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Melting diagrams of Fe-rich alloys determined from synchrotron in-situ measurements in the 15-23 GPa pressure range

We report in situ observations of the melting behaviour of iron alloyed with 10 to 20 atom% C, O, S, or Si at pressures between 15 and 24 GPa, using X-ray diffraction in a multi-anvil press (SPring8). The degree of partial melting of the iron-alloys has been quantified from analysis of the intensity of diffuse x-ray scattering of molten iron as a function for decreasing temperature with a 50 degrees step. Coupled with microanalysis of recovered samples, the insitu observations bring direct constraints on shape and positions of liquidus and solidus in the melting diagrams.

For the Fe-S system, our results are in good agreement with previous works. We observe that the eutectic temperature increases from 1023 K at 15 GPa to 1123 K at 20.6 GPa and that the eutectic composition decreases with increases pressure. Concerning the Fe-C system the eutectic temperature of 1460 K at 20.7 GPa falls slightly below a linear extrapolation of the previous work. In the case of the Fe-Ni-Si system and the Fe-O system, we find eutectic temperatures significantly lower than previously reported. For the two systems, both eutectic temperature and composition increase with increasing pressure in the 15-20 GPa range.

Compare to previous work, we observe eutectic compositions (a) richer in light elements in the Fe-O system, with 9.0 and 10.5 wt% O at 16.5 and 20.5 GPa, respectively, and (b) poorer in the Fe-Ni-Si system with 11.5 wt% Si at 16.9 GPa.

We confirm very high solubility of Si and C with solid iron, and report a Si partitioning coefficient of 1.3(2) at 16.9 GPa. The S and O solubility in solid iron appears very small. Therefore, both S and/or O could explain density jumps between liquid outer and solid inner parts of planetary cores, at least up to ~25 GPa.

Introduction

Iron is the dominant component in planetary cores. It is believed to be alloyed with 5-10 wt% Ni and to contain light elements such as S, Si, O, C and/or H. The presence of nickel, suggested by geochemical arguments and observation of iron meteorites [START_REF] Mcdonough | The composition of the Earth[END_REF] is thought to have negligible effects on the properties of iron [START_REF] Mao | Static compression of iron to 300 GPa and Fe 0.8 Ni 0.2 alloy to 260 GPa: Implications for composition of the core[END_REF].

Not much quantitative information is known for planetary cores due to lack of seismological data on most of the planets. In the best case, size and density distribution could be derived from astronomical relations. It is usually assumed that the general picture is not very different from that of the Earth's core, which is itself well sampled thanks to the seismic activity. Until now, the best approach is theoretical modelling of the planetary cores, which clearly requires precise determination of thermodynamical data sets and phase diagrams of the Fe-alloys.

For the Earth's core, the presence of light elements is required to reduce the density of pure iron by ~8-10% in order to match the actual densities provided by seismological studies [START_REF] Anderson | An equation of state for liquid iron and implications for the Earth's core[END_REF][START_REF] Birch | Density and composition of mantle and core[END_REF][START_REF] Mao | Static compression of iron to 300 GPa and Fe 0.8 Ni 0.2 alloy to 260 GPa: Implications for composition of the core[END_REF]. Still, the effect of each potential light element on the iron properties at the highest pressures and temperatures representative of the core remains unclear and therefore various Fe-alloys could easily explain the core density deficit [START_REF] Poirier | Light elements in the Earth's outer core: A critical review[END_REF]. Another dominant geophysical observation is the density contrast of ~4-6% at the boundary between inner and outer core (ICB), a density contrast significantly too high to be explained solely by the change in volume upon iron melting, which is estimated to be ~2% [START_REF] Alfè | thermodynamics from first principles: Temperature and composition of the Earth's core[END_REF]. This observation points out to chemical partitioning during the inner core crystallization, with rejection of some of the light elements to the outer core.

Geochemical budgets suggest an Earth's core with ~7wt% Si [START_REF] Allègre | The chemical composition of the Earth[END_REF][START_REF] Javoy | The integral enstatite chondrite model for the Earth[END_REF]. However, a high Si content in the core does not help to explain the density contrast at the ICB, because Si shows very similar partitioning between liquid and solid iron [START_REF] Alfè | thermodynamics from first principles: Temperature and composition of the Earth's core[END_REF]. A similar behaviour is expected for carbon [START_REF] Wood | Carbon in the core[END_REF]. Therefore, the presence of significant amounts of S and/or O is required to match the density difference at the ICB. On the other hand, experimental studies performed in large volume presses evidence a major role of the oxygen fugacity on the chemical composition of liquid iron, especially the mutual exclusion of Si and O [START_REF] Gessmann | Solubility of silicon in liquid metal at high pressure: implications for the composition of the Earth's core[END_REF][START_REF] Malavergne | Si in the core? New high-pressure and high-temperature experimental data[END_REF], of Si and S [START_REF] Kilburn | Metal-silicate partitioning and the incompatibility of S and Si during core formation[END_REF] and the relatively good association between S and O [START_REF] Hillgren | An experimental perspective on the light element in the Earth's core[END_REF][START_REF] O'neill | Oxide-metal equilibria to 2500°C and 25 GPa: Implications for core formation and the light component in the Earth's core[END_REF]. At high concentration, mutual exclusion can yield to immiscible (Fe-S, Fe-O, Fe-Si) liquids [START_REF] Sanloup | Physical properties of liquid Fe alloys at high pressure and their bearings on the nature of metallic planetary cores[END_REF][START_REF] Tsuno | Immiscible two liquid regions in the Fe-O-S system at high pressure: Implications for planetary cors[END_REF]. However, recent diamond anvil cell studies up to megabar pressures and much higher temperatures up to 3150 K show an A c c e p t e d M a n u s c r i p t 3 increase in solubility of both Si and O in liquid iron, possibly as a FeSiO 3 component [START_REF] Sakai | Interaction between iron and post-perovskite at core-mantle boundary and core signature in plume source region[END_REF][START_REF] Takafuji | Solubilities of O and Si in liquid iron in equilibrium with (Mg,Fe)SiO 3 perovskite and the light elements in the core[END_REF].

