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406 Lithium isotopes 407 408 [START_REF] Vlastelic | towards 466 the silicate melt-fluid interface increases 7 Li/ 6 Li of the melt. To a first order, the bulk Li 467 depletion and low 7 Li/ 6 Li of the pumice are[END_REF] previously noted that the low Li contents of samples respectively) correlates with extremely low  7 Li (-21 and -17‰, 410 respectively). By comparison, bulk analysis of different chips from the new sample 0704-TRA 411 yields even lower Li contents (between 0.48 and 0.13 ppm), but more variable and higher  7 Li

412

(between -7.2 and +13.8 ‰, Electronic Appendix 1). In situ Li isotope and major element 413 measurements were performed in sample 0704-TRA to constrain the origin of Li isotope 414 heterogeneity (Fig. 7).  7 Li varies between -19.8 and -31.0 ‰ in the trachyte glass, and 415 between -3.1 and -30. [START_REF] Li | Degassing and crystallization of a primary melt with 5.5 ppm Li and δ 7 Li = +3.5‰ (star labelled PM) is modelled considering four scenarios: Fractional Crystallization (FC) followed by Fractional Degassing (FD) or Equilibrium degassing (ED); simultaneous crystallization and degassing in an open system (FCD) or closed system (ECD). Depending on the crystallization-degassing scenario, the target composition of the devolatilized trachyte (Li = 2 ppm and δ 7 Li = -35‰) requires D V-M between 37 and 260 and α V-M between 1.022 and 1.053. Only the FC-ED scenario with D V-M = 104 and α V-M = 1.048 reproduces the linear array shown by the trachyte glass data (white diamonds). See text for detailed description of the model and related equations and assumptions. The field of Piton de la Fournaise (dark grey) is[END_REF] ‰ in the glassy regions with abundant sub-micrometric K-feldspars 416 (Electronic Appendix 3). The interior of the trachyte pumice (7-9 mm from the basalt coating) 417 is more depleted in Li than the external 1 mm layer, due to a larger amount of feldspar 418 microlites in the glass and/or Li degassing. In situ analysis of the basaltic glass coating 0704-

419

TRA yields  7 Li between +7. 5 and +18.4 ‰, which [START_REF] Ashwal | A 916 Mantle-derived Origin for Mauritian Trachytes[END_REF], or contamination from assimilated sediments (Sigmarsson et 436 al., 2013), can also be ruled out. The mantle-like  18 O signature of the trachyte (+5.55 to +5.81 499 [START_REF] Villemant | Andesitic magma degassing investigated 1152 through H2O vapour-melt partitioning of halogens at Soufrière Hills Volcano, 1153 Montserrat (Lesser Antilles)[END_REF]. D V-M and D S-M are the fluid-melt and crystal-melt partition coefficients, 500 respectively. Writing Eq.1 for each Li isotope, and normalising yields (Eq. 2) : 501 502

( 7 Li 6 Li ) 𝑀 = ( 7 Li 6 Li ) 𝑀 0 .F ( β7 -β6 )
503 504 where ( 7 Li/ 6 Li) 0 M is the initial isotopic ratio of the melt, and subscripts 7 and 6 denote for 7 Li 505 and 6 Li species, respectively. In the second scenario referred to as ECD, crystallization and 506 degassing occur simultaneously in closed-system, with melt, crystals and fluids remaining in 507 chemical equilibrium. The expression of Li concentration in the silicate melt is obtained by 508 combining the mass balance equation and the definition of  (Eq.3):

509 510 C M = C M 0 β + F ( 1 -β ) 511 
512 And for Li isotopes (Eq. 4): 513 514

( 7 Li 6 Li ) 𝑀 = ( 7 Li 6 Li ) 𝑀 0 . β6 + F (1 -β6 ) β7 + F (1 -β7 )
515 516 In Eq. 2 and 4, D 7 V-M and D 6 V-M are related through the coefficient of isotopic fractionation 517 between fluid and silicate melt ( V-M ) defined as (Eq. 5):

518 519 𝛼 𝑉 -𝑀 = ( 7 Li 6 Li ) 𝑉 ( 7 Li 6 Li ) 𝑀 = 𝐷 𝑉 -𝑀 7 𝐷 𝑉 -𝑀 6 520
521 where ( 7Li/ 6 Li) V is the Li isotopic composition of the fluid.

