroalpine units of Graubünden Graubünden[END_REF]. The Platta nappe was only affected by a low-temperature prehnite-pumpellyite metamorphism (< 300°C; Dunnoyer de [START_REF] Dunoyer De Segonzac | Diagenese et metamorphisme des argiles dans le Rhetien Sud-alpin et Austro-alpin (Lombardie et Grisons)[END_REF]Ferreiro-Mahlmänn, 1995). During the Late Cretaceous, a D2 extensional Alpine phase occurred. It produced top-J o u r n a l P r e -p r o o f to-the-east to southeast normal faults [START_REF] Froitzheim | Repeated change from crustal shortening to orogen-parallel extension in the Austroalpine units of Graubünden Graubünden[END_REF]. This event is poorly constrained in the Platta nappe (Epin et al., 2019, Coltat et al., under revision). During the Cenozoic, N-S-oriented shortening (D3 phase) resulted in the formation of large-scale E-W folds and N-vergent thrusts [START_REF] Epin | Defining diagnostic criteria to describe the role of rift inheritance in collisional orogens: the case of the Err-Platta nappes (Switzerland)[END_REF].

Extensional tectonics during Jurassic mantle exhumation was accompanied by intense fluid circulation. This is recorded through i) hydration of primary mantle rocks (i.e. serpentinization) under retrograde conditions [START_REF] Müntener | Plagioclase Peridotites in Ocean-Continent Transitions: Refertilized Mantle Domains Generated by Melt Stagnation in J o u r n a l P r e -p r o o f the Shallow Mantle Lithosphere[END_REF], ii) alteration of mafic rocks (e.g. rodingitization of mafic intrusions and epidotization-chloritization of mafic extrusive rocks, Amann et al., 2019), iii) formation of mineralized systems [START_REF] Dietrich | Die sulfidischen Vererzungen in den Oberhalbsteiner Serpentiniten[END_REF][START_REF] Perseil | Découverte de microstructures de nodules polymétalliques dans les minéralisations manganésifères métamorphiques de Falotta et de Parsettens (Grisons-Suisse)[END_REF]Coltat et al., 2019b) and iv) carbonation of serpentinites and basalts (Coltat et al., 2019a, b). HT ultramafic-hosted mineralized systems have been recognized in the Platta nappe (Marmorera-Cotschen area) in the vicinity of a Jurassic extensional detachment (figure 1D,E). Coltat et al. (2019b) interpreted this mineralized system as an equivalent to the root zone of present-day ultramafic-hosted black smokers as those active at slow-spreading Mid-Oceanic Ridges. These authors showed that the overall system underwent a certain amount of tilting during the Alpine orogeny without strong internal deformation. This allows the Jurassic extensional structures to be restored and the mineralized system to be studied in its undisturbed geometry.

J o u r n a l P r e -p r o o f [START_REF] Schaltegger | The transition from rifting to sea-floor spreading within a magma-poor rifted margin: field and isotopic constraints[END_REF] showing the Marmorera Cotschen area displayed in D (black inset).
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Journal Pre-proof (C) Restored cross section showing mantle exhumation beneath the Adriatic plate during the Jurassic WNW-ESE-oriented opening of the Alpine Tethys Ocean (after [START_REF] Pinto | Tracing mantle-reacted fluids in magma-poor rifted margins: The example of Alpine Tethyan rifted margins[END_REF].

(D) Westwards view of the Marmorera-Cotschen hydrothermal system cliff (viewpoint shown in B) and (E) interpreted line-drawing. Modified after Coltat et al. (2019b) 3. Sampling, Samples and Analytical methods 3.1. Field description Coltat et al. (2019b) investigated the Marmorera-Coschen hydrothermal system. A brief description of their results is given here. The MCHS is hosted in the serpentinized footwall of a top-to-the-W detachment juxtaposing basalts onto serpentinites (figure 1D, E, 2A). The system outcrops noticeably well in 3D over a height of 600m. The Fe-Cu-Ni-Co-Zn mineralization is carried by sulfides (mainly chalcopyrite, pyrrhotite, pentlandite, sphalerite), oxides (magnetite) and is associated with coeval Fe-Ca-silicates (ilvaite, hydrogarnet and diopside). As a rule, where mineralization occurs, the primary lizardite is replaced by Feantigorite and/or greenalite.

The site of Cotschen represents the bottom of the system, at around 150m below the paleo detachment (figures 1D, E, 2). It is made of serpentinites extensively replaced by Fe-Casilicates, sulfides (sphalerite, chalcopyrite, pyrrhotite) and magnetite. Locally, Fe-Ca-silicates veins form a stockwork. At other places, Fe-Ca-silicates are absent and the mineralization is carried by an assemblage of sulfides and oxides in various proportions forming the semimassive sulfides facies. At Cotschen, the end-members of this facies are either sulfide veins (mainly pyrrhotite with minor chalcopyrite) crosscutting serpentinite or serpentinite replaced by magnetite with minor sulfides (figure 2C).

The mineralization of Marmorera is located at around 80m below the detachment (figures 1D, E, 2). The hydrothermal facies from this site are the most diversified among those found at the MCHS (figure 2C). The mineralization is associated with a mafic dyke (figure 2). Close to the dyke, serpentinite is locally almost completely replaced by a Cu-rich assemblage of chalcopyrite and minor isocubanite. Magnetite, pyrrhotite and pentlandite occur together with diopside and are embedded in the chalcopyrite groundmass. Serpentinite clasts locally remain (figure 2C). Where hydrothermal alteration is less intense, a semimassive sulfides facies occurs. It is comprised of pyrrhotite, magnetite and minor chalcopyrite veins. In the serpentinite groundmass, magnetite grown at the expense of Cr-rich spinel is common (figure 2C). Pyrrhotite is locally associated with this magnetite. Fe-Ca-silicates occur in the outer part J o u r n a l P r e -p r o o f of the mineralization. They are comprised of either diopside or magnetite forming infilling pockets and veins, respectively (figure 2C). Ilvaite occurs as veins associated with diopside and minor chalcopyrite and magnetite. Magnetite also occurs in the serpentinite groundmass where it rims spinel relics. Locally, ilvaite rim develops around this magnetite. Barren serpentinite consists of lizardite-rich serpentinite which contains micrometer-sized magnetite and pentlandite grains (figure 2C).

The Snake Pit mineralization is at around 30m below the detachment (figure 2). There, Fe-Casilicates vanish (figure 2B) and the mineralization is made of euhedral pyrite forming disseminated grains or aggregates (figure 2C). Inclusions of chalcopyrite, pyrrhotite and sphalerite locally occur in pyrite. These phases together with pentlandite are also encountered around pyrite grains (figure 2C). The mineralization is crosscut by calcite veins forming fracture-filling ophicalcites. Locally, chalcopyrite is associated with calcite suggesting that the copper stock has been slightly remobilized during carbonation (figure 2C).

Sampling strategy

Several samples have been collected at each of the three levels depicted above as representative of the variability of hydrothermal rocks (figure 2C). They represent either serpentinites extensively replaced by Fe-Ca-silicates and/or mineralization (sulfides and oxides) or serpentinites crosscut by mineralized veins (i.e. stockwork structure). The former contains more metal-bearing phases; hence it was mainly investigated. At Snake Pit, the mineralization type differs and is expressed as disseminated sulfides. Also, barren serpentinite has been collected to yield the first-order geochemical signature of the host rocks.

The variability of hydrothermal rocks reported at the MCHS is more important than the one expected at present-day hydrothermal venting sites where massive sulfides rather occur (i.e.

Fe-Ca-silicates-rich hydrothermal facies have never been recovered in present-day settings).

At the seafloor, where fluids vent, massive sulfides directly precipitate from hydrothermal fluids (i.e. chimneys, sulfide mounds), whereas at the MCHS replacement process of serpentinite by mineralization is the main process of metal enrichment. Therefore, a direct comparison of the geochemical signatures of the two systems (i.e. the MCHS and present-day SMS) would be meaningless. Thus, we first document the element mobilities associated with hydrothermal alteration and mineralization formation at the MCHS. Then we compare these signatures to the ones of present-day deeply altered and mineralized rocks where replacement processes occur.

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

Noticeably, at the MCHS we do not have evidence of exhalative system. Also, the precise location of the paleo-seafloor remains speculative and the exact basalt thickness is unknown. Therefore, we cannot precisely define the paleodepth of the MCHS. As a consequence, in figure 2B, present-day black smokers represent the termination of the hydrothermal system without spatial continuation with the MCHS. This justifies the horizontal white area in figure 2B. However, we assume that fluids would eventually have vented at the seafloor where SMS likely formed. The strategy adopted in this study was to document the distribution of selected elements on the vertical scale as markers of the processes likely to occur during hydrothermal fluid flow.

Finally, we aim at deciphering, at a given depth, the small-scale hydrothermal processes. To resolve this point, we paid a special attention to the Marmorera section as it displays the largest variety of mineralization types.

Samples

Whole rock chemical analyses on both mineralized and barren samples coupled to in-situ LA-ICPMS analyses on metal-bearing phases (chalcopyrite, pyrrhotite and magnetite) have been carried out.

At the bottom of the system (i.e. Cotschen), two samples of the Fe-Ca-silicates facies have been selected (Cot18_40a and Cot18_46b, figure 2C). Both represent serpentinites extensively replaced by an assemblage of Fe-Ca-silicates associated with minor sulfides. The sample Cot18_46b displays the highest degree of alteration. At the same place, two samples of semimassive sulfides facies have been collected (figure 2C). They correspond to the endmembers of this facies, representing either a pyrrhotite-rich sample (Cot18_71) or a magnetite-rich with minor sulfides sample (Cot16_61, figure 2C).

