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Materials and Methods
Sample preparation
	We used symmetric-type diamond-anvil cells, with diamond culet sizes ranging between 400 and 150 µm to achieve pressures between 17 GPa and 137 GPa. Rhenium gaskets were pre-indented to a thickness of 20–25 µm and drilled to make a hole (with diameters between 250 and 75 µm) as a sample chamber. Four different sample setups were prepared: 1) Fe0.7Si0.3 with a H2O pressure-transmitting medium, 2) a mixture of Fe0.7Si0.3 + Mg(OH)2 with an argon or MgO medium, and either 3) Fe0.7Si0.3, or 4) Fe0.91Si0.09 sandwiched by two Mg(OH)2 foils as a medium, which presumed the limited supply H2O (the third and fourth setups have 7–9 wt% H2O, based on the thickness of Fe-Si alloys and Mg(OH)2).
	For setup 2, we mixed a synthesized brucite (Sigma-Aldrich) with Fe0.7Si0.3 alloy (Alfa Aesar) to achieve 2 wt% H2O, which were ground in an agate mortar for 1 hour. The powdered sample was mixed with gold powder (Alfa Aesar) as a pressure standard, and cold-compressed to a respective thin foil (thickness of approximately 10 µm). The foil was loaded with 3–4 spacers of the same composition of mixture on each side of the diamond culet to separate the foil from the diamonds and to make space for argon as a medium. We used the gas loading systems at GeoSoilEnviroCARS (GSECARS) or the Extreme Conditions Beamline (ECB) to load the pressurized-argon into the sample chamber.
	For setup 1, Fe0.7Si0.3 powder was cold-compressed to a thin foil as above. We followed the same sample preparation procedure as setup 2 except that deionized water (H2O) was loaded as a medium instead. In the cases of MgO or Mg(OH)2 as a solid medium (setups 3 or 4), Fe0.7Si0.3 or Fe0.91Si0.09 (synthesized by Goodfellow) powders were cold-compressed to make a foil, and then it was sandwiched by two ca. 3–5 μm thick MgO or Mg(OH)2 foils, which insulate Fe-Si alloys. The chamber was sealed during gas loading and then compressed to 10–15 GPa, which was further compressed to the target pressures at the beamline.

Synchrotron X-ray diffraction
	X-ray diffraction patterns were collected in-situ at high-pressure and high-temperature conditions using a double-sided laser-heating setup at beamline 13-IDD of the GSECARS1 at the Advanced Photon Source (APS). A monochromatic X-ray beam (wavelengths of 0.3344(1) Å or 0.4133(1) Å) was focused to 2 x 2 μm2 in size using the canted undulator dual crystal monochromator, Kirkpatrick-Baez (KB) mirror and a pinhole. The pixel array detector (Pilatus 3X CdTe 1M) was used to obtain diffraction images. At beamline P02.2 (PETRA III)2 at Deutsches Elektronen-Synchrotron (DESY), monochromatic X-rays (λ=0.2887(1) Å or 0.2908(1) Å) were focused to 1.9 x 1.9 μm2 or 1.8 x 2.8 μm2 using KB mirrors and a pinhole, and a Perkin Elmer XRD 1621 flat-panel detector was used for collecting diffraction data. We used LaB6 or CeO2 standards to calibrate and correct for distortions and obtain sample to detector distances (ca. 200 mm or 400 mm).
	For laser heating at the 13-IDD and P02.2 beamlines, near-infrared lasers were focused on both sides of the sample foil in a LH-DAC to a hot spot size of 20–25 μm and aligned coaxially with the X-ray1,3. We collected in situ X-ray diffraction data over a pressure range between 17 and 137 GPa. During laser heating of the Fe-Si alloys + Mg(OH)2, the temperature fluctuation was low (±100 K) including the conditions above the melting temperature of FeH (for example, run no. A30B_34 in Table S1). X-ray diffraction patterns were collected when the temperature fluctuation was less than 100–150 K. In runs with Fe-Si alloys + Mg(OH)2 runs and Fe-Si alloys + H2O, temperature fluctuation in the heating spots became higher than 150 K at temperatures above H2O melting. In such a case, we collected diffraction data for less than 10 seconds at target temperature to minimize temperature fluctuation and errors during X-ray diffraction measurement.
	The thermal radiation from both sides of the LH-DAC was collected using the optical spectroscopy system (at the above two beamlines), which is composed of dielectric laser mirrors, glassy carbon mirrors, apochromatic objective lens, notch filters, laser dichroic mirrors, and other optics. The thermal radiation is collected by a two-dimensional area charge-coupled device (CCD) detector (for more details on the setup, see refs.1,3). The measured spectra are corrected for system response, which is measured using a tungsten ribbon lamp with known radiance. The corrected spectra are then fit to the gray-body radiation between 680 nm and 840 nm (see refs.4,5 for more details on calibration). Temperatures were calculated using the software T-Rax (https://github.com/CPrescher/T-Rax). Considering axial gradients, differences between the two sides of LH-DAC, and temperature fluctuations during the measurement, typical uncertainty in the measured temperature would be ±100–200 K1,5,6. Table S1 lists our measured temperatures with estimated 1-σ uncertainties.
	Two-dimensional (2D) X-ray diffraction images were converted to one-dimensional X-ray diffraction patterns, using the Dioptas software7. Pressures were determined using the equation of state of gold8. We used the software package PeakPo9 for the peak identification and unit-cell fitting.