522 For both FCD and ECD, the primary melt is assumed to have 5. 648 excess 230 Th over 238 U, which was the carrier magma for the old trachyte. This is consistent 649 with the observation that the basaltic glass locally invades the pumice as fine droplets or thin 650 films (Fig. 2a andc). However, such a contamination cannot explain the large variations of 683 exception of Na 2 O. Unfortunately, trace element concentrations have not been determined

684 on those glasses to the best of our knowledge. The exsolved fluid phase would then have been 685 stored in the ubiquitous hydrous phases (amphibole, chlorite and/or biotite) or interstitial 686 cavities, such as those described by [START_REF] Upton | Aspects of magmatic evolution on Réunion Island[END_REF] in microsyenites from Piton 687 des Neiges.

688 In a second scenario, slow crystallization could have lasted at least approximately 0.4 Ma and 689 a trachytic melt could still be available within the magma plumbing system, either as 690 interstitial melt in a crystal mush or as melt lens. To survive over such time scale, a small 691 volume of silicic magma requires a perfect balance of heat flux, so that melts neither solidify 692 nor float and escape. To evaluate this possibility, we estimate the volume of Piton de la 693 Fournaise plumbing system which temperature is maintained above the trachyte liquidus 694 (about 800°C) due to the continuous flux of hot basaltic magma. The thermal power Q brought 695 by the incoming magma depends on the magma flux (), the temperature difference between 696 magma reservoir (T res ) and injected magma (T inj ), and the fraction of crystal removed (f ) at T res 697 according to (Eq. 6):

698 699 𝑄 = 𝜙𝜌(𝐶 𝑝 (𝑇 𝑖𝑛𝑗 -𝑇 𝑟𝑒𝑠 ) + 𝑓𝐿) 700 
701
where  is the magma density (2600 kg/m 3 ), Cp the heat capacity (1500 J/kg per K) and L the 702 latent heat (4x10 5 J/kg) [START_REF] Hawkesworth | Time Scales of Crystal Fractionation in Magma Chambers -1023 Integrating Physical, Isotopic and Geochemical Perspective[END_REF]. Independent observations, including the 703 age/volume ratio of La Réunion edifice (e.g. de Voogd et al., 1999) and the small Sr isotope 704 variations of lavas [START_REF] Vlastelic | towards 466 the silicate melt-fluid interface increases 7 Li/ 6 Li of the melt. To a first order, the bulk Li 467 depletion and low 7 Li/ 6 Li of the pumice are[END_REF], suggest that the long-term magma production rate 705 has remained relatively uniform and similar to the average rate over the last 60 years (0.5 706 m 3 /s, dense rock equivalent, [START_REF] Roult | A new comprehensive classification of the Piton de la Fournaise activity spanning 1087 the 1985-2010 period. Search and analysis of short-term precursors from a broad-band 1088 seismological station[END_REF] were grouped according to their location relative to the opening fracture: the PN field (21°16'53.5±4.5"S -55°46'19±4"E) is located to the SW of the fracture whereas the PS field (21°16'50±2"S -55°46'27±4"E) is located to the NE. Few chips from each fields were powdered for bulk chemical analyses (0704-PN and 0704-PS samples). White pumices with trace of basaltic glass were found to the North of Piton Tremblet at the border of the April 2007 lava flow (21°16'51" S -55°46'29"E). They are referred to as sample 0704-TRA. Chips from the PN (N-PON) and PS (S-PON and 0704-TRA) fields were selected for in situ analysis. 

  is significantly heavier than bulk glass 420 composition (+4.2 ‰). Reporting all data in a  7 Li vs. Li concentration plot (Fig. 8) highlights 421 two main arrays: SIMS data acquired on the pure trachytic glass show a positive correlation 422 between  7 Li and Li content, while most other data acquired on sample regions with variable 423 microlite contents show the opposite relationship. The two arrays intercept at Li= 2 ppm and 424  7 Li = -35 ‰. Two SIMS analyses (b9 and b22) performed close to the pumice surface (Fig. 7) 425 plot between this common component and the basalt composition (Fig. 8). of Sr, Nd and Pb indicate that the April 2007 trachyte shares the 432 same source as La Réunion basalts (Fig. 5), and is not produced by partial melting of the 433 underlying Indian Ocean crust, or another genetically unrelated lithology. For the same 434 reason, partial melting of an enriched mantle lithology, as proposed for other Mauritian 435 trachytes

