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Introduction

Potassic magmatism, i.e., igneous rock series typified by elevated K2O contents and K2O/Na2O > 1 at > 3 wt. % MgO [START_REF] Foley | The ultrapotassic rocks: Characteristics, classification, and constraints for petrogenetic models[END_REF][START_REF] Nelson | Isotopic characteristics of potassic rocks: evidence for the involvement of subducted sediments in magma genesis[END_REF], is observed in a wide variety of geodynamic settings, ranging from intraplate to orogenic. Iconic examples include the subduction-related Roman volcanic province [START_REF] Rogers | The geochemistry of potassic lavas from Vulsini, Central Italy, and implications for mantle enrichment processes beneath the Roman region[END_REF][START_REF] Foley | Petrological characterization of the source components of potassic magmas: geochemical and experimental constraints[END_REF][START_REF] Schiano | The relationship between potassic, calcalkaline and Na-alkaline magmatism in South Italy volcanoes: A melt inclusion approach[END_REF][START_REF] Gaeta | Petrology of the most recent ultrapotassic magmas from the Roman Province (Central Italy)[END_REF], Pliocene potassic magmas from the Sierra Nevada, California [START_REF] Van Kooten | Mineralogy, Petrology, and Geochemistry of an Ultrapotassic Basaltic Suite, Central Sierra Nevada, California[END_REF][START_REF] Feldstein | Pliocene Potassic Magmas from the Kings River Region, Sierra Nevada, California: Evidence for Melting of a Subduction-Modified Mantle[END_REF], post-collisional "shoshonites" erupted in Anatolia, Tibet and Taïwan [START_REF] Harris | Post-collision magmatism and tectonics in northwest Anatolia[END_REF][START_REF] Yang | The igneous provinciality in Taiwan: consequence of continental rifting superimposed by Luzon and Ryukyu subduction systems[END_REF][START_REF] Williams | Nature of the Source Regions for Post-collisional, Potassic Magmatism in Southern and Northern Tibet from Geochemical Variations and Inverse Trace Element Modelling[END_REF][START_REF] Prelević | Ultrapotassic Mafic Rocks as Geochemical Proxies for Post-collisional Dynamics of Orogenic Lithospheric Mantle: the Case of Southwestern Anatolia, Turkey[END_REF] and their plutonic counterparts well-exposed in the Variscan belt (vaugnerites and durbachites;[START_REF] Holub | Ultrapotassic plutonic rocks of the durbachite series in the Bohemian Massif: Petrology, geochemistry and petrogenetic interpretation. Sborník Geologických Věd[END_REF][START_REF] Couzinié | Post-collisional magmatism: Crustal growth not identified by zircon Hf-O isotopes[END_REF][START_REF] Janoušek | Ultrapotassic magmatism in the heyday of the Variscan Orogeny: the story of the Třebíč Pluton, the largest durbachitic body in the Bohemian Massif[END_REF] or even the pre-shield stage of Kilauea [START_REF] Sisson | Basanite-nephelinite suite from early Kilauea: carbonated melts of phlogopite-garnet peridotite at Hawaii's leading magmatic edge[END_REF].

The elevated MgO and transition metal (Ni, Cr) contents of primitive potassic magmas necessarily require the melting of an ultramafic source (peridotite, pyroxenite). However, their elevated K2O/Na2O ratios and overall high large-ion lithophile elements (LILE, e.g., K, Rb, Cs, Sr, Ba) concentrations are generally interpreted as reflecting the presence of hydrous, alkali-bearing phases (e.g., pargasite and phlogopite) in the mantle source (e.g., [START_REF] Foley | The ultrapotassic rocks: Characteristics, classification, and constraints for petrogenetic models[END_REF][START_REF] Turner | Post-collision, Shoshonitic Volcanism on the Tibetan Plateau: Implications for Convective Thinning of the Lithosphere and the Source of Ocean Island Basalts[END_REF][START_REF] Williams | Nature of the Source Regions for Post-collisional, Potassic Magmatism in Southern and Northern Tibet from Geochemical Variations and Inverse Trace Element Modelling[END_REF][START_REF] Prelević | Ultrapotassic Mafic Rocks as Geochemical Proxies for Post-collisional Dynamics of Orogenic Lithospheric Mantle: the Case of Southwestern Anatolia, Turkey[END_REF]. Indeed, the atypical trace element incompatibility order of K-rich magmas is inconsistent with the melting of dry peridotite [START_REF] Schiano | The relationship between potassic, calcalkaline and Na-alkaline magmatism in South Italy volcanoes: A melt inclusion approach[END_REF]. Importantly, the ubiquitous LILE enrichment and common high field strength element (HFSE, e.g., Nb, Ta) depletions in potassic magmas recall the signatures of arc magmatic suites [START_REF] Pearce | Trace element characteristics of lavas from destructive plate boundaries[END_REF]LaTourette et al., 1995;[START_REF] Schiano | The relationship between potassic, calcalkaline and Na-alkaline magmatism in South Italy volcanoes: A melt inclusion approach[END_REF], emphasizing the subduction-related origin of the hydrous phases in their mantle sources [START_REF] Schiano | The relationship between potassic, calcalkaline and Na-alkaline magmatism in South Italy volcanoes: A melt inclusion approach[END_REF][START_REF] Williams | Nature of the Source Regions for Post-collisional, Potassic Magmatism in Southern and Northern Tibet from Geochemical Variations and Inverse Trace Element Modelling[END_REF]. Because K-rich igneous rocks very often display "crust-like" (i.e., radiogenic Sr, unradiogenic Nd and Hf) isotopic compositions [START_REF] Nelson | Isotopic characteristics of potassic rocks: evidence for the involvement of subducted sediments in magma genesis[END_REF][START_REF] Couzinié | Post-collisional magmatism: Crustal growth not identified by zircon Hf-O isotopes[END_REF], it is argued that such hydrous phases formed by interactions between sediment-derived metasomatic melts (and/or supercritical fluids) and ultramafic rocks. This view is supported by the natural occurrence of phlogopite (±pargasite)-bearing peridotites in orogenic massifs (e.g., the Finero body; [START_REF] Zanetti | The Finero phlogopite-peridotite massif: an example of subduction-related metasomatism[END_REF] and the results of silicic melt/peridotite interaction experiments [START_REF] Sekine | Phase Relationships in the System KAISiO4 -Mg2SiO4 -SiO2 -H2O as a Model for Hybridization Between Hydrous Siliceous Melts and Peridotite[END_REF][START_REF] Prouteau | Evidence for mantle metasomatism by hydrous silicic melts derived from subducted oceanic crust[END_REF][START_REF] Mallik | Partial melting of fertile peridotite fluxed by hydrous rhyolitic melt at 2-3 GPa: implications for mantle wedge hybridization by sediment melt and generation of ultrapotassic magmas in convergent margins[END_REF][START_REF] Förster | Two-Stage Origin of K-Enrichment in Ultrapotassic Magmatism Simulated by Melting of Experimentally Metasomatized Mantle[END_REF].

Several experimental studies have demonstrated the effects of hydrous mantle minerals on the geochemical signatures of primary melts, for example showing that LILEs have a greater affinity for phlogopite than pargasitic amphibole [START_REF] Guo | Experimental study of barium partitioning between phlogopite and silicate liquid at upper-mantle pressure and temperature[END_REF][START_REF] Adam | Proton microprobe determined partitioning of Rb, Sr, Ba, Y, Nb and Ta between experimentally produced amphiboles and silicate melts with variable F content[END_REF]LaTourette et al., 1995). Furthermore, LaTourette et al. (1995) and Adam and Green (2006) observed that the partition coefficients of trace elements, especially REEs, are systematically lower in phlogopite than in pargasitic amphibole. Importantly, previous experiments on trace element partitioning between phlogopite and silicate melts have only been performed on lamproitic [START_REF] Guo | Experimental study of barium partitioning between phlogopite and silicate liquid at upper-mantle pressure and temperature[END_REF][START_REF] Adam | Proton microprobe determined partitioning of Rb, Sr, Ba, Y, Nb and Ta between experimentally produced amphiboles and silicate melts with variable F content[END_REF][START_REF] Schmidt | Trace element partitioning between phlogopite, clinopyroxene and leucite lamproite melt[END_REF][START_REF] Fabbrizio | Ra-partitioning between phlogopite and silicate melt and 226 Ra/Ba-230 Th/Ba isochrons[END_REF] and basanitic melt compositions (LaTourette et al., 1995;Green et al., 2000;Adam and Green, 2006) whereas post-collisional potassic to ultrapotassic magmas in Tibet, Anatolia, Taiwan and the Variscan Belt of Western Europe [START_REF] Pearce | Volcanic Rocks of the 1985 Tibet Geotraverse: Lhasa to Golmud[END_REF][START_REF] Harris | Post-collision magmatism and tectonics in northwest Anatolia[END_REF][START_REF] Wang | High-Mg potassic rocks from Taiwan: implications for the genesis of orogenic potassic lavas[END_REF][START_REF] Lustrino | The circum-Mediterranean anorogenic Cenozoic igneous province[END_REF][START_REF] Martin | Intraplate mantle oxidation by volatilerich silicic magmas[END_REF] are mostly trachyandesitic. . Besides, despite their wide use in characterizing magma sources and fractionation paths, experimental data on REE partitioning in phlogopite are very sparse (Adam and Green, 2006;[START_REF] Fabbrizio | Ra-partitioning between phlogopite and silicate melt and 226 Ra/Ba-230 Th/Ba isochrons[END_REF].

Most models developed to reconcile the trace and major element compositions of potassic to ultrapotassic igneous rocks invoke low degrees of melting of a metasomatized mantle source (e.g., [START_REF] Turner | Post-collision, Shoshonitic Volcanism on the Tibetan Plateau: Implications for Convective Thinning of the Lithosphere and the Source of Ocean Island Basalts[END_REF][START_REF] Williams | Nature of the Source Regions for Post-collisional, Potassic Magmatism in Southern and Northern Tibet from Geochemical Variations and Inverse Trace Element Modelling[END_REF][START_REF] Martin | Intraplate mantle oxidation by volatilerich silicic magmas[END_REF]. It is thus important to determine partition coefficients for melt compositions representative of incipient melts derived from metasomatized mantle sources and to better document the role of hydrous, alkali-bearing mantle minerals in trace element partitioning. In this study, we report the results of experiments performed to determine the partition coefficients of a wide variety of trace elements in K-rich low-degree melts in equilibrium with phlogopite ± pargasite lherzolite. Experiments were conducted in piston-cylinder apparatuses at 1 and 3 GPa and between 1040 and 1250 °C to investigate the effects of pressure and melt composition on trace element partitioning, and to derive a self-consistent partition coefficient dataset with direct applicability to the genesis of potassic to ultrapotassic igneous rocks.

