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Reinecke, 1998), witnessed by the presence of coesite inclusions in mafic rocks and 197 metasediments and of microdiamonds in meta-sedimentary rocks [START_REF] Reinecke | Very-high-pressure metamorphism and uplift of coesite-bearing 1150 metasediments from the Zermatt-Saas Zone, Western Alps[END_REF][START_REF] Reinecke | Prograde high-to ultrahigh-pressure metamorphism and exhumation of 1153 oceanic sediments at Lago di Cignana, Zermatt-Saas Zone, Western Alps[END_REF]198 Frezzotti et al., 2011). Pressure estimates of up to 3.6 GPa derive from microdiamond 199 occurrence (Frezzotti et al., 2011). U-Pb zircon ages of Cignana eclogite yield an average of 200 44.1 ± 0.7 Ma, interpreted to date the peak subduction event [START_REF] Rubatto | Jurassic formation and Eocene subduction of 1157 the Zermatt-Saas-Fee ophiolites: implications for the geodynamic evolution of the 1158 Central and Western Alps[END_REF]. Rb The five metasediment samples comprise metaquartzite (LCG1414 and LCG1415), 301 meta-calcschist (LCG1416A and LCG1416B), and marble (LCG1501), in addition to one 302 basaltic eclogite (LCG1401; Table 1).

303

The basaltic eclogite (Figure 5a) consists of garnet (Grt), omphacite (Omp), phengite 304 (Ph), and rutile (Rt). Garnet shows inclusion-rich cores, mostly coesite (Coe), quartz (Qz) 305 phengite, zircon (Zrn), rutile, and apatite (Ap), and inclusion-poor rims. Omphacite occurs as 306 large (mm-sized) crystals, generally zoned from core to rim. Eclogite shows various degrees 307 of re-equilibration along weak foliations defined by blue-and/or green-schist facies 308 minerals, mostly glaucophane (Gln) after omphacite, chlorite (Chl) and barroisite (Brs) after 309 garnet. Amongst collected eclogites, sample LCG1401 (Figure 5a) show the weakest 310 retrograde overprint (<5%).

311

The Cignana metasediments consist of (1) impure, locally Mn-rich, quartzite 312 (LCG1415, Figure 5b-c-d Southern section of the Lago di Cignana Unit (Figure 2). The Cignana serpentinite shows an 333 antigorite + olivine-bearing HP foliation deforming rodingite dykes comparable to the S2 334 foliation described for the underlying Zermatt serpentinites [START_REF] Rebay | Interaction of deformation and metamorphism 1139 during subduction and exhumation of hydrated oceanic mantle: Insights from the 1140 Western Alps[END_REF]. In Cignana, 335 widespread Ti-rich metamorphic veins cross-cut the olivine-bearing foliation and are, in 336 turn, crenulated by later deformation events. We investigated four serpentinite samples 337 (ZSG1403, ZSG1502S, ZSG1507S and ZSG1510), and three veins (ZSG1402, ZSG1502V, 338 ZSG1507).
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The serpentinite foliation is defined by elongated domains of HP metamorphic 340 olivine, metamorphic diopside, and magnetite embedded in antigorite (Figure 4d). Chlorite and9). Except for a slight depletion in Cs, Rb, Ba, and K, all other TE are equally enriched, 401 between 10 and 30 times the primitive mantle. The Cignana metasediments have 402 homogeneous REE patterns, showing steady decrease from light to heavy REE (Figure 8).
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All samples display a weak negative Eu anomaly, absent in the eclogite sample. The TE 404 patterns show positive peaks in Cs, Rb, Pb, As, and Sb and negative peaks in Cd and Ti 405 (Figure 9). Quartzites and calcschists show similar trends, except for Pb and Sr, up to one 406 order of magnitude higher in calcschists, and for As and Sb, generally higher in quartzites.

407

The remarkably high B content (365 µg/g) of sample LCG1415 reflects the presence of 408 tourmaline.

409

Cignana Serpentinite. The Cignana serpentinite shows rather flat REE patterns, with 410 values ranging between 1 and 10 C1 chondrite composition (Figure 8). The TE patterns 411 scatter, showing positive anomalies for several fluid mobile elements (Figure 9). Noticeably,
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As and Sb values are very variable, ranging from PM values (ZSG1510; 0.07 and 0.01 µg/g) 413 up to values two orders of magnitude higher (sample ZSG1502S, 1.82 and 0.3 µg/g).

414

Moreover, the Cignana serpentinite displays (strong) enrichments in B, Bi, W, As, Sb, Sr and 

548

The second occurrence of Ti-bearing minerals concerns the type 2 veins, hosting 549 coarse Ti-chondrodite, chlorite, olivine, diopside, and apatite (Sample ZSG1402). The 550 presence of Ti-chondrodite as main vein-forming mineral readily indicates that type 2 veins 551 formed at higher pressures than type 1, in the stability field of Ti-chondrodite (orange shaded 552 area in Figure 14). Importantly, the P-T conditions necessary for the formation of TI- ). This complex mantle history can be traced back in serpentinites by studying the 645 composition of mantle clinopyroxene relics and bulk rock major and rare earth elements, 646 which largely remain unaltered by serpentinization [START_REF] Niu | Bulk-rock major and trace element compositions of abyssal peridotites: 1104 implications for mantle melting, melt extraction and post-melting processes beneath 1105 mid-ocean ridges[END_REF].

647

Zermatt and Cignana serpentinites only sporadically preserve relics of pristine mantle 648 clinopyroxene (e.g. Figure 4a). This scarcity of mineralogical relics of mantle phases affects [START_REF] Langmuir | Uranium solution-mineral equilibria at low temperatures with 1081 applications to sedimentary ore deposits[END_REF]. This is further 

789

The Zermatt serpentinite plots close to the DM and overlies the field of unaltered oceanic 790 Lanzo peridotite and suggests scarce U uptake from seawater, i.e., in slightly reduced 791 environments such as deeper parts of the oceanic mantle (Peters et al., 2017) or at the sea Antigorite + olivine + Ti-clinohumite/chondrodite serpentinites are Groppo et al., 2009) and geothermobarometric estimates for the Zermatt-Saas Zone eclogites (Angiboust et al., 2009;Groppo et al., 2009) and serpentinites [START_REF] Rebay | Interaction of deformation and metamorphism 1139 during subduction and exhumation of hydrated oceanic mantle: Insights from the 1140 Western Alps[END_REF]. , 1999) and peridotites (Lanzo, [START_REF] Müntener | Refertilization of 1100 mantle peridotite in embryonic ocean basins: trace element and Nd isotopic evidence 1101 and implications for crust-mantle relationships[END_REF][START_REF] Guarnieri | Petrology, trace element and SR, Nd, Hf isotope geochemistry of 1019 the North Lanzo peridotite massif (Western Alps, Italy)[END_REF]. Note that the Ti-chondrodite (orange diamond) and the Ti-clinohumite veins (yellow diamonds) fall within the peridotite area. [START_REF] Rudnick | Composition of the continental crust[END_REF] and GLOSS-II [START_REF] Plank | The chemical composition of subducting sediments[END_REF]. Shaded area from Voltri (Cannaò et al., 2016), Cima di Gagnone (CdG; [START_REF] Scambelluri | Petrology and 1190 trace element budgets of high-pressure peridotites indicate subduction dehydration of 1191 serpentinized mantle (Cima di Gagnone, Central Alps, Switzerland)[END_REF][START_REF] Scambelluri | Fluid-related inclusions in Alpine high-1194 pressure peridotite reveal trace element recycling during subduction-zone dehydration 1195 of serpentinized mantle (Cima di Gagnone, Swiss Alps)[END_REF]. Values from GLOSS-II [START_REF] Plank | The chemical composition of subducting sediments[END_REF], depleted mantle [START_REF] Rehka | Recycled ocean crust and sediment in Indian Ocean 1148 MORB[END_REF], Jurassic seawater (Jones & Jenkyns, 2001) and average continental crust [START_REF] Rudnick | Composition of the continental crust[END_REF] Table 2 -Major (wt.%) and Trace element (µg/g) composition of eclogite and metasediments from the Lago di Cignana Unit, Cignana serpentinites and Ti-bearing veins and of Zermatt serpentinite. Samples were analysed for major elements (d.l. = 0.01 wt.%) and V (d.l. 5 µg/g), Be, Sr, Zr (d.l. 2 µg/g), Sc, Y, and Ba (d.l. 1 µg/g) by means of Fusion-ICP-MS at Act-Lab, Canada. Trace elements were analysed by liquid ICP-MS at Geosciences Montpellier (France). Detection limits can be found in Godard et al. (2000). Furthermore, all samples were analysed for major and trace element by PPP-LA-ICP-MS at the University of Bern. 