At Marmorera, four samples have been collected perpendicular to a mafic dyke (figure 2C).

They correspond to the barren serpentinites (Mar16_31), the Fe-Ca-silicates facies (Mar18_39), the semimassive sulfides facies (Mar18_31a) and the Cu-rich massive sulfides facies (Cu-rich MS, Mar16_35). An additional sample in the Cu-rich MS (Mar16_34) has been selected for the determination of the whole rock composition. It corresponds to the most mineralized Cu-rich sample (table 2).
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At the top of the system (Snake Pit), four samples have been selected (figure 2C, table 1). Samples Cot16_49a and Cot16_52 represent the least and the most mineralized sample, respectively (figure 2C). The four samples also display variable intensity of carbonation.

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

Whole rock quantitative chemical data were acquired using X-ray fluorescence at the Marine Geosciences department at Ifremer institute (Plouzané, France). Analyses were conducted with a wavelength dispersive X-ray fluorescence spectrometer (WD-XRF; BRUKER AXS S8 TIGER) on fusion beads or compressed pellets for major and trace elements, respectively. Fusion beads were prepared as following. For sulfide-rich rocks 0.3g of dried sample (70°C) was placed in a Pt-Au crucible with 7g spectroflux 161 (Li2B4O7 90% + LiNO3 10%;

Claisse -Malvern Panlaytical). 0.3g of NaBr with 3g of spectroflux 161 and 3g of spectroflux 106 (Li2B4O7 85% + La2O3 15%; Johnson Matthey) was then added and the Pt-Au crucible was heated progressively from room temperature to 500°C for 1h in an electric furnace before fusion at 1000°C. This method prevents sulfur loss present in sulfides during fusion at 1000°C. For silicate rocks, 0.5g of calcined sample was placed in a Pt-Au crucible with 9g of spectroflux 120A (Li2B4O7 90% -LiF 10%, SPCSciences) and 500µL of a 250 g/L solution of LiBr (Merck) no-wetting agent was added. The fusion was performed at 1050°C in an electric furnace. Gold was determined after separation on an ion-exchange filter following the methodology described in [START_REF] Etoubleau | Séparation des métaux nobles (Pt, Au) d'une matrice géologique par chromatographie d'échange d'ions et détermination par spectrométrie de fluorescence X[END_REF]. After data acquisition, measured net peak intensities corrected from inter-element effects were converted into concentrations using calibration curves generated from the analysis of certified geochemical standard powders prepared following the same protocol and measured under identical analytical conditions. Calibration curves were established using certified rock materials from the Centre de J o u r n a l P r e -p r o o f recherches pétrographiques et géochimiques (e.g. BE-N, IF-G), the Canadian certified reference materials project (e.g. UM-1, UM-2, UM-4, WMG-1, CCU-1 set, CZN set, KC-1a, PTC-1a, PTM-1a, RTS-1, RTS-2, RTS-3, MP-1, MP-2, WMS-1a ) and the Geological survey of Japan (e.g. JB-3, JCFA-1, JLs-1, JSD-2). Reference serpentinite (HARZ01-GeoPT) and Cu-rich sulfide matrix (CCU1d) were analyzed as unknowns using the same methods as for the silicate and sulfur samples, respectively (appendix 6).

Prior to LA-ICPMS analyses, the sulfides and oxides were analyzed using a Cameca SX100 Electron Probe Micro Analyser (EPMA) at Microsonde Ouest (Plouzané, France) to give composition used for internal standard. Analyses were conducted using an accelerating voltage of 15kV and a beam current of 20nA. A beam diameter of 5 and 1 µm was used for analyses on sulfides and oxides, respectively. Natural sulfides and oxides standards have been used for standardization. Counting time for sulfides was 10s for S, Fe, Co, Cr, Ni, Ti and Mn; 20s for Cu, Zn, and Se; 60s for As and V. For magnetite, counting time was 10s for all element except Zn was 20s.

After optical microscopy and EPMA analysis selected samples were analysed by laser ablation quadrupole inductively coupled plasma mass spectrometry (LA-Q-ICPMS) at Trinity College, Dublin. Trace element analysis was carried out using a Teledyne-Cetac G2 193 nm wavelength ArF excimer laser ablation system with a HelEx 2-volume cell, where ablation occurs. The laser is coupled via extremely narrow bore PEEK tubing and a Teledyne-Cetac ARIS rapid sample-introduction system to a Thermo-Fischer iCap Qs quadrupole ICPMS. This analytical set-up is ideal for rapid elemental mapping. For spot analyses an in-house adjustable-volume signal-smoothing device was used, which permitted the use of a wide range of laser repetition rates.

The primary standard material used is USGS MASS-1 sulphide [START_REF] Wilson | Development of sulfide calibration standards for the laser ablation inductively-coupled plasma mass spectrometry technique[END_REF]. UQAC sulphide micropowder pellet [START_REF] Onuk | Development of a Matrix-Matched Sphalerite Reference Material (MUL-ZnS-1) for Calibration of In Situ Trace Element Measurements by Laser Ablation-Inductively Coupled Plasma-Mass Spectrometry[END_REF], MUL sphalerite [START_REF] Onuk | Development of a Matrix-Matched Sphalerite Reference Material (MUL-ZnS-1) for Calibration of In Situ Trace Element Measurements by Laser Ablation-Inductively Coupled Plasma-Mass Spectrometry[END_REF] and basalt glass BCR-2G were the secondary standards employed (appendix 7). Conventional standard-sample bracketing was used during spot analysis. Data reduction was performed using the Iolite data reduction software [START_REF] Paton | Iolite: Freeware for the visualisation and processing of mass spectrometric data[END_REF]. After the data treatment, each individual integration was checked for where spikes in the signal due to microinclusions or mechanical mix between distinct sulfide phases (e.g. change of phase with increasing ablation depth) were clearly recognized, the analyses were dismissed to avoid the effect of mineralogical inclusions in the analyzed phase.Average mineral Fe composition data from J o u r n a l P r e -p r o o f EPMA analyses were used as the necessary internal standard for the processing of the spot trace element data acquired via LA-ICP-MS.

Results

The whole rock and single grain chemical compositions are given in tables 1 to 5 and are represented in figures 3 to 13 for selected elements. The extensive data base is presented as discriminants diagrams in appendix 1 and box plots in appendixes 2 to 4.

Although Fe-Ca-rich metasomatism was coeval to mineralization at the MCHS, we differentiate between the two processes. Throughout the manuscript, "altered rocks" refer to serpentinites replaced by Fe-Ca-silicates (and locally associated with minor sulfides), whereas "mineralized rocks" correspond to serpentinites replaced by metal-bearing phases (sulfides and oxides). The most altered rocks do not necessarily correspond to the most mineralized but rather reflect higher degree of hydrothermal alteration underwent by the serpentinites. [START_REF] Andreani | Tectonic structure, lithology, and hydrothermal signature of the Rainbow massif (Mid-Atlantic Ridge 36°14'N)[END_REF] ᵇfrom [START_REF] Marques | Sulfide mineralization in an ultramafic-rock hosted seafloor hydrothermal system: From serpentinization to the formation of Cu -Zn -(Co) -rich massive sulfides[END_REF] Abbreviations: Semi. Sulf.=semimassive sulfides. Barren serp.=barren serpentinite. "-"=element not measured. *Average of the differences measured between the known element content of the international standard BCR or MUL1 (As and Se) and the content obtained running the standard as an unkown (relative error). 12 Values below the limits of detection are not considered. Abbreviations: bdl=below the detection limits *Average of the differences measured between the known element content of the international standard BCR or MUL1 (for As and Se) and the content obtained running the standard as an unkown (relative error).
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J o u r n a l P r e -p r o o f *Average of the differences measured between the known element content of the international standard BHVO or NIST (for Ni) and the content obtained running the standard as an unkown (relative error).

J o u r n a l P r e -p r o o f 4.1. Alteration of ultramafic rocks at the MCHS Altered and mineralized rocks at the MCHS (figure 3A,B) plot outside the range defined by deeply altered and mineralized serpentinites (i.e. stockwork and steatite) beneath the SMS at the Rainbow hydrothermal site [START_REF] Marques | Sulfide mineralization in an ultramafic-rock hosted seafloor hydrothermal system: From serpentinization to the formation of Cu -Zn -(Co) -rich massive sulfides[END_REF]. At the MCHS, the barren serpentinite is close to the serpentinite pole (figure 3A) and mimics the signature of present-day oceanic serpentinites [START_REF] Marques | Sulfide mineralization in an ultramafic-rock hosted seafloor hydrothermal system: From serpentinization to the formation of Cu -Zn -(Co) -rich massive sulfides[END_REF][START_REF] Andreani | Tectonic structure, lithology, and hydrothermal signature of the Rainbow massif (Mid-Atlantic Ridge 36°14'N)[END_REF].