Methods

Starting materials

The bulk starting materials used in each experiment included a target potassic melt composition (72-100 wt. %) and a model peridotite composition (28-0 wt. %). The three melt compositions at 1 GPa (Table 1) were chosen to determine trace element partition coefficients between phlogopite lherzolite and trachyte to basaltic trachy-andesite melts, corresponding to verylow (melt composition Lhz1050, f = 4.4 wt. %, where f is the weight fraction of melt), low (melt composition Lhz1075, f = 6.3 wt. %, where f is the weight fraction of melt) and to moderate (Lhz1150, f = 11.8 wt. %) degrees of equilibrium melting at 1 GPa (Condamine and Médard, 2014). We also investigated trace element partitioning in a phonotephrite (Table 1), representing a low-degree melt (3Lhz1250, f = 3.9 wt. %) derived from phlogopite lherzolite at 3 GPa [START_REF] Condamine | Experimental melting of phlogopite-peridotite in the garnet stability field[END_REF].

The model metasomatized lherzolite composition (Table 1) is a mix of 90 wt. % Bri5 peridotite and 10 wt. % natural phlogopite from the Finero ultramafic massif (Italy). Bri5 is a spinel lherzolite xenolith from Mont Briançon (France) comprising 62.6 wt. % olivine, 22.8 wt. % orthopyroxene, 12.4 wt. % clinopyroxene and 2.2 wt. % spinel. The detailed composition and preparation of the phlogopite lherzolite are described in Condamine and Médard (2014). In some experiments, small amounts of coarse (~ 50µm) phlogopite, olivine, orthopyroxene and clinopyroxene crystals from the Bri5 peridotite were added as seeds to promote crystallization.

Melt compositions were prepared by mixing analytical grade oxides (SiO2, TiO2, Al2O3, Cr2O3, Fe2O3, and MgO) and synthetic mineral powders (fayalite, pseudowollastonite, albite, and orthoclase). The Fe 3+ /ΣFe ratio was fixed to 0.1 in the synthetic melt composition to fit natural mantle xenolith values [START_REF] Frost | The Redox State of Earth's Mantle[END_REF], using the model of [START_REF] Kress | The compressibility of silicate liquids containing Fe2O3 and the effect of composition, temperature, oxygen fugacity and pressure on their redox states[END_REF].

Mixtures were ground in ethanol for 30 min and dried at 400 °C for 24 h. Twenty-six trace elements were added to the mixture as liquid solutions to obtain individual trace element concentrations of about 150 ppm for Co; 300 ppm for Li, Be, B, Sc, Rb, Sr, Y, Nb, La, Ce, Nd, Sm, Eu, Gd, Dy, Ho, Yb, Lu and Ta; and 600 ppm for V, Zr, Ba, Hf, Th, and U. The total amount of added trace oxides was about 0.96 wt. %. The spiked powder was mixed in water for 45 min and dried at 600 °C for 2 h to evaporate residual nitric and hydrochloric acids from the elemental solutions. Water was then added as Al(OH)3 powder and mixed in dry conditions. Starting materials were stored in an oven at 110 °C.

The melt composition was added to the phlogopite lherzolite to conduct sandwich-like experiments, with the melt corresponding to 72-100 wt. % of the bulk composition, of which ~20 wt. % was inserted as a thick layer in the middle of the capsule to facilitate glass analyses and the rest was mixed into the lherzolite to enhance the attainment of equilibrium and mineral growth.

Experimental procedure

Experiments at 1 GPa were performed at 1040-1140 °C for durations of 80-145 h (Table 2) in a 19.1-mm piston-cylinder apparatus at the Laboratoire Magmas et Volcans (LMV, Clermont-Ferrand, France), using the Lhz1050, Lhz1075 and Lhz1150 starting melt compositions, respectively.

Experiments at a nominal pressure of 3 GPa were performed at 1250 °C for 89 h in an end-loaded 12.7-mm piston-cylinder apparatus in the same laboratory, using the 3Lhz1250 starting melt composition. Our assemblies comprised a NaCl cell wrapped in an outer lead foil, a Pyrex cylinder, a graphite furnace and inner MgO spacers. We used calibrated W74Re26-W95Re5 thermocouples to control temperature to within 1 °C of the setpoint. The temperature gradient in our capsule setup is about 15 °C [START_REF] Sorbadere | Experimental melting of hydrous peridotite-pyroxenite mixed sources: Constraints on the genesis of silica-undersaturated magmas beneath volcanic arcs[END_REF]). To promote crystal growth, experiments were first held at 1050, 1075, 1150, or 1250°C for 1 h; the temperature was then oscillated by ±5 °C around the target temperature with ramps of 0.2 °C/h, and the experiments were held for 6 h between oscillations. The last 24 h of experiments at 1 GPa were then performed at 10 °C below the target temperature (i.e., 1040, 1065 or 1140 °C) to enhance crystal growth. The experiments were terminated by shutting off the power, leading to quench rates of ~50 °C/s and ~175 °C/s in the 19.1-mm and 12.7-mm pistoncylinders, respectively [START_REF] Laporte | A new experimental technique for extracting liquids from peridotite at very low degrees of melting: application to partial melting of depleted peridotite[END_REF][START_REF] Médard | Melting of Amphibole-bearing Wehrlites: an Experimental Study on the Origin of Ultra-calcic Nepheline-normative Melts[END_REF].

Experiments at 1040-1065 °C were performed using Au single capsules. Au90Pd10 double capsule setups were required for experiments at 1140 °C and 1250 °C. The outer capsule was filled with the same glass composition as the inner capsule to prevent Fe loss and H diffusion [START_REF] Kägi | Piston-cylinder experiments on H2O undersaturated Fe-bearing systems: An experimental setup approaching fO2 conditions of natural calc-alkaline magmas[END_REF], as well as to check the doping efficiency during preparation of the starting materials (tr07e, Table S1). To minimize H2O adsorption, packed capsules were placed in an oven at 110 °C during 24 h then quickly welded shut.

Analytical techniques

After the experimental runs, capsules were sectioned lengthwise, embedded in epoxy and polished on nylon pads. We used a Cameca SX100 electron microprobe at the LMV to determine the major element compositions of melts and minerals (Table 3) and to locate large mineral grains for laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) analyses. For anhydrous crystalline phases, we used a focused beam with a 15 kV accelerating voltage, a 15 nA current, and on-peak and background counting times of 10 s. For glasses and hydrous minerals, the beam current was lowered to 8 nA and the beam was defocused to a diameter of 5-20 µm. A mean of five analyses was performed for mineral phases and at least 10 analyses were performed for glassy melts. Mineral and melt proportions were determined by mass balance [START_REF] Albarède | Petrological and geochemical mass-balance equations: An algorithm for least-square fitting and general error analysis[END_REF].

To determine the water contents of experimental glasses, Raman spectroscopy was performed at GeoRessources (Nancy, France) with a LabRAM HR spectrometer (Horiba Jobin Yvon) coupled to an argon ion laser (wavelength 514.53 nm) using a focused beam to obtain a 1 µm-wide spot under a 50x objective. A low laser power was used (10 mW) and regularly checked to reduce the excitation volume and prevent water loss. All spectra were collected at the sample surface with counting times of 50 s: in each of the 150-1400 cm -1 (alumino-silicate network domain) and 2800-4000 cm -1 (OH + H2O domain) Raman shift ranges. During Raman sessions, a standard sample was regularly analyzed to detect any shift in laser intensity. Due to the compositional dependence of band intensities during Raman spectroscopy (e.g., [START_REF] Mercier | Influence of glass polymerisation and oxidation on micro-Raman water analysis in alumino-silicate glasses[END_REF], we used synthetic standards with compositions similar to those of our melts (see supplementary materials of Condamine and Médard, 2014). The spectra were treated with a cubic fit to the baseline (Di [START_REF] Muro | Micro-Raman determination of iron redox state in dry natural glasses: Application to peralkaline rhyolites and basalts[END_REF] using PeakFit software. Most glass pools produced high fluorescence, precluding H2O quantification in silicate melts due to the interaction of REEs with the laser [START_REF] Panczer | Raman and fluorescence[END_REF].

Trace element concentrations in glasses and minerals were determined using an Agilent 7500cs ICP-MS coupled to a 193 nm Excimer Resonetics M-50E laser ablation system at the LMV. We analyzed 32 masses ( 7 Li, 24 Mg, 27 Al, 29 Si, 44 Ca, 45 Sc, 47 Ti, 51 V, 53 Cr, 55 Mn, 59 Co, 60 Ni, 85 Rb, 88 Sr, 89 with integration times of 30 and 60 ms per mass in glasses and minerals, respectively, except for 24 Mg, 27 Al, 29 Si and 44 Ca (10 ms). The laser fluence was 2.8 J/cm 2 and pulse frequencies were 2 and 4 Hz for minerals and glasses, respectively. We used beam sizes of 15 and 70 µm for minerals and glasses, respectively. Backgrounds were collected during the first 30 s, followed by laser ablation of the samples during 60 s. Ca and Al abundances measured by electron microprobe were used as internal standards for melt and mineral phases, respectively. We used NIST 610 [START_REF] Pearce | A compilation of new and published major and trace element data for NIST SRM 610 and NIST SRM 612 glass reference materials[END_REF][START_REF] Gagnon | Quantitative analysis of silicate certified reference materials by LA-ICPMS with and without an internal standard[END_REF] as an external standard. To assess the accuracy of our analyses, we also used NIST 612 and BCR-2G as secondary standards [START_REF] Gagnon | Quantitative analysis of silicate certified reference materials by LA-ICPMS with and without an internal standard[END_REF][START_REF] Sigmarsson | Formation of U-depleted rhyolite from a basanite at El Hierro, Canary Islands[END_REF]. After the LA-ICP-MS sessions, every laser pit was checked on the microprobe to ensure the reliability of the analyses. Trace element concentrations were then computed using Glitter software to monitor the stability of the signal intensity through time. We also re-analyzed an unspiked melting experiment of Condamine and Médard (2014;sta12) performed using a natural starting material at 1 GPa and 1050 °C for trace elements.