  -Sr 201 cooling ages on white mica in Cignana metasediments indicate rapid exhumation at ∼38 Ma 202 (Amato et al., 1999). Several authors (Forster et al., 2004; Groppo et al., 2009; Reinecke, -term averages reported in Peters & Pettke (2017) except for Be and Cd, for stretched along the main foliation or grow around mantle 296 clinopyroxene porphyroclasts. Sample ZSG1406 contains fragments of olivine + Ti-297 clinohumite (Ti-Chu) veins, locally showing tiny Ti-chondrodite (Ti-Chn) relict grains 298 (Figure 4c). 299 Lago di Cignana eclogite and metasediments 300

  ), (2) garnet calcschists (LCG1416A and LCG1416B, Figure 5e-313 f), and (3) garnet-bearing impure marbles (LCG1501). Quartzite has poikiloblastic garnet 314 and tourmaline (Tur) with inclusions of coesite (optically identified, now mostly quartz), 315 phengite/piemontite, apatite, and rutile. Mn-quartzite contains garnet, phengite, piemontite 316 (Pmt), pseudomorphs after lawsonite (Lws), and epidote (Ep) with an allanite (Aln) core 317 (Figure 5c-d). Mn-garnet occurs within layers and close-packed nodules of 50-300 µm-318 sized crystals and often contains coesite inclusions (Figure 5d). Quartzite locally hosts large 319 ) garnet poikiloblasts and zoned tourmaline (LCG1415). Oriented phengite (3T 320 polytype; Groppo et al., 2009) defines the foliation in quartzites. Exhumation-related quartz 321 sub-grain growth along with undulous extinction suggests that all quartz recrystallized from 322 original UHP coesite during exhumation. Quartzites are partially retrogressed to epidote-323 greenschist facies: albite (Ab) replaces phengite, albite and muscovite (Ms) replace 324 lawsonite, and chlorite and barroisite replace garnet. Calcschist (LCG1416A and LCG1416B) 325 and impure marble (LCG1501) contain calcite (Cal), quartz, poikiloblastic garnet, epidote, 326 phengite, and rare paragonite (Figure 5e-f). Typical inclusions in garnet are calcite, apatite, 327 rutile, coesite, and white mica. The UHP eclogitic assemblage is rarely preserved in 328 calcschists. Garnet is partially chloritized at rims and late iron hydroxides replace HP mica 329 , 1km long and 100m thick, crops out 200m to the West of the 332
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  aggregates with magnetite cores are stretched along the main foliation. Two types of veins 342 cut the Cignana serpentinite: one dominated by Ti-clinohumite (type 1) and another contains 343 Ti-chondrodite (type 2). Type 1 veins host 3-5 mm Ti-clinohumite crystals, olivine, chlorite, Zermatt Serpentinite. The Zermatt serpentinite displays rather depleted TE and REE 394 patterns (Figures 8 and 9; C1 chondrite and PM from McDonough & Sun, 1995). Rare 395 earth elements (REE) decrease from heavy to light and show a variably small negative Eu 396 anomaly (Figure 8). All samples display comparable PM-normalized TE patterns, with 397 notable enrichments in B, Bi, W, Mo, As, and Sb with respect to the mantle depletion trend 398 (Figure 9). 399 LCU crustal rocks. The Cignana eclogite has a flat REE and TE pattern (Figures 8 400

415

  Th. The TE patterns of Ti-clinohumite veins hosted by the Cignana serpentinites closely 416 resemble that of the host Cignana serpentinite, except for increased Nb, Ta, and Ti contents.