At ambient pressure, well-known phase diagrams show large compositional ranges for Feliquids alloyed with various light elements. In the solid state, solid solutions also exist for light element concentrations up to ~20 wt% Si and ~2 wt% C, while S and O are largely incompatible with the solid iron lattice. Ab-initio calculations suggests that S becomes increasingly compatible with solid iron as pressure increases, while O remains incompatible with solid iron up to ICB pressures [START_REF] Alfè | thermodynamics from first principles: Temperature and composition of the Earth's core[END_REF][START_REF] Boness | The electronic band structures of iron, sulfur, and oxygen at high pressures and the Earth's core[END_REF]. This remains to be confirmed experimentally, because it could be controversial at least for the case of S [START_REF] Morard | In situ determination of Fe-FeS phase diagram to 65 GPa: implication for the S-content in the Earth's core[END_REF]. Concerning eutectic temperatures, the general trend appears to be dT/dP Clapeyron slopes smaller compared to the melting curve of pure iron [START_REF] Fei | High-pressure iron-sulfur compound, Fe 3 S 2 , and the melting relations in the Fe-FeS system[END_REF][START_REF] Hirayama | The melting relation of the system iron and carbon at high pressure and its bearing on the early stage of the Earth[END_REF][START_REF] Ohtani | Composition of the core, II. Effect of pressure on solubility of FeO in molten iron[END_REF][START_REF] Urakawa | Experimental study on the phase relations in the system Fe-Ni-O-S[END_REF]. The special case is for the Fe-S system in which eutectic temperatures have been reported to decrease with increasing pressure up to ~17 GPa [START_REF] Fei | Structure type and bulk modulus of Fe 3 S, a new iron sulfur compound[END_REF]. Whereas recent works performed at higher pressure in this system show an increase of eutectic temperature at higher pressures [START_REF] Campbell | Partial melting in the iron-sulfur system at high pressure: A synchrotron X-ray diffraction study[END_REF][START_REF] Chudinovskikh | Eutectic melting in the Fe-S system to 44 GPa[END_REF][START_REF] Morard | In situ determination of Fe-FeS phase diagram to 65 GPa: implication for the S-content in the Earth's core[END_REF][START_REF] Stewart | Mars: A new corecrystallization regime[END_REF]. In this work, we bridge the gap between low-pressure and high-pressure experiments and show that there is no controversy.

In most cases, limited amount of works discuss the evolution with pressure of the shape of iron alloys melting diagram. Such diagrams are however required to constrain the partitioning of light elements at the ICB, and the melting temperature depression (relative to the melting point of pure iron) for a given core composition. Also, most of the previous large-volume studies (i.e. multi-anvil studies) used quenched samples that provide information on chemical compositions of solid and liquid eutectic phases and help to bracket the eutectic temperature.

Still, quenched experiments are very limited for complete determination of the phase diagram.

First, quench experiments do not provide precise information on the position of solidus and liquidus curves in the phase diagram, because of recrystallization during quenching and fast reequilibration owing to the high diffusion rates of light elements in iron [START_REF] Dobson | Self-diffusion in liquid Fe at high pressure[END_REF]. Also, they are not ideal to provide partition coefficients between liquid and solid metallic phases, because of the great difficulty to retrieve sample-areas well representative of the eutectic liquid. Therefore, available constrains on the thermal and chemical state at planetary ICBs must combine both in-situ and chemical analysis on recovered samples.

In this work, we present a new method for determining the melting behaviour of iron alloyed with light elements such as C, S, O, and Si. This technique uses the synchrotron A c c e p t e d M a n u s c r i p t 4 radiation to measure in situ at high pressure the liquid fraction as a function of temperature, with a high degree of accuracy thanks to the use of the multi-anvil device. Such data allows quantitative determination of the solidus and liquidus lines [START_REF] Andrault | Study of partial melting at high pressure using in situ X-ray diffraction[END_REF]. Also, the quenched samples were analysed using electron microprobe and scanning electron microscope techniques in order to provide constrains on the eutectic composition.

Experimental procedures

Samples compositions

We studied melting relations for 4 different iron-alloys compositions: Fe 0.9 C 0.1 , Fe 0.78 Ni 0.04 Si 0.18 , Fe 0.87 O 0.13 , and Fe 0.9 S 0.1 in atom percents (at%), which corresponds to Fe 0.977 C 0.023 , Fe 0.855 Ni 0.045 Si 0.1 , Fe 0.96 O 0.04 , and Fe 0.94 S 0.06 in weight percents (wt%) (see Table 1). All these oxides were prepared from mixing iron metal and oxides except for the Fe 0.78 Ni 0.04 Si 0.18 which was available as an alloy and for which we checked the composition by electron microprobe. For each of these starting materials, except maybe for the Fe-O alloy (see the discussion section), the amount of light element should be less than the eutectic composition, and therefore we expected coexistence of light element-depleted solid Fe-alloy and light element-enriched liquid upon partial melting. These samples were intimately mixed with SiO 2 powder before being loaded in the sample capsule. After the loading at high pressure and temperature, the SiO 2 material produces a connected matrix that prevents liquid iron to coalesce into a large droplet that can move relative to the X-ray beam during the in situ measurement. Thus, all our Fe-alloys equilibrated chemically with SiO 2 , through a potential dissolution of some Si and O. We did not observed any FeSiO 3 or Fe 2 SiO 4 phases, which would be expected for very oxidized experimental charges. We note that the choice of SiO 2 between other possible capsule material is geophysically relevant, because the iron core has segregated through a silicate matrix [START_REF] Rubie | Mechanism of metal-silicate equilibration in the terrestrial magma ocean[END_REF][START_REF] Stevenson | Fluid dynamics of core formation[END_REF]. We also analysed the melting temperature of pure Fe embedded into (Mg 0.83 ,Fe 0.17 ) 2 SiO 4 San-Carlos olivine.

A dominant parameter is the oxygen fugacity encountered by our samples. It can play an important role on the melting properties because O solubility in liquid iron is not negligible.

Concerning Fe-Si and Fe-C alloys, we expect more reducing conditions due to the composition of the alloy itself [START_REF] Gessmann | Oxygen fugacity dependence of Ni, Co, Mn, Cr, V and Si partitioning between liquid metal and magnesiowüstite at 9-18 GPa and 2200°C[END_REF], as confirmed by the chemical analysis of the recovered samples (see results section). For the Fe-S system, it is known that S and O can be compatible in liquid iron up to the immiscibility point [START_REF] Tsuno | Immiscible two liquid regions in the Fe-O-S system at high pressure: Implications for planetary cors[END_REF]. In order to provide more reducing conditions than for Fe 0.9 S 0.1 alloy, we prepared another starting material with addition of 2 at% Si as FeSi material. For this composition, we also used layers A c c e p t e d M a n u s c r i p t 5 of Si-metal located at both capsule ends, in order to prevent any possible O-contamination from the assembly to the sample. More details about sample compositions are provided in Table 1.

Sample assembly

Pressures from 9 to 24 GPa were provided by the SPEED-1500 double stage multi-anvil press installed at BL04B1 beamline of the SPring8 synchrotron (Japan) [START_REF] Utsumi | High-pressure science with a multi-anvil apparatus at SPring-8[END_REF]. We used tungsten carbide anvils with 3 mm truncations, sitting in the so-called [100] configuration with cube-edges parallel to the compression axis. A new octahedral cell assembly was designed to satisfy the main geometrical constrains for the in situ observations (Fig. 1). The sample and MgO pressure marker were loaded in a sintered alumina tube of 1 mm diameter inserted in a 7mm Cr-doped MgO octahedral pressure medium. Sample and a mixture of MgO-BN used as a pressure marker are separated by a thin Al 2 O 3 layer. After the loading was completed, the Al 2 O 3 tube placed parallel to the opening gap between the WC anvils. The whole sample assemblage was made available to the X-ray probe by lateral scanning of the press.