Because melts from experiments at 3 GPa did not quench to glassy pools, we analyzed them by LA-ICP-MS to obtain their representative major element compositions [START_REF] Humayun | Major element analysis of natural silicates by laser ablation ICP-MS[END_REF][START_REF] Davis | The composition of the incipient partial melt of garnet peridotite at 3 GPa and the origin of OIB[END_REF][START_REF] Tenner | The effect of H2O on partial melting of garnet peridotite at 3.5 GPa[END_REF]. We used a laser frequency of 3 Hz and a beam size ranging between 20 and 70 µm. We first collected the background for 30 s, then the laser was fired on the sample for 60 s. We used NIST-610 [START_REF] Pearce | A compilation of new and published major and trace element data for NIST SRM 610 and NIST SRM 612 glass reference materials[END_REF][START_REF] Gagnon | Quantitative analysis of silicate certified reference materials by LA-ICPMS with and without an internal standard[END_REF], BCR [START_REF] Wilson | Basalt, Columbia River, BCR-2[END_REF], BIR [START_REF] Flanagan | Three USGS mafic rock reference samples, W-2, DNC-1, and BIR-1[END_REF] and ATHO [START_REF] Jochum | The Preparation and Preliminary Characterisation of Eight Geological MPI-DING Reference Glasses for In-Situ Microanalysis[END_REF] as standards. Relative sensitivity factors [START_REF] Humayun | Tungsten and hafnium distribution in calciumaluminum inclusions (CAIs) from Allende and Efremovka[END_REF] were calculated avoiding elements present in trace amounts in the glass standards.

Results

Textures and equilibrium

Typical experimental textures are illustrated in Figure 1. Overall, the experiments contained a high proportion of silicate glass (27-67 wt. %) (Table 2). The synthetic glass composition inserted between peridotite layers was preserved in all sandwich experiments. At 1 GPa, most of the olivine and clinopyroxene present in the starting material was consumed to form pargasite via the reaction olivine + clinopyroxene + spinel + melt = pargasite + orthopyroxene [START_REF] Médard | Composition of low-degree hydrous melts of fertile spinel-or garnet-bearing lherzolite[END_REF].

Pargasite was present in all experiments performed at 1040-1065 °C but absent at 1140 °C; in the experiment reanalyzed from Condamine and Médard (2014), pargasite was stable at 1050 °C (Table 2).

In our experiments, the olivine-melt Fe-Mg exchange coefficient 𝐾 𝐷 𝐹𝑒-𝑀𝑔 𝑜𝑙-𝑚𝑒𝑙𝑡 ranged between 0.21 and 0.35, in good agreement with theoretical exchange coefficients computed using the model of [START_REF] Toplis | The thermodynamics of iron and magnesium partitioning between olivine and liquid: criteria for assessing and predicting equilibrium in natural and experimental systems[END_REF]. The clinopyroxene-melt Fe-Mg exchange coefficient 𝐾 𝐷 𝐹𝑒-𝑀𝑔 𝑐𝑝𝑥-𝑚𝑒𝑙𝑡 varied between 0.37 and 0.44, slightly higher than the average 𝐾 𝐷 𝐹𝑒-𝑀𝑔 𝑐𝑝𝑥-𝑚𝑒𝑙𝑡 = 0.28 ± 0.08 reported by [START_REF] Putirka | Thermometers and Barometers for Volcanic Systems[END_REF].

In orthopyroxene, 𝐾 𝐷 𝐹𝑒-𝑀𝑔 𝑜𝑝𝑥-𝑚𝑒𝑙𝑡 values (0.29 ± 0.06) were comparable to those reported by [START_REF] Putirka | Thermometers and Barometers for Volcanic Systems[END_REF]. Temperatures calculated using the clinopyroxene-melt and orthopyroxene-melt geothermometers of [START_REF] Putirka | Thermometers and Barometers for Volcanic Systems[END_REF] are identical within errors to the nominal experimental temperatures. According to previous experiments using the same setup (Condamine and Médard, 2014;[START_REF] Condamine | Experimental melting of phlogopite-peridotite in the garnet stability field[END_REF], the experimental fO2 should have ranged between FMQ and FMQ + 1 1987). The loss or gain of iron and water were estimated in all experiments by mass balance (Table 2). Except for experiment tr10e, Fe losses/ gains varied between -4.8 and +9.7% relative to the starting Fe contents, negligible considering the uncertainties on the compositions of the starting materials and final run products. Water losses/gains ranged between -3.6 and +5.7% relative to the starting H2O contents, within the analytical errors of Raman spectroscopy.

(FMQ reference from O'Neill,

Mineral and melt compositions

Mineral and melt compositions analyzed by microprobe are reported in 

Trace element partition coefficients

Partition coefficients determined between phlogopite and incipient melts derived from phlogopite-bearing peridotite are reported in Table 4 and plotted to show the range in partition coefficients between experiments at a given pressure in Figure 2. In these experiments, LILEs (Rb, Ba, K) are compatible with phlogopite, except for Sr, which is moderately incompatible. Ba is less compatible at 3 GPa (𝐷 𝐵𝑎 𝑝ℎ𝑙/𝑚𝑒𝑙𝑡 = 1.3-1.7) than at 1 GPa (𝐷 𝐵𝑎 𝑝ℎ𝑙/𝑚𝑒𝑙𝑡 = 3.2-6.3). Of the HFSEs, only Ti is compatible with phlogopite, and only at 1 GPa (𝐷 𝑇𝑖 𝑝ℎ𝑙/𝑚𝑒𝑙𝑡 = 2.6-6.7); it becomes slightly incompatible at 3 GPa (𝐷 𝑇𝑖 𝑝ℎ𝑙/𝑚𝑒𝑙𝑡 = 0.7). Zr, Nb, Hf, and Ta are moderately incompatible at 1 GPa and become more incompatible with increasing pressure. Similarly, Th and U are incompatible at 1 GPa and become more incompatible at 3 GPa. REEs are more incompatible at higher pressure, with 𝐷 𝑅𝐸𝐸 𝑝ℎ𝑙/𝑚𝑒𝑙𝑡 < 0.1 at 1 GPa and 𝐷 𝑅𝐸𝐸 𝑝ℎ𝑙/𝑚𝑒𝑙𝑡 < 0.01 at 3 GPa. Phlogopite slightly fractionates heavy and light REEs (HREEs and LREEs, respectively), especially at higher pressure, with 𝐷 𝑌𝑏 𝑝ℎ𝑙/𝑚𝑒𝑙𝑡 𝐷 𝐿𝑎 𝑝ℎ𝑙/𝑚𝑒𝑙𝑡 ⁄ ranging between 6 and 15 at 3 GPa. Of the first-row transition elements (FRTEs), Cr, Co and Ni are compatible at both 1 and 3 GPa; Mn is sometimes compatible at 1 GPa and becomes incompatible with increasing pressure (𝐷 𝑀𝑛 𝑝ℎ𝑙/𝑚𝑒𝑙𝑡 = 0.2 at 3 GPa). In contrast to the other FRTEs, V is incompatible at 1 GPa (𝐷 𝑉 𝑝ℎ𝑙/𝑚𝑒𝑙𝑡 = 0.02-0.96) and becomes less incompatible to slightly compatible at 3 GPa

(𝐷 𝑉 𝑝ℎ𝑙/𝑚𝑒𝑙𝑡 = 0.2-1.6).
Partition coefficients determined between pargasite and melts are reported in Table 4 and Partition coefficients obtained between clinopyroxene and melts are reported in Table 4 and Partition coefficients determined between orthopyroxene and melts are reported in Table 4 and Figure S1b. Overall, LILEs are highly incompatible in orthopyroxene. We only determined 𝐷 𝑆𝑟 𝑜𝑝𝑥/𝑚𝑒𝑙𝑡 at 3 GPa, which indicates that incompatibility increases with increasing pressure. As in pargasite, REEs are incompatible in orthopyroxene, except for Sc, which is compatible to slightly incompatible at 1 GPa (𝐷 𝑆𝑐 𝑜𝑝𝑥/𝑚𝑒𝑙𝑡 = 0.7-2.4). Like in other mineral phases, REEs are more incompatible with increasing pressure. Moreover, in orthopyroxene, HREEs are fractionated from LREEs, and this fractionation increases with increasing pressure:

𝐷 𝑌𝑏 𝑜𝑝𝑥/𝑚𝑒𝑙𝑡 𝐷 𝐿𝑎 𝑜𝑝𝑥/𝑚𝑒𝑙𝑡 ⁄ = 6-43 at 1
GPa and reaches 120-141 at 3 GPa. FRTEs are highly compatible in orthopyroxene, but become less so with increasing pressure: 𝐷 𝑀𝑛 𝑜𝑝𝑥/𝑚𝑒𝑙𝑡 > 1.5 at 1 GPa and >0.6 at 3 GPa.

Only experiments tr10 and tr10e produced garnet; in those experiments, we determined partition coefficients between garnet and melts, which are reported in Table 4 andFigure S1c. Both LILEs and HFSEs are extremely incompatible in garnet, with 𝐷 𝐿𝐼𝐿𝐸 𝑔𝑟𝑡/𝑚𝑒𝑙𝑡 < 0.004 and 𝐷 𝐻𝐹𝑆𝐸 𝑔𝑟𝑡/𝑚𝑒𝑙𝑡 < 0.1.

LREEs are also highly incompatible; e.g., 𝐷 𝐿𝑎 𝑔𝑟𝑡/𝑚𝑒𝑙𝑡 = 0.0015-0.0060. In contrast, HREEs are compatible; e.g., 𝐷 𝑌𝑏 𝑔𝑟𝑡/𝑚𝑒𝑙𝑡 = 4.5. This leads to fractionation factors of 𝐷 𝑌𝑏 𝑔𝑟𝑡/𝑚𝑒𝑙𝑡 𝐷 𝐿𝑎 𝑔𝑟𝑡/𝑚𝑒𝑙𝑡 ⁄ = 750 and 2,700 in tr10e and tr10, respectively. Among FRTEs, only Ni is slightly incompatible; Cr, Mn, and Co are compatible in garnet.