Chemical analysis
	To gain further insights into the elemental partitioning at high-pressures and high-temperatures, we recovered the laser-heated samples after the in situ XRD measurements and performed electron microscopy imaging and chemical analyses. We used a scanning electron microscope (SEM) combined with a focused (Ga+) ion beam (FIB) and energy dispersive X-ray spectroscopy (EDS). The recovered samples were coated with platinum (Pt) and sectioned using a FIB instrument (Crossbeam 540, ZEISS co., at Yonsei University). We avoided parts of the samples contaminated during FIB milling. The cross-section of samples was measured for the two-dimensional elemental mapping analysis at 5 keV and 15 keV, using EDS (Xflash 6|30 detector, Bruker) for Fe, Si, Mg, and O, installed with the same FIB instrument. After an examination of the elemental distribution of the laser-heated spots, we selected an area which contains iron-rich melt and its surrounding part for transmission electron microscopy (TEM) analysis. For TEM (JEM F200, JEOL co., at Yonsei University) analysis, the sample was further milled at 30 keV and 3 nA, and then extracted to mount on a copper (Cu) grid for thinning (and final surfacing) at 5 keV and 10 pA. During TEM analysis, each of the samples were imaged at an acceleration voltage of 200 keV and normally obtained EDS data (Table S3) for one minute.

Oxygen fugacity and partitioning coefficient
	Because of H escape during decompression, we estimated molar ratio between Fe and H from the known relationship between unit-cell volume and hydrogen content10. The estimation shows that Fe:H was close to 1 to 1 at high-pressure and 300 K conditions. At high-pressure and 300 K conditions, our measured unit-cell volume of the B2-type FeSi phase was consistent with Fe0.5Si0.5 (Fig. S5). Therefore, metallic melt (or solid) was composed of FeH + FeSi and its molar ratio was close to Fe:Si:H = 2:1:1. Note that the (pure) bcc Fe phase was observed only after pressure release to 1 bar.
	Although the activity coefficients (γ) of Fe in metallic melt () and FeO in the silicate melt () are unlikely 1 at 300 K and high-temperature conditions, we assume  =  and  = , respectively (where a is activity, and  is the mole fraction of FeO in silicate melt and  is the mole fraction of Fe in metallic melt), because they ( and ) are not well known at the P-T conditions of this study. Instead of Fe in Fe-Si alloys, Si was preferentially oxidized and therefore  is very low (we consider  would not affect and change with this low FeO concentration) (Table S3). In addition, activity coefficients may become unity at high-temperature conditions (although the effect of high-pressure is unknown)11, simplified to the oxygen fugacity (fO2) relative to Fe-FeO (∆IW) buffer = . The partitioning coefficient of silicon between the metallic melt and the silicate melt is calculated from  = , where  is the mole fraction of Si in the metallic melt and  is the mole fraction of SiO2 in the silicate melt.