Temperatures up to 1700°C were provided by resistance heating of two LaCrO 3 sheet furnaces located above and below the Al 2 O 3 tube of 0.2 mm thickness. Temperature was monitored using a WRe 3 /WRe 25 thermocouple running parallel to the Al 2 O 3 sample container.

Both sample and junction are located at equal distances from the two sheet furnaces. In this configuration, temperature reproducibility is estimated to be better than 30 degrees. Some errors may arise from the variation of the thermocouple properties under pressure. The systematic error is probably less than +/-30K, as suggested by recent study of the effect of pressure on the relation between emf and temperature [START_REF] Li | Behavior of thermocouples under high pressure in a multi-anvil apparatus[END_REF]. We preferred to neglect this correction, because the knowledge of its amplitude remains limited. In addition, most of works use uncorrected temperatures.

In situ X-ray diffraction

We performed both in situ x-ray imaging and x-ray diffraction. The 2-dimensional imaging of x-ray absorption contrast was used to check the quality of the sample assemblage after compression to the target pressure, and also to localize the sample and MgO pressure marker. X-ray diffraction measurements were performed in the energy dispersive mode, for 2-theta diffraction angles around 6 degrees, and diffraction peaks could be observed in the 30 to ~130 keV energy range. The X-ray spot size was 50 x 100 µm. Typical acquisition time was 300 A c c e p t e d M a n u s c r i p t 6 sec. All diffraction patterns were treated using the GSAS-code which allows multi-phase analysis from direct fitting of the diffraction pattern [START_REF] Larson | GSAS Manual[END_REF].

Diffraction patterns of the mixture of MgO and BN were regularly recorded during increase or decrease of the temperature, to derive experimental pressure from the PVT equation of state of MgO [START_REF] Jamieson | Pressure measurement at high temperature in x-ray diffraction studies: gold as a primary standard[END_REF]. The MgO-BN marker is sitting at less than 300 microns away from the sample (see Fig. 1 in [START_REF] Andrault | Study of partial melting at high pressure using in situ X-ray diffraction[END_REF]). Therefore, after the stresses are correctly released at about 1000K by checking peak width, the uncertainty in pressure measurements relies only on the quality of the temperature measurement (better than 50 K), and on the knowledge of the PVT equation of state (EoS) of MgO. The sample pressure was also checked using the PVT EoS of stishovite (mixed with the sample) [START_REF] Liu | Thermal equation of state of stishovite[END_REF][START_REF] Nishihara | P-V-T equation of state of stishovite to the mantle transition zone conditions[END_REF]. The results provided by the two EoS are similar within the experimental uncertainties. According to the resolution of the X-ray diffraction experiment and to the temperature uncertainty, we estimate that the sample pressure is known to accuracy better than 0.5 GPa. Other experimental details are reported elsewhere [START_REF] Andrault | Study of partial melting at high pressure using in situ X-ray diffraction[END_REF].

Temperature uncertainty

In this work, we use two types of sensors to estimate the temperature uncertainty. The first is the well-known phase diagram of iron. For example, we observed coexistence of ,  and  forms of iron at 9 GPa and 728 K, which is in very good agreement with the previously reported position for the iron triple point (Fig. 2). We also report the P-T conditions at which we observed the onset of the phase transformation from the  to the  form of pure iron upon heating at high pressure. This transition could be easily identified because most of our starting materials contain some pure Fe and temperatures are low enough to prevent any reaction . The transition temperatures are found in quite good agreement with the phase boundary determined previously [START_REF] Boehler | The phase diagram of iron to 430 kbar[END_REF][START_REF] Funamori | High pressure and high temperature in situ Xray diffraction study of iron to above 30 GPa using MA8-type apparatus[END_REF]. These observations guarantee the internal consistency of our temperature reading and evidence no systematic error in our temperature measurements. Two data points, however, seem to plot at too low temperature compared to those expected for the  to  Clapeyron slope. Therefore, for the experiments labelled "6" and "11" (Fig. 2), we re-evaluate all temperatures by addition of 100 K to the thermocouple readings.

The second sensor used to check the reliability in temperature readings is provided by iron melting in experiments 1-3, where samples correspond to pure Fe embedded into (Mg 0.83 ,Fe 0.17 ) 2 SiO 4 San-Carlos olivine. In a previous experimental work performed at 16

A c c e p t e d M a n u s c r i p t 7 GPa, [START_REF] Ringwood | Solubilities of mantle oxides in molten iron at high pressures and temperatures: impliocations for the composition and formation of the Earth's core[END_REF] evidenced a melting temperature depression relative to that of pure Fe, T m , of 70 K and 275 K for the melting of iron in Fe-SiO 2 and Fe-FeO systems, respectively. Our investigation of iron-melting using the samples made of a mixture of iron and olivine are perfectly compatible with this trend. We observed melting-temperature depression (T m ) of ~250 K, between 16 to 24 GPa, compared to the melting curve of pure iron [START_REF] Boehler | The phase diagram of iron to 430 kbar[END_REF][START_REF] Shen | Melting of wüstite and iron up to pressures of 600 kbar[END_REF]. This temperature depression is due to reaction between Fe and olivine.

Microanalyses of recovered samples

Chemical composition and microstructure of the recovered samples were measured using electron probe microanalysis (EPMA) and scanning electron microscope (EDS-SEM).

Because some parts of our Fe-alloys appear zoned at a few micron scale, we reduced the tension of the EPMA electron gun to 10 or 15 keV and the electron beam intensity to 4nA in order to minimize the analysed zone. 2D modelling of the experimental conditions suggests that the signal comes from a sample zone of less than 0.2 µm depth and 0.3 µm diameter. As calibrant, we used Fe 2 O 3 for O and Fe, diopside for Si, FeS 2 for S, and NiO for Ni.

Results

Melting of iron-alloys

X-ray diffraction patterns were first collected during temperature increase. Different criteria were used to detect the onset of sample melting. Very rapid changes of the intensity of Bragg peaks of iron first demonstrate fast grain rotation at the onset of melting. Also, we observed a drastic change in shape of the background of diffraction profiles. A broad band contribution appears due to the diffuse x-ray scattering of liquid iron. This band can be easily distinguished from the Compton diffusion of the cell assembly, because it is located in a much more limited energy range (Fig. 3). This observation is perfectly compatible with previous works performed on metallic liquids (e.g. [START_REF] Sanloup | Structural changes in liquid Fe at high pressures and high temperatures from synchrotron X-ray diffraction[END_REF][START_REF] Tsuji | Measurements of xray diffraction for liquid metals under high pressure[END_REF]). The signal of diffuse scattering can be filtered out of the diffraction patterns by removal of the diffraction peaks of the pressure medium (using peak fitting), and after subtraction of the background due to Compton-diffusion in the octahedral assemblage. More details and complementary experiments about this matter are reported elsewhere [START_REF] Andrault | Study of partial melting at high pressure using in situ X-ray diffraction[END_REF]. Backgrounds recorded before and after investigating the iron melting are similar within the experimental uncertainty, pointing out to the lack of significant drift of the background shape, hence no element loss, during the time of the experiments. Therefore, we considered the iron-alloy fully A c c e p t e d M a n u s c r i p t 8 molten when the intensity of the band of diffuse x-ray scattering remained maximum and unchanged on further temperature increase. The lowest temperature at which iron is fully molten corresponds to the liquidus temperature for a given sample composition in the binary phase diagram between iron and the light element (as reported in Table 1).