Discussion

Lattice strain models

Elemental partitioning between minerals and melts is partly dependent on crystal chemistry (Blundy andWood, 1994, 2003). Elements are incorporated into crystal sites according to their ionic radii and charges. In this section, we test the reliability of our experimental dataset by fitting Onuma diagrams [START_REF] Onuma | Trace element partition between two pyroxenes and the host lava[END_REF]. The partitioning of isovalent cations is described by the lattice strain model, in which the mineral/melt partition coefficient Di of element i with ionic radius ri, entering a specific crystallographic site is compared to the partition coefficient D0 of an 'ideal' element with an ionic radius r0 equivalent to that of the host site as [START_REF] Brice | Some thermodynamic aspects of the growth of strained crystals[END_REF]Blundy andWood, 1994, 2003):

𝐷 𝑖 = 𝐷 0 exp ( -910.17𝐸 𝑇 ( 𝑟 0 2 (𝑟 𝑖 -𝑟 0 ) 2 + 1 3 (𝑟 𝑖 -𝑟 0 ) 3 )), (1) 
where E is the apparent Young's modulus (GPa) of the site of interest and T is temperature (K).

Equation ( 1) applies to isovalent series of elements entering the same crystallographic site. The three parameters D0, r0, and E determine the apex (r0, D0) and width (E) of an asymmetric parabola for that crystallographic site. That is, E is a measure of the elastic response of the crystallographic site to strain on the crystal lattice caused by elements of non-ideal size, and thus describes that site's flexibility [START_REF] Blundy | Partitioning of trace elements between crystals and melts[END_REF].

Equation ( 1) is also used to evaluate the quality of an experimental dataset and to estimate D values for elements that were not investigated. It may also be used to estimate the ideal D values of elements at low concentrations, i.e., highly incompatible elements, in cases where their detection is problematic due to analytical uncertainties and/or potential contamination by microscopic melt inclusions (e.g., [START_REF] Van Kan Parker | Experimental study of trace element partitioning between lunar orthopyroxene and anhydrous silicate melt: Effects of lithium and iron[END_REF][START_REF] Dygert | Experimental determinations of trace element partitioning between plagioclase, pigeonite, olivine, and lunar basaltic melts and an fO2 dependent model for plagioclase-melt Eu partitioning[END_REF]. Moreover, the distribution coefficients of highly incompatible elements, i.e., D ≤10 -3 , may be influenced by defect substitutions, surface kinetics, and boundary layers in the melt, rendering their experimental determination difficult to impossible [START_REF] Beattie | Systematics and energetics of trace-element partitioning between olivine and silicate melts: Implications for the nature of mineral/melt partitioning[END_REF][START_REF] Pinilla | Interfacial storage of noble gases and other trace elements in magmatic systems[END_REF].

Furthermore, the lattice strain model can give information on the partitioning of specific elements between multiple sites (e.g., Ba in pargasites; [START_REF] Tiepolo | Trace-Element Partitioning Between Amphibole and Silicate Melt[END_REF] or on their dominant valence in the case of heterovalent elements (e.g., Eu in plagioclase, [START_REF] Aigner-Torres | Laser Ablation ICPMS study of trace element partitioning between plagioclase and basaltic melts: an experimental approach[END_REF]Eu in pyroxene, Fabbrizio et al., 2021). In such cases, elements fall off the parabolas defined by elements that substitute exclusively into a given site with a given valency [START_REF] Dygert | Experimental determinations of trace element partitioning between plagioclase, pigeonite, olivine, and lunar basaltic melts and an fO2 dependent model for plagioclase-melt Eu partitioning[END_REF]. We used the DOUBLE and SIMPLE FIT programs of [START_REF] Dalou | DOUBLE FIT: Optimization procedure applied to lattice strain model[END_REF] to determine the D0, r0, and E for each experimental charge. We will use the resulting parabolas in D vs. ionic radius space to assess how well our experimental data fit the lattice strain model.

Phlogopite

Phlogopite is a trioctahedral mica with the ideal formula KMg3AlSi3O10(OH)2. We were only able to fit a lattice strain parabola to the divalent cations entering the 12-coordinated interlayer (X) site in the few cases where we measured the partition coefficients of the alkaline-Earth metals Ca, Sr, and Ba. An additional difficulty lies in the fact that these elements plot to the left of the parabolic fit (Figure 4) and thus potentially poorly constrain the lattice strain parameters. The values we obtained for E are comparable to those of previous works in which DCa, DSr, and DBa were measured (Table S1; [START_REF] Schmidt | Trace element partitioning between phlogopite, clinopyroxene and leucite lamproite melt[END_REF][START_REF] Fabbrizio | Ra-partitioning between phlogopite and silicate melt and 226 Ra/Ba-230 Th/Ba isochrons[END_REF] and, as expected, these values are larger than those obtained for phlogopite in Ra-bearing experiments [START_REF] Fabbrizio | Ra-partitioning between phlogopite and silicate melt and 226 Ra/Ba-230 Th/Ba isochrons[END_REF]. This difference stems from the fact that the ionic radius of Ra puts it slightly to the right of the parabola, and thus better constrains the parabola's width [START_REF] Fabbrizio | Ra-partitioning between phlogopite and silicate melt and 226 Ra/Ba-230 Th/Ba isochrons[END_REF]. For monovalent cations hosted in the interlayer site, the absence of Cs did not allow us to accurately define the lattice strain parameters;

we thus assumed E 1+ = E 2+ /2. With this assumption, K and Rb plot near the apexes and Na on the left limbs of the resulting parabolas. We also note that Li partition coefficients plot off the parabolas for monovalent cations suggesting that, due to its smaller ionic radius, Li enters the octahedral (VI-fold)

M1 and M2 sites [START_REF] Brigatti | Mica Crystal Chemistry and the Influence of Pressure, Temperature, and Solid Solution on Atomistic Models[END_REF]. Parabolic fits of divalent cations show that they are hosted in the octahedral sites. Because their partition coefficients define the right limb of the M2 parabola, Mg, Co, Fe, and Mn are hosted in the same octahedral site M2. In contrast, DNi values plot off the M2 parabola, suggesting that Ni enters the M1 site. Trivalent cations enter the octahedral sites [START_REF] Blundy | Partitioning of trace elements between crystals and melts[END_REF] and are fractionated between the M1 (Al, Sc) and M2 sites (REEs).

However, the high incompatibility of REEs in phlogopite, coupled with the high uncertainties related to the measurement of their partition coefficients and kinetic effects during crystal growth, prevented us from obtaining a parabolic trend as a function of their ionic radii. Consequently, we could not determine lattice strain parameters for REEs in the M2. Conversely, the partition coefficients of Al and Sc plot on both sides of the M1 parabola, permitting us to obtain a good constraint for their lattice strain parameters in the M1 site. Tetravalent cations are fractionated between the VI-fold octahedral sites M1 and M2, with Ti, Zr, and Hf entering the M1 site and Th and U entering the M2 site. The phlogopite lattice strain parameters reported in Table S1 are within the range of literature values [START_REF] Icenhower | An experimental study of element partitioning among biotite, muscovite, and coexisting peraluminous silicic melt at 200 MPa (H2O)[END_REF][START_REF] Schmidt | Trace element partitioning between phlogopite, clinopyroxene and leucite lamproite melt[END_REF][START_REF] Fabbrizio | Ra-partitioning between phlogopite and silicate melt and 226 Ra/Ba-230 Th/Ba isochrons[END_REF].

Pargasite

Pargasite is an amphibole with the ideal formula NaCa2(Mg4Al)Si6Al2O22(OH)2. The good parabolic fit obtained for the partition coefficients of trivalent elements (i.e., REEs, Sc, Al) indicates that pargasite crystallized under near-equilibrium conditions (Figure 5). One of the three structurally distinct octahedral (VI-fold) sites, M1, M2, or M3 hosts Sc and Al, whereas REEs enter the larger VIIIfold M4 and M4' sites. Because the apexes of the parabolic fits for most of our experiments are located between the ionic radii of Dy and Tb, REEs should preferentially occupy the M4' site [START_REF] Bottazzi | Distinct site preferences for heavy and light REE in amphibole and the prediction of Amph/LDREE[END_REF][START_REF] Tiepolo | Partitioning of rare earth elements, Y, Th, U, and Pb between pargasite, kaersutite, and basanite to trachyte melts: Implications for percolated and veined mantle[END_REF]. Eu partition coefficients plot on the REE parabolas, indicating that all Eu is trivalent in our experiments. The parabolic fits for divalent elements suggest that Ca and Sr enter the larger (XII-fold) A site, whereas smaller cations enter the M4 site along with Mg, which seems to be fractionated between the VIII-fold and VI-fold sites. Ni enters exclusively into the smaller VI-fold site. However, because the partition coefficients of these elements plot only on one side of the respective parabolas, we did not obtain good constraints on the lattice strain parameters for the sites of interest. The parabolic fits for monovalent cations indicate that they are incorporated in the larger A site, providing a very good constraint on its lattice strain parameters. Tetravalent cations are fractionated between the VIII-fold (U, Th) and VI-fold sites (Ti, Zr, Hf). The pargasite lattice strain parameters are reported in Table S1 and are within the range of literature [START_REF] Blundy | Partitioning of trace elements between crystals and melts[END_REF].

The hybrid model of Shimizu et al. (2017), based on the major element compositions of both pargasite and melt, reproduces the measured REE partition coefficients well (Figure S3).

Clinopyroxene

The parabolic distribution of trivalent (i.e., REEs, Sc, and Al IV ) partition coefficients indicates that clinopyroxene in all runs crystallized under near-equilibrium conditions (Figure 6). In all runs, Eu partition coefficients plot on the parabolas defined by REEs, suggesting that Eu is again only present as a trivalent cation. The M1 site hosts only Sc and IV Al, and the lesser flexibility of the M1 compared to the M2 site is evidenced by the tighter parabolas defined by these elements (i.e., E 3+ M1 > E 3+ M2). Ba partition coefficients were excluded from the fits for divalent elements because they are characterized by high uncertainties and systematically plot off the parabolas defined by more compatible divalent elements (Figure 6). It was not possible to constrain the lattice strain parameters for the M1 site because all divalent elements entering the M1 site plot on the same side of the parabola [START_REF] Dalou | DOUBLE FIT: Optimization procedure applied to lattice strain model[END_REF]. Tetravalent elements fractionate between the M1 (Ti, Hf, Zr) and M2 sites (U, Th), defining tighter parabolas due to their higher charges. Figure 6 reports the fitted lattice strain parameters for isovalent elements entering the same site, showing that they are similar among all experiments. The model of Sun and Liang (2012) reproduces our measured REE partition coefficients very well (Figure S3).

