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Abstract The motion of liquid iron (Fe) alloy materials in the outer core drives the dynamo, which
generates Mercury's magnetic field. The assessment of core models requires laboratory measurements of the
melting temperature of Fe alloys at high pressure. Here, we experimentally determined the melting curve of
Fe9wt%Si and Fe17wt%Si up to 17 GPa using in situ and ex situ measurements of intermetallic fast diffusion
that serves as the melting criterion in a large‐volume press. Our determined melting slopes are comparable with
previous studies up to about 17 GPa. However, when extrapolated, our melting slopes significantly deviate from
previous studies at higher pressures. For Mercury's core with a model composition of Fe9wt%Si, the melting
temperature‐depth profile determined in our study is lower by ∼150–250 K when compared with theoretical
calculations. Using the new melting curve of Fe9wt%Si and the electrical resistivity values from a previous
study of Fe8.5wt%Si, we estimate that the electronic thermal conductivity of liquid Fe9wt%Si is 30 Wm−1K−1

at the Mercury's CMB pressure of 5 GPa and 37 Wm−1K−1 at an assumed ICB of 21 GPa, corresponding to heat
flux values of 23 mWm−2 and 32 mWm−2, respectively. These values provide new constraints on the core
models.

Plain Language Summary The thermal structure and evolution of the cores of the rocky planets and
their satellites are constrained by the thermal properties of Fe plus light elements determined under extreme
conditions. Here, we closely determine the melting temperature of iron (Fe)‐silicon (Si) systems by in situ and
ex situ characterization of the inter‐metallic diffusive reaction of Fe‐Si and tungsten (W) at the melting
transition. We measured the melting temperatures of Fe9wt%Si and Fe17wt%Si at various fixed pressures up to
17 GPa. Our data sets provide a tighter constraint on the melting curve of Fe‐Si measured in the large‐volume
press. Using our determined melting curve of Fe9wt%Si and the electrical resistivity values from a previous
study of Fe8.5wt%Si at similar pressure conditions, we estimated the thermal conductivity and the heat flux at
the core‐mantle boundary and inner core boundary (assumed at 21 GPa) of Mercury.

1. Introduction
The chemical compositions and physical properties of the planetary cores are generally inferred indirectly from
seismology, geomagnetism, geodesy, and mineral physics, combined with cosmochemical constraints. Light
alloying elements (such as Si, S, O, H etc.) affect the crystallization of the dominantly metallic iron (Fe) core as
well as the convective style in its liquid outer part (Davies & Pommier, 2018; Hemingway & Driscoll, 2021). A
liquid outer core not only exists in the Earth but also in other terrestrial planets and satellites such as Mercury,
Mars, Ganymede, and the Moon (e.g., Fei & Bertka, 2005; Margot et al., 2007; Weber et al., 2011). Convective
flow in the liquid core drives the dynamo, which generates the magnetic field. The understanding of this process
requires knowledge of the physical properties of the liquid core, which depends on the thermal state of the core.
Therefore, the assessment of the melting temperature of Fe alloys at high pressure is essential in the modeling of
core dynamics. Recently, a new magnetic model reproduced the thermal and magnetic evolution found in the
geological record when a relatively low value of the melting temperature of Fe alloy materials at Earth's core
pressure and temperature conditions was adopted (Driscoll & Davies, 2023). Thus, it is important to re‐assess the
melting curve of Fe alloys at readily accessible pressure and temperature conditions appropriate to Mercury. The
experimental measurements can be directly applied to Mercury's core without extrapolation, which may shed light
on the cores of the Earth and other planets that require measurements at much high pressure and temperature
conditions.
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Mercury is the most unusual rocky planet in our solar system because of its large metallic core. Its proximity to the
Sun poses a hindrance to observational studies. There have only been two missions to Mercury, with a third one
currently on its way. Although we do not know its interior structure well enough when compared with other
terrestrial planets, Mercury's density, rotational speed, and the presence of a global magnetic field suggest that it
has a very large Fe‐alloy core with a partially molten outer core (Anderson et al., 1987). Its core size was con-
strained to about 2,020 km by measurements of the moment of inertia and average density (e.g., Hauck
et al., 2013; Rivoldini & Van Hoolst, 2013). Based on the surface abundance of sulfur (S) and Fe, the oxygen
fugacity of Mercury's interior was constrained between −2.6 and −7.3 log units below the Fe‐FeO buffer (e.g.,
McCubbin et al., 2017; Zolotov et al., 2013). Because of this highly reducing condition, Sulfur (S) preferentially
partitions into the silicate mantle while silicon (Si) partitions into the core during core‐mantle segregation (e.g.,
Gessmann et al., 2001). At a pressure of 2.5 GPa, temperature of 2023 K and oxygen fugacity of −6.67 relative to
Fe‐FeO buffer condition, Gessmann et al. (2001) demonstrated that about 8.08 wt% Si dissolved into liquid Fe
(containing Si of about 6.53 wt% and up to 2.6 wt% S) when it was equilibrated with silicate melt in the presence
of magnesiowüstite and olivine. Studies have suggested that about 10.5 wt%Si would be a plausible value of Si
content in Mercury's core (Steinbrügge et al., 2021; Terasaki et al., 2019). Interestingly, element partitioning
experiments indicated that Si would partition equally between liquid and solid Fe in the pressure range applicable
to Mercury's core (Tao & Fei, 2021) with a core‐mantle boundary (CMB) pressure of approximately 5–7 GPa
(e.g., Hauck et al., 2013). Assuming an inner core radius of about two‐thirds the size of its entire core, Ezenwa and
Fei (2023) estimated an upper bound temperature at Mercury's inner core boundary (ICB) to be 2180 K at 21 GPa
based on the melting temperature of Fe. Since Mercury's core is largely alloyed with Si, the knowledge of the
melting curve of the Fe‐Si system at high pressure and temperature would aid in the modeling of its core thermal
evolution as well as its magnetic field generation, sustainability, and morphology.