Band of diffuse scattering

Due to a relatively limited reciprocal space available from our diffraction signal, we do not claim for a structural refinement as performed in previous works (see [START_REF] Tsuji | Measurements of xray diffraction for liquid metals under high pressure[END_REF], for example). Still, the energy position of the diffuse x-ray scattering band is directly correlated with the local structure of the liquid iron-alloy. We investigated the inter-atomic bonding using the simplest technique based on the assumption that the local structure in the liquid should be similar to that found in nano-crystals. The decrease of grain size from the micron scale to the nanometer scale (and further on to the liquid-state) affects the shape of the diffraction line by significant broadening. This approach has been shown to be useful to derive the local structure in liquids and glasses [START_REF] Bail | Modeling the silica glass structure by the Rietveld method[END_REF]. In order to reproduce the diffuse x-ray scattering patterns recorded at high pressure and temperature, we tested bcc, fcc, and hcp structures, those being the three different models possible for iron at conditions the present experiments. For example, we report experimental data for the Fe-C system at 20.7

GPa and 1573 K (Exp. 846; Table 1) together with the calculations using the different structural models for the liquid (Fig. 4). The best fit is obtained for a bcc-derived structure with 11.84 Å 3 per iron atom, which corresponds to a mean first Fe-Fe bond length of 2.49 Å with possibly 8 iron neighbours. With the same structural model, we obtain Fe-Fe bond lengths of 2.43 Å and 2.47 Å for Fe-S system at 20.7 GPa and FeNi-Si system at 16.0 GPa, respectively. All values appear comparable to each other considering to the precision of our technique. Our results are in agreement with a recent work that proposed a bcc-like structure for liquid iron at low pressure and temperature [START_REF] Sanloup | Structural changes in liquid Fe at high pressures and high temperatures from synchrotron X-ray diffraction[END_REF], but disagree with this same work about the fact that pressures above ~4 GPa would favour the fcc-like liquidstructure. Note, however, that the previous work was performed on pure iron at much higher temperatures than ours.

For the Fe-S sample (S848), we notice a peculiar structural behaviour of the liquid Fealloy. Indeed, while the main band of diffuse x-ray scattering, located at ~55 keV (~1.97 Å), is observed to decrease in intensity with decreasing temperature (Fig. 5d), we also observe a second band of diffuse scattering located at ~66 keV (~1.65 Å). Its relative intensity increases with decreasing amount of liquid in the sample. While the main band at 55 keV is well A c c e p t e d M a n u s c r i p t 9 explained by Fe-Fe atomic pair contribution, the energy position of the second band at 66 keV is well explained by presence of Fe-S pairs at ~2.0 Å in the metallic liquid. This is well explained by the fact that at low liquid fraction, the liquid is largely enriched in S, thus displaying a high intensity for the Fe-S contribution. This behaviour is logical given the incompatibility of S with solid-Fe in this pressure range (Li et al., 2001). Similar behaviour is suggested by the same type of doublet (see Fig. 5c) for the Fe-O sample (S1432,).

Partial crystallization

After complete melting, and therefore homogenisation, of the alloy, we collected x-ray diffraction patterns as a function of decreasing temperature. During slow cooling, and thus progressive re-crystallization of the iron-alloy, the iron peaks remain scarce due to a reduced number of crystallites. Therefore, the intensity of diffraction lines is not reproducible with the sample orientation, which disables the use of peak intensity to retrieve the solid-Fe content.

Still, we observe that the first iron structure to appear is -fcc for all compositions investigated in this study. Important information arises from the intensity of the band of diffusion x-ray scattering, which is observed to decrease with decreasing temperature for all samples investigated (Fig. 5). This behaviour is due to a change of the melt fraction as a function of temperature, as the experimental path is crossing a two-phase loop in the phase diagrams (Table 1). Note that the coexistence of solid and liquid phases cannot be explained by temperature gradients because of the very small x-rayed volume of about ~2 10 -3 mm 3 (see [START_REF] Andrault | Study of partial melting at high pressure using in situ X-ray diffraction[END_REF]). Also, the high thermal conductivity of the sample is likely enhancing temperature homogenisation. The intensity of the diffuse x-ray scattering is directly proportional to the liquid mass, because the sample is stationary relative to the x-ray beam during the whole cycle (thanks to the presence of the SiO 2 -matrix). Thus, the intensity of the diffuse-scattering signal can be used to retrieve the degree of sample melting as a function of temperature (see [START_REF] Andrault | Study of partial melting at high pressure using in situ X-ray diffraction[END_REF] for more details). In order to scale intensity, we normalized it to the maximum intensity as recorded for the fully molten sample.

Comparative behaviour of Fe-alloys

In general, we observe an increase of eutectic temperature with increasing pressure of 50 degrees K from 16.9 to 22 GPa in the Fe-Ni-Si (9.8 °K/GPa), of 50 degrees from 16.5 to 20.5 GPa in the Fe-O system (12.5 °K/GPa), and of 100 degrees K from 15 to 20.6 GPa in the Fe-S system (17.9 °K/GPa), see Table 1. The addition of Si metal as an oxygen trap apparently has little effect on the eutectic temperature. For Fe-C, FeNi-Si, and Fe-O samples, the coexistence A c c e p t e d M a n u s c r i p t 10 of solid and liquid phases occurs on a reduced temperature range of around 100K. The behaviour of the Fe-S sample is significantly different, as the band of diffuse x-ray scattering remains clear over an extended interval of ~350 K temperature (Figs. 5 and6). This behaviour depends on the nature of the light element and shape of eutectic melting diagrams.

A reduced temperature range for coexistence of solid and liquid can result from two different situations: either there is an extended solubility of the light element in solid Fe and therefore the melting loop is relatively narrow, or the sample composition is close to that of the eutectic liquid. Whereas, an extended temperature range points out to a broad melting loop and a sample composition significantly away from that of the eutectic liquid.

It is important to note that our procedure to determine eutectic temperature (and also eutectic composition, see below) is largely different from previous works. Previous melting determinations were based on quenched textures or rarely on changes of electrical resistivity, for samples that have been once heated to a given target temperature. In our work, the sample has first undergone melting to temperatures significantly above the eutectic temperature, before the temperature is reduced. During cooling, crystallisation occurs and the liquid gets naturally enriched in light elements. Using this procedure, (a) there is no problem with kinetic problems associated to diffusion of light elements into the solid phases and (b) the final liquid gathers all elements that are incompatible with solid iron (and the surrounding stishovite).