Orthopyroxene

Isovalent elements in orthopyroxene describe parabolic trends with features similar to those observed for clinopyroxene (Figure 7). However, the apexes of trivalent parabolas for REEs in the M2 site are not well defined because these elements plot to the right of the parabolic fits. Eu partition coefficients again plot on the REE parabolas, showing that all Eu is trivalent. Small trivalent cations are preferentially incorporated into the M1 site, as indicated by the tighter parabola than that for larger trivalent cations partitioning into the M2 site (e.g., [START_REF] Frei | Trace element partitioning between orthopyroxene and anhydrous silicate melt on the lherzolite solidus from 1.1 to 3.2 GPa and 1,230 to 1,535[END_REF][START_REF] Van Kan Parker | Experimental and computational study of trace element distribution between orthopyroxene and anhydrous silicate melt: substitution mechanisms and the effect of iron[END_REF]Sun and Liang, 2013a). In many cases the model of Yao et al. (2012) does not reproduce the distribution coefficients of the most incompatible REEs, suggesting contamination by microscopic melt inclusions and/or kinetic effects during crystal growth. The REE distribution coefficients that deviate most from the model of Yao et al. (2012) are not considered representative of equilibrium conditions and were excluded from the fits (Figure S3). The M2 site is occupied by larger divalent cations defining broad parabolas. Ba partition coefficients again have high uncertainties and are well above the values predicted by the parabolas (~10 -4 ), and were thus excluded from the fits. As in clinopyroxene, tetra-valent cations fractionate between the M1 and M2 sites and define the tightest parabolas with the highest E values, as also observed by Sun and Liang (2013a). The lattice strain parameters for orthopyroxenes (Table S1) are within the range of values obtained previously (e.g., Yao et al., 2012;Sun and Liang, 2013a;[START_REF] Dygert | Experimental determinations of trace element partitioning between plagioclase, pigeonite, olivine, and lunar basaltic melts and an fO2 dependent model for plagioclase-melt Eu partitioning[END_REF].

Garnet

The parabolic distributions of REEs and Sc indicate that these trivalent elements enter the dodecahedral (VIII-fold) X site (Figure S2). The apexes of these parabolas are well defined because Sc and Lu plot on the left and right sides of the parabolas, respectively. Eu partition coefficients plot between those of Sm and Gd, once again confirming that all Eu is present as Eu 3+ . The model of Sun andLiang (2013b, 2014) tends to slightly overestimate the REE distribution coefficients (Figure S3).

The X site hosts all divalent cations and its lattice strain parameters are well constrained because larger (i.e., Ca and Sr) and smaller cations plot on the right and left sides of the parabolas, respectively, and Mn near the apexes of the parabolas. Ba partition coefficients were excluded from the fits because they are very low (<<10 -4 ) and characterized by high uncertainties. The well-defined E 2+ values permitted us to derive E 1+ values (again assuming E 1+ = E 2+ /2) that, in combination with DLi and DNa values, constrain the apexes of the parabolic fits for monovalent cations in the X site. Larger tetravalent cations (U, Th) enter the X site whereas smaller ones (Ti, Hf, Zr) preferentially enter the octahedral (VI-fold) Y site. However, because U and Th plot on the same side of the parabolic fits, the lattice strain parameters for the X site are not well constrained. Garnet lattice strain parameters are reported in Table S1 and are within the range of values obtained previously (van Westrenen et al., 1999(van Westrenen et al., , 2000a,b),b).

Causes of the variable trace element partitioning

Partition coefficients obtained in this study vary greatly between experiments (sometimes by an order of magnitude at a given pressure; Figures 2,3,S1). Many studies have highlighted that trace element partitioning between mafic melts and minerals is mainly controlled by mineral composition [START_REF] Blundy | Prediction of crystal-melt partition-coefficients from elastic-moduli[END_REF][START_REF] Gaetani | Partitioning of rare earth elements between clinopyroxene and silicate melt Crystal-chemical controls[END_REF][START_REF] Blundy | Thermodynamics of rare earth element partitioning between clinopyroxene and melt in the system CaO-MgO-Al2O3-SiO2[END_REF][START_REF] Wood | A predictive model for rare earth element partitioning between clinopyroxene and anhydrous silicate melt[END_REF][START_REF] Adam | The influence of pressure, mineral composition and water on trace element partitioning between clinopyroxene, amphibole and basanitic melts[END_REF]. However, melt composition, and more specifically the degree of polymerization (reflected by NBO/T, with lower values indicating more polymerized melts; [START_REF] Mysen | The Structure of Silicate Melts[END_REF] should also influence partitioning, particularly in highly polymerized melts (NBO/T < 0.5; [START_REF] Gaetani | The influence of melt structure on trace element partitioning near the peridotite solidus[END_REF][START_REF] Mysen | Element partitioning between minerals and melt, melt composition, and melt structure[END_REF][START_REF] Huang | Effect of melt structure on trace-element partitioning between clinopyroxene and silicic, alkaline, aluminous melts[END_REF][START_REF] Schmidt | Element Partitioning: The Role of Melt Structure and Composition[END_REF].

Our dataset offers the opportunity to evaluate this effect because the degree of melt polymerization varied significantly between our different experiments conducted at a given pressure, whereas mineral major element compositions remained nearly constant (Table S1). At 1 GPa, trachytic melts from experiments at 1040-1050 °C were highly polymerized (NBO/T = 0.11-0.17, Table 2). Melt polymerization was lower in experiment sta19 at 1065 °C (NBO/T = 0.22) and further

decreased in experiments at 1140 °C (with the melt reaching a trachy-andesitic composition and NBO/T = 0.35 in experiment tr07). At 3 GPa, incipient melts were more depolymerized, with NBO/T = 0.76 for the phonotephrites in tr09e and tr10e and NBO/T = 0.93-0.96 for the tephrites in tr09 and tr10.

The evolution of some phlogopite-melt trace element partition coefficients as a function of melt polymerization is shown in Figure 8. For example, at 1 GPa, 𝐷 𝑌𝑏 𝑝ℎ𝑙/𝑚𝑒𝑙𝑡 ranges between 0.016 and 0.036 in the most highly polymerized trachytic melts but decreases to 0.003 in higher-T trachyandesitic compositions at the same pressure. Similar patterns are observed for several elements that are highly (Ni) to moderately (Ti) and poorly (Sr) compatible in phlogopite (Figure 8). In contrast, partition coefficients obtained in experiments at 3 GPa (which generated depolymerized tephritic to phonotephritic melts) do not vary as a function of NBO/T. These results strongly recall those of [START_REF] Gaetani | The influence of melt structure on trace element partitioning near the peridotite solidus[END_REF] for clinopyroxene and further indicate NBO/T = 0.5 as a threshold above which melts are sufficiently depolymerized to negligibly influence trace element partitioning [START_REF] Hirschmann | Calculation of Peridotite Partial Melting from Thermodynamic Models of Minerals and Melts. II. Isobaric Variations in Melts near the Solidus and owing to Variable Source Composition[END_REF][START_REF] Gaetani | The influence of melt structure on trace element partitioning near the peridotite solidus[END_REF].

Therefore, phlogopite-melt partition coefficients evolve from incipient (generating strongly polymerized melts) to higher degrees of melting. This effect should be restricted to relatively shallow (<1.5 GPa) partial melting in the Earth's mantle because peridotite-derived melts formed at higher pressures always exhibit NBO/T > 0.5 [START_REF] Gaetani | The influence of melt structure on trace element partitioning near the peridotite solidus[END_REF].

Trace element systematics of melts derived from phlogopite (and amphibole)-bearing peridotites

Here, we build upon our new and self-consistent partition coefficient dataset to explore the trace element compositions of potassic mantle-derived melts in equilibrium with residual phlogopite ± pargasite. Notably, we aim to identify the extents to which pressure, modal composition, and degrees of melting control trace element partitioning between melt and residue and the occurrence of geochemical "anomalies", i.e., the selective enrichment or depletion of a (or a group of) trace element(s) with respect to others. This discussion is particularly relevant to petrogenetic studies of potassic magmatic rocks because trace element ratios are very commonly used to fingerprint the composition and origin of a metasomatic agent in the mantle source (e.g., [START_REF] Guo | Post-collisional, K-rich mafic magmatism in south Tibet: constraints on Indian slab-to-wedge transport processes and plateau uplift[END_REF][START_REF] Liu | Postcollisional potassic and ultrapotassic rocks in southern Tibet: Mantle and crustal origins in response to India-Asia collision and convergence[END_REF] without consideration of potential fractionations attributable to the melting assemblage. To address this aspect, we implemented a non-modal batch melting model (see caption of Figure 9 for details on the model parameters) at 1 and 3 GPa based on previously determined melting equations for low-degree melting of phlogopite (± pargasite)-bearing peridotite (Condamine and Médard, 2014;[START_REF] Condamine | Experimental melting of phlogopite-peridotite in the garnet stability field[END_REF].

We considered two model sources with contrasting major-element concentrations (one fertile, one depleted) to cover the range of potential upper mantle endmember compositions and to estimate how the presence of clinopyroxene (and amphibole) may affect the trace element systematics of phlogopite peridotite-derived melts. These sources correspond to the starting materials BriPhl and HzbPhl used in the experiments of Condamine and Médard (2014) and [START_REF] Condamine | Experimental melting of phlogopite-peridotite in the garnet stability field[END_REF].

BriPhl is a fertile phlogopite-bearing lherzolite that also contains amphibole at 1 GPa (but not at 3 GPa) whereas HzbPhl is a depleted clinopyroxene-free phlogopite-bearing harzburgite. In both compositions spinel and garnet are the aluminous phases at 1 and 3 GPa, respectively. Calculations were performed using an R script adapted from Janoušek et al. ( 2016) and the results plotted in Figure 9 and 10 via GCDKit [START_REF] Janoušek | Interpretation of Whole-rock Geochemical Data in Igneous Geochemistry: Introducing Geochemical Data Toolkit (GCDkit)[END_REF].