Stability of a hydrogen-rich layer
We calculated the stability of a layer at the top of the core that formed because of the chemical reaction observed in this study. The mass of the stable layer is , where  = 3480 km is the total radius of the core, D is the thickness of the stable layer, and  ~ 104 kg/m3 is the density at the top of the core. If the total mass of H transferred across the CMB is , then approximately  is the total mass of silicon removed from the core according to the calculation (Text S5), and reaction observed in this study. Finally, we computed the changes in the weight percentages of H and Si in the stable layer as  and , respectively, where  is the total mass of the stable layer.
The density anomalies associated with the addition of H and the depletion of Si in this layer are  (negative) and  (positive), respectively. According to first principles calculations (Fig. 3 in ref.12),  ~ (–1200 kg/m3)· and  ~ (–100 kg/m3)· at the conditions of the CMB. These relations are not sensitive to the exact temperature of the core. The average density anomaly in the layer is thus , which is always negative given the relative proportions of H and Si that are inferred to move across the CMB via the observed reaction.
We assumed that the density anomaly varies linearly within the stable layer. By definition, the density anomaly is 0 kg/m3 at the base of the layer, which is the top of the convective region in the outer core. The density anomaly should then reach a value of  at the CMB. The anomalous density gradient relative to the well-mixed, adiabatic gradient in the core is thus , which is a negative quantity that increases in magnitude as the layer becomes thinner and/or as more hydrogen enters the layer. Finally, we can calculate the Brunt-Väisälä period (TBV) for the stable layer:
,
which is the period of the vertical oscillations that a fluid parcel would experience if it were perturbed upwards or downwards in the stable layer. Small TBV corresponds to rapid oscillations and thus strong stratification. Here g ~ 10.7 m/s2 is the gravitational acceleration near the CMB.


Supplementary Text
Text S1
	In runs with temperatures lower than the melting of FeHx, we normally observed the fcc FeHx (x = 1) phase after temperature quenching to 300 K. More hydrogen appears to alloy with Fe metal and form fcc FeHx phase when the sample is melted. During the X-ray diffraction measurement, the strong diffraction lines of fcc FeHx disappeared (or if observed, they are very weak) above its melting temperatures. With further heating to 3601 K (at 60 GPa) or 3700 K (at 137 GPa), diffuse scattering was observed indicating iron-rich melt. The peak intensities from SiO2 polymorphs, bridgmanite, and periclase also slightly decreased (Fig. S1). After temperature quenching to 300 K at high pressures, we observed the recrystallization of fcc FeHx (Fig. 2b). The fcc phase showed much larger volume expansion than what is expected for x=1, indicating higher H solubility in Fe melt, which is consistent with the previous computational study13.

Text S2
	For the energy-dispersive spectroscopy (EDS) measurement in transmission electron microscopy (TEM), we selected two regions where the quenched metallic melt and silicate melt are in contact (Figs. 3a, 3e). Silicate shows a MgO/SiO2 molar ratio of approximately 1.1 (Table S3), which deviates from what is expected for MgSiO3 bridgmanite. Considering that both the chemical homogeneities of the silicate region near the quenched metallic melt and the molar ratio of MgO and SiO2, we interpret that the silicate region represents silicate melt in equilibrium with iron-rich melt during heating. Additionally, according to previously reported melting temperature of hydrous silicates up to 100 GPa14, silicates in our high-temperature runs experienced melting.
	Assuming that the metallic melt and its surrounding silicate region was locally equilibrated, the oxygen fugacity (fO2) relative to Fe-FeO (∆IW) buffer can be calculated from ∆IW = , where  and  are the mole fraction of FeO in the silicate melt and the mole fraction of Fe in the metallic melt, respectively. These values can be obtained from our chemical measurements. For the same spots, we calculated the partitioning coefficient of silicon between metallic and silicate melts: , where  and  are the mole fraction of Si in the metallic melt and the mole fraction of SiO2 in the silicate melt, respectively (see Method).
	The estimated oxygen fugacity was approximately 4 log unit lower than ∆IW, i.e., ∆IW–4, which is similar to those estimated for the planetary building materials such as chondrites15. In such a low ∆IW value, we observed the large mole fraction of silicon in metallic region similar as ref.16. At these highly reducing conditions, we always observed 1) the formation of FeH and SiO2, 2) SiO2 rather than FeO, and 3) extremely low O content in the metallic melt and silicate region. These observations indicate that the Si in Fe-Si alloys mainly consumed oxygen to form SiO2, and Fe combined with H to form FeH rather than FeO, respectively.
	The partitioning coefficient of silicon between metallic and silicate melts is poorly unknown in a range lower than ∆IW–3. Previous data for partitioning coefficient of silicon between metallic and silicate melts mostly plotted at the higher than ∆IW–3 and relatively scattered11. In addition, previous data were obtained under dry conditions11. Therefore, it is difficult to compare. Further studies are needed for water effects on the partitioning coefficient of silicon between metallic and silicate melts with a wider range of oxygen fugacity.