Where mineralization occurs in a stockwork structure replacing serpentinites at the Rainbow hydrothermal site, the Fe 2 O 3 and SiO 2 contents of the rocks increase and decrease, respectively. This reflects the formation of Fe-rich sulfides and magnetite replacing serpentinite [START_REF] Marques | Sulfide mineralization in an ultramafic-rock hosted seafloor hydrothermal system: From serpentinization to the formation of Cu -Zn -(Co) -rich massive sulfides[END_REF]. Seafloor altered serpentinites are locally characterized by extensive steatisation [START_REF] Marques | Sulfide mineralization in an ultramafic-rock hosted seafloor hydrothermal system: From serpentinization to the formation of Cu -Zn -(Co) -rich massive sulfides[END_REF] resulting in their proximity to the talc pole (figure 3A) and the increase of their SiO 2 content (figure 3B), which is not observed in altered rocks at the MCHS. Rather, a Fe-Ca-rich metasomatism occurred leading to an increase of the Fe 2 O 3 content of the rocks together with a decrease of the SiO 2 -CaO content, consistently with the replacement of serpentinites by Fe-Ca-rich silicates. This explains the position of the Fe-Ca-silicates in between the ilvaite and serpentinite poles. The sample Cot18_46 displays a higher degree of replacement consistently with its closest position to the ilvaite pole. The semimassive sulfides are shifted towards the magnetite pole accordingly to the presence of magnetite replacing serpentine in these facies. As a consequence, the Fe 2 O 3 content increases and the SiO 2 content slightly decreases in these samples. Noticeably, the Fe 2 O 3 content in the altered and mineralized rocks at the MCHS is higher than the one reported in deeply mineralized rocks beneath the Rainbow hydrothermal system.

The carbonated samples from Snake Pit display quite homogenous chemical signatures shifted towards the calcite pole. This leads to an apparent decrease of the SiO 2 -CaO content without significant enrichment in Fe 2 O 3 . This carbonation resulted from a low-T (of about 130°C), seawater-derived hydrothermal stage which represents the latest oceanic hydrothermal stage J o u r n a l P r e -p r o o f recorded at the MCHS (Coltat et al., 2019b). The potential remobilization of the former metal stock during this event is discussed below.

At the MCHS, Fe-Ca-rich metasomatism and mineralization formation are accompanied by an increase of the Co/Ni ratio (figure 3C,D). A similar evolution is noticed in the deeply altered and mineralized rocks from the Rainbow hydrothermal site. This peculiarity is less clear in the mineralized rocks from Snake Pit. The high Cu and Zn content increase in mineralized rocks from the MCHS are comparable to the ones reported in deeply mineralized and altered rocks from the Rainbow hydrothermal site. There is no apparent relationship between the Co/Ni ratio and the metal content. [START_REF] Marques | Sulfide mineralization in an ultramafic-rock hosted seafloor hydrothermal system: From serpentinization to the formation of Cu -Zn -(Co) -rich massive sulfides[END_REF][START_REF] Andreani | Tectonic structure, lithology, and hydrothermal signature of the Rainbow massif (Mid-Atlantic Ridge 36°14'N)[END_REF]. Mt=magnetite, Atg=antigorite, Ilv=ilvaite, Adr=andradite, Cc=calcite, Chl=chlorite, Tlc=talc, Chr=chrysotile, Serp=serpentinite, Perid=peridotite.

Figure 3. Chemico-mineralogical discriminant diagram (A, after de La Roche and Marchal, 1978), major (B) and trace (C, D) element compositions of the barren, altered and mineralized rocks at the MCHS compared to present-day equivalents (from

The Cu-rich Massive Sulfides at the MCHS present geochemical signatures similar to the ones of seafloor massive sulfides (table 2) allowing to compare their relative metal enrichments (figure 4). Ultramafic-hosted mineralized systems are characterized by Fe content lower than the one of mafic-hosted mineralization (figure 4). The Cu-rich MS at the J o u r n a l P r e -p r o o f MCHS are between mafic or ultramafic signatures but display a tendency toward high Co content. This is consistent with the mineralization being hosted in ultramafic rocks Fouquet et al., 2010 and references therein;[START_REF] Wohlgemuth-Ueberwasser | Distribution and solubility limits of trace elements in hydrothermal black smoker sulfides: An in-situ LA-ICP-MS study[END_REF][START_REF] Melekestseva | Gold-and Silver-Rich Massive Sulfides from the Semenov-2 Hydrothermal Field, 13°31.13'N, Mid-Atlantic Ridge: A Case of Magmatic Contribution?[END_REF][START_REF] Grant | Constraints on the behavior of trace elements in the actively-forming TAG deposit, Mid-Atlantic Ridge, based on LA-ICP-MS analyses of pyrite[END_REF][START_REF] Yuan | Geochemistry of pyrite and chalcopyrite from an active black smoker in 49.6°E Southwest Indian Ridge[END_REF] Whole rock compositions are marked by an increase of the CaO together with the Sr content (table 1) at Snake Pit, likely in relation to carbonation. MgO and MnO are also enriched there, J o u r n a l P r e -p r o o f whereas Fe 2 O 3 is depleted. Trace elements (figure 5A) do not display specific evolution upwards.

Noticeably, the Ni content of mineralized rocks at the MCHS is higher than the one of present-day SMS either in mafic-or ultramafic-hosted systems, whereas the Co contents are comparable [START_REF] Fouquet | Geodiversity of Hydrothermal Processes Along the Mid-Atlantic Ridge and Ultramafic-Hosted Mineralization: A New Type of Oceanic Cu-Zn-Co-Au Volcanogenic Massive Sulfide Deposit[END_REF]. As a consequence, the Co/Ni ratio of whole rocks at the MCHS is lower than the one of present-day massive sulfides (figure 6), the lowest values being recorded at Snake Pit. At a given structural level, the highest Co/Ni ratio is recorded in the most altered and/or mineralized samples (figure 6). It seems that this ratio decreases upwards at the MCHS (figure 6). Zn is depleted at the MCHS compared to present-day systems. Finally, the highest Cu contents of the MCHS are recorded at Marmorera section and are comparable to present-day seafloor massive sulfides. the TAG hydrothermal mound. Whole rocks and single grain chemical data from Fouquet et al., 2010 and references therein;[START_REF] Melekestseva | Gold-and Silver-Rich Massive Sulfides from the Semenov-2 Hydrothermal Field, 13°31.13'N, Mid-Atlantic Ridge: A Case of Magmatic Contribution?[END_REF][START_REF] Grant | Constraints on the behavior of trace elements in the actively-forming TAG deposit, Mid-Atlantic Ridge, based on LA-ICP-MS analyses of pyrite[END_REF][START_REF] Yuan | Geochemistry of pyrite and chalcopyrite from an active black smoker in 49.6°E Southwest Indian Ridge[END_REF] 

Minerals

Chalcopyrite

In chalcopyrite, Ni and Te concentrations decrease upwards (Te is below the limits of detection at Snake Pit) and Se concentrations increase (figure 5B). Chalcopyrite from SMS extends these trends for Ni and Se displaying low Ni and high Se concentrations (10 -1 to 10 2 ppm and 10 1 to 10 3 ppm, respectively). On the other hand, chalcopyrite from present-day SMS displays Te contents one to two orders of magnitude higher than those of the MCHS (table 3). Indium does not display particular vertical distribution, with maximum In concentration at Marmorera (up to 13ppm) being comparable to present-day systems (figure 5B). Cobalt concentrations overlap along the section (figure 5B). The Co/Ni ratio spans a wide range, especially at Snake Pit (from 10 -3 to 10 1 , figure 6) and describes a funnel-like evolution. At Cotschen, the Co/Ni ratio is close to the one of barren serpentinite (0.05) whereas at Snake Pit the Co/Ni ratio spans between the ones of seawater (0.0025) and chalcopyrite from SMS (~ from 10 0 to 10 3 ). At Marmorera, the highest Co/Ni ratio is measured in the most mineralized sample (i.e. in the Cu-rich massive sulfides facies).

Pyrrhotite

In pyrrhotite (figure 5C), the Se content increases upwards similarly to chalcopyrite (figure 5B), from 1 to 18 ppm at Cotschen to 22 to 44 ppm at Snake Pit. A slight increase of the Ge content occurs upwards (table 4). The maximum of the Ag content is recorded in Cu-rich MS from Marmorera (up to 97 ppm).

Nickel concentrations increase upwards (from 10 1 to 10 4 ppm at Cotschen to 10 3 to 10 4 ppm at Snake Pit) whereas Co decreases upwards. As a result, the Co/Ni ratio decreases regularly upwards and get close to the value of seawater (figure 6). Realistically, the Co/Ni ratio in pyrrhotite is between the ones of seawater, barren serpentinites and present-day seafloor massive sulfides (figure 6). The highest Co/Ni ratios are measured in the most mineralized/altered samples at a given depth similarly to what is measured in chalcopyrite (figure 6).

Magnetite

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

Magnetite has been only observed at Cotschen and Marmorera (figure 2C). A slight increase of Co, Ni, V and Ti concentrations is documented upwards (table 5). Mn concentrations are identical for the two sites. A large dispersion of trace elements in magnetite is the most prominent feature (table 5), likely in relation with the different textural forms of magnetite identified from petrography (i.e. in veins or in the groundmass around spinel relics, figure 2C). Noticeably, the Co/Ni ratio of magnetite is highest in the most mineralized/altered facies both at Cotschen and Marmorera (figure 6), as it was documented for chalcopyrite and pyrrhotite. (from Fouquet et al., 2010 and references therein). The boxplot is built as follow, in this figure and in the following, from the bottom to the top: minimum, first quartile, median, third quartile, maximum values. MHS=Volcanic-Hosted Systems, UHS=Ultramafic-Hosted Systems.