Our model results show that melt Th, U, Zr, Hf, Sr, and LREE concentrations are primarily controlled by the degree of melting, attaining melt/source enrichments of 30-50 and 8-10 at 2 and 10 wt. % melt, respectively. In contrast, the partitioning of MREEs (Sm, Eu, Gd), HREEs (Dy, Yb), Ti, Rb, Ba, and to a lesser extent, Nb between melt and residue varies as a function of pressure and source composition. Specifically, the stability of clinopyroxene and pargasite at 1 GPa in fertile peridotite (BriPhl) restricts the transfer of MREEs and HREEs to the melt compared to more depleted sources (HzbPhl); melt/source MREE and HREE enrichments in phlogopite + pargasite lherzolite are 40-80% lower than those in phlogopite harzburgite at 10 wt. % melt. Calculations performed on a pargasitefree BriPhl composition (Figure S4) indicate that LREE/MREE fractionation is mainly caused by the crystallization of clinopyroxene, consistent with the low modal abondance of pargasite in BriPhl (3.4 wt. %). This effect is more subtle at 3 GPa due to the lower partition coefficients of MREEs in clinopyroxene.

Pressure strongly influences the behaviors of (i) Ti, (ii) Ba and Rb, (iii) MREEs and HREEs, and

(iv) Nb. First, Ti is compatible with phlogopite at 1 GPa, and its presence in the residue restricts Ti transfer to the melt (melt/source ratio: 1.7-5.0), generating a negative Ti anomaly (here quantified by the ratio SmN/TiN, where the subscript 'N' denotes normalization to the source composition), the amplitude of which is stronger in depleted compositions (SmN/TiN = 1-4 in BriPhl but 1-14 in HzbPhl).

At 3 GPa, Ti is less compatible with phlogopite, leading to higher concentrations of Ti in the melt and weaker negative Ti anomalies (SmN/TiN = 1-3 for both source compositions). Second, the compatibility of Ba and Rb with phlogopite and the reversal of the magnitude of their respective partition coefficients with increasing pressure (𝐷 𝐵𝑎 𝑝ℎ𝑙/𝑚𝑒𝑙𝑡 > 𝐷 𝑅𝑏 𝑝ℎ𝑙/𝑚𝑒𝑙𝑡 at 1 GPa, the opposite at 3 GPa) is predicted to cause their selective depletion relative to other trace elements in melts (BaN/LaN = 0.1-1) and a pressure-dependent Ba-Rb fractionation (BaN/RbN = 0.6-1.0 at 1 GPa and 2.2-1.0 at 3 GPa). Third, the strong MREE/HREE fractionation observed in melts at 3 GPa reflects the presence of garnet in the residue, as largely documented in phlogopite-free compositions (e.g., [START_REF] Salters | Trace element partitioning during the initial stages of melting beneath mid-ocean ridges[END_REF]. Interestingly, low-degree (f < 6 wt. %) melts produced at 1 GPa in depleted pargasiteand clinopyroxene-free harzburgites are expected to show only a slight MREE/HREE fractionation (SmN/YbN = 1.5-2.2, compared to SmN/YbN = 4.2-11.1 at 3 GPa) because orthopyroxene exerts a strong control on the budget of these elements and 𝐷 𝑌𝑏 𝑜𝑝𝑥/𝑚𝑒𝑙𝑡 𝐷 𝑆𝑚 𝑜𝑝𝑥/𝑚𝑒𝑙𝑡 ⁄ > 6 at 1 GPa. Finally, our modelling predicts the generation of a weak negative Nb anomaly in low-degree (f < 6 wt. %) melts from both fertile and depleted compositions at 1 GPa only (ThN/NbN = 1.4-2.4).

For a given melt fraction, the amount of phlogopite being present in the source at the onset of melting has little to no impact on the melt uptake of most trace elements, with the notable exceptions of Rb, Ba and Ti (Figure 10). Indeed, their concentrations in the melt phase may vary by nearly one order of magnitude depending on the phlogopite mode, thus leading to strong inter element fractionations under specific conditions. For instance, considering a 6 wt. % melt fraction, BaN/LaN drops from 0.57 down to 0.09 when the mode of phlogopite in the lherzolite source increases from 4 to 20 wt. %. A similar situation is observed at 1 and 3 GPa regardless of the lherzolite or harzburgite nature of the phlogopite-bearing source (Figure S5).

Collectively, these results highlight resolvable inter-element fractionations during the melting of phlogopite (±pargasite)-bearing peridotite. Primary melts inherit trace element ratios that may not exclusively represent those of their source, but may also bear the imprint of the P-T conditions during melting and/or the modal mineralogy (phlogopite mode, presence of clinopyroxene and/or amphibole). Therefore, variations among trace element ratios (such as Ba/La, Ba/Th, Th/Nb, Rb/Ba) in a suite of rock samples with (near-)primary compositions may not necessarily require the existence of several, chemically distinct sources.

Application to a naturel dataset of potassic magmatic rocks: unveiling source compositions

Potassic magmatic rocks are conspicuous in post-collisional orogenic settings where they define "high-K calc-alkaline" to "shoshonite" series (Couzinié et al., 2016 and references therein).

Even though it is generally advocated that their parental melts were derived from metasomatized phlogopite-bearing peridotites (e.g., [START_REF] Turner | Post-collision, Shoshonitic Volcanism on the Tibetan Plateau: Implications for Convective Thinning of the Lithosphere and the Source of Ocean Island Basalts[END_REF], few natural samples among these suites exhibit primitive melt compositions due to the combined effect of crystal fractionation, hybridization with cognate (or not) magmas and possibly assimilation within the crust [START_REF] Williams | Nature of the Source Regions for Post-collisional, Potassic Magmatism in Southern and Northern Tibet from Geochemical Variations and Inverse Trace Element Modelling[END_REF][START_REF] Prelević | Ultrapotassic Mafic Rocks as Geochemical Proxies for Post-collisional Dynamics of Orogenic Lithospheric Mantle: the Case of Southwestern Anatolia, Turkey[END_REF][START_REF] Guo | Post-collisional, K-rich mafic magmatism in south Tibet: constraints on Indian slab-to-wedge transport processes and plateau uplift[END_REF][START_REF] Liu | Postcollisional potassic and ultrapotassic rocks in southern Tibet: Mantle and crustal origins in response to India-Asia collision and convergence[END_REF]. In this section, we illustrate how the newly obtained self-consistent partitioning dataset can be used to unravel the nature and trace element systematics of the source of potassic suites when selectively applied to primitive melt compositions.

We proceed by: (i) interrogating a database of potassic rocks from the Variscan French Massif Central to screen out "primitive" samples; (ii) comparing their major element compositions with available experimental data to derive reasonable assumptions on the mineralogy of the source and the melting degree f; (iii) using the partitioning dataset and the non-modal batch melting model developed section 4.3 to back-calculate the trace element composition of their mantle source(s).

In the French Massif Central, potassic rocks include deep-seated (mid-crustal) stocks of K-rich (monzo-)diorites, termed vaugnerites, and dykes of lamprophyres (mostly kersantites) intrusive at higher structural levels [START_REF] Sabatier | Vaugnerites: special lamprophyre derived mafic enclaves in some Hercynian granites from Western and Central Europe[END_REF]. Both were emplaced at c. 335-300 Ma following the main collisional phase of the Variscan orogeny and attest to a lithospheric mantle melting event presumably triggered by heat conduction from the asthenosphere [START_REF] Laurent | Protracted, coeval crust and mantle melting during Variscan late-orogenic evolution: U-Pb dating in the eastern French Massif Central[END_REF], A compilation of available geochemical data for such rocks (n = 367) was published in [START_REF] Couzinié | Post-collisional magmatism: Crustal growth not identified by zircon Hf-O isotopes[END_REF]. Primitive samples (equilibrated with the mantle) were identified by applying the criteria of [START_REF] Schmidt | The global systematics of primitive arc melts[END_REF], i.e., bulk rock Mg# between 65-75 and Ni contents in the range 150-500 ppm. Following this, one lamprophyre (sample SGC-12-13) and one vaugnerite (sample SC-13-05), both fully characterized in [START_REF] Couzinié | Post-collisional magmatism: Crustal growth not identified by zircon Hf-O isotopes[END_REF], were selected for further modelling.

The lamprophyre sample has an intermediate composition (SiO2 = 53.4 wt. %) with low CaO

(5.3 wt. %) and Na2O (1.5 wt. %) but high K2O contents (4.8 wt. %) together with a low CaO/Al2O3 ratio of 0.38. Thus, it strikingly resembles the melts formed at the expense of phlogopite harzburgite at 1 GPa but for which phlogopite was exhausted from the melting assemblage (Figure 11a,b, Condamine and Médard, 2014). For the vaugnerite sample, lower SiO2 (51.8 wt. %) and K2O (3.3 wt.

%) contents but higher CaO (6.7 wt. %), Na2O (2.2 wt. %), and a CaO/Al2O3 ratio of 0.52 rather indicate that the source was a phlogopite lherzolite and that here again, phlogopite was not part of the 1 GPa melting residue. In the experiments of Condamine and Médard (2014) conducted at 1 GPa, the exhaustion of phlogopite was observed for a temperature of c. 1200 °C. However, the geologic record of the French Massif Central, and notably P-T estimates available from lower crustal granulites scavenged by Cenozoic volcanoes [START_REF] Downes | Granulitic xenoliths from the French Massif Central-petrology, Sr and Nd isotope systematics and model age estimates[END_REF] clearly indicate that such elevated temperatures were not prevailing at depths of c. 35-40 km (corresponding to 1 GPa) during the time interval inferred for the lithospheric mantle melting event. Therefore, the exhaustion of phlogopite in the mantle source(s) of both samples must have been reached at lower temperatures which necessarily required that they contained less phlogopite than used by Condamine and Médard (2014) in their experimental starting material, i.e., < 10 wt. %.

In the following, we assume that the mantle sources of the lamprophyre and vaugnerite samples contained 6 wt. % phlogopite. Given the stoichiometry of the melting reactions at 1 GPa, phlogopite exhaustion occurs for a melt fraction of 9 wt. % in the model phlogopite harzburgite and 12 wt. % in the model phlogopite lherzolite. Considering that the lamprophyre and the vaugnerite represent such 9 and 12 wt. % primary melts, the trace element composition of their sources can be calculated using the melt/source ratios obtained via the non-modal batch melting model (see section 4.3). The results are depicted in Figure 11c. The primitive mantle-normalized patterns of the two calculated sources are very alike, the source of the vaugnerite being slightly more enriched in MREE, HREE and Ti than that of the lamprophyre. Both sources are typified by their strong enrichment in Rb, Ba, Th, U with respect to the primitive mantle, their marked Nb and Ti negative anomalies, and slightly fractionated HREE pattern. These results refine earlier estimates [START_REF] Couzinié | Post-collisional magmatism: Crustal growth not identified by zircon Hf-O isotopes[END_REF] and show that the mantle source of potassic rocks from the French Massif Central resembles a mixture of 85% Depleted Mantle [START_REF] Workman | Major and trace element composition of the depleted MORB mantle (DMM)[END_REF] and 15% of Global Subducting Sediment (GLOSS, [START_REF] Plank | The chemical composition of subducting sediment and its consequences for the crust and mantle[END_REF] or the average composition of post-Archean granulite-facies terrains [START_REF] Hacker | Continental Lower Crust[END_REF], thus placing constraints on the chemical signature of the metasomatic agent.