One could argue that there are other impurities, not relevant to our Fe-alloy systems, that would artificially lower the eutectic temperature. According to our experimental charge, the impurities are likely to be extra O and/or Si coming from the SiO 2 matrix. This is possible, but as stated in "experimental procedure" section, the choice of SiO 2 is more geophysically relevant than for other possible capsule material.

Microanalyses of recovered samples

Electron microprobe and SEM observations evidence that the metallic grains are chemically zoned (Fig. 7). Concerning the Fe 0.9 C 0.1 sample, back scattering electron images display brighter and darker alternating stripes at a few microns scale (Fig. 7a). The C content could not be measured in this study, however, the EPMA analyses show significantly different weight totals of 94.7(1) or 92.2(2) wt% for brighter and darker zones, respectively (Table 2). This suggests differences in C contents in these two types of material. Also a similar compositional contrast is obtained after point-beam analysis in the SEM as evidenced by the two darker spots in this figure, because this type of analysis deposits carbon on the sample. This observation indicates that the contrast is due to carbon. Actually, this type of stripe-like For the Fe 78 Ni 4 Si 18 composition, the two available samples appear homogeneous in microstructure and composition, except in some regions where we observe significant contrast on electronic images (Fig. 7b). The EPMA analyses of the darker and homogeneous area yield 8.6(2) and 8.9(3) wt% Si for the 16.9 and 22 GPa sample, respectively (Table 2). These Si-contents are just below the 10 wt% Si present in the starting material. The brighter region shows a composition enriched in Si with 9.1 or 13.1 wt% Si for samples at 16.9 and 22 GPa, respectively. The reason why this region appears brighter in the SEM, even if it has a (slightly) higher mean Si content, is due to a significantly higher Ni content. In the 16.9 GPa sample, we found locally some values compatible with the (Fe,Ni) 3 Si stoichiometry. This zone is typical of quenched eutectic liquids, when two solid phases are produced simultaneously on crystallization. Thus, due to the exsolution of the liquid at the eutectic temperature it is difficult to determine accurately the eutectic composition on the basis of the EPMA analysis only. The presence of a large majority of dark, Si-poor phase and minor amounts of the bright, Si-rich phase is indicative that the eutectic composition is only slightly enriched in Si compared to the solid. Note that such high Si-contents can only be obtained for a low oxygen fugacity [START_REF] Gessmann | Solubility of silicon in liquid metal at high pressure: implications for the composition of the Earth's core[END_REF], as confirmed by the negligible O content measured in this sample. For the sample at 22 GPa, the microstructure appears similar.

However, we note a relatively higher Si-partitioning into the eutectic liquid correlated with a Ni-partitioning close to unity (Table 2). For the Fe 0.9 O 0.1 composition, the SEM images of the two samples available show a minor darker phase always at the edges of a very bright and dominant phase (Fig. 7c: The black phase in this figure is the SiO 2 matrix). This microtexture suggests that these two phases were immiscible at high temperature. The EPMA analyses point out that these dark and bright phases are almost pure FeO and Fe, respectively (Table 2). The O content in the Fe-phase is below the detection limit, and no blob-like texture typical of oxygen exsolution was observed. The Si content is found slightly above the detection limit in the Fe-phase.

A c c e p t e d M a n u s c r i p t 12 For Fe 0.9 S 0.1 samples with or without Si additions, two sample regions are visible (Fig. 7d). A first one appears brighter and homogeneous with S contents limited to about 0.1 wt% (Table 2). This measurement was reproduced with varying electron beam conditions. We also performed energy scans in order to check an eventual shift of the S-peak. This value is significantly lower than the 0.4 wt% reported at 20 GPa (Li et al., 2001). A possible explanation can be related to differences in the quenching procedure. In our case, we performed very slow cooling rates in order to acquire X-ray diffraction patterns of the melting loop phases. Thus, the whole crystallization process extended over more than 1 to 2 hours. This has potentially facilitated atomic diffusion and achievement of thermodynamical equilibrium , whereas other multi-anvil studies rapidly quenched the samples and the size of the eutectic phases are smaller. Another possible explanation for the low S solubility of the iron solid in this study is the presence of Si in our assemblages in order to buffer the oxygen fugacity to low values. A second part shows two phases with a microstructure typical of exsolution during quenching of eutectic liquids. The most S-rich phase shows ~23.5 wt% S, at 18.5 GPa, which composition is close to the stoichiometry of the Fe 2 S compound. The occurrence of Fe 2 S phase has already been reported [START_REF] Siebert | The behaviour of sulphur in metal-silicates core segregation experiments under reducing conditions[END_REF]. Due to the high heterogeneity, we found it difficult to determine a mean S content for the eutectic liquid. The value of S in the enriched phase reported in Table 2 therefore probably overestimates the S content of the eutectic liquid. The O content of the alloys appears significantly lower for the two samples where Si was added, which indicates lower oxygen fugacities.

Discussion

Drawing melting diagrams at high pressure Using all information retrieved from the in situ measurements and EPMA analyses on samples quenched from eutectic temperatures, we expect to draw binary phase diagrams and melting loops at high pressure. Our procedure is as follows: (1) the solidus and liquidus temperatures are provided by the in situ measurements of the liquid content as a function of temperature (Fig. 6). Whether the complete solidification temperature represents the solidus or the eutectic depends on the bulk composition relative to the maximum solubility of the light element in solid iron. If the bulk light element concentration is lower than the maximum solubility of this element in solid iron then the whole sample solidifies at temperatures above the eutectic temperature. ( 2 2). As mentioned in the introduction, it can be difficult to estimate the liquid composition precisely in some cases, because crystallization of the eutectic liquid yields two different solid phases which size depends on the atomic diffusion rates. (4) The solidus curve is considered to be a straight line between melting temperature of pure Fe at the experimental pressure and eutectic solid. ( 5) Relative amounts of solid and liquid phases in extended temperature ranges are provided by the intensity of the iron diffusion band measured in situ (Figure 6). For a given starting composition, this information allows to constrain the position of the liquidus curve compared to that of the solidus using the simple law of mass conservation. ( 6) Each temperature step provides an independent position of the liquidus curve. The extrapolation of this curve down to the eutectic temperature provides independent information of the composition of the eutectic liquid.

For this procedure, melt fractions below 30% are not considered because their determination is affected by significantly higher experimental errors. Another important source of error is related to the determination of the eutectic temperature from our data set.