Text S3
	Contrary to Fig. 3, in those cases heated under 2000 K at 74 GPa, inhomogeneous Mg-silicate, Mg-oxide, iron-enriched regions were found, likely due to insufficient heating for the formation of the sufficient melt (Fig. S2).

Text S4
	Recent studies have suggested that early Earth would have various processes which could have delivered water17,18, including pebble accretion19,20, ingassing of nebular H2 and H2O into magma ocean21,22, and accretion of water-rich planetary embryos (Grand Tack model, refs.23-25). Through these processes, the early magma ocean may have contained up to 0.5–1.8 wt% H2O of Earth’s mass19,26,27. Water in the silicate magma may have interacted with silicon-rich iron alloys, after which the Fe-Ni-H liquid would sink and form the core28-30. According to our experiments, the alloying of the iron metal liquid with hydrogen could have occurred while the SiO2 component would be left in the mantle. The D/H ratio (similar with proto-solar nebula) of volcanic rocks from mantle plumes31 may have been resulted from the sequestration of primordial hydrogen into the early planetary core.

Text S5
	We estimated the amount of Si extracted from the outer core due to the chemical reaction between the core materials (e.g., Fe-Si alloys) and the delivered water through a subducting slab. If Si is the most abundant light element in the outer core, O in the delivered water will be consumed for oxidizing Si as below according to this study:
Si0 (metal) + 2H2O → 4H0 (metal) + SiO2
Therefore, the extracted amount of Si at the Eʹ layer, ∆m(Si)Eʹ layer, satisfies a following relation:
,
where m(Si), m(O) and m(H2O) are the molar masses of Si, O and H2O, respectively, because Si is extracted as SiO2. Thus, ∆m(Si)Eʹ layer can be expressed as:
.
The dissolved amount of H at the Eʹ layer, ∆m(H)Eʹ layer, can be also estimated from:
,
where m(H) is the molar mass of H, and m(water) is the amount of delivered water at the CMB. The m(water) can be estimated from:
,
where  is an amount of water reacting with the outer core materials at the CMB divided by the water amount subducted at the surface (e.g., 0.4–1%), F(H2O) is an annual input of water of 1012 kgref.32, and ∆t is 2.5·109 years (i.e., 2.5 Gyr). We note that time-dependent term, F(H2O)(t), is assumed to be constant as it is not well known.
	In summary, a ratio in the mass exchange between Si and H at the Eʹ layer, k, can be estimated from:
.
The value k is:

[bookmark: _Hlk96113599]approximately −7. In order to estimate an effect on the change of seismic velocity, we assumed 1) the thickness of Eʹ layer is 200 km, 2)  is 0.4%, and 3) the reported values for a velocity change according to the variation of elemental concentration in refs.33,34.
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Fig. S1. In situ X-ray diffraction pattern measured during laser heating (60 GPa and 3601 K, and 137 GPa and 3700 K) and after temperature quenching (44 GPa and 300 K, and 123 GPa and 300 K). In the high-temperature patterns, the broad diffuse X-ray scattering feature from FeHx melt is highlighted by grey-shaded area. The diffraction peaks of fcc FeHx (with Miller indices) were observed only after the temperature was quenched to 300 K.
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Fig. S2. a, In-situ X-ray diffraction pattern, and b, c, chemical analysis obtained from experiments at 65 GPa and 300 K after heated at 1800 K at 74 GPa (this spot did not reach melting). The experimental setup was Fe0.91Si0.09 sandwiched between Mg(OH)2 foils. The schematic diagram of the starting setup is given in the right side of (A). The black arrow and the pale-orange boxes in the schematic diagram are X-ray and laser paths, respectively. Abbreviations: FeH, fcc FeHx; St, stishovite; Bdg, bridgmanite; Pc, ferropericlase; Au, gold. Scale bars are 7 µm.
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자동 생성된 설명]
Fig. S3. SEM analysis of the recovered sample from laser heating of Fe0.7Si0.3 sandwiched between two Mg(OH)2 foils. a, A cross-sectional view of the recovered sample after heating at 2810 K and 129 GPa. The two-dimensional elemental distribution maps of b, Fe (red) and Si (cyan), and c, Fe (red) and Mg (green).
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자동 생성된 설명]
Fig. S4. SEM images of the recovered samples from Fe0.7Si0.3 + H2O. a, The center of the heated spot after quenching from 1282 K at 32 GPa. b, The center of the heated spot after quenching from 1202 K at 28 GPa. Elemental distributions for c, Fe and d, Si of the image in (b). When H2O medium was used, the recovered samples showed complete conversion of Fe-Si alloys to SiO2 and FeH, which also agrees with our in-situ XRD result (Fig. 1a). In image (a), decompression caused cracks. The scale bars are 1 µm.
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Fig. S5. The unit-cell volumes of B2-type FeSi at high pressure and 300 K from this study and previous studies35-37. H2O and Mg(OH)2 were used as the water sources for the grey and the black symbols, respectively, in this study (each symbol shape matches with the starting setups in Fig. 2a).


[bookmark: _Hlk57369692]Table S1. Summary of the P-T conditions and phase assignments for the experimental runs: Phase abbreviations: FeH (fcc FeHx), FeH-d (dhcp FeHx), FeSi (B2-type FeSi), stishovite (st), periclase (pc), bridgmanite (bdg), post-perovskite (ppv), ringwoodite (rw). Run numbers from A40A_04 to A15B_36 are Fe0.7Si0.3 with a H2O pressure-transmitting medium, from P40A_5_30 to A15E_17 are Fe0.7Si0.3 + Mg(OH)2 with an argon (Ar) or MgO medium, from A15F_27 to A15G_30 are Fe0.7Si0.3 with Mg(OH)2 medium, and from P40B_11 to P30A_18 are Fe0.91Si0.09 with a Mg(OH)2 medium. The error values in pressure are estimated to a ±5% of each pressure (Fig. 2a). Estimated uncertainty for temperature is shown in parenthesis.
	Run #
	P
(GPa)
	T
(K)
	Observed Phases
	Sample setup