417

  The type 2 Ti-chondrodite vein (ZSG1402) is, instead, extremely enriched in all REE and 418 especially Nb, Ta, Th, U), by up to 2 orders of magnitude relative to the host 419 serpentinites. Type 2 vein displays a light-REE pattern comparable with metasediments and a 420 slightly enriched heavy-REE pattern, most comparable with eclogite. Elements such as Cs, 421 Rb, Ba, B, Cd, Pb, As, Sb, Sr, Ga, and Li display values comparable with those of Cignana the Lago di Cignana Unit and from the Cignana and Zermatt 425 serpentinites were analysed for their Pb and Sr isotopic compositions. All results, corrected 426 for an age of 40 Ma, are shown in Table 3 and displayed in Figure 10. The Zermatt 427 serpentinite shows non-radiogenic Pb isotopic values (lower than DM values) for all three the Ti-chondrodite vein is quite enriched in radiogenic lead, having values over 444 the range reported for reservoirs around the Lago di Cignana Unit (eclogite and 445 probe measurements on rock-forming minerals of the Cignana 449 eclogite and metasediments, on the Cignana serpentinites and their Ti-clinohumite and Ti-450 chondrodite veins, and on the Zermatt serpentinites. Representative mineral data are reported 451 in Tables 4-9; the full dataset is shown in the repository data. Cignana eclogite consists of 452 garnet, omphacite and rutile. Garnet is of almandine-grossular composition and has Fe-rich 453 cores (Alm ∼ 56-57% and Prp ∼ 7%) and Mg contents increase towards the rims (Alm ∼ 454 50-51% and Prp ∼ 8-9%). Jadeite content in omphacite increases from ∼ 50% in the core to 455 ∼ 70% in the rim. Epidote occurs as small inclusions within garnet cores and has ∼ 50% 456 clinozoisite component. In the Cignana quartzite, garnet is almandine-grossular and has Ca-457 rich cores (Alm ∼ 50-53%, Grs ∼ 27-28%, Sps ∼ 10-11% and Prp ∼ 4%) and Fe(II) content 458increases towards the rims (Alm ∼ 69-70%, Grs ∼ 10-11%, Sps ∼ 1-2% and Prp ∼ 16-459 17%). Tourmalines are dravites, with schorl contents increasing from cores (∼ 18-19%) to 460 rims (∼ 30-31%). Mn-rich layers in quartzites consists of quartz, Mn-rich (sps > 70%) 461 garnet, phengite, and epidote (allanite cores and clinozoisite ∼ 30% towards the rims). In the 462 Zermatt serpentinites antigorite (Figure11a) has low Al contents (∼0.05-0.09 a.p.f.u.) and 463 high Mg# (∼0.97-0.98); Olivine (Figure 11b) has low NiO 2 contents (∼0.05-0.1%) and 464 Mg# (∼0.96-0.98) comparable with associated antigorite, and Ti-chondrodite and Ti-465 clinohumite have different compositions with respect to Cignana serpentinites, presenting 466 lower Ti contents and higher Fe(II) + Mg (Figure 12a-b). The Cignana serpentinites and the 467 /chondrodite veins have similar mineralogy (despite changes in modal 468 amounts of the single phases) and consist of antigorite, chlorite, olivine, diopside, magnetite, 469 and Ti-clinohumite. Antigorite (Figure 11a) has Mg#∼0.86-0.88 and variable Al contents 470 (0.9-0.15 a.p.f.u.). Olivine (Figure 11b) shows similar compositions both in the serpentinites 471 and in the Ti-clinohumite veins, having Mg#∼0.84-0.88 and variable NiO 2 contents (∼0.15-472 0.5%). Similarly, Ti-clinohumite (Figure 12a) has similar compositions both in Ti-473 clinohumite and in Ti-chondrodite veins (Ti∼0.3-0.5 a.p.f.u.). 474 Trace elements 475 The full LA-ICP-MS mineral trace element dataset for the Cignana eclogite and 476 metasediments and the Cignana and Zermatt serpentinites and Ti-clinohumite veins is 477 reported in the repository data. Representative analyses are shown in Tables 10-13 and 478 plotted in Figure 13. Antigorite (Figure 13) displays rather similar TE and REE patterns, 479 both in Cignana and Zermatt serpentinites. REE are depleted (0.01 to 0.1 C1 chondrite) and 480 show a slight increase from light to heavy REE. Cignana serpentines are slightly more 481 enriched in light REEs. Cignana serpentines show enrichment in Th, Be, Ta, La and Ce. 482 Conversely, Zermatt serpentines have higher B, As, and Sb. In the Cignana serpentinite, 483 olivine is depleted in light-REE and enriched in heavy REEs, B, Sb, and Li (Figure 13). 484 While the major element composition of diopside from the Zermatt and Cignana serpentinite 485 is similar, its REE and TE compositions differ (Figure 13). The Cignana diopside is enriched 486 in REE (∼5-10 times the C1 chondrite), while in the Zermatt serpentinite, diopside is 487 depleted in REE, showing a slight negative Eu anomaly. Besides REE's, the Cignana 488 diopside is enriched in Rb, U, Th, Be, Ce, Pb, and Sr. Conversely, Zermatt diopside contains 489 considerable amounts of W, B, As, and Sb. Ti-clinohumite (Figure 13) has generally similar 490 patterns in all Cignana lithologies. Ti-clinohumite is enriched in Nb, Ta, B, W, As, Sb, and 491 the contrary, Ti-clinohumite in Zermatt serpentinite has more depleted trends, with 492 lower levels of REE, Nb, and Ta. Cignana Unit consists of oceanic crustal rocks such as eclogites and 496 metasediments which underwent a complex Alpine subduction history to UHP metamorphic 497 conditions. Prograde zoning in garnet, omphacite and white mica, observed in both 498 metasedimentary rocks and metagabbros, records subduction to UHP depth along a cold 499 geothermal gradient (∼7 °C/km; Amato et al., 1999; Groppo et al., 2009; Reinecke, 1998; 500 Rubatto et al., 1998; Skora et al., 2015). Re-hydration and destabilization of HP phases in 501 eclogite and metasediments indicates exhumation to greenschist-facies conditions following 502 the UHP peak (26 km/m.y.; Amato et al., 1999). HP serpentinites sandwich the UHP Lago di 503 Cignana Unit and display an antigorite + olivine foliation deforming olivine + Ti-504 clinohumite + magnetite ± diopside metamorphic veins. Rebay et al. (2012) recently studied 505 the serpentinites and associated eclogites lying below the Lago di Cignana Unit (the Zermatt 506 serpentinite). These serpentinites reached pressure conditions of 2.4-2.6 GPa during the 507 Alpine HP event (Rebay et al., 2012; Angiboust et al., 2009), like several other ophiolite 508 domains in the Western Alps (e.g. Erro-Tobbio, Scambelluri et al., 1995; Lanzo Ultramafic 509 Massif, Pelletier and Müntener, 2006; Debret et al., 2013a, 2013b). The serpentinites lying 510 above the Lago di Cignana Unit (the "Cignana serpentinites") were, instead, never 511 investigated in detail and are commonly attributed to the Zermatt-Saas Zone. Our 512 observations of the Zermatt and Cignana serpentinites add further detail and information to 513 serpentinites are characterized by the formation of HP olivine via the 515 dehydration of brucite, according to the reaction (1) antigorite + brucite = olivine ± chlorite + 516 H 2 O, which liberates a fluid phase drained in olivine + Ti-clinohumite + magnetite veins 517 (Figure 14). This type of vein forms in serpentinites during prograde metamorphism in the 518 presence of free water, after simultaneous breakdown of brucite (reaction 1 in Figure 14) and 519 former Ti-bearing clinopyroxene, according to the generalized reaction: mantle-520 clinopyroxene + olivine + antigorite = diopside + chlorite + Ti-clinohumite + H 2 O (López 521 Sánchez-Vizcaíno et al., 2009). Genesis of such veins has been related to these dehydration 522 reactions in the Zermatt-Saas Zone (Rebay et al., 2012; Zanoni et al., 2012), as well as in 523 other HP serpentinites such as Erro-Tobbio (Scambelluri et al., 1995), the Lanzo Massif 524 (Debret et al., 2013a), and Cerro de Almirez (López Sánchez-Vizcaíno et al., 2009). 525 The Cignana serpentinites display a well-developed antigorite + olivine foliation, 526 locally deforming two distinct types of veins containing titanate phases: type 1 and type 2 527 veins. Type 1 veins contain Ti-clinohumite as the main Ti-bearing phase (large crystals, 528 locally overgrown by finer-grained Ti-clinohumite), plus olivine, chlorite, magnetite, and 529 rare diopside (Figure 4e). Figure 14 shows a series of reaction lines (adapted from Shen et 530 al., 2015) in the system TiO 2 -MgO-SiO 2 -H 2 O (plus the reactions graphite-diamond and 531 quartz-coesite for comparison with the LCU crustal lithologies), based on which the P-T 532 formation conditions of type 1 veins can be constrained (in analogy to the veins reported for 533 Almirez; López Sánchez-Vizcaíno et al., 2009). The P-T field is roughly divided into two 534 domains by reaction (5): an orange shaded area delimiting the stability field of Ti-535 clinohumite, and a reddish area at higher pressure were Ti-chondrodite is stable. The black 536 arrow is the PT path proposed by Groppo et al. (2009) for eclogites in the Lago di Cignana 537 Unit. The origin of type 1 veins can be related to the formation of metamorphic diopside and 538 to brucite dehydration, according to reaction (1) and (2) respectively. Brucite dehydrates at a 500 °C, which corresponds to about 2.0-2.5 GPa (∼ 75km depth) 540 considering the P-T estimates of eclogites from the ZSZ (Angiboust et al., 2009) and a 541 typical Alpine subduction geothermal gradient (6.5-7.5 °C/km; Scambelluri et al., 1995; 542 López Sánchez-Vizcaíno et al., 2009; Groppo et al., 2009). The TE composition of these 543 veins (Figure 9) closely compares to that of the host rock, suggesting dehydration in a closed 544 system, with little to no influx of externally derived components and fluids. As such, the 545 Cignana and Zermatt serpentinites released moderate amounts of aqueous fluid during 546 subduction, which slightly remobilized many elements and locally recrystallized as Ti-547 clinohumite-bearing veins.
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  553chondrodite-bearing veins are not recorded in the Zermatt-Saas Zone. To the contrary, they 554 are compatible with the P-T path recorded in the Lago di Cignana Unit eclogites and 555 metasediments (Figure14;Groppo et al., 2009). Such estimates for the formation of type 2 556 veins lie at higher temperature than the dehydration reaction (1), which generated type 1 557 veins, and at lower temperature than the expected antigorite dehydration of reaction (2). As 558 such, it is unlikely that the fluid responsible for the type 2 veining had an internal origin as 559 for the type 1 veins. Instead, this fluid was probably externally derived (i.e. non-560 serpentinitic). Hypotheses on the possible origins of such fluid are discussed below. 561 Deformation and recrystallisation of type 1 and 3 veins occurred during a lower 562 pressure deformation event (D3). Large crystals are replaced by smaller metamorphic phases: 563 Ti-clinohumite(2) replaces Ti-chondrodite and Ti-Clinohumite (Figure 4e-f-g-h); when 564 generation olivine, chlorite, apatite, and diopside recrystallize. Regarding the 565 origin of such Ti-chondrodite veins, we propose here that type 2 veins crystallized from a 566 fluid derived from the nearby crustal Cignana rocks for the following petrologic and 567 geochemical reasons. Compared to type 1 Ti-clinohumite veins, the type 2 Ti-chondrodite 568 veins are strikingly enriched in REE, Th, U, Nb, Ta, As, Sb, and Y (Figure 9). This 569 enrichment can be interpreted to be due either to (1) metasomatism of initial gabbroic 570 dykelets (Scambelluri & Rampone, 1999) or to (2) channelized infiltration of metamorphic 571 fluids enriched in crustal components into the Cignana serpentinite at UHP conditions. In the 572 Voltri Massif, Scambelluri & Rampone (1999) described Ti-chondrodite + Ti-clinohumite 573 + diopside + chlorite bearing veinlets associated with the occurrence of igneous 574 clinopyroxene and ilmenite relics, which provided evidence for an origin from metasomatized 575 Fe-Ti gabbroic dykelets. Differently from Voltri, magmatic clinopyroxene and ilmenite relics 576 are absent in the Ti-chondrodite + olivine veinlets from Cignana. Nevertheless, favouring 577 hypothesis (2) does not enable to rule out hypothesis (1). However, a magmatic origin of such 578 veins should be recorded by the immobile elements in the bulk composition (e.g. Cr and Ni), 579 which are very different in concentration in a former gabbroic dyke with respect to a 580 peridotite. Figure 7 shows that Cr-Ni bulk compositions of the Cignana Ti-chondrodite 581 veins are comparable with serpentinites, peridotites and type 1 veins is and strongly different 582 from reference eclogites and gabbroic dykes. This bears implications on the fluid origin of 583 type 2 Ti-chondrodite veins. 584 The petrogenetic sequence presented in Figure 15 summarizes and compares the 585 metamorphic evolutions of the Zermatt serpentinites with the Cignana serpentinite and the 586 Lago di Cignana Unit. The mineralogical and textural evolution of the Cignana serpentinites 587 thus reveals prograde, peak, and retrograde events. The three metamorphic stages recorded in 588 type 1 and 2 veins and in their LP recrystallization products are comparable to the 589 for the coesite-bearing eclogites and metasediments (Groppo 590 et al., 2009). The type 1 veins can correspond to the prograde metamorphic zoning observed 591 in eclogitic garnet (Reinecke, 1998; Groppo et al., 2009), while type 2 Ti-chondrodite-592 bearing veins in serpentinites likely formed under peak metamorphic conditions in the coesite 593 stability field. Consequently, peak conditions are consistent for both the Lago di Cignana 594 Unit and the Cignana serpentinites. Retrograde re-equilibration of eclogite and 595 metasediments (formation of chlorite after garnet and barroisite and glaucophane after 596 omphacite) indicates near-isothermal decompression (Groppo et al., 2009). In serpentinites, 597 this retrograde event causes the recrystallization of type 1 Ti-clinohumite and type 2 Ti-598 chondrodite veins. As such, the microstructural and mineralogical record of the Ti-bearing 599 veins provides constraints to the evolution of the Lago di Cignana Unit and of the 600 surrounding serpentinites throughout their prograde, peak and retrograde evolution. A main 601 implication of this finding is the stability of the mineral association antigorite + olivine in 602 natural samples at UHP metamorphic condition, as predicted from experimental work by 603 serpentinites (ZSG1405, ZSG1406 and ZSG1410) are closely 605 comparable to Cignana serpentinites in petrology, microstructure, and field occurrence. As 606 such, it is difficult to clearly distinguish the Cignana serpentinites from the Zermatt-Saas 607 serpentinites; hence, the definition of a boundary for the UHP event in serpentinites is not 608 possible. Furthermore, the occurrence of Ti-chondrodite is not limited to the area 609 surrounding the LCU. Ti-Chondrodite is found in sample ZSG1406 and it is reported in other 610 sections of the Zermatt-Saas Zone (Rebay et al. (2012); Tartarotti, Hermann, personal 611 communications). This might imply (1) deeper subduction of the Zermatt area than so far 612 known and only local preservation of the UHP mineralogy, or (2) that the Zermatt-Saas 613 consists of slices of oceanic crust and metasediments which were equilibrated at different 614 were then incorporated into the plate interface during exhumation. In this latter 615 case, the model of tectonic coherence of the Zermatt-Saas unit should be reconsidered, an 616 arduous task given the extensive greenschist-facies retrogression of metabasic rocks and/or 617 lack of viable pressure indicators. Trace element and isotopic analyses in serpentinites 618 (discussed below) proved to be a useful tool to discriminate between different serpentinite Hattori & Guillot, 2003; Deschamps et al., 2011, 2012, Lafay et al., 622 2013; Scambelluri et al., 2014, 2015; Cannaò et al., 2015, 2016; Debret et al., 2013b) has 623 investigated the role of serpentinites in acquiring and releasing FME during tectonic 624 processes. Interaction with subduction fluids (Cannaò et al., 2015, 2016), as well as 625 lizardite-antigorite and antigorite dehydration reactions (Kodolányi and Pettke, 2011; 626 Debret et al., 2013a, 2013b), change the TE budget of a serpentinite and might affect its Sr-627 Pb isotopic signature (Cannaò et al., 2015, 2016). FME geochemistry, coupled with detailed 628 field and microstructural investigations, helps unravelling (1) the timing and tectonic setting 629 of fluid-rock interaction and (2) the evolution of the serpentinites during their subduction-630 exhumation cycle. 631 Using this geochemical petrology approach, we discuss (1) the tectonic setting of 632 initial serpentinization and the evolution and FME exchange of the Zermatt and Cignana 633 serpentinites and (2) the origin of fluids interacting with serpentinites. This will allow us to 634 propose a possible evolution of the Zermatt-Saas Zone near the Lago di Cignana Unit. 635 Inherited features of Zermatt and Cignana serpentinites 636 The Western Alpine ophiolites are fragments of different sections of the Ligurian-637 Piemontese slow-spreading ocean opened during the Jurassic (Dal Piaz et al., 2003; et al., 2014). Studies of pristine non-subducted sections of this 639 ocean basin show that the mantle peridotites underwent melt depletion and refertilization by 640 circulating melts in the stability fields of spinel and subsequently plagioclase. The final 641 composition of a peridotite is thus the result of combined processes of melt extraction, melt 642 percolation and melt-rock interactions, leading to dissolution of pyroxenes and 643 recrystallization of olivine (Godard et al., 2000; Rampone et al., 2004; Müntener et al., 644 2004
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  the whole Zermatt-Saas Zone (Dal Piaz et al., 2003; Li et al., 2004; Angiboust et al., 2009; 650 Rebay et al., 2012). Therefore, as a careful characterization of the serpentinite protolith 651 mineralogy is not feasible, geochemical data are used to constrain the mantle precursor rocks 652 and to define mass transfer and fluid/rock interaction during serpentinization at the seafloor 653 and during subduction. 654 To a first order, ocean floor serpentinization does not significantly affect the initial 655 peridotite major element budget and ratios (Bogolepov, 1970; Coleman & Keith, 1971; Niu, 656 2004; Deschamps et al., 2013). Exceptions are local CaO depletion due to serpentinization 657 and/or chloritization of Ca-bearing plagioclase and clinopyroxene, and/or fluid element 658 addition, introduction of silica (talc metasomatism; Paulick et al, 2006), Mg loss by marine 659 weathering (Snow and Dick, 1995), or CO 2 addition forming ophicarbonates near the ocean 660 floor (carbonation; Bideau et al., 1991). Figure 6a-b shows major element relations in 661 Zermatt and Cignana serpentinites. The Zermatt serpentinite displays a refractory 662 composition, with MgO > 37 % and low Al 2 O 3 and CaO levels. To the contrary, the Cignana 663 enriched compositions, with lower MgO content and higher CaO 664 and Al 2 O 3 (Figure 6a-b). As a first approximation, the major element composition of the 665 Zermatt and Cignana serpentinites may suggest a derivation from harzburgitic and lherzolitic 666 protolith, respectively. 667 In Figure 9, the REE compositions and patterns of (1) pristine depleted harzburgites 668 and (2) refertilized (plagioclase-impregnated) lherzolite from the Lanzo Massif (Guarnieri 669 et al., 2012) overlap with the Zermatt and Cignana serpentinites, respectively. One Cignana 670 serpentinite (sample ZSG1407S) is slightly more enriched, due to a larger mode of diopside. 671 In summary, the Zermatt and Cignana serpentinites features likely represent local 672 compositional variations within a coherent lithospheric mantle, which is a common feature of 673 the Thetian ophiolitic oceanic lithosphere (Internal Ligurides, Rampone & Piccardo, 2000; 674 Erro-Tobbio, Rampone et al., 2014; Lanzo, Müntener et al., 2004; Guarnieri et al., 2012). 675 Alternatively, the Cignana serpentinite might be a tectonic sliver sampling a different section 676 of lithospheric mantle, detached and juxtaposed over the Zermatt serpentinites only during 677 exhumation. 678 Variation of the initial composition of the Zermatt and Cignana serpentinite 679 Mantle peridotites can be serpentinized in oceanic as well as in subduction zone 680 settings. The serpentinization reactions occurring in the two different environments can be 681 accompanied by enrichments and/or depletion in key FME tracers (Deschamps et al.et al, 2013b). During subduction recrystallization, serpentinite can acquire TE, 684 depending on element mobility in aqueous solutions and on fluid-rock compatibility ratio 685 (K d ). Hence, previous studies led to identify the tectonic setting where different TE are 686 added, or removed, from serpentinites (e.g. Scambelluri & Philippot, 2001; Kodolányi et 687 et al., 2013b; Scambelluri et al., 2014; Peters et al., 2017). This allowed 688 to trace back distinct stages in tectonic history of the serpentinites, looking at differences in 689 micro-texture and trace element composition (Cannaò et al., 2015, 2016). 690 Zermatt serpentinite. Major element and REE patterns of the Zermatt serpentinite 691 indicate an origin from a depleted mantle peridotite protolith. The PM-normalized TE 692 composition of such serpentinites (Figure 10) shows that most TE (Cs, Rb, Ba, Th, U, K, Sr, 693 Zr, Hf, Ti, Ga, Li, Y, Sc) follow the mantle depletion trend, suggesting their concentrations 694 are largely controlled by depletion via melt extraction in the mantle. Differently, Bi, B, W, 695 Sn, Pb, As, Sb, and Mo show positive anomalies with respect to the mantle depletion trend; 696 some of the above TE also show higher contents with respect to refertilized, plagioclase-697 impregnated peridotite from the Lanzo massif (Guarnieri et al., 2012). Recent work on 698 serpentinites from present-day abyssal and forearcs settings, and from ophiolites pointed out 699 such enrichments can equally be attributed to ocean floor or subduction zone serpentinization 700 (Niu, 2004; Boschi et al., 2008; Vils et al., 2009; Deschamps et al., 2011, 2012; Kodolányi 701 et al., 2012; Peters et al., 2017). As such, the positive TE anomalies of the Zermatt 702 serpentinite cannot be attributed to a specific serpentinization environment. The lack of 703 prominent Cs enrichments while B is strongly enriched implies absence of a sedimentary 704 signature, however (Peters et al., 2017), and no significant U uptake (Kodolányi et al., 705 2012; Deschamps et al. 2013; Peters et al., 2017) indicates slightly less oxidised 706 serpentinization fluids compared to, e.g., sea water