By providing a more accurate treatment of trace element partitioning during metasomatized mantle melting, our self-consistent partition coefficient dataset offers new opportunities to unravel the complex crust-mantle interactions and associated mantle enrichment in orogenic settings.

Conclusions

We performed experiments to determine trace element partition coefficients at the onset of melting of a metasomatized (phlogopite ± pargasite-bearing) peridotite in the spinel and garnet stability fields. For all melt compositions, partition coefficients in phlogopite are systematically lower than those in pargasite, except for LILEs. Trachytic compositions, representing low-degree melts from a metasomatized mantle at 1 GPa, exhibit higher trace element partition coefficients than in previous experimental studies. Together with data from trachyandesitic to tephritic compositions representing higher degrees of melting, this highlights the non-negligible evolution of both melt composition and trace element partitioning during incipient mantle melting. However, partition coefficients are most influenced by the pressure of melting, implying a strong difference between melt compositions at 1 and 3 GPa. This is mainly due to the shift in the incongruent melting reaction of peridotite from orthopyroxene-consuming at <1.5 GPa to olivine-consuming at greater depths in the Earth's mantle.

Finally, first-order batch melting models illustrate how residual phlogopite (±pargasite) should imprint the trace element budget of primary, potassic, mantle-derived melts: specific mineral phases produce significant MREE/Ti, Ba/Rb, or Ba/HFSE fractionations.

This new experimental, self-consistent dataset is of primary interest for the further modeling of the wide variety of potassium-rich magmas described worldwide, which, in turn, will allow for a better understanding of deep volatile cycles (mainly H2O, CO2, and F). Because most of these magmas are silica-rich polymerized melts, their elemental partition coefficients are expected to shift during melting events, implying low to moderate degrees of melting. Finally, this dataset will be useful in modelling complex multi-step polybaric scenarios, e.g., as have been proposed for lamproite genesis via the melting of a phlogopite-rich source and subsequent equilibration with the surrounding mantle (e.g., [START_REF] Jiang | A metasomatized 18 O-rich veined lithospheric mantle source for ultrapotassic magmas[END_REF]. formation (Hofmann, 1988). The shaded area indicates the range of mineral-melt partition coefficients determined in previous experimental studies [START_REF] Guo | Experimental study of barium partitioning between phlogopite and silicate liquid at upper-mantle pressure and temperature[END_REF][START_REF] Adam | Proton microprobe determined partitioning of Rb, Sr, Ba, Y, Nb and Ta between experimentally produced amphiboles and silicate melts with variable F content[END_REF]LaTourette et al., 1995;[START_REF] Sweeney | Selected trace and minor element partitioning between peridotite minerals and carbonatite melts at 18-46 kb pressure[END_REF][START_REF] Schmidt | Trace element partitioning between phlogopite, clinopyroxene and leucite lamproite melt[END_REF]Green et al., 2000;Adam and Green, 2006;[START_REF] Fabbrizio | Ra-partitioning between phlogopite and silicate melt and 226 Ra/Ba-230 Th/Ba isochrons[END_REF]. GPa. Elements are ordered along the x-axis according to their incompatibility during MORB formation (Hofmann, 1988). The shaded area indicates the range of mineral-melt partition coefficients determined in previous experimental studies (Sweeney et al., 1992;[START_REF] Adam | Proton microprobe determined partitioning of Rb, Sr, Ba, Y, Nb and Ta between experimentally produced amphiboles and silicate melts with variable F content[END_REF]Dalpé and Baker, 1994;[START_REF] Brenan | Experimental determination of traceelement partitioning between pargasite and a synthetic hydrous andesitic melt[END_REF]LaTourette et al., 1995;[START_REF] Klein | Partitioning of high field-strength and rare-earth elements between amphibole and quartz-dioritic to tonalitic melts: an experimental study[END_REF][START_REF] Bottazzi | Distinct site preferences for heavy and light REE in amphibole and the prediction of Amph/LDREE[END_REF]Adam and Green, 2006). and Médard (2014). At 1 GPa, BriPhl is a phlogopite + pargasite-bearing lherzolite with the modal mineralogy 58.2% Ol, 17.7% Opx, 10.0% Phl, 9.5% Cpx, 3.4% Prg, and 1.2% Spl (subsolidus assemblage of experiment sta10 in Condamine and Médard, 2014). At 3 GPa, pargasite is not stable and the modal mineralogy of BriPhl becomes 57.5% Ol, 15.5% Opx, 10.0% Phl, 8.5% Cpx, and 8.5%

Figure captions

Grt (subsolidus assemblage of experiment 3LP-12 in [START_REF] Condamine | Experimental melting of phlogopite-peridotite in the garnet stability field[END_REF]. The depleted peridotite is HbzPhl, a phlogopite-bearing harzburgite with the modal mineralogy 62.5% Ol, 26.0% Opx, 10.0%

Phl, and 1.5% Spl at 1 GPa (estimated from experiment hzb08 in Condamine and Médard, 2014) and 60.5% Ol, 22.0% Opx, 10.0% Phl, and 7.5% Grt at 3 GPa (subsolidus experiment 3LP-19 in [START_REF] Condamine | Experimental melting of phlogopite-peridotite in the garnet stability field[END_REF]. The modal abundance of each phase during non-modal batch melting was first calculated for each increment of 1 wt. % melt. BriPhl melting reactions at 1 GPa were implemented as: (1) 0.39 Phl + 0.49 Prg + 0.44 Opx + 0.11 Cpx = 0.49 Ol + 1 melt for 0-7 wt. % melt (i.e., until Prg exhaustion), followed by (2) 0.49 Phl + 0.56 Opx + 0.47 Cpx + 0.05 Spl = 0.58 Ol + 1 melt for 8-20 wt.

% melt (nearing Phl exhaustion). At 3 GPa, the reaction is 0.59 Phl + 0.52 Cpx + 0.18 Grt = 0.06 Ol + 0.23 Opx + 1 melt for 0-16 wt. % melt. For HzbPhl, the 1 GPa melting reaction is 0.7 Phl + 1.24 Opx + 0.05 Spl = 0.99 Ol + 1 melt for 0-14% melt (i.e., until Phl is exhausted) and that at 3 GPa is 0.93 Phl + 0.46 Grt = 0.25 Ol + 0.14 Opx + 1 melt (for 0-10 wt. % melt). The partition coefficients used for phlogopite, amphibole, orthopyroxene, clinopyroxene, and garnet were the average values obtained in this study at each pressure. The Opx/melt partition coefficients for Rb and Ba at 3 GPa were arbitrarily set to 0.0001. Olivine partition coefficients for REEs are from [START_REF] Mckenzie | Partial Melt Distributions from Inversion of Rare Earth Element Concentrations[END_REF], and those for Ti, Zr, Hf, Th, and U from Adam and Green (2006); averages of their experiments at 1 and 2 GPa; LILEs (Rb, Ba, Sr) and Nb partition coefficients were set to 0.0001. Spinel partition coefficients were set to 0.0001. All retained values are reported in Table S1. The temperature necessary to generate each melt fraction was estimated based on the results of Condamine and Médard (2014) and [START_REF] Condamine | Experimental melting of phlogopite-peridotite in the garnet stability field[END_REF]. Mineral abbreviations from [START_REF] Whitney | Abbreviations for names of rock-forming minerals[END_REF]. The values were obtained running the same non-modal batch melting model displayed Figure 9 but with modified starting compositions computed as X% pure phlogopite and Y% herzolite component, the mode of which was 64.7% Ol, 19.7% Opx, 10.6% Cpx, 3.8% Prg, and 1.3% Spl. MgO/FeOt+MgO) diagrams to identify primary mantle melt compositions, clarify the mineralogy of their mantle source (lherzolite vs. harzburgite, persistence of phlogopite in the residue) and the pressure at which melting took place. The trace element compositions of the source of two 'primitive' samples were back-calculated using the results of the model (Figure 9) and are depicted in the primitive mantle-normalised (after McDonough and Sun, 1995) multi element diagram (c). For sake of comparison, are also reported the compositions of: (i) a mixture of 15% global subducted sediment [START_REF] Plank | The chemical composition of subducting sediment and its consequences for the crust and mantle[END_REF]) + 85% Depleted Mantle (DM, [START_REF] Workman | Major and trace element composition of the depleted MORB mantle (DMM)[END_REF]; (ii) a mixture of 15% average granulite-facies post-Archean terrains [START_REF] Hacker | Continental Lower Crust[END_REF] + 85% DM. et al., 1997;Rieder et al., 1998). H2O contents in melts have been estimated by mass balance calculations.