This error is roughly similar to the temperature increment T used for our crystallization experiments, often set to 50 K (Fig. 6). This T errors transfer to errors in light element contents from 0.2 to 1 wt%, depending on the shape of the phase diagrams (Fig. 8). The Fe-C system At ambient pressure, the Fe-C binary diagram contains an eutectic point at 1403 K and 4.3 wt% C. At this temperature, solid iron, austenite, dissolves 1.7 wt% carbon. It has been proposed that the eutectic temperature increases with pressure linearly with a slope of ~7 K/GPa [START_REF] Hirayama | The melting relation of the system iron and carbon at high pressure and its bearing on the early stage of the Earth[END_REF]. The eutectic temperature of 1460 K observed in this study at 20.7 GPa falls slightly below a linear extrapolation of their data but still agrees with this trend within the error of both studies. It is possible that the solidification temperature observed in this sample is not the eutectic temperature but the solidus because the starting material composition at about 2.3 wt% C is close to the saturation value for solid iron at 1 bar. However, according to the thermodynamic calculations by Wood [START_REF] Wood | Carbon in the core[END_REF], the eutectic C content and C solubility in solid iron decrease with increasing pressure until at 15 GPa, the model yields less than 1 wt% C in solid iron at eutectic temperature. Still, the results of [START_REF] Hirayama | The melting relation of the system iron and carbon at high pressure and its bearing on the early stage of the Earth[END_REF][START_REF] Wood | Carbon in the core[END_REF] are being challenged by recent experimental data [START_REF] Fei | Melting relations in the Fe-C-S system at high pressure: implications for the chemistry of the cores of terrestrial planets[END_REF].

The FeNi-Si system

A c c e p t e d M a n u s c r i p t 14 The eutectic point in the Fe-Si binary join is located at 1463 K at atmospheric pressure, with 18.5 wt% Si. For the Fe 78 Ni 4 Si 18 compound, we observed complete crystallization of the iron alloy at 1423 and 1473 K for 16.9 and 22 GPa, respectively, indicating that eutectic temperatures have very small pressure dependence in the Fe-Ni-Si system (Table 1).

According to the eutectoid microstructure of the recovered samples described above (Fig. 7b), it is very likely that these temperatures correspond to eutectic temperatures in the FeNi-Si diagrams. These are significantly lower than previously reported in the Fe-Si system. In a first work, the melting temperature of Fe 83 Si 17 was found to increase from 1473 to ~1693 K with increasing pressure to 5.5 GPa [START_REF] Yang | Melting boundary of Fe-17%Si up to 5.5 GPa and the timing of core formation[END_REF]. However, the reported experimental procedure was not sensitive to the differences between eutectic, solidus, and liquidus temperatures. In a second work performed at 21 GPa, the eutectic temperature are reported at 2093 K [START_REF] Kuwayama | Phase relations in the system Fe-FeSi at 21 GPa[END_REF], at only ~100 degrees K lower than the melting temperature of pure iron expected at ~2200 K at 21 GPa [START_REF] Boehler | The phase diagram of iron to 430 kbar[END_REF][START_REF] Shen | Melting of wüstite and iron up to pressures of 600 kbar[END_REF].

We find that a temperature depletion of only ~100 K compared to pure iron melting is questionable. [START_REF] Kuwayama | Phase relations in the system Fe-FeSi at 21 GPa[END_REF]) also reported an eutectic composition at 25.1 wt% Si.

At 16.9 GPa, chemical analyses of the recovered sample indicate 8.6 wt% Si in the homogeneous solid phase at the eutectic temperature of 1423 K (Table 2). Also, in situ x-ray diffraction patterns indicate 65% melt at an intermediate temperature of 1473 K (Fig. 6). The diagram reconstructed from these observations shows a narrow loop diagram, crystallization occurring over a narrow temperature range (Fig. 8a). This narrow loop is in agreement with the large abundance of the Si-poor phase as analysed on the recovered sample (see above).

The extrapolation of the liquidus curve to the eutectic points out to an eutectic liquid composition with 11.5(2) wt% Si at 16.9 GPa. This value is higher than determined by EPMA at 9.1 wt% in the Si-rich region. This discrepancy can be related to the heterogeneous nature of the quenched eutectic liquid, which disables accurate EPMA measurement. Such difference determines the error bar in the determination of the eutectic composition in Fig. 8a. At 22 GPa the EPMA analysis indicates an eutectoid composition of 13.1 wt% Si whereas the Sipoor region contains 8.9 wt% Si (Table 2).

Compared to the value of 18.5 wt% Si in the eutectic liquid at room pressure, our results

show that the Si content in the eutectic liquid has decreased at high pressures. The solubility of Si in the solid also decreases with increasing pressure but the resulting partition coefficient of Si between coexisting liquid and solid phase D Si liq/sol as increased from 1.11 at ambient A c c e p t e d M a n u s c r i p t 15 pressure to 1.35(10) at 16.9 GPa. Thus, the effect of pressure is to increase the width of the melting loop.

The Fe-S system

At room pressure, the Fe-S system displays an eutectic at 1261 K and 31.2 wt% S, with FeS being the S-rich phase. For a Fe 94 S 6 composition we observe significantly lower eutectic temperatures at 15 to 20.6 GPa (Table 1 and Fig. 9). Our results are in agreement with multianvil data [START_REF] Fei | High-pressure iron-sulfur compound, Fe 3 S 2 , and the melting relations in the Fe-FeS system[END_REF][START_REF] Fei | Structure type and bulk modulus of Fe 3 S, a new iron sulfur compound[END_REF][START_REF] Li | The effect of pressure, temperature, oxygen fugacity and composition on partitioning of nickel and cobalt between liquid Fe-Ni-S alloy and liquid silicate: Implications for the Earth's core formation[END_REF][START_REF] Stewart | Mars: A new corecrystallization regime[END_REF] that show different trends for pressure evolution of eutectic temperatures. The change in slope of pressure dependence of the eutectic temperature has been explained by the appearance of new phases in the Fe-S system, Fe 3 S 2 , at 14 GPa and Fe 3 S at 21 GPa [START_REF] Fei | High-pressure iron-sulfur compound, Fe 3 S 2 , and the melting relations in the Fe-FeS system[END_REF][START_REF] Sherman | Stability of possible Fe-FeS and Fe-FeO alloy phases at high pressure and the composition of the Earth's core[END_REF]. Recent LH-DAC reports of melting in the Fe-S system finally agree with results obtained using large volume presses [START_REF] Campbell | Partial melting in the iron-sulfur system at high pressure: A synchrotron X-ray diffraction study[END_REF][START_REF] Chudinovskikh | Eutectic melting in the Fe-S system to 44 GPa[END_REF][START_REF] Morard | In situ determination of Fe-FeS phase diagram to 65 GPa: implication for the S-content in the Earth's core[END_REF]. The eutectic temperatures determined in this study appear slightly lower than previous large volume press experiments, by ~100 K, due to the fact that our detection method is more sensitive to small degrees of partial melting (see Figure 6).

The melting loop in the Fe-S system at 18.5 GPa is shown in Fig. 8d. (1) A straight line corresponding to the solidus is drawn between melting temperature of pure Fe at ~2200 K [START_REF] Boehler | The phase diagram of iron to 430 kbar[END_REF][START_REF] Shen | Melting of wüstite and iron up to pressures of 600 kbar[END_REF] and the eutectic solid phase at 1073 K composed of ~0.1 wt% S.