  707supported by W/Mo > 1, since fluid-mediated Mo transport and enrichment is more redox-708 sensitive than for W for these otherwise geochemically very similar elements (e.g., 709 Koschinsky and Hein, 2003; Mohajerin et al., 2016). Molybdenum will thus be less 710 strongly enriched than W by less oxidised fluids (W/Mo = 0.06-0.18 for mid-ocean ridge 711 serpentinites with U = 0.211-1.02 µg g -1 in Jöns et al., 2010). Overall, such fluid 712 fluid signatures are like FME enrichment patterns observed in 713 some ocean floor serpentinites that have been sampled in somewhat deeper parts of the 714 lithospheric mantle at the ocean floor (Peters et al., 2017). 715 During oceanic serpentinization, the original peridotite also exchanges isotopes with 716 seawater. The very low Pb amount in seawater (Pb ∼ 0.002 µg/g; Li, 1982) does not change 717 significantly the Pb content of serpentinite with respect to the original peridotite (Pb ∼ 0.05 718 µg/g in DM), and does not strongly change the isotopic composition of these rocks. In this 719 respect, the 0.06-0.13 µg/g Pb and the Pb isotopic ratio of the Zermatt serpentinites are 720 within the range of the reference mantle peridotite (DM and unaltered Lanzo levels; Figures 9 and 10). Regarding Sr, the bulk Sr contents of serpentinites are strongly influenced by (1) the 722 presence of clinopyroxene porphyroclasts, which retain most of the bulk Sr content and have 723 a mantle isotopic imprint ( 87 Sr/ 86 Sr ~ 0.7030) and (2) by the amount of Sr introduced by the 724 aqueous fluid hydrating the rock during serpentinization. As clinopyroxene is generally more 725 resistant than olivine to serpentinization, partially serpentinized peridotites will retain most of 726 their mantle isotopic signature and thus have a Sr isotopic composition lying on a mixing line 727 between pristine peridotite and seawater. Since mantle clinopyroxene clasts in the Zermatt 728 serpentinite are scarce (< 5 vol.%), the bulk isotopic composition of these rocks well 729 approximates the composition of the serpentinization fluid. As such, the 87 Sr/ 86 Sr 730 compositions of the Zermatt serpentinites ( 87 Sr/ 86 Sr = 0.707051-0.708303) imply exchange 731 with Jurassic seawater in accordance with TE data, without further indications for interaction 732 with either sediment-equilibrated fluids in forearc regions or subduction-derived fluids along 733 the subduction interface. 734 Like the bulk-rock TE composition, rock forming minerals in Zermatt serpentinite 735 display enrichments in B, As, and Sb. These elements are equally stored in antigorite and 736 metamorphic diopside. Antigorite displays a steady increase in HREEs relative to LREEs, in B, As, and Sb, showing a pattern compatible with oceanic 738 serpentinization of olivine (Kodolányi et al., 2012). Similarly, prograde diopside REE 739 patterns likely reflect the composition of the original mantle clinopyroxene, with enrichments 740 of B, W, As, and Sb due to oceanic hydration. Ti-clinohumite shows an enrichment in Nb 741 and Ta up to PM levels, consistent with the high compatibility of high field strength elements 742 in humite-group minerals (Garrido et al., 2005). The strong B enrichment in Ti-clinohumite 743 from HP veins suggests its preferential partitioning into the fluid-phase compared to other 744 elements during serpentinite dehydration. 745 In summary, TE and the Sr-Pb isotopes suggest that the Zermatt serpentinite 746 represents a section of the oceanic slab, which was serpentinized during the Jurassic 747 spreading of the Tethys and still largely retains the original oceanic geochemical signature 748 despite its deep subduction and exhumation during the Alpine orogeny. 749 Cignana serpentinite. Compared with reference refertilized plagioclase peridotite 750 from Lanzo (Figure 9), the Cignana serpentinites show enrichments in Th, U, B, W, Nb, Ta, 751 Be, Sn, As, Sb, and Sr. Like in the Zermatt serpentinite, FME patterns might be related to 752 interaction with seawater-derived and slightly reduced fluids in oceanic environments. 753 However, the elevated Th, Be, Nb, Ta, and Sr contents combined with high As and Sb when 754 compared to the Zermatt serpentinite, suggest inputs from reservoirs other than seawater. 755 Arsenic and Sb, for instance, are generally acquired in moderate amounts during 756 oceanic serpentinization except for proximity to major hydrothermal sites where significant 757 sulphide precipitation occurs (Andreani et al., 2014). Moreover, several recent works 758 suggest that elevated contents of As and Sb can be acquired during subduction and 759 serpentinite emplacement in the accretionary wedge and plate interface (Hattori & Guillot, 760 2003, 2007; Hattori et al., 2005; Deschamps et al., 2011, 2012; Lafay et al., 2013; Scambelluri et al., 2014; Cannaò et al., 2015, 2016). Figure 16a shows the potential 762 relationships between As and Sb of the Zermatt and Cignana serpentinites compared with 763 eclogite and metasediments from the Lago di Cignana Unit and with some major global 764 reservoirs (GLOSS-II, Plank, 2014; depleted mantle, Rehka & Hofmann, 1997; Jurassic 765 seawater, Jones & Jenkyns, 2001; average continental crust, Rudnick and Gao, 2003). 766 While the Zermatt-Saas serpentinite plots near DM and PM (suggesting just oceanic 767 alteration) the Cignana serpentinites display variable increase in their As and Sb budgets with 768 respect to Zermatt-Saas. This enrichment can be either due to (1) an intensive oceanic 769 hydrothermal alteration (Andreani et al., 2014) or to (2) exchange with crustal rock 770 reservoirs during subduction (Lafay et al., 2013; Scambelluri et al., 2014; Cannaò et al., 771 2015, 2016). The Cignana serpentinite also plots close to the Lago di Cignana eclogite and 772 metasediments, suggesting an exchange of these elements with such rocks during subduction. 773 Furthermore, this enrichment is comparable with that recorded by other HP serpentinites 774 (Voltri) and metaperidotites (Cima di Gagnone) for which the uptake of As and Sb via 775 interaction of crust-derived subduction fluids has been shown on textural and geochemical 776 grounds (Cannaò et al., 2015; 2016; Scambelluri et al., 2014).