	A40A_04
	20
	1450(100)
	FeH, st
	Fe0.7Si0.3,
H2O pressure medium

	A40A_33
	29
	2650(100)
	FeH*, st
	

	A40A_34
	17
	300
	FeH, st
	

	A30A_09
	28
	1202(114)
	FeH, st
	

	A30A_12
	27
	300
	FeH, st
	

	A30A_14
	32
	1282(115)
	FeH, st
	

	A30A_16
	27
	300
	FeH, st
	

	A12C_09
	30
	1610(100)
	FeH, st
	

	A12C_10
	25
	300
	FeH, st
	

	A30A_31
	49
	1622(100)
	FeH, st, FeSi
	

	A30A_33
	44
	300
	FeH, st, FeSi
	

	P20A_04
	51
	1430(100)
	FeH, st, FeSi
	

	P20A_13
	43
	300
	FeH, st, FeSi
	

	P20B_18
	64
	1630(100)
	FeH, FeH-d, st, FeSi
	

	P20B_19
	56
	300
	FeH, FeH-d, st, FeSi
	

	P20B_06
	73
	1890(100)
	FeH, st, FeSi
	

	P20B_07
	64
	300
	FeH, FeH-d, st, FeSi
	

	A15B_23
	74
	2086(190)
	FeH, st, FeSi
	

	A15B_24
	68
	300
	FeH, st, FeSi
	

	A15B_27
	77
	2551(185)
	FeH, st, FeSi
	

	A15B_28
	66
	300
	FeH, FeH-d, st, FeSi
	

	A15B_35
	77
	2676(180)
	FeH, st, FeSi
	

	A15B_36
	67
	300
	FeH, FeH-d, st, FeSi
	

	P40A_5_30
	31
	1440(100)
	FeH, st, FeSi, pc
	Fe0.7Si0.3 + Mg(OH)2 mixture (2 wt% H2O),
Ar pressure medium

	P40A_5_31
	27
	300
	FeH, st, FeSi, pc
	

	P40A_7_06
	35
	2130(100)
	FeH, st, FeSi, pc, bdg
	

	P40A_7_07
	29
	300
	FeH, st, FeSi, pc, bdg
	

	P40A_9_23
	32
	1790(100)
	FeH, st, FeSi, pc
	

	P40A_9_31
	27
	300
	FeH, st, FeSi, pc
	

	A30B_22
	49
	1953(100)
	FeH, st, FeSi, pc, bdg
	

	A30B_24
	42
	300
	FeH, st, FeSi, pc, bdg
	

	A30B_34
	60
	3650(100)
	st, FeSi, pc, bdg
	

	A30B_35
	44
	300
	FeH, st, FeSi, pc, bdg
	

	A30B_36
	60
	3601(128)
	st, FeSi, pc, bdg
	

	A30B_38
	44
	300
	FeH, st, FeSi, pc, bdg
	

	A30B_40
	61
	2632(140)
	FeH*, st, FeSi, pc, bdg
	

	A30B_41
	47
	300
	FeH, st, FeSi, pc, bdg
	

	A15E_11
	60
	2128(100)
	FeH, st, FeSi, pc, bdg
	Fe0.7Si0.3 + Mg(OH)2 mixture (2 wt% H2O), MgO pressure medium

	A15E_13
	53
	300
	FeH, st, FeSi, pc, bdg
	

	A15E_14
	62
	2738(208)
	st, FeSi, pc, bdg
	

	A15E_15
	53
	300
	FeH, FeH-d, st, FeSi, pc, bdg
	

	A15E_16
	63
	2805(138)
	st, FeSi, pc, bdg
	

	A15E_17
	52
	300
	FeH, FeH-d, st, FeSi, pc, bdg
	

	A15F_27
	120
	3270(175)
	FeH*, st, FeSi, pc, bdg
	Fe0.7Si0.3 was sandwiched between two Mg(OH)2 foils

	A15F_29
	119
	3080(100)
	FeH*, st, FeSi, pc, bdg
	

	A15F_30
	102
	300
	FeH*, FeO2H*, st, FeSi, pc, bdg
	

	A15G_18
	129
	2810(210)
	FeH*, SiO2-α-PbO2, SiO2-CaCl2, FeSi, pc, ppv
	

	A15G_22
	117
	300
	FeH, FeH-d, SiO2-α-PbO2, FeSi, pc, ppv
	

	A15G_24
	133
	3170(130)
	FeH*, FeH3*, FeSi, pc, ppv
	

	A15G_28
	137
	3700(100)
	FeH3*, SiO2-α-PbO2, SiO2-CaCl2*, FeSi, pc, bdg, ppv*
	

	A15G_30
	123
	300
	FeH, FeH3*, SiO2-α-PbO2, SiO2-CaCl2*, FeSi, pc, bdg, ppv*
	

	P40B_11
	24
	1650(100)
	FeH, st, FeSi-B20*, pc, rw
	Fe0.91Si0.09 was sandwiched between two Mg(OH)2 foils

	P40B_12
	19
	300
	FeH, FeH-d, st, FeSi-B20*, pc, rw
	

	P40B_25
	19
	300
	FeH, st, FeSi-B20*, FeSi, pc, rw
	

	P20C_09
	45
	1830(150)
	FeH, st, FeSi*, pc, bdg
	

	P20C_10
	37
	300
	FeH, st, FeSi*, pc, bdg
	

	P30A_18
	65
	300
	FeH, st, FeSi, pc, bdg
	


*The intensities of X-ray diffraction peaks are weak compared to the other observed phases.