(2) For this Fe 94 S 6 bulk composition, we found the liquidus temperature at 1523 K. (

At all temperatures where solid and liquid coexist in varying proportions (Fig. 6), we can constrain the position of the liquidus curve. For example, at 1190 K, we observed 48% of the sample molten, which implies a liquidus composition of ~10.5 wt% S at this temperature. (4)

In a last step, we extrapolate the liquidus curve down to the eutectic temperature. We obtain an eutectic composition of ~14.5(5) wt% S at 18.5 GPa that is comparable with previous results. Indeed, a significant decrease of the S content of the eutectic has been reported with increasing pressure from 31.2 wt% S at room pressure to ~12 wt% S at 40 GPa . Note that the EPMA measurement of the enriched quenched eutectoid phase overestimated the eutectic composition by almost 30 % due to crystallisation of Fe 2 S. Similar procedure performed for experiments in the Fe-S system with FeSi additions yield eutectic liquid compositions at 20(2) and 16.0(5) wt% S for 15 and 20.6 GPa, respectively (Fig. 8b and8c). 

The Fe-O system

At room pressure, the solubility of oxygen in crystalline iron is of 0.21 %wt O at the eutectic temperature of 1800 K. The eutectic temperature was reported to increase to 1943 K at 16

GPa, with an eutectic composition becoming more O-rich (between 1.8 and 2.7 wt% O) [START_REF] Ringwood | The system Fe-FeO revisited[END_REF]. This group also suggested that the melting temperature of Fe decreases by 27.5 K per solution of 1 wt% FeO (0.23 wt% O).

From our experiments in the Fe-O system, we observe coexistence of solid and liquid phases between 1623 and 1523 K on cooling at 20.5 GPa, and the presence of almost pure Fe and FeO phases in the recovered sample. Comparable results were obtained at 16.5 GPa (Fig. 2). Using our measurements of the melt fraction as a function of temperature, we draw linear extrapolations of the liquidus composition to the eutectic temperature that yield eutectic compositions of 9.0(1.0) and 10.5(1.0) wt% O at 16.5 and 20.5 GPa, respectively.

and Table

Because the O-solubility in solid iron is negligible up to at least 20.5 GPa, it yields infinite partitioning coefficient of O at the advantage of liquid iron (Fig. 8e and8f).

Our results are very different to those of Ringwood's group in the nineties. We have no good explanation for this discrepancy. Concerning the composition of the eutectic liquid, we note that it is particularly difficult to analyze O-content in quench experiments because FeO blobs exsolve during solidification of the liquid.

Conclusions

By using in-situ X-ray diffraction we could bracket the melting temperatures of various iron plus light element alloys with high precision in the 15-24 GPa range. The optimal control of temperature and of the degree of melting enables to distinguish between liquidus, solidus and/or eutectic temperature. Interestingly, we observe roughly similar temperature drops, compared to pure iron, for the melting of iron alloys with addition of 10 to 15 at% of the different (C, Si, O, S) light element (Fig. 2, Table 1). This could be due to the degree of structural transformation of liquid iron induced by the insertion of the light elements, which is to be related with a certain amount of Fe-C, Fe-Si, Fe-O and Fe-S atomic bonding. Our results suggest quite significant melting temperature depletion, T m , between 600 to 1000 K, due to the presence of light elements.
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Concerning eutectic compositions, we first note that our new experimental procedure using in-situ measurements provides sufficient information to draw complete melting diagrams at high pressure, providing independent determination of the eutectic liquid composition (Fig. 8). For the Fe-S system, our results are in good agreement with previous works. We observe that the eutectic temperature increases from 1023 K at 15 GPa to 1123 K at 20.6 GPa and that the eutectic composition decreases with increases pressure, in agreement with previous studies. This good agreement confirms that the measurements performed in this study are correct. Concerning the Fe-C system the eutectic temperature of 1460 K at 20.7 GPa falls slightly below a linear extrapolation of the data of [START_REF] Hirayama | The melting relation of the system iron and carbon at high pressure and its bearing on the early stage of the Earth[END_REF].

Our results disagree considerably with previous studies in the case of the Fe-Ni-Si system and the Fe-O system. Indeed we find eutectic temperatures that are much lower than found by [START_REF] Kuwayama | Phase relations in the system Fe-FeSi at 21 GPa[END_REF] in the Fe-Ni-Si system or by [START_REF] Ringwood | The system Fe-FeO revisited[END_REF] in the Fe-O system. The eutectic compositions are also very different with values richer in light elements with 8.0 and 10.5 wt% O at 16.5 and 20.5 GPa respectively in the case of the Fe-O system compared to the mean value of 2.2 from [START_REF] Ringwood | The system Fe-FeO revisited[END_REF]. For the Fe-Ni-Si system the eutectic composition is much poorer in the light element with 13.1

wt% Si at 20.5 GPa instead of 25.1 obtained by [START_REF] Kuwayama | Phase relations in the system Fe-FeSi at 21 GPa[END_REF]. We observe that both the eutectic temperature and composition increase with increasing pressure in the 15-20 GPa range for the Fe-Ni-Si and Fe-O systems.

Our experimental procedure involves slow rates of cooling and very progressive crystallization of the liquid alloy, with characteristic times of a few hours. Therefore, diffusion processes are much facilitated compared to quenched experiments previously performed to study these Fe-alloys eutectic systems. Our sample microstructure is very clear about the equilibrated processes encountered. While we confirm a high solubility of Si in solid Fe, we find a much lower S solubility the solid iron at the eutectic temperature compared to previous work. The solubility of Si and C with solid iron is likely to remain valid at all pressures. While the S-solubility has been suggested to increase significantly at the Earth's core pressures [START_REF] Alfè | Composition and temperature of the Earth's core constrained by combining ab initio and seismic data[END_REF][START_REF] Boness | The electronic band structures of iron, sulfur, and oxygen at high pressures and the Earth's core[END_REF][START_REF] Sherman | Stability of possible Fe-FeS and Fe-FeO alloy phases at high pressure and the composition of the Earth's core[END_REF], it does not seem to be significant up to at least 21 GPa. For this reason, the partitioning coefficient of S between liquid and solid iron alloys at ~20 GPa remains very high. This is also the case for O that was not detected in solid iron in our experimental charges. [START_REF] Boehler | The phase diagram of iron to 430 kbar[END_REF][START_REF] Funamori | High pressure and high temperature in situ Xray diffraction study of iron to above 30 GPa using MA8-type apparatus[END_REF]. We report the P-T conditions experienced by the different samples used in this study. Data labels refer to the samples, as reported in Table 1. The -hcp to -fcc phase transition in pure iron (green circles with white numbers) is observed at similar P-T conditions than reported in the literature, which insure no systematic error in our temperature measurement (see text for data labelled "6" and "11"). eutectic temperature and liquidus temperature (Table 1), (2) chemical composition of the eutectic-solid (Table 2), and (3) degree of iron-alloy partial melting as a function of temperature (Figs. 6). Melting temperatures of pure iron are taken from a previous works [START_REF] Boehler | The phase diagram of iron to 430 kbar[END_REF][START_REF] Shen | Melting of wüstite and iron up to pressures of 600 kbar[END_REF].