Finally,

  777A further discrimination between oceanic and subduction input of FME to 778 serpentinites can be defined by the B vs. Sr diagram (Figure 16b). The diagram shows that 779 oceanic abyssal serpentinites are more enriched in B relative to Sr, whereas the subduction 780 zone serpentinites display an opposite trend. In Figure 16b, the Zermatt-Saas serpentinite 781 overlaps the abyssal serpentinite trend whereas the Cignana serpentinite is strongly enriched 782 in Sr with respect to B. This suggests a dual origin for the observed enrichments: prevalently 783 oceanic in the Zermatt serpentinite vs. prevalently subduction-related in the Cignana 784 serpentinite. Figure 16c shows the concentrations in Th and U within the same suite of 786 Zermatt and Cignana rocks. The strong enrichment in U of abyssal serpentinites has been 787 widely documented as due to interactions with ocean waters (up to 3.2 µg/g; Bailey and 788 Ragnarsdottir, 1994; Kodolányi et al., 2012; Deschamps et al., 2013; Peters et al., 2017).

  792 floor. Conversely, the Cignana serpentinite fall along a trend of coupled U and Th enrichment 793 towards crustal reservoirs: a same trend followed by some subduction zone serpentinites 794 (Deschamps et al., 2013, and reference therein). 795 Rock forming minerals in Cignana serpentinite show enrichments like those reported 796 for the bulk rock. Like antigorite from the Zermatt serpentinite, antigorite from the Cignana 797 serpentinite shows an enrichment in heavy-respect to light-REE and enrichments in B, As 798 and Sb, compatible with the oceanic serpentinization of olivine (Kodolányi et al., 2012). 799 However, elevated levels of Th and Be in antigorite (present also in diopside) cannot be 800 solely attributed to oceanic serpentinization and, as suggested for bulk rock, might indicate 801 Th and Be enrichment during subduction (Figure 13). Ti-clinohumite shows an enrichment 802 of up to 100 PM in Nb and Ta, again consistent with the high compatibility of high field 803 strength elements in humite-group minerals (Garrido et al., 2005). 804 Since dehydration of crustal lithologies during subduction may produce fluids 805 carrying substantial amounts of Sr, Be and possibly Th, the TE data shown in Figure 16 806 suggest that the Cignana serpentinites underwent exchange with subduction fluids that 807 increased their budget in Sr, Be and Th with respect to the Zermatt serpentinite, which 808 essentially records an oceanic imprint. The serpentinization environment and process of 809 Cignana can be traced also by Sr and Pb isotopic compositions. Figure 17 reports the Sr and 810 Pb isotopic values of Zermatt serpentinites along with the Cignana serpentinite, eclogite and 811 metasediments. Also shown are the DM, MORB, Continental Crust, and GLOSS-II 812 compositions (GLOSS-II; Plank, 2014; depleted mantle, Rehka & Hofmann, 1997; Jurassic 813 seawater, Jones & Jenkyns, 2001; average continental crust, Rudnick and Gao, 2003). As 814 previously explained, the Zermatt and Cignana serpentinites underwent intensive (~95 vol.%) 815 serpentinization, which implies that their isotopic composition records that of the 816 serpentinizing fluid. The Sr isotope values of the Zermatt serpentinite overlap with Jurassic 817 seawater ( 87 Sr/ 86 Sr = 0.7070), which confirms that serpentinization prevalently occurred in 818 oceanic environment. Similarly, the Cignana serpentinite experienced an oceanic 819 serpentinization, as suggested by B and Cs signatures and by the presence of boudinaged 820 rodingite dykes. However, the more primitive Sr isotopic composition of this serpentinite 821 points to an exchange with a different fluid that may have exchanged with metabasaltic 822 material such as the Cignana eclogite. 823 To conclude, the Zermatt-Saas serpentinites largely inherit an oceanic signature 824 acquired by interactions with seawater. The Cignana serpentinites were originally exposed 825 near the sea-floor and acquired an oceanic signature still recorded by trace elements such as 826 B, Cs and W. During subduction, fluids equilibrated with altered oceanic crust interacted with 827 the Cignana serpentinites, largely modifying its trace element (prevalently Th, Sr, and Be, 828 and to a lesser extent As and Sb) and Sr and Pb isotopic compositions. 829 Veins. Based on petrologic evidence the type 1 olivine + Ti-clinohumite veins in 830 Cignana serpentinite formed during subduction, likely resulting from brucite + antigorite 831 dehydration occurring at about 450 °C (reaction 1 in Figure 14). The chemical and isotopic 832 compositions of such veins is comparable to that of the host serpentinite (Figure 9, Figure 833 13, Figure 16), which suggests that dehydration of the Cignana serpentinites occurred in a 834 closed system, and infiltration of externally-derived subduction fluids is not indicated. enrichment and fluid-rock interaction between the Cignana serpentinite 836 and fluids of crustal origin occurred during the first stages of subduction, i.e., before this 837 dehydration event. It implies that the Cignana serpentinites were associated with subducting 838 oceanic crust of the type cropping out in the nearby Lago di Cignana Unit, already since the 839 first stages of subduction. 840 According to petrographic observations and to recently published experimental work 841 by Shen et al. (2015), the type 2 Ti-chondrodite veins in the Cignana serpentinites could 842 have crystallized during the UHP metamorphic peak at 3.2 GPa and 600 °C (peak estimates 843 for Cignana eclogites after Groppo et al., 2009). Hence, in the Cignana serpentinite, this Ti-844 chondrodite likely formed after the HP type 1 veins. 845 The presence of Ti-chondrodite-bearing type 2 veins suggests their formation 846 occurred at PT conditions in-between the brucite-out and antigorite-out dehydration 847 reactions (reactions 1 and 2 in Figure 14). The origin of the fluid responsible for type 2 Ti-848 chondrodite veins cannot thus be related to a specific serpentinite dehydration event, as 849 suggested for type 1 veins. Instead, the fluid might be derived from an external source rich in 850 U, Th, As, and Sb. Furthermore, the bulk REE patterns are strongly controlled by 2-3 % vol. 851 of overly enriched apatite crystals (Figures 4e and 13). Although rare in type 2 veins, apatite 852 crystals can account for the bulk LREE enrichment and thus explain its high LREE 853 concentrations. 854 The Sr-Pb isotopic signature of the Ti-chondrodite vein might help understanding 855 fluid-rock interaction and fluid paths in UHP subduction systems. The comparatively 856 radiogenic Pb-isotope composition (close to GLOSS-II values) in the Ti-chondrodite vein is 857 not yet fully understood. One possibility is that it might indicate a sedimentary/crustal 858 hybridized origin of the UHP fluid generating the vein. However, this should strongly 859 isotopes, making them more radiogenic (as for the cases of Voltri 860 serpentinite and Cima di Gagnone metaperidotite described by Cannaò et al., 2015; 2016), 861 which is not the case. 862 CONCLUSIONS 863 We have shown that the eclogite facies serpentinites from Valtournenche (Zermatt-864 Saas Zone and the serpentinite enveloping the UHP Lago di Cignana Unit) display different 865 metamorphic histories and different metamorphic and trace element signatures. 866 1. The Zermatt and Cignana serpentinites record different Alpine 867 pressure-temperature paths. The top of the coherent Zermatt-Saas Zone consists of a 868 thin sliver of UHP serpentinites (the Cignana serpentinite). The Zermatt-Saas 869 serpentinite shows formation of metamorphic olivine and Ti-clinohumite-bearing 870 assemblages in rock and vein systems. Overall, development of this paragenesis 871 requires a stage of antigorite + brucite dehydration in the Ti-clinohumite stability 872 field at P-T conditions of about 2-2.5 GPa and 450-500 °C. The serpentinite 873 enveloping the UHP Lago di Cignana Unit shows a first crystallization of olivine + 874 Ti-clinohumite in rocks and veins (type 1 veins) at about 2.0 GPa and 450-500 °C. 875 The Cignana serpentinite also includes Ti-chondrodite veins (type 2) formed at higher 876 pressure and temperature of about 3.0 GPa and 600-650 °C, comparable to the UHP 877 conditions recorded by the nearby UHP Cignana eclogite and metasediments. Type 1 878 and type 2 veins are both overgrown by later stage Ti-clinohumite.
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 123 Figure 1 -Simplified geological sketch and block diagram of the Western Alps around the Zermatt-Saas Zone (redrawn after Dal Piaz, 1992). Upper Austroalpine outliers: DB = Dent Blanche, VP = Valpelline Unit, MM = Mt. Mary, P = Pillonet; Sesia-Lanzo Inliers (SL): II-DK = Dioritic-kinzigitic, Gm = Gneiss Minuti, Emc = Eclogitic Micascist; Inner Pennidic: MR = Monte Rosa, AB = Arcesa-Brusson, GP = Gran Paradiso; Mid Penninic: SB = Grand St. Bernard; Outer Penninic: VA = Valais Zone, PF = Penninic Front; Helvetic (HE): MB = Mt. Blanc; Piemonte Zone: CO = Combin, ZS = Zermatt-Saas, A = Atrona; Lower Austroalpine Outliers: EM = Mt. Emilius, GR = Glacier-Rafray, S = Santanel, TP = Tour Ponton, AR = Acque Rosse, E = Etirol-Levaz, C = Lago di Cignana Unit, Ch = Chatillon, SV = St. Vincent; major Alpine faults: SF = Simplon Fault, CL = Canavese Line, ARF = Aosta-Ranzola Fault.197x261mm (300 x 300 DPI)
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 4567 Figure 4 -Representative microstructures of Zermatt (a., b. and c.) and Cignana (d., e., f., g. and h.) serpentinites and Ti-rich veins. Zermatt serpentinite: (a.) HP foliation in the Zermatt serpentinite wrapping a relic of mantle clinopyroxene; (b.) serpentinite with bastite after mantle pyroxene and serpentine + magnetite mesh structure after mantle olivine; (c.) fragment of Ti-clinohumite + olivine + magnetite vein embedded in serpentinite. Cignana serpentinite: (d.) Cignana serpentinite displaying a main foliation defined by elongated domains of HP metamorphic rock-forming olivine and diopside; (e.) type 1 Ti-clinohumite vein hosting large (3-5 mm) crystals of olivine, Ti-clinohumite, chlorite, diopside and magnetite; (f.) type 2 Tichondrodite vein. Ti-chondrodite occurs with chlorite as 0.5-1 mm-sized, isolated crystals, filled with solid inclusions of ilmenite, zircon and REE-bearing phases. Finer Ti-clinohumite crystals grow at the expenses of former Ti-chondrodite; (g.) mm-sized aggregates of apatite rich in solid and fluid inclusions; (h.) Diopside crystals containing elongated fluid inclusions. 180x270mm (300 x 300 DPI)
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 89111213141516 Figure 8 -C1 Chondrite-normalized (McDonough and Sun, 1995) REE patterns of bulk-rock from: eclogite and metasediments from the UHP Lago di Cignana Unit, Cignana and Zermatt serpentinites and Cignana Tibearing veins. Shaded areas are for fresh plagioclase peridotite (orange) and spinel harzburgites (blue) from the Lanzo Massif (Guarneri et al, 2012).184x392mm (300 x 300 DPI)