Lateral distribution of elements at Marmorera

Whole rock

Major and trace element of Marmorera samples are displayed in figure 7. Towards the mafic dyke, the Fe 2 O 3 content increases whereas the SiO 2 and MgO contents decrease (tables 1, 2).

These evolutions are consistent with the replacement of former serpentine by metal-bearing phases (figure 2C). CaO is slightly enriched in one sample of the Cu-rich MS facies where it is hosted by metasomatic diopside.

Progressive enrichments of Co, Cu and Zn are recorded towards the mafic dyke (figure 7). In the Cu-rich MS facies, the Co and Cu contents are close to those measured in present-day seafloor massive sulfides, whereas the Zn content is one to two orders of magnitude lower.

The Ni concentrations are roughly constant at Marmorera (~2200 ppm) and are one to three orders of magnitude higher than in present-day seafloor massive sulfides (tables 1, 2)). The Co/Ni ratio of the whole rocks (figure 8) displays a well-defined increase towards the mafic dyke, where it reaches values comparable to the lowest ones measured at present-day seafloor massive sulfides. (from Fouquet et al., 2010 and references therein;[START_REF] Melekestseva | Gold-and Silver-Rich Massive Sulfides from the Semenov-2 Hydrothermal Field, 13°31.13'N, Mid-Atlantic Ridge: A Case of Magmatic Contribution?[END_REF][START_REF] Grant | Constraints on the behavior of trace elements in the actively-forming TAG deposit, Mid-Atlantic Ridge, based on LA-ICP-MS analyses of pyrite[END_REF][START_REF] Yuan | Geochemistry of pyrite and chalcopyrite from an active black smoker in 49.6°E Southwest Indian Ridge[END_REF]. No LA-ICPMS Co contents available for magnetite. The ratio displayed above the boxplots indicates the number of values above the limits of detection against the number of analyses.
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Minerals

Chalcopyrite

J o u r n a l P r e -p r o o f (data from Wohlgemuth-Ueberwasser et al., 2015;[START_REF] Melekestseva | Gold-and Silver-Rich Massive Sulfides from the Semenov-2 Hydrothermal Field, 13°31.13'N, Mid-Atlantic Ridge: A Case of Magmatic Contribution?[END_REF][START_REF] Grant | Constraints on the behavior of trace elements in the actively-forming TAG deposit, Mid-Atlantic Ridge, based on LA-ICP-MS analyses of pyrite[END_REF][START_REF] Yuan | Geochemistry of pyrite and chalcopyrite from an active black smoker in 49.6°E Southwest Indian Ridge[END_REF].

In chalcopyrite (figure 9), the Co content is variable along the section without clear evolution towards the mafic dyke. The same evolution is recorded for the Ni content (table 3). The Ni content in the Cu-rich MS facies is close to the one of present-day systems, whereas the Co content is one to two orders of magnitude lower than present-day systems (table3 , figure 9).

The Ni content appears slightly lower in the Cu-rich MS facies compared to other hydrothermal facies (table 3). At first sight, the Co/Ni ratio of chalcopyrite slightly increases towards the mafic dyke reaching values comparable to the lower ones of chalcopyrite from present-day systems (figure 8).

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

The Se content is constant along the profile. In present-day systems, Se content of chalcopyrite is one to two orders of magnitude higher than at Marmorera (figure 9). The Te content increases progressively towards the mafic dyke.

Pyrrhotite

In pyrrhotite Co is slightly enriched in the Cu-rich MS facies compared to the semimassive sulfides facies, whereas Ni strongly decreases (table 4). This leaves a Co/Ni ratio which increases towards the mafic dyke (figure 8).

Selenium slightly increases towards the mafic dyke, whereas Ge slightly decreases. Finally, Ag strongly increases in Cu-rich MS compared to semimassive sulfides with a median around 0.24 and 5, respectively. [START_REF] Patten | Sulphide mineral evolution and metal mobility during alteration of the oceanic crust: Insights from ODP Hole 1256D. Geochim[END_REF] In magnetite (figure 10), Ni decreases towards the mafic dyke as it was observed for pyrrhotite and to a lesser extent for chalcopyrite (figure 9). The Co content is rather constant along the profile even if a slight increase may be noticed in the Cu-rich MS facies (table 5).

Magnetite

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

As a consequence, the Co/Ni ratio increases in magnetite towards the mafic dyke (figure 8).

V, Cr and Ti do not display a clear evolution towards the mafic dyke (table 5, figure 10).

Barren serpentinites display somewhat lower V contents than their mineralized equivalents. Also, the semi-massive sulfides are characterized by a large dispersion of contents in Cr, V and Ti (table 5, figure 10).

In figure 11, we describe in more details the composition of magnetite, in relation with its textural position in the semimassive sulfides facies. [START_REF] Dare | Trace elements in magnetite as petrogenetic indicators[END_REF]. Note that the field defined for magmatic and hydrothermal magnetite is displayed although it is rather discriminant for higher Ti concentrations. (B) Al+Mn vs. Ti+V discriminant diagram of trace element compositions of magnetite from the Marmorera and Cotschen mineralized system (from [START_REF] Nadoll | The chemistry of hydrothermal magnetite: A review[END_REF]. (C) Scheme of the semimassive sulfides facies at Marmorera in which magnetite occurs either around former spinel or together with pyrrhotite in veins.
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Mt=magnetite, Cp=chalcopyrite, Po=pyrrhotite, Vr=violarite, SrpII=serpentine.

Magnetite in barren serpentinites displays the highest Ni/Cr ratio of about 60. Magnetite of the Fe-Ca-silicates and semimassive sulfides facies can be either found in the groundmass or in veins (figure 11C). In general, magnetite in the groundmass displays higher Ti content and lower Ni/Cr ratio than the one of veins (figure 11A). This is especially clear for magnetite of the semimassive sulfides facies. In the Cu-rich MS facies, magnetite displays variable Ti contents and Ni/Cr ratios overlapping those of semimassive sulfides and Fe-Ca-silicates facies. Unfortunately, the petrographic analysis did not allow to specify the textural features of magnetite in the Cu-rich MS facies.

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

In figure 11B, magnetite from the MCHS are widespread, covering both the field of low-T magnetite (from BIF deposits, [START_REF] Nadoll | The chemistry of hydrothermal magnetite: A review[END_REF] and high-T magnetite (from porphyry and skarns deposits, [START_REF] Nadoll | The chemistry of hydrothermal magnetite: A review[END_REF]. A clear relationship between a hydrothermal facies and a given formation temperature is ambiguous. Rather, geochemical signatures of magnetite in the semimassive sulfide plot both in the low-T and high-T fields (figure 11B) precluding a straightforward of these signatures. At Snake Pit, the mineralized serpentinites are variably carbonated (figure 12). The CaO content is consistently variable (between 10.6 and 14.3 wt. %). The SiO 2 content (from 31.7 to 26.8 wt. %) is anticorrelated with CaO.

Carbonated rocks at Snake Pit

Copper and zinc increase by two orders of magnitude with CaO. This is consistent with the higher content of chalcopyrite and sphalerite in this sample. Cobalt and nickel slightly increase.

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

Discussion

A hydrothermal origin for the MCHS

Mineralization associated with ultramafic rocks are ascribed either to hydrothermal processes (similar to present-day ultramafic-hosted black smokers) or to magmatic activity (e.g. orthomagmatic Ti-V-rich oxides deposits and Cu-Ni-rich sulfides linked to mafic or ultramafic intrusions). Here we have several petrographic and geochemical evidences which show that the mineralization formed in hydrothermal conditions.

The replacement of the serpentinite by the metal-bearing phases is a textural feature arguing for a hydrothermal origin for the mineralization. Coltat et al. (2019b) reported that the former lizardite is replaced by Fe-antigorite/greenalite where the mineralization occurs suggesting a metasomatic transformation during the fluid circulation.

Additionally, in magnetite, the low Ti contents coupled to quite high Ni/Cr (figure 11A) agree with a hydrothermal source rather than a magmatic one [START_REF] Dare | Trace elements in magnetite as petrogenetic indicators[END_REF]. The low Ni/Cr measured in magnetite in the groundmass are likely due to their presence around former spinel grains (figure 11B), the latter may contain high Cr and Ti contents. Dissolutionreprecipitation processes have likely enriched the newly formed magnetite in Ti and Cr, lowering the Ni/Cr ratio.

At the MCHS, the mineralization is depleted in Pt (it was only detected in few pyrrhotite, ~10%, appendix 2), an element characteristic of ortho-magmatic mineralized systems within mafic or ultramafic intrusions [START_REF] Song | Ni-Cu-(PGE) magmatic sulfide deposits in the Yangliuping area, Permian Emeishan igneous province, SW China[END_REF]. This depletion, hence, is also consistent with a hydrothermal origin for the mineralization.

Geochemical records of the variable Fluid/Rock ratio: the profile of Marmorera

The profile of Marmorera allows discussing the evolution of the Fluid/Rock (F/R) ratio during hydrothermal alteration, mainly for two reasons. First, the mineralization is geometrically controlled, here, by a mafic dyke. Secondly, the mineralization found here (figure 2B) displays the various end-members as a function of the intensity of the hydrothermal alteration at the MCHS (from the barren serpentinites to the Cu-rich MS).