Although the melting curve and phase relation in Fe‐Si systems have been studied at pressure conditions in the
laser‐heated diamond‐anvil cell with a focus on the Earth's core pressure (e.g., Asanuma et al., 2008; Fischer
et al., 2012, 2013; Ozawa et al., 2016), there are only few studies carried out in the pressure range applicable to
Mercury's core. Using a large‐volume press, Yang and Secco (1999) studied the melting curve of Fe17%Si up to
5.5 GPa, while Kuwayama and Hirose (2004) determined the phase relation in the Fe‐FeSi system at 21 GPa.
Edmund et al. (2022) also reported the Fe‐FeSi phase relation at 25 GPa using the diamond anvil technique. In this
study, we determined the high‐pressure melting curve of Fe9wt%Si and Fe17wt%Si up to 17 GPa using in situ and
ex situ intermetallic fast diffusion as the melting criterion in a large‐volume press.

Because the thermal conductivity at the melting boundary depends on the melting temperature, it is critical to
evaluate this quantity using the melting temperature data. In general, the electronic thermal conductivity (ke) of
metals and metallic alloys, which dominates their total thermal conductivity (kc), can be related to their electrical
resistivity (ρ) via Wiedemann‐Franz's law as follows: ke =

LoT
ρ , where Lo is the Lorenz number and T is the

melting temperature. Using this approach, several studies have determined the ke of metals and metallic alloys at
various pressure and temperature conditions by measuring the temperature‐dependent electrical resistivity (e.g.,
Ezenwa & Yoshino, 2020, 2021; Ohta et al., 2016; Silber et al., 2019; Yin et al., 2022; Zhang et al., 2020) across
the melting transition. The melting temperatures were determined in these studies by monitoring the change in
resistivity across melting. For metals with a high magnetic moment such as Fe, the change in resistivity on melting
is quite small at 1 atm (e.g., Chu & Chi, 1981). Although with increasing pressure, the jump in resistivity of Fe
would somewhat become larger (Ezenwa & Secco, 2019; Ezenwa & Yoshino, 2021), increasing Si content in Fe
significantly decreases the jump in resistivity (Berrada et al., 2021; Silber et al., 2019). As a result, it is chal-
lenging to determine the melting temperature of Fe alloys with high impurities via resistivity measurements. Our
determined melting temperature by intermetallic fast diffusion technique will provide tighter constraint on the ke
in these alloys along their pressure‐dependent melting boundary. Using the determined quantity along with other
parameters estimated from previous studies, the heat flux at the CMB and ICB of Mercury can be calculated.