Figure 9: Change in eutectic temperature with pressure in the Fe-S system. The pressure evolution is affected by occurrence of Fe 3 S 2 and Fe 3 S solid phases at 14 and 21 GPa, respectively [START_REF] Fei | High-pressure iron-sulfur compound, Fe 3 S 2 , and the melting relations in the Fe-FeS system[END_REF][START_REF] Sherman | Stability of possible Fe-FeS and Fe-FeO alloy phases at high pressure and the composition of the Earth's core[END_REF]. 

  to those found in pearlites. The brighter zone is depleted in carbon and therefore represents the composition of the solid at the complete solidification temperature whereas the darker zone is enriched in the light element. The O content in the different parts of the sample is negligible, which indicates incompatibility between C and O in liquid Fe. Also, very moderate Si-contents of about 0.1 wt% show very limited reactions between liquid Fe-C alloy and SiO 2 .

  ) In this study, most quenched samples consisted of at least two phases (see Fig.7), thus solidification temperatures represent the eutectic temperatures. (3) EPMA analysis provides composition of solid and liquid phases at the eutectic temperature

  The high-pressure melting diagram shows coexistence of solid and liquid phases in a large temperature range with a large amount of S partitioned to the liquid phase during the crystallization on cooling. The shape of this diagram suggests an almost infinite partition A c c e p t e d M a n u s c r i p t 16 coefficient of S between liquid and solid phases at 18.5 GPa, especially because of the very low S-solubility in solid Fe that we measured in our samples (see Results section).
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 1 FIGURE CAPTIONS

Figure 2 :

 2 Figure 2:The iron phase diagram as compiled from previous works[START_REF] Boehler | The phase diagram of iron to 430 kbar[END_REF] 

Figure 3 :

 3 Figure 3: X-ray diffraction patterns recorded for the Fe 0.9 C 0.1 sample at a pressure of 20.7 GPa and for temperatures at 1173 and 1573K. The dots and the 2 solid lines represent experimental data, and fits of profile and background intensities, respectively. Diffraction lines are explained by the presence of Al 2 O 3 (sample container), SiO 2 (mixed with the sample), traces of W (thermocouple), and -fcc iron at 1173 K. The clear difference between the two backgrounds is due to the diffuse x-ray scattering of the liquid iron-alloy at 1573 K.

Figure 4 :

 4 Figure 4: Experimental (bottom) and modelled X-ray diffusion bands using bcc, hcp, and fcc models for the local structure in liquid Fe-C alloy (Exp N°6 at 20.7 GPa and 1573 K). The diffusion band is well explained by the presence of a liquid Fe-alloy with the bcc structure.

Figure 5 :

 5 Figure 5: Selected backgrounds and diffuse x-ray scattering of the patterns recorded duringthe cooling of (a) Fe 0.9 C 0.1 , (b) Fe 0.78 Ni 0.04 S 0.18 , (c) Fe 0.9 O 0.1 and (d) Fe 0.9 S 0.1 samples at 20.7, 16.9, 20.5 and 18.5 GPa, respectively. The bottom curve in each figures correspond to solid samples. We observed maximum intensities at the highest temperatures, when the sample is completely molten. The degree of partial melting, correlated with the intensity of the diffuse band, is observed to decrease with decreasing temperature until the background reaches the classical shape of the Compton diffusion. Note a second diffusion peak observed at ~68 keV

Figure 6 :

 6 Figure 6: Degree of partial melting observed as a function of decreasing temperature, as extracted from the intensity of the diffuse x-ray scattering presented in Fig. 5. This figure is constructed based on the fact that 100% partial melting is achieved at the temperature where the intensity of the diffuse X-ray band of molten iron becomes constant on further temperature increase.

Figure 7 :

 7 Figure 7: Scanning electron microphotograph of typical areas in iron alloys recovered from experiments at high pressure and temperature. The darkest areas represent the stishovite matrix in all samples. Zoning of the metallic grains is clearly visible. Brightness increases with atomic number i.e. with decreasing amount of light elements. (a) C-enriched (dark) or depleted zones (bright). Darker spots correspond to C-deposits due to SEM beam; (b) quenched eutectic liquid (bright) and eutectic solid (dark) in the Fe-Ni-Si system. The quenched liquid appears brighter because it shows a slightly higher Ni-content; (c) Fe  O  (bright) and FeO (dark); (d) Fe 1- S  (bright) and Fe 2 S (dark). The eutectic liquid displays an eutectoid texture consisting of an intimate mixture of the two phases S-poor solid and Fe 2 S.

Figure 8 :

 8 Figure 8: Frames A, B, C, D, E and F correspond to experiments n° 7, 12, 13, 11, 9 and 10,respectively. The high-pressure melting diagrams are drawn thanks to the knowledge of[START_REF] Li | The effect of pressure, temperature, oxygen fugacity and composition on partitioning of nickel and cobalt between liquid Fe-Ni-S alloy and liquid silicate: Implications for the Earth's core formation[END_REF] 
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Table 1 :

 1 Therefore, S and O could both play a major role in solving the density contrast at inner boundary of planetary cores. Description of the results of melting experiments.

	M a n u s c r i p t
	A c c e p t e d

Eut ) are derived from Fig.

8

(see text for details).

$ T Sol was determined by rapid changes of iron peak intensity & Sample could not be recovered

Table 2 :

 2 EPMA-chemical analyses of recovered samples (wt%).

	N°zone O	Si	S	Ni	Fe
	Fe 0.9 C 0.1			
	6 § Depl 0.05(10) 0.08(2)	-	-	94.7(1)
		Rich 0.05(10) 0.10(2)	-	-	92.2(2)
	Fe 0.78 Ni 0.04 Si 0.18 7 £ Depl 0.05(20) 8.6(2)	-	4.8(3) 86.5(3)
		Rich 0.2(1)	9.1(4)	-	8.4(3) 82.0(5)
	8	Depl 0.1(2)	8.9(3)	-	4.9(1) 84.8(3)
		Rich 0.2(2)	13.1(4)	-	5.1(5) 81.2(7)
	Fe 0.85 O 0.15 9 # Depl 0.01(5)	0.14(2)	-	-	99.8(1)
	10 # Depl 0.03(5)	0.11(3)	-	-	99.6(1)
	Fe 0.9 S 0.1			
	11 Depl 0.20(14) 0.13(4)	0.11(4)	-	99.5(1)
		Rich 1.4(4)	0.17(15) 23.5(2.0) -	78.4(1.5)
	12 Depl 0.05(10) 0.21(4)	0.04(4)	-	99.5(1)
		Rich 0.4(2)	0.5(3)	21.(2)	-	77.(2)
	13 Depl 0.02(5)	0.02(5)	0.01(2)	-	99.6(1)
		Rich 0.1(4)	0.08(2)	20.(2)	-	79.(2)

Depl and Rich correspond to sample zones depleted or enriched in light elements, respectively. § Carbon content could not be measured. Totals of 95 and 92.6 were obtained after analyses of "solid" (i.e. depleted) or "liquid" (i.e. enriched) parts, respectively. £ Some Fe 3 Si grains were also observed in eutectic liquid zone. # A phase with FeO stoichiometry was observed.
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