Table S2. The unit-cell volumes per Fe atoms of FeHx and per FeSi of B2-type FeSi at 300 K and high pressures. The values in this table are also reported in Fig. 2b or Fig. S5. The errors for pressure are estimated to be ±5%. The uncertainties of unit-cell volumes are shown for the last digit(s) in parenthesis.
	Starting setup
	Run #
	Pressure (GPa)
	Temperature (K)
	Unit-cell volume (Å)

	
	
	
	
	fcc FeHx
	B2-type FeSi

	Fe0.7Si0.3 + H2O
	A30A_16
	27
	300
	11.913(16)
	-

	
	A12C_10
	25
	300
	12.097(46)
	-

	
	A30A_33
	44
	300
	11.397(44)
	18.294(21)

	
	P20A_13
	43
	300
	11.456(80)
	18.419(4)

	
	P20B_19
	56
	300
	11.116(37)
	17.901(17)

	
	A15B_24
	68
	300
	10.906(81)
	17.530(26)

	Fe0.7Si0.3 + Mg(OH)2 mixture (2 wt% H2O), an Ar or MgO pressure medium
	P40A_5_31
	27
	300
	12.044(186)
	19.481(69)

	
	P40A_7_07
	29
	300
	
	19.454(68)

	
	P40A_9_31
	27
	300
	
	19.521(25)

	
	A30B_24
	42
	300
	11.555(52)
	18.444(25)

	
	A30B_35
	44
	300
	11.889(69)
	18.560(8)

	
	A30B_38
	44
	300
	12.013(23)
	18.574(15)

	
	A30B_41
	47
	300
	11.444(117)
	18.222(8)

	
	A15E_13
	53
	300
	11.329(30)
	18.129(2)

	Fe0.7Si0.3 was sandwiched between two Mg(OH)2 foils
	A15F_30
	102
	300
	10.103(14)
	16.430(4)

	
	A15G_22
	117
	300
	9.699(13)
	15.915(24)

	
	A15G_30
	123
	300
	9.925(20)
	15.920(16)

	Fe0.91Si0.09 was sandwiched between two Mg(OH)2 foils
	P40B_12
	19
	300
	12.272(16)
	

	
	P40B_25
	19
	300
	12.278(3)
	20.216(7)

	
	P20C_10
	37
	300
	11.562(11)
	

	
	P30A_18
	65
	300
	10.655(7)
	17.721(381)




Table S3. The compositions of the metallic melt and the quenched silicate melt determined by TEM-EDS analysis. The oxygen fugacity relative to Fe-FeO (∆IW) buffer and the partitioning coefficient of silicon are shown. The ∆IW are calculated from .
	Run #
	A30B_40
	A15G_28

	Pressure
	61 GPa
	137 GPa

	Temperature
	2632(140) K
	3700(100) K

	
	quenched metallic melt (mol%)
	quenched silicate melt (mol%)
	quenched metallic melt (mol%)
	quenched silicate melt (mol%)

	
	Mg
	0.16(8)
	MgO
	51.85(34)
	Mg
	0.71(12)
	MgO
	51.73(50)

	
	Si
	29.61(22)
	SiO2
	47.86(32)
	Si
	21.69(25)
	SiO2
	47.94(46)

	
	Fe
	70.23(14)
	FeO
	0.29(2)
	Fe
	77.60(17)
	FeO
	0.33(4)

	∆IW
	–4.47(49)
	–4.36(57)

	
	–0.36(1)
	–0.52(2)
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