2. Experimental Details
2.1. Ex‐Situ Intermetallic Fast Diffusion: Multianvil Cell Assembly

Similar to our recent investigation of the melting curve of Fe using inter‐metallic fast diffusion of tungsten (W) in
pure Fe (Ezenwa & Fei, 2023), the starting samples in this study were a W disk and Fe‐Si powder mixture
(Fe9wt%Si or Fe17wt%Si) contained in a cylindrical alumina tube. The Fe‐Si starting materials were sourced
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from Goodfellow. The disk was made from a 0.2 mm foil that was purchased from GoodFellow (purity 99.9%).
All ceramic parts were baked in an oven at 1273 K for 3 hr. The assembled cell was stored in an oven at 1 atm and
393 K before loading it into the multi‐anvil press. The schematic diagram of the cell assembly is shown in
Figure 1. The W disk has a diameter and thickness of 0.8 and 0.2 mm, respectively. The disk diameter matched the
diameter of the alumina sleeve container and was placed at the base of the alumina sleeve. The powder was
packed to the brim of the alumina sleeve with a height of 1 mm. The thermocouple (TC) lead wires were made of
W5%Re and W26%Re alloys (Type C) and were placed in a four‐hole cylindrical alumina, forming a crossed‐like
junction at the base of the four‐hole alumina. The TC junction is in direct contact with the W disk. The pressure
was calibrated using fixed phase transition points (Bertka & Fei, 1997; Hirose & Fei, 2002) and the effect of
pressure on the thermocouple readings was not corrected. The estimated error in pressure is about ±1 GPa. The
heat source was provided by passing a high current through a cylindrical rhenium (Re) heater surrounding the
sample container while a LaCrO3 sleeve placed next to the heater served as a thermal insulator. The pressure and
temperature were electronically controlled through an in‐house developed computer program.

Experiments were performed at pressures between 8 and 17 GPa and the quenched samples were examined ex situ
with a Zeiss Auriga field emission scanning electron microscope (SEM). We prepared consistent cell assembly
parts to minimize systematic errors and adopted the same experimental procedure for all the runs. The samples
were isothermally compressed at 297 K and then heated to the target temperature at a rate of about 100 K per
minute. The sample was kept at the target temperature for 2 min before quenching by cutting off the electrical
current. The sample was subsequently decompressed to ambient pressure. The post‐mortem cell assembly was
mounted in epoxy resin and polished along the long axis of the heater to expose the W and Fe‐Si sample for
chemical analyses. To characterize the W/Fe‐Si interaction and examine the change in the diffusivity at the
melting transition, we obtained secondary electron image (SEI) and electron probe microanalysis (EPMA) data on
the recovered sample. We used an accelerating voltage of 15 kV, a probe current of 30 nA and a spot size of
approximately 100 nm for all the analyses. At each fixed pressure, several runs with different target temperatures
were performed to determine the chemical change at the interface of W and Fe‐Si alloy as a function of tem-
perature. The W interaction with Fe‐Si alloy provides a clear indication for the solid to liquid transition. For each
fixed pressure, we placed the melting temperature of the sample between the highest temperature on the solid side
and the lowest temperature on the liquid phase. The procedure was repeated at various fixed pressure points to
determine the corresponding melting temperatures up to 17 GPa.

2.2. In‐Situ Intermetallic Fast Diffusion: Paris Edinburgh (PE) Cell Assembly

The in situ experiments were conducted at 16‐BMB beamline of the High Pressure Collaborative Access Team
(HPCAT) at the Advanced Photon Source. A Paris Edinburgh (PE) press cell assembly (see, Kono et al., 2014)
with a cylindrical sample container made of boron nitride (BN) was adopted (Figure 2). Before the experiments,

Figure 1. 3D (SolidWorks) and 2D diagram of the 8/3 multi‐anvil assembly.
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x‐ray photon energy and 2‐theta calibration of the energy dispersive diffraction setup were performed. Energy
calibration of the energy‐dispersive detector (ultra‐high purity germanium) was performed using gamma rays
from 109Cd (88.04 keV) and 57Co (122.10 keV). The 2‐theta calibration was performed using a gold wire as the d‐
spacings standard. The sample diameter and height were 1 and 1.5 mm, respectively. For each run, either Fe9wt%
Si or Fe17wt%Si was compacted inside the container and a W sphere of diameter ∼150–200 microns was placed
in the middle of the sample container using a micro‐manipulator.