1 Undoped experiment, re-analyzed from Condamine and Médard (2014).

*H2O content determined by Raman spectroscopy. 
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 8 Figure 8. Phlogopite-melt partition coefficients for Ni, Ti, Sr, and Yb as a function of melt
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 9 Figure 9. Multi-element diagrams showing the results of forward batch melting models of
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 11 Figure 11. Retrieving the trace element composition of the mantle source of post-collisional
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Table 1 1

 1 Major and minor element compositions of starting materials (normalized to 100 wt. %).n is the number of analyses. BriPhl is the phlogopite-lherzolite starting material. Lhz1050, Lhz1075, Lhz1150 and 3Lhz1250 are the melt compositions added to the phlogopite-lherzolite. See Table2for melt fractions added in each experiment. Phl was separated from the Finero metasomatized harzburgite. Ol, Opx, Cpx and Spl analyses of Bri5 xenolith. All minerals were analyzed by EPMA, normalized to 100 wt. %. Whole rock composition of Bri5 lherzolite xenolith, analyzed by ICP-AES at the Service d'Analyses des Roches et Minéraux (CRPG, Nancy).

	n	Phl a 13	Ol a 12	Opx a 12	Cpx a 7	Spl a 18	Bri5 b 4	BriPhl	Lhz1050	Lhz1075	Lhz1150	3Lhz1250
	SiO2	40.89 40.87 55.59 52.03	0.06	45.01	44.60	58.06	56.96	53.15	46.56
	TiO2	1.91	-	0.13	0.67	0.16	0.11	0.29	0.47	1.16	1.01	2.09
	Al2O3	14.01	-	4.05	6.96	57.93	3.15	4.23	20.09	18.11	18.83	12.72
	Cr2O3	1.00	-	0.29	0.79	9.28	0.34	0.41	-	-	-	-
	FeO	2.67	9.94	6.40	2.94	11.79	7.81	7.29	1.66	1.31	3.74	7.34
	MnO	-	0.13	0.13	-	-	0.13	0.12	-	-	-	-
	MgO	24.55 48.59 32.67 14.87 20.78 40.57	38.97	2.43	3.56	6.30	12.25
	CaO	-	0.07	0.64	19.92	-	2.68	2.41	4.13	3.60	8.59	8.12
	Na2O	0.92	-	0.11	1.83	-	0.21	0.28	4.59	6.65	1.81	2.84
	K2O	9.42	-	-	-	-	-	0.94	4.48	3.66	3.82	5.02
	NiO	-	0.41	-	-	-	-	-	-	-	-	-
	F	0.71	-	-	-	-	-	0.07	-	-	-	-
	H2O	3.93 c	-	-	-	-	-	0.39	4.08	4.99	2.75	3.06
			-	-	-	-						
	Mg#	94.2	89.7	90.1	90.0	75.9	90.3	90.5	72.2	82.9	75.0	74.8
	c Calculated by stoichiometry.								
	2											

a b

Table 3 6

 3 Melt and mineral major element compositions (wt. %) in experiments, determined by EMPA.n is the number of EMPA analyses. The numbers in parenthesis are 2σ standard deviations, given in term of the last unit cited. Sum corresponds to the original EMPA analytical total. Phlogopite and pargasite contents have been estimated by structural formula calculations (Leake

	Run	T (°C) Phase n	SiO2	TiO2	Al2O3	Cr2O3	FeO	MnO	MgO	CaO	Na2O	K2O	NiO	H2O	H2O*	Sum
	1 GPa experiments															
	sta16 1040 melt	8	58.1 (3)	1.32 (10)	18.18 (17)	0.56 (9)	1.98 (13)	-	2.15 (7)	1.73 (11)	5.80 (20)	4.21 (21)	-	5.95 (27)	-	93.42 0
		phl	6	39.3 (4)	4.6 (8)	15.6 (5)	0.14 (8)	4.5 (6)	-	21.7 (6)	-	1.30 (8)	8.78 (26)	-	4.3 (6)	-	93.50 0
		prg	4	44.5 (8)	2.2 (5)	12.7 (7)	0.12 (4)	6.45 (26)	-	17.6 (3)	9.67 (23)	3.84 (15)	0.81 (7)	-	2.1 (5)	-	94.41 0
		opx	3	56.7 (8)	0.43 (6)	3.6 (5)	0.15 (5)	2.0 (4)	-	36.8 (4)	0.25 (6)	0.11 (3)	-	-	-	-	99.01 0
	tr04	1040 melt	13	59.5 (3)	0.35 (6)	18.57 (18)	0.17 (6)	2.32 (14)	-	3.33 (13)	3.95 (12)	4.72 (20)	3.33 (17)	-	3.75 (10)	7.64 (20)	92.65 0
		phl	8	38.97 (27)	1.24 (9)	16.98 (17)	-	5.79 (22) 0.11 (6)	22.21 (28)	-	1.16 (9)	9.00 (29) 0.32 (9)	4.2 (6)	-	94.23 0
		prg	6	43.1 (3)	0.81 (8)	13.63 (15)	-	6.82 (24)	-	18.05 (21)	11.44 (19)	2.62 (13)	1.23 (11) 0.18 (8)	2.1 (5)	-	96.26 0
		opx	5	54.8 (4)	0.10 (4)	5.23 (24)	0.07 (4)	3.36 (13)	-	35.5 (3)	0.86 (11)	-	-	0.12 (6)	-	-	99.55 0
	tr06	1040 melt	33 60.89 (27)	0.26 (6)	18.56 (19)	-	1.44 (12)	-	2.20 (7)	3.33 (14)	4.91 (18)	4.55 (20)	-	3.86 (15)	5.3 (3)	92.89 0
		phl	16	39.4 (10)	1.80 (21)	17.1 (13)	0.21 (4)	4.2 (6)	-	22.4 (10)	-	0.93 (10)	9.55 (29) 0.16 (8)	4.3 (12)	-	93.87 0
		prg	13	43.8 (20)	1.08 (17)	14.3 (7)	0.25 (7)	5.1 (5)	-	18.2 (19)	11.3 (9)	2.57 (28)	1.4 (4)	-	2.1 (5)	-	95.78 0
		ol	3	42.0 (3)	-	-	-	6.8 (13)	0.14 (5)	50.7 (10)	0.05 (3)	-	-	0.38 (7)	-	-	99.77 0
		opx	18	55.9 (5)	0.11 (5)	4.0 (6)	0.18 (10)	6.0 (9)	0.20 (4)	32.4 (9)	0.83 (17)	0.09 (5)	-	0.12 (6)	-	-	100.47 0
	tr08	1040 melt	14	61.1 (3)	0.39 (6)	18.39 (17)	-	1.84 (13)	-	2.55 (8)	3.62 (11)	4.60 (17)	3.92 (18)	-	3.6 (5)	5.1 (4)	90.54 0
		phl	5	40.5 (5)	2.07 (11)	16.88 (27)	0.26 (7)	4.41 (19)	-	21.2 (11)	0.20 (11)	1.16 (14)	8.91 (28) 0.16 (8)	4.3 (13)	-	91.78 0
		prg	6	44.0 (3)	1.14 (9)	14.0 (6)	0.30 (10)	5.57 (22)	-	18.0 (4)	10.85 (29)	2.75 (15)	1.40 (11)	-	2.1 (7)	-	93.54 0
		opx	6	55.62 (29)	0.13 (4)	4.5 (5)	0.28 (6)	5.7 (6)	0.11 (5)	32.53 (26)	0.76 (12)	0.15 (5)	-	0.09 (5)	-	-	98.89 0
	sta12 1 1050 melt	15 58.69 (21)	0.84 (8)	18.94 (13)	-	1.52 (8)	-	3.08 (10)	3.90 (17)	5.50 (11)	3.41 (12)	-	4.1 (6)	5.27 (18)	92.06 0
		phl	8	39.2 (5)	3.73 (20)	16.5 (6)	0.74 (12)	2.47 (6)	-	22.69 (28)	-	1.18 (9)	8.94 (17)	-	4.1 (7)	-	95.28 0
		prg	5	44.84 (11)	2.99 (23)	12.47 (17)	1.25 (14)	2.40 (9)	-	18.9 (4)	11.1 (3)	2.76 (5)	1.15 (4)	-	2.13 (29)	-	97.34 0
		ol	5	41.25 (17)	-	-	-	8.59 (21) 0.14 (4)	49.9 (3)	0.15 (3)	-	-	-	-	-	99.63 0
		opx	5	55.28 (28)	0.17 (1)	4.10 (20)	0.34 (5)	6.30 (10) 0.14 (5)	32.61 (9)	0.85 (9)	0.09 (3)	-	0.12 (3)	-	-	100.25 0
		cpx	5	52.14 (24)	0.63 (5)	6.45 (26)	0.69 (8)	3.31 (13) 0.09 (3)	15.27 (24)	19.68 (26)	1.64 (15)	-	0.08 (1)	-	-	99.99 0
	sta19 1065 melt	11 57.15 (26)	1.06 (8)	17.22 (17)	0.26 (7)	2.39 (15)	-	3.27 (9)	2.71 (13)	7.36 (21)	3.12 (16)	-	5.5 (7)	-	89.74 0
		phl	5	39.3 (4)	4.6 (8)	15.6 (5)	0.14 (8)	4.5 (6)	-	21.7 (6)	-	1.30 (8)	8.78 (26)	-	4.3 (6)	-	93.50 0

Table 4

 4 Partition coefficients between minerals and melt (D min/melt )

	Run	sta16	tr04

FeO and H2O relative gains (+) or losses (-) determined by mass balance calculations and expressed in %.

Undoped experiment, re-analyzed fromCondamine and Médard (2014).
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The numbers in parenthesis are 2σ standard deviations, given in the term of the last unit cited. r² is the sum of weighted squared residual from mass balance calculation. The experimental modes were obtained by mass balance calculations. Experiments tr09e and tr10e correspond to outer capsules of tr09 and tr10 experiments, respectively. Olivine is sometimes found as a minor phase (+). The 'Melt added' column corresponds to the proportion of synthetic melt inserted in the capsule, as well as its nature in parenthesis (see Table 1). formation (Hofmann, 1988). The shaded area corresponds to the range of mineral -melt partition 60 coefficients determined in previous experimental studies: a) clinopyroxene [START_REF] Hart | Experimental cpx/melt partitioning of 24 trace elements[END_REF]61 Blundy and Dalton, 2000;Green et al., 2000;McDade et al., 2003;Adam and Green, 2006;Tuff and 62 Gibson, 2007); b) orthopyroxene [START_REF] Kennedy | An experimental study of trace element 105 partitioning between olivine, orthopyroxene and melt in chondrules: equilibrium values and 106 kinetic effects[END_REF]Green et al., 2000;McDade et al., 2003;63 Adam and Green, 2006;[START_REF] Klemme | The partitioning of trace 108 elements between ilmenite, ulvospinel, armalcolite and silicate melts with implications for the 109 early differentiation of the moon[END_REF]; c) garnet [START_REF] Shimizu | Experimental study on rare-earth element partitioning in minerals formed at 20 111 and 30 kb for basaltic systems[END_REF]Sweeney et al., 1992;Adam 64 and Green, 2006;[START_REF] Tuff | Trace-element partitioning between garnet, clinopyroxene and Fe-rich 125 picritic melts at 3 to 7 GPa[END_REF]. 65 Opx, 9.4% Cpx, and 9.4% Grt at 3 GPa. The mode of the harzburgite endmember was 69.4% Ol, 28.9% 87 Opx and 1.7% Spl at 1 GPa, and 67.2% Ol, 24.4% Opx, and 8.3% Grt at 3 GPa.

Supplementary Material