  Garrido, C.J., López Sánchez-Vizcaíno, V.,Gómez-Pugnaire, M.T., Trommsdorff, V., Hattori, K.H. & Guillot, S. (2003). Volcanic fronts form as a consequence of serpentinite Example from the piedmont zone of the western alps. Schwartz, S., Allemand, P.,[START_REF] Guillot | Evidence of 1026 hydration of the mantle wedge and its role in the exhumation of eclogites[END_REF]. Numerical model of the effect of 1201 serpentinites on the exhumation of eclogitic rocks: insights from the Monviso Vils, F., Tonarini, S.,Kalt, A. & Seitz, H.M. (2009). Boron, lithium and strontium isotopes as Simplified geological sketch and block diagram of the Western Alps around the

	885 886 887 888 889 890 891 892 908 909 910 911 912 913 914 915 916 932 933 934 935 936 937 938 939 981 982 983 984 985 986 987 1006 1007 1008 1009 1010 1011 1012 1015 1031 1224 1237 1202	F o r two separate units of different oceanic origin, or two sections of heterogeneous oceanic mantle. 4. The fluid-mobile element and isotopic composition of the Cignana serpentinite suggests it experienced geochemical exchange with the nearby Cignana crustal rocks. This geochemical imprint is different from that of the Zermatt serpentinite, which mostly preserves oceanic geochemical characteristics because subduction took place under closed system conditions. This evidence reinforces the hypothesis that the Cignana UHP rocks were tectonically coupled with the surrounding serpentinite during subduction, and shows that the tectonic horizon F o r Agard, P., Yamato, P., Jolivet, L. & Burov, E. (2009). Exhumation of oceanic blueschists and eclogites in subduction zones: timing and mechanisms. Earth-Science Reviews 92(1), 53-79. Amato, J.M., Johnson, C.M., Baumgartner, L.P. & Beard, B.L. (1999). Rapid exhumation of the Zermatt-Saas ophiolite deduced from high-precision Sm-Nd and Rb-Sr geochronology. Earth and Planetary Science Letters 171(3), 425-438. Andreani, M., Escartin, J., Delacour, A., Ildefonse, B., Godard, M., Dyment, J., Fallick, A.E. & Fouquet, Y. (2014). Tectonic structure, lithology, and hydrothermal signature of the Rainbow massif (Mid-Atlantic Ridge 36° 14′ N). Geochemistry, Geophysics, Geosystems 15(9), 3543-3571. F o r Bearth, P. & Schwander, H. (1981). The post-Triassic sediments of the ophiolite zone Zermatt-Saas Fee and the associated manganese mineralizations. Eclogae Geologicae Helvetiae 74(1), 189-205. Bearth, P.P. (1967). Die Ophiolithe der Zone von Zermatt-Saas Fee. Kummerly & Frey. Bebout, G.E. (2007). Metamorphic chemical geodynamics of subduction zones. Earth and Planetary Science Letters 260(3), 373-393. Beltrando, M., Rubatto, D. & Manatschal, G. (2010). From passive margins to orogens: The link between ocean-continent transition zones and (ultra) high-pressure metamorphism. Geology 38(6), 559-562. F o r Debret, B., Nicollet, C., Andreani, M., Schwartz, S. & Godard, M. (2013a). Three steps of serpentinization in an eclogitized oceanic serpentinization front (Lanzo Massif-Western Alps). Journal of Metamorphic Geology 31(2), 165-186. Debret, B., Andreani, M., Godard, M., Nicollet, C., Schwartz, S. & Lafay, R. (2013b). Trace element behaviour during serpentinization/de-serpentinization of an eclogitized oceanic lithosphere: A LA-ICPMS study of the Lanzo Ultramafic Massif (Western Alps). Chemical Geology 357, 117-133. Deschamps, F., Guillot, S., Godard, M., Andreani, M. & Hattori, K. (2011). Serpentinites act F o r Alard, O., Bodinier, J.L. & Godard, M. (2005). Enrichment of HFSE in Chlorite-Harzburgite produced by high-pressure dehydration of Antigorite-Serpentinite: implications for subduction magmatism. Geochemistry, Geophysics, Geosystems 6(1). Godard, M., Jousselin, D. & Bodinier, J.L. (2000). Relationships between geochemistry and structure beneath a paleo-spreading centre: a study of the mantle section in the Oman ophiolite. Earth and Planetary Science Letters 180(1), 133-148. F o r dehydration in the forearc mantle wedge. Geology 31(6), 525-528. F o r F o r o r F o r F o r F o r Scambelluri, M. & Philippot, P. (2001). Deep fluids in subduction zones. Lithos 55(1), 213-F o r ophiolitic massif (Western Alps). Tectonophysics, 342(1), 193-206. F o r F r o Figures: metamorphic conditions: F tracers of seawater-serpentinite interaction at Mid-Atlantic ridge, ODP Leg 1)
		P e P e P e P e P e into the evolution of the subducting Tethyan slab. Journal of Metamorphic Geology P e P e P e P e P e P e P e P e P e P e
		e r e r e r e r e r e r e r e r e r e r e r e r e r e r e r
		R e R e R e R e R e R e R e R e R e R e R e R e R e R e R e
		v v v v v v v v v v v v v v v
		i e i e i e i e i e i e i e i e i e i e i e i e i e i e i e
	925 998	w w w w w w w w w w w w w w w
	903	707-710. Alps. American Mineralogist 63(7-8), 621-640.
	904	European Union's Seventh Framework Programme FP7/2007-2013) to the Initial Training
	880 905 928 952 1001	Network ZIP (Zooming In-between Plates, REA grant agreement no. 604713). M.S. also
	881 906 929 953 1002	thus a stable UHP mineral association, being representative of UHP, coesite-facies acknowledges support from the Italian MIUR and the University of Genova. Petrology 55(5), 883-916. Brovarone, A. V., Beyssac, O., Malavieille, J., Molli, G., Beltrando, M. & Compagnoni, R. The Lago di Cignana Unit (Western Alps). Mapping geology in Italy.
		Bailey, E.H. & Ragnarsdottir, K.V. (1994). Uranium and thorium solubilities in subduction (2013). Stacking and metamorphism of continuous segments of subducted lithosphere Frezzotti, M., Selverstone, J., Sharp, Z. & Compagnoni, R. (2011). Carbonate dissolution
		conditions.
	931	
	956 1005	
	884	
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Table 3 -

 3 Pb and Sr isotopic composition of selected samples from the Lago di Cignana Unit, the Cignana serpentinite and the Zermatt-Saas Zone serpentinite. All values are reported as observed (obs.) and as corrected (corr.) for an age of 40 Ma.

			Pb						Sr	
			206/204	2σ mean	207/204	2σ mean	208/204	2σ mean	87/86	2σ mean
	Eclogite	LCG1401	18.547	0.003	15.518	0.002	37.986	0.006	0.703764	0.000006
	Tur-Quartzite	LCG1415A	18.706	0.001	15.652	0.001	38.881	0.001	0.711573	0.000006
	Calc-schist	LCG1416A	18.636	0.001	15.648	0.001	38.719	0.002	0.709368	0.000005
		ZSG1403	18.341	0.036	15.596	0.03	38.129	0.074	0.704671	0.000007
	Cignana	ZSG1502S	18.191	0.025	15.453	0.021	37.737	0.05	0.704160	0.000008
	Serpentinite	ZSG1507S	18.172	0.044	15.402	0.036	37.692	0.086	0.703883	0.000004
		ZSG1510	18.32	0.014	15.542	0.013	37.958	0.031	0.703937	0.000011
	Ti-Cho vein	ZSG1402	19.239	0.024	15.566	0.02	39.287	0.051	0.704221	0.000004
	Ti-Cl vein	ZSG1502V	18.477	0.063	15.576	0.054	38.117	0.131	0.704059	0.000015
	Ti-Cl vein	ZSG1507V	18.016	0.071	15.304	0.065	37.404	0.129	0.706789	0.000060
	Zermatt	ZSG1406	16.887	0.250	14.841	0.226	35.776	0.558	0.708303	0.000042
	Serpentinite	ZSG1410	17.731	0.023	15.548	0.019	37.555	0.046	0.707051	0.000036