At first order, the rocks close to the mafic dyke are more mineralized than those away from the mafic dyke suggesting that the F/R ratio increased towards the mafic dyke. This increase of the F/R ratio likely occurred during a single hydrothermal event, being free of any refining process. Indeed, there is no textural evidence of a previous mineralized assemblage preserved in the Cu-rich MS facies for example.
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During the hydrothermal alteration, a decrease of the SiO 2 and MgO content of the rocks and a gain of metals (Cu, Fe, Co, Zn) are observed. The metal content in the Cu-rich MS facies is comparable to the one reported at present-day SMS (figures 5, 6, 8, table 2) where the F/R ratio is obviously high. Noteworthy is that the Ni content remains fairly constant, so that the Co/Ni ratio of the mineralization was increased towards the dyke. Such an increase of the Co/Ni ratio together with the intensity of hydrothermal alteration has been previously reported in UHS [START_REF] Marques | Mineralogy, geochemistry, and Nd isotope composition of the Rainbow hydrothermal field[END_REF][START_REF] Fouquet | Geodiversity of Hydrothermal Processes Along the Mid-Atlantic Ridge and Ultramafic-Hosted Mineralization: A New Type of Oceanic Cu-Zn-Co-Au Volcanogenic Massive Sulfide Deposit[END_REF] and in fossil VMS [START_REF] Toffolo | The Cogne magnetite deposit (Western Alps, Italy): A Late Jurassic seafloor ultramafic-hosted hydrothermal system?[END_REF]Coltat et al., 2019b). The low Co/Ni ratios reported at the MCHS (<1) are similar to the ones of deeply mineralized/altered rocks below ultramafic-hosted hydrothermal systems [START_REF] Marques | Sulfide mineralization in an ultramafic-rock hosted seafloor hydrothermal system: From serpentinization to the formation of Cu -Zn -(Co) -rich massive sulfides[END_REF]. This is consistent with the progressive replacement of serpentinite by hydrothermal phases rather than direct precipitation from the hydrothermal fluid [START_REF] Fouquet | Geodiversity of Hydrothermal Processes Along the Mid-Atlantic Ridge and Ultramafic-Hosted Mineralization: A New Type of Oceanic Cu-Zn-Co-Au Volcanogenic Massive Sulfide Deposit[END_REF]. As a whole, the geochemical variations along the Marmorera profile are thus consistent with an increase of the F/R ratio towards the dyke, from of about 0 in the barren serpentinites to high values in the Cu-rich MS facies where fluids likely buffer the chemical composition of the mineralization. By extension, we propose that the internal geochemical variability observed at the two other investigated depths (Cotschen and Snake Pit) of the MCHS may be also explained by variable F/R ratios. Indeed, the most mineralized samples (red dots in figures 5 and 6) generally display the highest metal content and Co/Ni ratio and the lowest SiO 2 and MgO contents.

Vertical evolution of chemico-physical parameters of the F-R interactions.

The whole range of some geochemical markers along the vertical section plots out the range measured at Marmorera (the site where F/R ratios are the largest). These are for example the Se content and the Co/Ni ratio. The Se content increases both in pyrrhotite and chalcopyrite upwards precluding a potential partitioning solely explained by a coefficient partition between the two sulfides. To explain the apparent upwards increase of the Se content and the lowering of the Co/Ni ratio we have thus to invoke chemico-physical parameters of fluid-rock interactions other than F/R ratio variations, that evolved along the vertical section. Like in present-day oceanic hydrothermal systems below black smokers, one may expect variations of pressure, temperature, pH and changes of f O2 and f S2 .

Pressure. At the MCHS, the lithostatic pressure decreased from the bottom of the system towards Snake Pit simply because Snake Pt is closer to the detachment (and to the paleo-J o u r n a l P r e -p r o o f Journal Pre-proof seafloor) than Cotschen. The decrease of the pressure has no strong influence on the solubility of hydrothermal phases [START_REF] Reed | Sulfide Mineral Precipitation from Hydrothermal Fluids[END_REF]. In addition, mineralogical assemblages reported at present-day UHS and MHS are comparable to those at the MCHS suggesting pressure had no strong control on the mineralogy (even if one considers a slightly different water column depth). Therefore, the pressure decrease is unlikely to explain the variation of the geochemical markers upwards.

Temperature. The temperature is a key parameter controlling solubility or precipitation of metals in hydrothermal fluids [START_REF] Reed | Seawater-basalt reaction and the origin of greenstones and related ore deposits[END_REF]. The presence of Fe-Ca-silicates associated with the mineralization at the deepest structural position of the MCHS indicates temperature of about 425±75°C [START_REF] Gustafson | The Stability of Andradite, Hedenbergite, and Related Minerals in the System Ca-Fe-Si-O-H[END_REF]Coltat et al., 2019b). The vanishing of Fe-Ca-silicates at Snake Pit may thus likely reflect a decrease of the temperature upwards. Also, at Snake Pit, the mineralization is mainly comprised of pyrite against pyrrhotite, a feature consistent with a potential slight temperature decrease and changes of redox and f S2 [START_REF] Hannington | Physical and Chemical Processes of Seafloor Mineralization at Mid-Ocean Ridges[END_REF].

Ni is rather immobile in low-T fluids (<400°C) whereas Co is mobile in fluids at lower temperatures, what is inferred by the presence of Co-rich minerals in both low-T and high-T chimneys at present-day systems [START_REF] Fouquet | Geodiversity of Hydrothermal Processes Along the Mid-Atlantic Ridge and Ultramafic-Hosted Mineralization: A New Type of Oceanic Cu-Zn-Co-Au Volcanogenic Massive Sulfide Deposit[END_REF]. This may explain the lack of Ni enrichment or depletion of the mineralized rocks upwards and the slight decrease of Co at Snake Pit (figure 5), leaving an apparent decrease of the Co/Ni ratio at Snake Pit (figure 6).

The present-day systems extend these variations, being rather poor in Ni (few nickel has been transported towards the seafloor) and rather rich in Co (figure 5). The decrease of the Co/Ni ratio observed upwards (figure 6) could be thus, at least partly the sign of a temperature decrease.

Selenium solubility has been poorly investigated, using thermodynamic modelling, at temperatures higher than 300°C [START_REF] Huston | Selenium and its importance to the study of ore genesis: the theoretical basis and its application to volcanic-hosted massive sulfide deposits using pixeprobe analysis[END_REF][START_REF] Xiong | Predicted equilibrium constants for solid and aqueous selenium species to 300 °C: Applications to selenium-rich mineral deposits[END_REF] which may likely be considered in the root zone of hydrothermal systems. Most of metals have solubility which decreases with temperature [START_REF] Reed | Sulfide Mineral Precipitation from Hydrothermal Fluids[END_REF], thus one may expect that the same effect would prevail for Se. Also, it may be envisaged that a temperature decrease of the hydrothermal fluid would have only lowered the solubility of Se complexes and precipitated Se in sulfides.

pH. Drastic pH changes are expected to occur during the uprising of hydrothermal fluid and mixing with seawater [START_REF] Reed | Sulfide Mineral Precipitation from Hydrothermal Fluids[END_REF]. Generally, HT hydrothermal fluids in ultramafic settings are highly acidic [START_REF] Charlou | Geochemistry of high H2 and CH4 vent fluids issuing from ultramafic rocks at the Rainbow hydrothermal field (36°14'N, MAR)[END_REF][START_REF] Tivey | Generation of Seafloor Hydrothermal Vent Fluids and Associated Mineral Deposits[END_REF] whereas seawater is J o u r n a l P r e -p r o o f slightly basic pH (7.8). The mixing between these two fluids causes abrupt pH changes, destabilizing the metal complexes carried in the hydrothermal fluids and ending with metal deposition. Se is more efficiently mobilizable under acidic conditions [START_REF] Huston | Selenium and its importance to the study of ore genesis: the theoretical basis and its application to volcanic-hosted massive sulfide deposits using pixeprobe analysis[END_REF] explaining its presence in typical hydrothermal fluids. Hence, a rapid increase of the pH would lead to Se precipitation from the hydrothermal fluid, a scenario supported by the highest Se content measured in metal-bearing phases from the upper part of the system, which is consistent with a progressive mixing between the hydrothermal fluid and seawater. f O2 , f S2 . The oxygen and sulfur fugacity are highly modified in hydrothermal systems during the mixing of the hydrothermal fluid with seawater. The pyrite-pyrrhotite-magnetite assemblage represent a buffer both for f O2 and f S2 [START_REF] Hannington | Physical and Chemical Processes of Seafloor Mineralization at Mid-Ocean Ridges[END_REF]. The presence of magnetite and pyrrhotite at apparent textural equilibrium at Cotschen and Marmorera indicates medium f O2 and low f S2 . At Snake Pit, the apparition of pyrite, as the main metalbearing phase, and the absence of magnetite both suggest an increase of the f S2 and possibly f O2 at very high f S2 [START_REF] Hannington | Physical and Chemical Processes of Seafloor Mineralization at Mid-Ocean Ridges[END_REF].