Energy dispersive x‐ray diffraction (EDXD) was performed on the sample and the MgO pressure standard at a
fixed 2‐theta angle under various pressure and temperature conditions to determine the crystalline state of the
sample and to estimate the sample pressure using the equation of state of MgO (Kono et al., 2010). The error in
pressure in the adopted cell assembly is 0.2 GPa within the pressure range of our investigation. Temperature was
determined based on calibrated power‐temperature relationship at various fixed loads established in a separate
experiment using an identical cell assembly. Using this relation, the melting temperature of Fe determined by
Kono et al. (2015) was consistent with the measurements by Terasaki et al. (2002) and Rutter et al. (2002).
Diffusion of W with Fe‐Si was observed through X‐ray radiography using a high‐speed camera (Photron SA3).
The pixel size of the high‐speed camera was calibrated (0.9745 microns/pixel) using a precisely measured
tungsten carbide (WC) sphere of 497 µm as a scale reference. The samples were heated at a rate of about 100 K per
minute up to a temperature of about 300 K below the anticipated melting temperature and were monitored with a
low speed (40–50 fps) radiography camera. Above this temperature, the radiographic image of the sample was
acquired using a high‐speed camera. For this, we adopted a frame rate of 700 fps with 2 ms exposure time. At high
temperature close to melting, the expected solid‐solid diffusion of W into Fe‐Si forming a layer of W‐Fe‐Si was
evidenced as a dark gray‐scale image at the interface between W and Fe‐Si (Figure 3). On melting, the W‐Fe‐Si
layer was observed reacting with the remaining pure Fe‐Si sample, which subsequently led to the disappearance of
the sphere. Due to the density contrast between W and Fe‐Si, the W sphere moved a distance of about 50–100
microns while rapidly dissolving into the molten Fe‐Si. The dissolution lasted for about 8 s. The average of
the sample temperatures recorded at the onset and end of reaction was taken as the melting temperature of Fe‐Si at
the fixed pressure. The attainment of melting temperature was also supported by the appearance of diffuse X‐ray
diffraction scattering of the sample (Figure 3). In situ runs were performed at determined pressures of 2.4 and
4.6 GPa for Fe9wt%Si and 2 and 5 GPa for Fe17wt%Si. Due to the infinitesimal size of the W sphere, there was no
evidence of W peak in the XRD pattern collected from the quenched sample. The W content could also be difficult
to chemically detect and quantify in the Fe‐Si matrix.

3. Results and Discussions
3.1. Detection of Melting Transition in Fe‐Si by Intermetallic Diffusion

Before melting, the SEI image and the EPMA data (Figure 4 and Figure S1 in Supporting Information S1) show a
formation of two (gray colored) regions whose textures appear interdiffusion like, labeled region I and II. Region I

Figure 2. 3D (SolidWorks) and 2D schematic diagram of PE cell.
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could correspond to Fe‐Si diffused into W, while region II corresponds to W diffused into Fe‐Si. Both of these
regions could have different diffusion rates at a given pressure and temperature condition which could give rise to
the differences in the observed area of coverage. On melting, a transition from long‐range to short‐range order on
melting (Lennard‐Jones & Devonshire, 1939) leads to an increase in the degree of freedom of atomic motion,
which in turn causes an abrupt increase in the diffusivity of W into Fe‐Si, as evidenced in the wide spread of W in
the Fe‐Si matrix with an average content of 10.5 wt% (Figure 4). Also, dendritic texture that could characterize
melting is evidenced in the Fe‐Si melt of the recovered samples. The complete data set of all the runs (ex situ and
in situ) obtained in this study is shown in Figure 5 and Table S3 of Supporting Information S1. Using these data
sets, we constructed the melting curves of Fe9wt%Si and Fe17wt%Si up to our maximum investigated pressure of
17 GPa.

3.2. Melting Curve of Fe‐Si

Although Fe9wt%Si and Fe17wt%Si alloys represent compositions in a binary system with solidus and liquidus
boundaries, their melting phase relations at ambient pressure (Meco & Napolitano, 2005; Schurmann & Hens-
gen, 1980), 5.5 GPa (Yang & Secco, 1999), and 21 GPa (Edmound et al., 2022; Kuwayama & Hirose, 2004)
suggest that the solidus and liquidus temperature are very close in value with a narrow loop of approximately
10 K. Hence, the melting temperatures at different pressure points determined in this study (Figure 6) represent
the average values of the solidus and the liquidus temperature. The data sets are available in Tables S1 and S2 of
Supporting Information S1. As expected, the melting temperature increases with pressure for both compositions
but decreases with increasing Si content. The change in the dT/dP of the melting curve reflects the change in the
volume difference between solid and liquid as a function of pressure due to the difference in their compressibility.