Table 4 -

 4 Representative electron microprobe analyses of mineral phases from the UHP eclogite of the Lago di Cignana Unit.

		Sample LCG1401												
		Garnet				Omphacite				Epidote		Paragonite	Rutile	Titanite
		Core		Rim											
	SiO2	38.54	38.75	38.44	38.82	56.86	56.93	56.37	56.46	39.06	38.76	48.30	47.38	0.01	31.20
	TiO2	-	0.07	0.16	0.02	0.07	0.13	0.05	0.08	0.49	0.28	0.09	0.05	97.63	37.25
	Al2O3	21.66	21.40	21.67	21.49	11.24	16.07	11.40	11.14	27.00	27.70	38.61	38.91	0.04	1.31
	Cr2O3	0.01	-	0.01	0.10	0.04	0.05	0.00	0.02	0.09	-	-	0.02	0.04	0.01
	FeO	27.45	28.12	27.50	27.57	5.30	6.22	4.65	5.05	7.81	7.29	0.82	0.39	1.11	0.26
	MnO	0.77	1.05	1.24	0.67	0.02	-	-	0.00	0.04	0.25	0.03	-	0.05	0.04
	MgO	1.95	2.27	2.46	2.03	7.40	3.63	7.64	7.94	0.09	0.14	0.15	0.04	-	-
	NiO	-	-	-	-	-	-	-	0.05	0.04	-	0.03	0.02	0.02	-
	CaO	11.63	10.92	11.21	11.75	11.78	6.26	11.93	12.12	23.05	23.11	0.22	0.29	0.15	28.75
	Na2O	0.03	0.02	0.03	0.03	8.04	11.61	7.95	7.70	0.02	-	7.07	7.50	-	0.02
	K2O	-	-	0.01	0.00	0.01	0.00	0.01	0.01	0.00	0.01	0.27	0.32	0.01	-
	Totals	102.04	102.61	102.72	102.48	100.76	100.90	100.01	100.58	97.69	97.54	95.59	94.92	99.06	98.84
	Si	2.990	2.993	2.960	2.999	1.997	1.966	1.989	1.986	3.025	3.005	3.067	3.033	0.000	4.007
	Ti	-	0.004	0.009	0.001	0.002	0.003	0.001	0.002	0.028	0.016	0.004	0.002	0.983	3.598

Table 5 -

 5 Representative electron microprobe analyses of mineral phases from the UHP quartzite of the Lago di Cignana Unit.

		Sample LCG1414							Sample LCG1415					
		Epidote		Phengite		Garnet		Barroisite		Garnet		Chlorite	Phengite		Tourmaline
						Core	Rim								Core	Rim
	SiO2	38.08	37.33	51.98	51.96	37.61	37.36	49.51	50.15	37.62	37.12	26.87	53.18	52.87	37.67	37.53
	TiO2	0.11	0.13	0.35	0.33	0.04	0.05	0.15	0.08	0.02	0.03	-	0.14	0.22	-	-
	Al2O3	25.25	23.24	27.86	27.36	21.48	21.74	7.66	6.45	21.58	21.31	20.17	27.97	28.08	31.06	29.74
	Cr2O3	0.06	-	0.07	0.02	-	0.06	0.05	0.04	0.00	0.05	-	0.01	0.00	-	-
	FeO	11.03	13.24	3.48	3.78	5.66	29.55	17.48	16.53	30.36	26.40	22.91	2.32	2.22	3.60	6.41
	MnO	0.31	0.69	0.05	0.09	30.45	4.47	0.61	0.89	1.71	4.46	0.46	-	0.04	-	-
	MgO	0.03	0.03	3.02	2.96	2.02	1.86	11.34	12.42	3.46	1.43	16.53	3.06	3.11	9.06	8.04
	NiO	0.01	-	0.04	0.09	0.05	-	0.04	0.08	-	-	-	0.04	0.02	-	-
	CaO	23.07	22.59	-	0.03	4.68	7.21	7.04	8.11	5.66	9.06	0.06	0.02	0.01	0.28	0.33
	Na2O	-	0.02	0.49	0.44	0.02	0.05	3.49	2.78	0.04	-	0.03	0.42	0.47	2.72	2.81
	K2O	-	0.04	9.83	9.82	-	0.03	0.22	0.25	0.00	0.01	-	9.29	9.47	0.04	-
	Totals	97.95	97.31	97.17	96.88	102.01	102.38	97.59	97.78	100.44	99.87	87.03	96.45	96.51	84.43	84.86
	Si	2.977	2.964	6.806	6.837	2.962	2.924	7.049	7.138	2.974	2.969	5.615	6.928	6.893	6.162	6.210
	Ti	0.007	0.008	0.035	0.033	0.002	0.003	0.016	0.009	0.001	0.002	-	-	-	-	-
	Al	2.326	2.175	4.300	4.243	1.994	2.006	1.285	1.082	2.010	2.009	4.979	0.014	0.021	5.988	5.799
	Cr	0.004	-	0.007	0.002	-1.650	0.004	0.005	0.004	0.000	0.003	-	4.295	4.315	-	-
	Fe(III)*	0.721	0.879	-	-	0.030	0.285	1.583	1.432	0.092	0.083	0.111	-	-	-	-
	Fe(II)	-	-	0.381	0.416	0.343	1.650	0.498	0.536	1.915	1.683	3.893	-	-	0.492	0.887
	Mn	0.021	0.046	0.005	0.011	2.031	0.296	0.073	0.107	0.114	0.303	0.081	0.253	0.242	-	-
	Mg	0.004	0.003	0.589	0.581	0.237	0.217	2.407	2.635	0.407	0.171	5.150	-	0.005	2.209	1.983
	Ni	0.001	-	-	-	0.003	-	0.005	0.009	-	-	-	0.594	0.604	-	-
	Ca	1.932	1.922	-	0.004	0.395	0.605	1.074	1.237	0.480	0.776	0.014	-	-	0.049	0.058
	Na	-	0.003	0.124	0.113	0.003	0.008	0.963	0.767	0.006	-	0.024	0.002	0.002	0.863	0.901
	K	-	0.004	1.642	1.648	-	0.003	0.041	0.046	0.000	0.001	-	0.107	0.118	0.008	-
	H*	1.000	1.000	4.000	4.000	-	-	2.000	2.000	-	-	16.000	-	-	4.004	4.001
	B*	-	-	-	-	-	-	-	-	-	-	-	4.000	4.000	3.001	3.002
	Totals	8.993	9.004	17.889	17.888	8.000	8.001	16.999	17.002	8.000	8.000	35.868	16.193	16.200	22.776	22.841
	*Fe(III), B and H2O contents calculated stoichiometrically										

Table 6 -

 6 Representative electron microprobe analyses of mineral phases from the UHP calcschist of the Lago di Cignana Unit.

	Sample LCG1416A

Table 7 -

 7 Representative electron microprobe analyses of mineral phases from the Cignana serpentinite.

http://www.petrology.oupjournals.org/ Manuscript submitted to Journal of Petrology F o r P e e r R e v i e w

Table 8 -

 8 Representative electron microprobe analyses of mineral phases from Ti-chondrodite and Ti-clinohumite veins hosted within Cignana serpentinite.

		Sample 1402					Sample 1502							Sample 1507						
		Chlorite		Ti-Chondrodite	Ti-Clinohumite	Chlorite		Diopside		Olivine		Ti-Clinohumite	Chlorite		Diopside		Olivine		Ti-Clinohumite
	SiO2	33.83	33.74	32.42	32.60	35.70	35.86	33.68	34.25	55.20	55.55	40.03	39.88	35.65	35.88	33.73	35.05	55.43	55.50	40.01	40.00	35.47	35.31
	TiO2	0.00	0.02	8.85	8.55	5.13	5.11	0.04	0.00	0.04	0.00	0.00	0.00	5.03	4.62	0.10	0.20	0.02	0.00	0.13	0.09	4.91	4.92
	Al2O3	13.12	13.44	0.01	0.03	0.00	0.00	13.04	13.42	0.03	0.01	0.00	0.01	0.00	0.02	13.61	10.90	0.05	0.17	0.00	0.02	0.00	0.02
	Cr2O3	0.35	0.27	0.00	0.00	0.03	0.03	0.05	0.38	0.00	0.00	0.04	0.01	0.00	0.00	0.12	0.04	0.02	0.09	0.05	0.00	0.02	0.00
	FeO	4.92	4.85	12.88	12.73	12.63	12.34	5.17	5.16	1.34	1.32	13.77	13.75	13.81	13.73			1.96	2.87				
	MnO	0.05	0.04	0.51	0.43	0.32	0.33	0.02	0.00	0.13	0.15	0.54	0.49	0.58	0.63	5.63	5.15	0.09	0.15	14.03	13.11	16.54	16.93
	MgO	34.25	33.49	42.79	42.52	45.83	45.53	32.96	32.91	17.65	17.56	46.08	45.81	43.01	43.49	0.11	0.09	17.28	16.47	0.66	0.50	0.66	0.66
	NiO	0.16	0.10	0.14	0.10	0.19	0.16	0.28	0.23	0.00	0.01	0.31	0.26	0.16	0.32	32.53	33.79	0.05	0.06	45.17	46.15	40.95	40.66
	CaO	0.00	0.00	0.05	0.01	0.00	0.01	0.01	0.00	25.45	25.47	0.00	0.00	0.00	0.01	0.18	0.16	24.92	24.05	0.18	0.24	0.22	0.12
	Na2O	0.01	0.00	0.03	0.01	0.00	0.03	0.03	0.03	0.06	0.06	0.01	0.01	0.02	0.01	0.02	0.00	0.27	0.70	0.00	0.02	0.02	0.00
	K2O	0.04	0.02	0.02	0.00	0.01	0.01	0.01	0.00			0.00	0.00	0.02	0.00	0.03	0.00	0.00	0.01	0.00	0.00	0.02	0.00
	Totals	86.73	86.03	97.70	97.00	99.84	99.44	85.28	86.39	99.90	100.15	100.78	100.22	98.28	98.71	86.07	85.39	100.08	100.07	100.23	100.14	98.82	98.64
	Si	6.452	6.481	1.986	2.010	3.904	3.939	6.531	6.544	2.003	2.009	0.992	0.994	4.003	4.003	6.491	6.779	2.010	2.017	1.000	0.996	4.014	4.009