Selenium is more efficiently carried by oxidized fluids rather reduced ones and is more easily transported under medium (~150°C) rather than hot (~300°C) conditions [START_REF] Huston | Selenium and its importance to the study of ore genesis: the theoretical basis and its application to volcanic-hosted massive sulfide deposits using pixeprobe analysis[END_REF]. At HT (300°C), in the stability field of pyrite (agreeing with the mineralogy reported at Snake pit), Se is transported under its reduced form H 2 Se [START_REF] Xiong | Predicted equilibrium constants for solid and aqueous selenium species to 300 °C: Applications to selenium-rich mineral deposits[END_REF]. This indicates that while an overall oxidation of the system would occurred, it remained reduced enough to prevent modification of the Se speciation in the hydrothermal fluid. Also, Se is expected to be more enriched in fluid under the conditions where pyrite is stable. Hence, one would expect that oxidation of the hydrothermal fluid would enhance Se leaching from the basement rocks but would keep Se into the hydrothermal fluid. This should have decreased the Se content in sulfides formed at Snake pit, a reverse trend than the one reported. An oxidation of the hydrothermal fluid upwards, therefore does not entirely satisfy the apparent increase of the Se content in sulfides.

Model of circulation: mixing with seawater during upwards hydrothermal circulation

The increase of the Se content in chalcopyrite and pyrrhotite and the decrease of the Co/Ni ratio upwards indicate variations of the temperature, pH, f O2 and f S2 in the hydrothermal system. A simple model of progressive decrease of the temperature and/or increase of the f O2 of the hydrothermal fluid does not allow to reconcile neither the evolution of these J o u r n a l P r e -p r o o f geochemical markers nor the observed mineralogical assemblages. So, we propose a model of fluid mixing to explain the geochemical and mineralogical variations observed at the MCHS (figure 14). In this model, HT hydrothermal fluids mixed with seawater as it flew upwards.

The seawater percolated in the host serpentinites, and likely moved towards the main hydrothermal channel flow as a result of small-scale circulation paths.

The Co/Ni ratio of the mineralized rocks is between those of barren serpentinites (0.05) and seawater (0.0025). The seawater activity is maximal at Snake Pit where the lowest Co/Ni ratios are reported, what is intuitive as Snake Pit is closer to the detachment than Cotschen.

The progressive mixing between the HT hydrothermal fluid and seawater is likely responsible for the decrease of the temperature and the increase of the f O2 .

A seawater-derived fluid was more oxidized than the uprising hydrothermal fluid. In addition, this fluid may represent an additional source for Se. The mixing between these two fluids was likely efficient to destabilize H 2 Se complexes during sulfide formation and to enrich Se in sulfides. This leaves the Se increase in the mineralization upwards (figure 5). However, we cannot preclude that part of the Se enrichment upwards was only due to the temperature decrease of the hydrothermal fluid. A combination of the two processes (i.e. temperature decrease and mixing with seawater) is thus proposed to explain the increase of the Se content in sulfides upwards.

The high contents of Mn and Mo (table 3) of chalcopyrite at Snake Pit agree with a lowering of the temperature partly due to the mixing with seawater. In present-day hydrothermal systems, Mn is found in oxyhydroxides formed at the outer part of hydrothermal systems [START_REF] Fouquet | Geodiversity of Hydrothermal Processes Along the Mid-Atlantic Ridge and Ultramafic-Hosted Mineralization: A New Type of Oceanic Cu-Zn-Co-Au Volcanogenic Massive Sulfide Deposit[END_REF] where temperature is low (< 30°C) and oxidation conditions favor its precipitation. The increase of the MnO content in rocks at Snake Pit is thus consistent with an overall oxidation of the system during the mixing with seawater even if still low oxygen fugacity prevented the formation of Mn-rich phases.

Even if a hydrothermal model implying mixing between the hydrothermal fluid with seawater allows to explain the upwards variation of the geochemical markers, we cannot discard that a potential late refining occurred at Snake Pit. This refining could have been linked to the hydrothermal conditions that end up with carbonation. This hypothesis is consistent with the increase of the metal content together with the carbonation rate (figure 12) and could be the consequence of the MnO increase in mineralized rocks (figure 5) at Snake Pit. In that case, medium fluids (~130°C) would have remobilized a part of the former metal stock. The presence of chalcopyrite together with calcite filling cracks into pyrite grains and aggregates J o u r n a l P r e -p r o o f at Snake Pit likely indicates that a slight part of the Cu stock has been remobilized during carbonation. However, it does not explain the high contents of Zn, Co and Ni notably because that we have no textural evidence for late enrichment of these elements. Another hypothesis is then that the most carbonated sample at Snake Pit was fortuitously the most mineralized during the former hydrothermal stage. Only an extensive sampling set could allow specifying this point.

In the figure 13, the exact pathway of fluids is speculative. The fluids may have used the detachment plane itself as a channel or percolate through fractures in the serpentinite basement. HT fluids might have derived from several sources or a combination of sources. These are i) modified seawater (i.e. reduced and acidic) which would have interacted with mafic intrusions and serpentinites at depth, ii) serpentinization reactions and iii) exsolution of magmatic fluids. These fluids get heated in-depth thanks to the cooling of magmatic intrusions where they leach metals from the basement rocks, presumably serpentinites and mafic rocks, similarly to what is proposed in present-day ultramafic-hosted systems [START_REF] Marques | Mineralogy, geochemistry, and Nd isotope composition of the Rainbow hydrothermal field[END_REF]. Also, it may be envisaged that seawater itself could has contributed to metal enrichment especially for Se. Further isotopic analyses (Sr isotope signatures of Fe-Casilicates accompanying the mineralization) would be useful to address this point. On the way back to the surface, the HT hydrothermal fluid is focalized along preferential pathways (like the contact between the dyke and the serpentinites at Marmorera) and progressively mixes upwards with seawater (with a lower temperature) that impregnated the host serpentinites.

Where the F/R ratio increased (i.e. in area where the fluid flow was maximum), the Co/Ni ratio of the mineralization increased (figure 13B). This hydro-metallogenic model is consistent with the latest hydrothermal stage recorded at Snake Pit which is marked by a seawater-derived carbonation of mantle rocks (Coltat et al., 2019b). It also reconciles the mineralogical evolution observed at Snake Pit by an overall oxidation during the mineralizing event thanks to the influx of serpentinite-hosted seawater.
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Insights for present-day black smoker deposits

The Co/Ni ratio of present-day mineralization at the seafloor is higher than the one of serpentinite (figure 3,6). Along the MCHS vertical section, we have documented a decrease of this ratio at Snake Pit in response to a decrease of the temperature, conditions favorable for cobalt mobility and nickel precipitation. On the other hand, the fluid that interacted with the rocks should display a high Co/Ni ratio. When these fluids reach the seafloor, they undergo an abrupt chemical discharge, so that the mineralization records the characteristics of the fluid whereas LT chimneys (rich in Fe and Zn) are more depleted (Rouxel et al., 2004b). However, the Cu content of present-day SMS and Cu-rich MS at the MCHS is comparable but chalcopyrite in the latter is depleted in Se compared to present-day equivalents. This indicates that process other than only temperature-related would enrich the mineralization formed at the seafloor. [START_REF] Martin | Extreme enrichment of selenium in the Apliki Cyprus-type VMS deposit, Troodos, Cyprus[END_REF], based on geochemical signatures of the mineralization at Troodos, showed that Se enrichment from sulfide dissolution occurred during oxidation processes. It might be expected that similar processes occur at present-day SMS likely during the circulation of seawater-derived oxidized fluids interacting with the former mineralization.

The high Se content of chalcopyrite measured in present-day mineralized systems (figure 5) could thus be the final stage of the evolution recorded along the MCHS section coupled to potential late refining processes and possible volatile magmatic additions [START_REF] Keith | Systematic variations of trace element and sulfur isotope compositions in pyrite with stratigraphic depth in the Skouriotissa volcanic-hosted massive sulfide deposit, Troodos ophiolite, Cyprus[END_REF][START_REF] Melekestseva | Gold-and Silver-Rich Massive Sulfides from the Semenov-2 Hydrothermal Field, 13°31.13'N, Mid-Atlantic Ridge: A Case of Magmatic Contribution?[END_REF][START_REF] Patten | Metal fluxes during magmatic degassing in the oceanic crust: sulfide mineralisation at ODP site 786B, Izu-Bonin forearc[END_REF].

Zinc has unusually low concentration in the mineralization at the MCHS compared to presentday black smokers. It is unlikely due to different intensities of hydrothermal alteration since Cu, Fe and Co contents in Cu-rich MS are comparable to those of UHS and MHS. In the latter, Zn is enriched in low-T chimneys [START_REF] Fouquet | Geodiversity of Hydrothermal Processes Along the Mid-Atlantic Ridge and Ultramafic-Hosted Mineralization: A New Type of Oceanic Cu-Zn-Co-Au Volcanogenic Massive Sulfide Deposit[END_REF] suggesting that it is soluble at low temperatures in hydrothermal fluids [START_REF] Reed | Sulfide Mineral Precipitation from Hydrothermal Fluids[END_REF]. Therefore, the depletion of Zn at the MCHS may be due the high temperature of hydrothermal fluids in which Zn was still soluble and did not precipitate to form Zn sulfides. Nevertheless, the low Zn concentrations measured in the mineralization at the MCHS could also be the consequence of a low budget of mafic rocks available to extract Zn (mafic rocks are enriched in Zn with respect with ultramafic rocks, [START_REF] Fouquet | Geodiversity of Hydrothermal Processes Along the Mid-Atlantic Ridge and Ultramafic-Hosted Mineralization: A New Type of Oceanic Cu-Zn-Co-Au Volcanogenic Massive Sulfide Deposit[END_REF].