638

  5 ppm Li (average content of 523 melt inclusions hosted in olivine crystals with forsterite contents in the range of 83.4-83.9 %, 524 Di Muro et al., 2014) Because Li isotopes do not fractionate significantly during crystallization Page 57 of 90 http://www.petrology.oupjournals.org/ Manuscript submitted to Journal of Petrology 619 rocks enriched in U through the circulation of hydrothermal fluids. In their model, 620 hydrothermal fluids leach U 6+ in the shallow oxidized layers of the volcanic edifice and621 precipitate U 4+ in the deeper more reduced regions. In the case of the U depleted rhyolite 622 pumice produced in 2011 at El Hierro (Canary islands),[START_REF] Sigmarsson | 1108 Formation of U-depleted rhyolite from a basanite at El Hierro, Canary Islands[END_REF] suggested that 623 assimilation of sediments raised the oxygen fugacity of the mingled rhyolitic magmas to near 624 Ni-NiO buffer, which enabled U volatilization as UF 6 . As discussed above, neither radiogenic 625 nor O isotopes provide evidence for assimilation of foreign material in the case studied here.626 Moreover, lack of U enrichment in Piton de la Fournaise gas sublimates, including sulphates 627 and fluorides formed above thick lava flows(Vlastelic et al., 2013b), indicates that U is not 628 significantly transported by low pressure -low density vapours. In keeping with Li isotope 629 systematics, it is suggested that closed-system devolatilization of the trachyte melt during the 630 very late stage of differentiation produced fluids enriched chlorine, fluorine and possibly 631 carbonate[START_REF] Upton | Aspects of magmatic evolution on Réunion Island[END_REF], leading to high solubility of U relative to Th. Whether 632 the fluid exsolved and remained as an immiscible phase together with the degassed trachytic 633 melt, or if it was integrated into hydrous phases (e.g., amphibole, chlorite, biotite ..) 634 crystallising from the fluid phase remains an open question. Constraints on the age of the U loss may be obtained from U-series decay products. Trachyte 639 melt formed by 80% fractional crystallisation from a basalt should have identical U/Th as the 640 parental magma, if the zircon proportion in the crystallising assemblage is very small. The very 641 low U/Th is thus compatible with U-loss by volatile exsolution from the trachyte melt (Fig.6a).642 Whether the volatile exsolution occurred instantaneously or progressively cannot be resolved 643 by the present results. Nevertheless, the radioactive equilibrium between 238 U and 230 Th (Fig. 644 6a) indicates that the minimum time elapsed since U loss is close to five times the half-life of 645 230 Th, i.e. 5 x 75.4 =380 ka, the time needed for reaching radioactive equilibrium between 238 U 646 and 230 Th. The small 230 Th excess measured in the glass fraction of sample 0704-TRA possibly 647 results from the contamination of the trachyte glass with small amount of 2007 basalt with

  (a&b) Coordinates are in km (WGS84, UTM 40S). (c) Photo of the pumice and its basaltic glass coating (N-PON sample). 190x271mm (600 x 600 DPI) Temporal compositional evolution of La Réunion Island volcanoes. The CaO/Al 2 O 3 ratio is used as a proxy for magma differentiation. Regression line through Piton des Neiges differentiated series (white triangles) is shown, whereas only temporal trends are shown for Piton des Neiges and Piton de la Fournaise shield stages because major elements and ages were not measured on same samples. The age estimated for the parental basalt of the 2007 trachyte is indicated (hatched area). The 2007 trachyte plots on the temporal compositional trend of the Piton des Neiges differentiated series, suggesting it could be a liquid remnant of the extinct volcano. Data source: McDougall (1971), Oversby (1972), Upton & Wadsworth (1972), Gillot & Nativel (1982), Albarède et al. (1997), Valer et al. (2017a). 186x245mm (600 x 600 DPI) Page 91 of 90 http://www.petrology.oupjournals.org/ Manuscript submitted to Journal of Petrology

  

  

  

  

  

  

  

  

  

  . Based on the MELTS modeling ofVillemant et 707 al. (2009), we set T inj = 1304°C and T res = 1150°C with f=0.2 for Steady State Basalt with 92 ppm 708 Ni (Electronic Appendix 1). Using these values, Q is estimated at 4 x 10 8 W. We assume that 709 this thermal power is uniformly emitted in a spherical plumbing system with a steady-state 710 thermal structure. The temperature decreases from the centre to the boundary of the sphere
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