Table 9 -

 9 Representative electron microprobe analyses of mineral phases from the Zermatt serpentinite.

		Sample															
		ZSG1406															
		Olivine				Antigorite			Ti-Clinohumite			Ti-Chondrodite		
	SiO2					43.5	44.5	42.5	43.3					33.8	34.2	34.6	34.8
		42.21	42.12	42.11	42.42	7	3	7	5	37.90	37.88	38.13	38.75	5	2	6	1
	TiO2	0.04	0.03	0.08	0.00	0.05	0.00	0.00	0.05	2.43	3.09	2.93	2.62	7.35	7.02	7.06	7.01
	Al2O																
	3	0.02	0.00	0.00	0.00	1.55	1.52	1.22	1.44	0.01	0.00	0.03	0.02	0.01	0.00	0.00	0.03
	Cr2O																
	3	0.00	0.00	0.00	0.04	0.04	0.01	0.07	0.09	0.00	0.00	0.00	0.00	0.04	0.00	0.07	0.00
	FeO	3.25	2.43	3.20	3.25	1.88	1.75	1.62	1.94	3.15	2.96	2.89	2.81	3.48	3.64	3.44	3.48
	MnO	0.40	0.45	0.48	0.57	0.02	0.04	0.00	0.07	0.44	0.53	0.42	0.52	0.72	0.56	0.65	0.65
	MgO					39.9	39.6	39.9	39.9					50.5	51.0	50.9	51.1
		54.88	55.06	55.03	54.87	8	1	4	0	53.37	54.51	53.94	54.47	4	2	9	5
	NiO	0.08	0.08	0.05	0.08	0.07	0.06	0.04	0.13	0.16	0.04	0.01	0.07	0.05	0.04	0.11	0.05
	CaO	0.00	0.00	0.02	0.00	0.00	0.00	0.00	0.01	0.00	0.02	0.01	0.01	0.00	0.01	0.02	0.02
	Total	100.8	100.1	100.9	101.2	87.1	87.5	85.4	86.9					96.0	96.5	96.9	97.2
	s	8	8	7	4	7	2	6	8	97.46	99.03	98.36	99.27	4	2	9	0
	Si					2.01	2.04	2.00	2.01					2.00	2.01	2.02	
		0.996	0.997	0.992	0.998	6	6	9	3	4.024	3.957	4.011	4.036	2	1	9	

Table 11 -

 11 Representative laser ablation in-situ trace element analyses of mineral phases from the Cignana serpentinite. All data are reported in µg/g.

		Sample ZSG1403								
		Antigorite		Ti-Clinohumite	Diopside		Olivine		Magnetite	
	Li	0.0074	<0.0271	2.29	3.12	0.299	0.242	2.6	1.12	1.28	0.9
	Be	0.081	0.08	<0.9	<0.57	5.1	5	<0.0205	<0.078	<0.293	<0.142
	B	5.1	4.9	7.1	3.3	0.67	0.75	1.63	9.4	0.136	<0.063
	Sc	11	9.8	4.1	3.5	25.1	23	1.25	2.13	1.71	1.9
	V	48	59	20.4	27.3	5.1	5.2	0.103	0.053	930	960
	Cr	2190	2270	30.8	48	68	50	1.81	1.55	39000	32000
	Co	57	61	206	211	14.5	14.7	198	208	216	219
	Ni	1120	1360	2490	2480	174	177	2830	2770	2740	2750
	Cu	2.31	2.06	2.05	2.28	0.85	0.86	1.98	2.11	0.09	<0.042
	Zn	46	41	123	120	8	7.8	98	99	360	247
	As	0.065	0.169	<0.109	<0.091	0.032	<0.0283	0.009	0.0257	0.054	0.0142
	Rb	<0.00276	0.00284	<0.035	<0.0272	<0.0073	0.0109	0.00263	<0.0041	<0.0083	<0.0043
	Sr	0.037	0.049	0.192	0.25	118	141	0.00145	0.0117	0.092	0.036
	Y	0.47	0.37	0.153	0.143	39	40	0.01	0.281	0.128	0.0056
	Zr	0.11	0.159	5.4	2.86	0.188	0.186	0.0089	0.0242	0.72	1.1
	Nb	0.069	0.091	94	77	0.0078	0.0272	0.089	0.126	0.6	0.52
	Mo	0.0255	0.0274	0.58	0.291	<0.043	0.039	0.202	0.157	2.18	1.87
	Cd	0.0308	0.085	<0.246	<0.204	0.145	0.129	0.159	0.046	0.079	0.039
	Sb	0.041	0.058	<0.138	<0.129	<0.038	<0.035	0.0122	0.0288	0.054	<0.0191
	Cs	<0.00116	<0.00182	0.01	<0.0205	<0.0049	<0.0042	<0.00162	<0.00255	<0.0059	<0.00302
	Ba	<0.0123	0.0127	<0.11	<0.098	<0.036	<0.0306	<0.00285	<0.0216	0.23	<0.0162
	La	0.032	0.039	0.035	0.0287	1.68	1.85	0.00069	0.0246	0.07	0.0036
	Ce	0.122	0.139	0.0259	0.066	7.6	8.2	<0.00141	0.0157	0.056	0.0057
	Pr	0.0096	0.0108	<0.0184	<0.0124	1.28	1.29	<0.00083	0.0042	0.0079	<0.00254
	Nd	0.037	0.037	0.0305	<0.057	6.3	6.2	<0.00165	0.0203	0.042	0.0034
	Sm	0.0161	0.0102	<0.074	<0.0236	2.37	2.4	<0.0056	0.0035	<0.0291	<0.0143
	Eu	0.0033	0.0039	<0.04	<0.0245	0.87	0.93	<0.00056	<0.00094	0.0044	0.00142
	Gd	0.0278	0.0177	<0.0249	<0.086	3.6	3.7	<0.0073	0.0036	0.0154	<0.00281
	Tb	0.004	0.005	<0.0104	0.0049	0.73	0.79	<0.001	<0.00125	0.00127	<0.00039
	Dy	0.058	0.035	<0.059	<0.053	5.8	6.2	<0.0044	0.0131	0.0071	<0.00215
	Ho	0.0135	0.0139	0.0098	0.0069	1.37	1.45	<0.00145	0.0081	0.0037	<0.00166
	Er	0.066	0.064	0.0191	<0.06	4.6	4.7	<0.004	0.072	<0.023	<0.0116
	Tm	0.0147	0.0117	<0.0213	0.0108	0.57	0.59	0.00174	0.0314	0.00139	<0.00042
	Yb	0.162	0.118	0.223	0.09	3.2	3.4	0.0294	0.51	<0.0089	0.0059
	Lu	0.04	0.0278	0.032	0.032	0.31	0.33	0.0099	0.144	<0.0047	<0.00233
	Hf	0.0051	0.0111	0.107	0.036	0.0083	0.0095	<0.00114	<0.0052	0.092	0.075
	Ta	0.00294	0.0073	6.9	6.4	<0.0034	0.0033	0.0036	0.0061	0.046	0.044
	W	0.007	<0.0061	0.7	0.18	<0.0136	<0.0115	<0.00133	<0.00222	<0.016	<0.0076
	Pb	0.0197	0.0073	<0.09	<0.074	0.4	0.41	0.0079	0.0093	<0.0222	<0.0119
	Bi	0.0069	0.0191	<0.032	<0.0295	<0.0094	<0.0084	0.0253	0.0043	0.0088	0.0045
	Th	0.0235	0.043	<0.0157	<0.005	0.0314	0.05	<0.00041	<0.00188	0.0064	0.00164
	U	<0.00106	0.0035	<0.0132	<0.0119	<0.0037	0.0038	<0.00043	<0.00225	<0.0069	<0.0034
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1235 1236 Page 51 of 89 http://www.petrology.oupjournals.org/ Manuscript submitted to Journal of Petrology 1238 Zermatt-Saas Zone (redrawn after Dal Piaz, 1992). Upper Austroalpine outliers: 1239 DB = Dent Blanche, VP = Valpelline Unit, MM = Mt. Mary, P = Pillonet; Sesia-1240 Lanzo Inliers (SL): II-DK = Dioritic-kinzigitic, Gm = Gneiss Minuti, Emc = 1241 Eclogitic Micascist; Inner Penninic: MR = Monte Rosa, AB = Arcesa-Brusson, GP 1242 = Gran Paradiso; Mid Penninic: SB = Grand St. Bernard; Outer Penninic: VA = 1243 Valais Zone, PF = Penninic Front; Helvetic (HE): MB = Mt. Blanc; Piemonte Zone: 1244 CO = Combin, ZS = Zermatt-Saas, A = Atrona; Lower Austroalpine Outliers: EM 1245 = Mt. Emilius, GR = Glacier-Rafray, S = Santanel, TP = Tour Ponton, AR = Acque 1246 Rosse, E = Etirol-Levaz, C = Lago di Cignana Unit, Ch = Chatillon, SV = St. 1247 Vincent; major Alpine faults: SF = Simplon Fault, CL = Canavese Line, ARF = 1248 Aosta-Ranzola Fault.

1249 2) Simplified geologic sketch and profile (A-A'-A'') of the Lago di Cignana Unit, 1250 modified after Forster et al. (2004) and Groppo et al. (2009). (1) Austroalpine 1251 domain (Arolla Unit), (2) Combine Zone, (3) Pancherot Unit. Zermatt-Saas Zone: (4) 1252 Prasitites with eclogites, (5) Mg-Al metagabbros, (6) UHP Fe-Ti gabbros and 1253 metasediments of the Lago di Cignana Unit and (7) serpentinites. 1254 3) PT path for the Lago di Cignana Unit (Groppo et al., 2009) and geothermobarometric 1255 estimates for the Zermatt-Saas Zone eclogites (Angiboust et al., 2009; Groppo et 1256 al., 2009) and serpentinites (Rebay et al., 2012).

1257 4) Representative microstructures of Zermatt (a, b. c) and Cignana (d, e, f, g, h.) 1258 serpentinites and Ti-rich veins. Zermatt serpentinite: (a.) HP foliation in the 1259 Zermatt serpentinite wrapping a relic of mantle clinopyroxene; (b.) serpentinite with 1260 bastite after mantle pyroxene; (c.) fragment of Ti-clinohumite + olivine + magnetite 1261 Page 52 of 89 http://www.petrology.oupjournals.org/ Manuscript submitted to Journal of Petrology