Silver shares affinities with Zn in present-day mineralized systems where it is found in low-T sulfide chimneys [START_REF] Fouquet | Geodiversity of Hydrothermal Processes Along the Mid-Atlantic Ridge and Ultramafic-Hosted Mineralization: A New Type of Oceanic Cu-Zn-Co-Au Volcanogenic Massive Sulfide Deposit[END_REF]. At the MCHS, the Cu-rich MS are slightly enriched in Ag (up to 119 ppm) compared to present-day mineralized systems. But the low Ag content at the MCHS with respect to UHS indicates that, similarly to Zn, Ag was not efficiently precipitated and was evacuated in the hydrothermal fluid towards the surface. Noteworthy is that in chalcopyrite at Marmorera (figure 9), the content of Ag increases in the most mineralized sample. This suggests that even in high-T mineralogical assemblages, Ag can be scavenged where the intensity of hydrothermal alteration increases.

Similarly, Ge shows geochemical affinities with Zn in UHS [START_REF] Fouquet | Geodiversity of Hydrothermal Processes Along the Mid-Atlantic Ridge and Ultramafic-Hosted Mineralization: A New Type of Oceanic Cu-Zn-Co-Au Volcanogenic Massive Sulfide Deposit[END_REF]. Ge has been measured in pyrrhotite at the MCHS without apparent correlation to the intensity of J o u r n a l P r e -p r o o f Journal Pre-proof hydrothermal alteration, whereas Cu-rich MS are depleted in Ge. This may be explained by the solubility of Ge in hydrothermal fluids at the MCHS. As a consequence, it was likely transported together with Ag and Zn towards the surface.

Gold is an element locally enriched at ultramafic-hosted systems [START_REF] Fouquet | Geodiversity of Hydrothermal Processes Along the Mid-Atlantic Ridge and Ultramafic-Hosted Mineralization: A New Type of Oceanic Cu-Zn-Co-Au Volcanogenic Massive Sulfide Deposit[END_REF][START_REF] Melekestseva | Gold-and Silver-Rich Massive Sulfides from the Semenov-2 Hydrothermal Field, 13°31.13'N, Mid-Atlantic Ridge: A Case of Magmatic Contribution?[END_REF][START_REF] Webber | The formation of gold-rich seafloor sulfide deposits: Evidence from the Beebe hydrothermal vent field, Cayman Trough[END_REF][START_REF] Knight | The influence of spreading rate, basement composition, fluid chemistry and chimney morphology on the formation of goldrich SMS deposits at slow and ultraslow mid-ocean ridges[END_REF]. There, native or electrum gold co-precipitates with sulfides from the hydrothermal fluid in sulfides chimneys. At the MCHS, the mineralization is nearly Au-free; only a low Au content is reported in one sample of the Cu-rich MS facies (table 1). The lack of gold enrichment may be explained by two reasons: i) it was not extracted from the country rocks, ii) it was not trapped in the mineralization and was transported in hydrothermal fluids higher in the system. At the MCHS we do not know if the barren serpentinites are depleted in Au. However, at first order, there is no direct reason to preclude that Au was retained in the basement rocks during hydrothermal alteration at the MCHS. Its absence, hence, rather suggests that it was not incorporated in the mineralization. Au is mainly transported as chloride complexes in high-T acidic and oxidized hydrothermal fluids [START_REF] Fouquet | Geodiversity of Hydrothermal Processes Along the Mid-Atlantic Ridge and Ultramafic-Hosted Mineralization: A New Type of Oceanic Cu-Zn-Co-Au Volcanogenic Massive Sulfide Deposit[END_REF]. The lack of Au in the mineralization suggests that the mixing between the hydrothermal fluid with minute proportions of seawater as it proposed for the MCHS (figure 13) was not efficient to destabilize the complexes and precipitate gold.

A much more efficient trap is the arrival of the hydrothermal fluid at the seafloor, where seawater overwhelmingly dominates the mixing.

Finally, present-day seafloor massive sulfides may content significant tellurium contents [START_REF] Fouquet | Geodiversity of Hydrothermal Processes Along the Mid-Atlantic Ridge and Ultramafic-Hosted Mineralization: A New Type of Oceanic Cu-Zn-Co-Au Volcanogenic Massive Sulfide Deposit[END_REF][START_REF] Wohlgemuth-Ueberwasser | Distribution and solubility limits of trace elements in hydrothermal black smoker sulfides: An in-situ LA-ICP-MS study[END_REF]. The position of Te in the element periodic table indicates that it shares similar geochemical behaviors with Se in hydrothermal fluids and is thought to be enriched in sulfides [START_REF] Hertogen | Trace elements in ocean ridge basalt glasses: implications for fractionations during mantle evolution and petrogenesis[END_REF]. This would explain why both Te and Se are found in present-day ultramafic-hosted systems. There, Te is sequestered in pyrite, whereas Se has more affinities with chalcopyrite (Rouxel et al., 2004b;[START_REF] Martin | Effects of magmatic volatile influx in mafic VMS hydrothermal systems: Evidence from the Troodos ophiolite[END_REF]. At the MCHS, the Te content of the mineralization is lower than the one reported at UHS and Te does not show positive correlation to Se. We might thus suggest that Te is scavenged in pyrite at Snake Pit. The different Te content reported in chalcopyrite between the MCHS and UHS could be explained by processes similar to those controlling the Se enrichment at present-day settings.
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Figure 1 .

 1 Figure 1. (A) Simplified map showing the main paleogeographic units of the Central and Western Alps and the Apennines. The inset in the top-left corner displays the location of the investigated site in Switzerland. (B) Geological map of the Platta nappe (modified after

Figure 2 .

 2 Figure 2. (A) Schematic 3D block diagram showing a detachment fault exhuming mantle rocks beneath a mafic extrusive crust (fromColtat et al., 2019b). Location of the investigated

  at different depths beneath the detachment. (B) Reconstructed section across the mineralized footwall of the paleo detachment of Marmorera-Cotschen. The different sites have been projected from their horizontal position on a vertical section consistently to their paleo-depth. Present-day ultramafic-hosted black smokers (UHS) are displayed at the seafloor. (C) Hydrothermal facies investigated at different structural positions (Cotschen, Marmorera, Snake Pit) through LA-ICPMS analyses. Thin section schemes are unscaled. Below each scheme, the name of the sample and the metal-bearing phases analyzed by LA-ICPMS are given. Underlined samples have been also analyzed through whole rock geochemistry. Cp=chalcopyrite, Po=pyrrhotite, Mt=magnetite, Pn=pentlandite, Py=pyrite, Vr=violarite, Sph=sphalerite, Ilv=ilvaite, Gt=hydro-andradite, Dp=diopside, Srp=serpentine.

Figure 4 .

 4 Figure 4. Ternary diagram of normalized metal composition of the Cu-rich Massive Sulfides facies at the MCHS compared to present-day Seafloor Massive Sulfides (from Fouquet et al., 2010).

Figure 6 .

 6 Figure 6. Co/Ni ratio of whole rocks and metal-bearing phases (chalcopyrite, pyrrhotite and magnetite) from the MCHS compared to present-day Seafloor Massive Sulfides and chalcopyrite (there is no LA-ICPMS data in the literature for pyrrhotite and magnetite). At a given depth, the most mineralized/altered samples are displayed in red. The Co/Ni ratio of barren serpentinites (Barren serp., green square), seawater (SW, blue square) and seafloor massive sulfides (SMS, red boxes) are plotted. The Co/Ni ratio of barren serpentinites (~0.05) is averaged from chemical compositions of worldwide serpentinites in the literature consistently with the one measured in the barren serpentinite analyzed in this study. The Co/Ni ratio for seawater is from Sohrin et al. (1998). Note that the two lowest Co/Ni ratios measured in present-day chalcopyrite are the ones of minerals from the stockwork beneath

Figure 7 .

 7 Figure 7. Major and trace element compositions of whole rocks of the Marmorera mineralized system. Data from present-day seafloor massive sulfides are reported as box

Figure 8 .

 8 Figure 8. Co/Ni ratio variations in barren serpentinites, mineralized facies and hydrothermal phases of the Marmorera mineralized system. SMS and chalcopyrite from present-day systems are displayed for comparison(from Fouquet et al., 2010 and references therein; Melekestseva 

Figure 9 .

 9 Figure 9. Concentrations of selected trace elements in chalcopyrite of the Marmorera mineralized system. Chalcopyrite from present-day hydrothermal systems are reported for comparison (data from[START_REF] Wohlgemuth-Ueberwasser | Distribution and solubility limits of trace elements in hydrothermal black smoker sulfides: An in-situ LA-ICP-MS study[END_REF][START_REF] Melekestseva | Gold-and Silver-Rich Massive Sulfides from the Semenov-2 Hydrothermal Field, 13°31.13'N, Mid-Atlantic Ridge: A Case of Magmatic Contribution?[END_REF] 

Figure 10 .

 10 Figure 10. Concentrations of selected trace elements in magnetite of the Marmorera mineralized system. Magnetite from present-day systems are reported for comparison (data from[START_REF] Patten | Sulphide mineral evolution and metal mobility during alteration of the oceanic crust: Insights from ODP Hole 1256D. Geochim[END_REF] 

Figure 11

 11 Figure 11. (A) Ti vs. Ni/Cr discriminant diagram of trace element compositions of magnetite from the Marmorera mineralized system (from[START_REF] Dare | Trace elements in magnetite as petrogenetic indicators[END_REF]. Note that the field defined

Figure 12 .

 12 Figure 12. Concentrations of selected major and trace element in ophicalcites displaying variable degree of carbonation at Snake Pit.

Figure 13 .

 13 Figure 13. Hydrodynamic and metallogenic model for the formation of the mineralized system at the MCHS (the carbonation event occurred subsequently and is not displayed). The mineralization forms from the progressive mixing between the HT hydrothermal fluid and seawater upwards. The exact source for metals remains unknown. See text for details.

  itself. The high Co/Ni of present-day systems thus likely represents the final product of the chromatographic evolution recorded along the MCHS section. Although we have no petrographic evidence (e.g. coeval precipitation of Ni and Co-rich sulfides with calcite), another process to explain the high Co/Ni ratio could relate to the remobilization of the Co stock during late carbonation without strong incidence on Ni. This would enrich the mineralization in Co relative to Ni and increase the Co/Ni ratio at Snake Pit. The progressive increase of the Se content upwards recorded both in chalcopyrite and pyrrhotite is clear (figure 5). It is likely indicative that Se was more efficiently precipitated from the hydrothermal fluid in the upper parts of the section. Also, a part of Se would have J o u r n a l P r e -p r o o f been brought by seawater. In present-day systems, Se is enriched in HT chimneys (rich in Cu)

  

  

  

Table 1 .

 1 Whole rock major and trace element compositions of barren, altered and mineralized rocks from the MCHS and averaged compositions of rocks at the present-day ultramafic-hosted Rainbow hydrothermal site.

	Cotschen			Marmorera		Snake Pit			Rainbowᵃ	Rainbowᵇ		
				Semi.	Barren	Semi.				Barren	Barren	Stockwor	Steatit
	Fe-Ca-silicates	Sulf.	serp.	Sulf.	Disseminated mineralization	serp.	serp.	k	e
	Cot18_40	Cot18_46			Mar18_31	Cot16_49	Cot16_5	Cot16_5				
	a		b	Cot16_61 Mar16_31	a	a	4	5	n=12	n=7	n=7	n=3
				46°29'54									
	46°29'56N		N	46°30'18N		46°30'02N						
	9°37'16E		9°36'58E	9°37'40E		9°36'42E						
						Elements given in wt. %					
	SiO2	34.5	28.52	29.83	38.35	32.99	31.67	26.77	29.84	38.07	37.06	30.36	55.93
	Al2O												
	3	2.25	1.09	0.99	0.52	1.35	1.38	1.7	2.08	0.67	0.70	0.33	0.18
	MgO	21.48	12.14	21.35	38.54	25.5	29.25	24.34	27.7	37.09	38.07	27.97	25.83
	MnO	0.48	0.45	0.23	0.08	0.2	0.42	0.85	0.63	0.08	0.09	0.11	0.01
	TiO2	0.09	0.05	<0.05	<0.05	<0.05	<0.05	0.05	0.05	0.013	0.009	0.003 <0.001
	CaO	5.98	7.1	0.25	<0.1	0.02	10.63	14.27	12.11	1.12	1.07	1.49	<0.01
	Fe2O												
	3	27.44	46.45	39.66	7.98	30.81	7.16	8.84	7.05	8.71	7.24	16.87	9.14
	Na2O	<0.1	<0.1	<0.1	<0.1	<0.1	<0.1	<0.1	<0.1	0.17	0.16	0.38	0.20
	K2O	<0.05	<0.05	<0.05	<0.05	<0.05	<0.05	<0.05	<0.05	0.06	0.04	0.06	0.01
	P2O5	<0.05	<0.05	<0.05	<0.05	<0.05	<0.05	<0.05	<0.05	0.04	0.02	0.01	<0.01
	S	-	-	0.6	-	1.3	-	3.8	1.6	-	0.06	5.28	0.70
	LOI	7.3	4.3	6.9	12.6	8.7	16.6	15.8	16.8	14.12	14.41	16.16	4.48
						Elements given in ppm					
	Sc	<10	<10	<10	<10	19	<10	<10	13	-	6.6	4.6	2
	V	53	42	35	22	72	37	53	64	-	28	14	9
	Cr	1750	1060	1880	2780	3060	1900	2510	2020	-	2162	1852	650
	Co	131	82	200	98	170	54	158	80	104	104	139	249
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Table 2 .

 2 Major and trace element compositions of the Cu-rich MS at the MCHS compared to averaged compositions of selected present-day SMS (fromFouquet et al., 2010 and references therein).

	MCHS	UHS
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Table 3 .

 3 LA-ICPMS trace element compositions of chalcopyrite (in ppm) of the fossil MCHS and present-day VMS. Values below the limits of detection are not considered. Abbreviations: bdl=below the detction limits MHS data are from[START_REF] Wohlgemuth-Ueberwasser | Distribution and solubility limits of trace elements in hydrothermal black smoker sulfides: An in-situ LA-ICP-MS study[END_REF][START_REF] Melekestseva | Gold-and Silver-Rich Massive Sulfides from the Semenov-2 Hydrothermal Field, 13°31.13'N, Mid-Atlantic Ridge: A Case of Magmatic Contribution?[END_REF][START_REF] Grant | Constraints on the behavior of trace elements in the actively-forming TAG deposit, Mid-Atlantic Ridge, based on LA-ICP-MS analyses of pyrite[END_REF][START_REF] Yuan | Geochemistry of pyrite and chalcopyrite from an active black smoker in 49.6°E Southwest Indian Ridge[END_REF]. UHS data are from Wohlgemuth et al., 2015. 

		System	MCHS
	Element	Accuracy* (%)

Table 4 .

 4 LA-ICPMS trace element compositions of pyrrhotite (in ppm) of the fossil MCHS

			Structural level	Cotschen		Marmorera		Snake Pit	
	Element	(%) Accuracy*	facies Hydrothermal	sulfides Fe-Ca-silicates Semimassive	sulfides Semimassive	Cu-rich MS	Disseminated mineralization
	Cr Co Ni Cu Zn Ge	6 13 13 29 66 59	Sample (number of analyses) Median 2σ Min-Max Median 2σ Min-Max Median 2σ Min-Max Median 2σ Min-Max Median 2σ Min-Max Median J o u r n a l P r e -p r o o f Cot18_40a (8) Cot18_71 (59) Mar18_31a (57) Mar16_35 (50) bdl 2 4.85 3.3 bdl 0.69 2.23 3.70 bdl 0.8-12 2.9-11.4 3.3-3.3 171 152 64.95 100.85 21.6 31.2 22.7 17.2 123-272 42-2900 29.6-750 14.4-1140 110 2080 2755 813.5 50.9 182 322 95.7 11-950 44.8-6720 1490-9400 78-4900 1930 27.4 3.33 40 515 70.8 8.93 250 451-9200 0.98-6490 1.1-213 1.8-5300 bdl 21 65 100 bdl 28.9 150 582 bdl 6.2-250 13.8-140 27-7900 bdl 0.99 1.16 0.955	Cot16_49a (6) 5 5.62 2.6-159 15.45 4.98 10.5-152 3640 323 3590-7600 21 20.9 3.8-42 116.5 172 53-180 1.075	Cot16_52 (8) 4.1 2.40 4.1-4.1 56.4 7.03 31.5-93.5 1599 132 1117-2450 43.5 347 3.3-12200 35 42.3 26-164 1.715
			2σ	bdl	0.22	0.41	0.63	0.40	0.58
			Min-Max	bdl	0.69-1.56	0.81-3.3	0.58-4.6	0.86-1.69	1.33-2.1
	As	16	Median	3	0.68	0.98	4.75	8.1	7.6
			2σ	4.40	0.51	0.66	8.25	1.36	2.15
			Min-Max	3.0-3.0	0.56-0.97	0.32-3.59	1.5-8	2.6-13.6	5.7-9.5
	Se	12	Median	4.95	2.27	7.98	12.05	28.65	36.2
			2σ	1.83	0.77	1.35	2.66	3.22	4.16

Table 5 .

 5 LA-ICPMS trace element compositions of magnetite (in ppm) of the fossil MCHS and present-day VMS (data from[START_REF] Patten | Sulphide mineral evolution and metal mobility during alteration of the oceanic crust: Insights from ODP Hole 1256D. Geochim[END_REF] 

		System	MCHS
	Eleme	Accurac
	nt	y* (%)
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Conclusion

The geochemical study of the Marmorera-Cotschen hydrothermal system brings insights on the element distribution occurring below present-day ultramafic-hosted mineralized systems.

For the first time we report chemical signatures of metal-bearing phases and whole rocks equivalent to the root zone of present-day ultramafic-hosted hydrothermal systems. As a consequence, this study enhances to better understand element partitioning during metal deposition at depth. Hence, it allows to constrain hydrothermal processes which occur beneath active black smoker systems and are responsible for seafloor massive sulfides formation at the seafloor. The main conclusions of this study are as follows:

(1) The upwards circulation of the mineralizing fluid was accompanied by a temperature decrease. This may have provoked a fractionation of the Co/Ni ratio.

(2) The upwards mixing with seawater coming from the surrounding serpentinites was responsible for the increase of the f O2 and Se content upwards.

(3) The Co/Ni ratio evolves laterally as a proxy of the intensity of the fluid/rock interactions.

(4) The temperature decrease upwards may as well be linked to the mixing with seawater coming from the serpentinites.

(5) Late carbonation affecting the system was possibly responsible for minor metal remobilization. In present-day setting, it could be the cause of secondary low-grade deposits.

The Marmorera-Cotschen hydrothermal system should be considered further as a natural laboratory on which applying other tools, like isotope geochemistry, to better understand the processes acting at depth below black-smokers type hydrothermalism.
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