The melting curve of Fe9wt%Si and Fe17wt%Si were fitted with Simon‐Glatzel equation; Tm = To(
P − Po

a + 1)
b

where To is the melting temperature at a reference pressure Po. Tm is the melting temperature at any given pressure
P. “a” and “b” are the fitted parameters. For Fe9wt%Si, the fitted curve yielded a = 17.59 ± 10.01 GPa and
b = 0.25 ± 0.11. For 17wt%Si, the fitted curve yielded a = 10 ± 6.13 GPa and b = 0.23 ± 0.09. In comparison

Figure 3. Radiographic image of W sphere recorded with a speed Camera during heating up to melting and the EDXD pattern
of the sample in its solid and molten states. The temperatures at the “start of melt” and “end of melt” were recorded as the
solid and liquid state data respectively.
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with previous experimental melting curve data for Fe17wt%Si measured up to 5.5 GPa (Yang & Secco, 1999), our
determined melting curve agrees within uncertainty. The melting temperatures of Fe9wt%Si and Fe17wt%Si
obtained from the Fe‐Si phase diagram study by Kuwayama and Hirose (2004) at 21 GPa is about 300 K higher
than that determined in this study. The estimated Fe‐Si solidus line reported by Edmund et al. (2022) is com-
parable to our melting curve up to about 18 GPa. Above 18 GPa, the trend of our melting curve is lower than theirs
(Figure 6). The melting slopes reported by Fischer et al. (2012, 2013) are significantly steeper and would lead to a
large difference in melting temperature at high pressure (Figure 6).

The structure of the solid phase preceding melting has influence on the slope of the melting curve slope of Fe
(Sanloup et al., 2000). The solid solution of Fe‐Si undergoes a structural transformation sequence similar to pure
Fe with increasing pressure and temperature. It is well known that body‐centered cubic (bcc) Fe would transform
to a hexagonal closed packed (hcp) structure at ∼10–18 GPa and 300 K (Jamieson & Lawson, 1962; Mao
et al., 1967; Yamazaki et al., 2012). At high temperatures, both bcc and hcp phases transform to face‐centered
cubic (fcc) structures (Bundy, 1965) with an fcc‐hcp‐melting triple point near 100 GPa. For the Fe‐Si system,
an experimental study by Zhang and Guyot (1999) demonstrated that at ∼ 6–9 GPa, the onset of the trans-
formation of bcc‐fcc in Fe9wt%Si occurred at temperatures about 300 K higher than that in pure Fe, indicating that
Si is a bcc stabilizer. At a pressure of 16 GPa, the experimental investigation by Lin et al. (2002) showed that
bcc + hcp would be stabilized in Fe9wt%Si up to 1000 K. Above this temperature, bcc + fcc was stable up to their
maximum investigated temperature of 1500 K. Data from Lin et al. (2002) are consistent with the study of Fischer
et al. (2012, 2013) that reported phase relations of Fe9wt%Si alongside other compositions (Fe, Fe16wt%, and
FeSi). In Fe16wt%Si, which is very close to our studied composition (Fe17wt%Si), it has been reported that the
bcc like structure of DO3 phase is stable within the pressure range of our investigation. In both Fe9wt%Si and

Figure 4. W, Fe, and Si analysis across the W ‐ Fe17wt%Si interface before and after melting transition. (a) W, Fe, and Si
profiles measured on the recovered sample at 10 GPa and 1753 K. The line profile shows only W on the W side and limited W
diffusion into the Fe‐Si alloy. The shaded areas indicate the intermetallic boundary layer. No W was detected in the interior of
the alloy, indicating the solid state of the alloy. (b) W, Fe, and Si profiles measured on the recovered sample at 10 GPa and
1783 K. The sample was molten based on the W distribution across the sample supported by the dendritic quench texture. The
measured elemental variation in the Fe‐Si melt reflects the fine dendritic texture with an average W content of 10.5 wt%.
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Fe16wt%Si, there is no reported phase change in the liquidus phase, which is consistent with our data set, given
that there is no change in slope in our determined melting curve. Although all these studies have attempted to
understand phase relations in Fe‐Si systems, we note that the pressure‐dependent phase stability of Fe‐Si systems
is still not well known at high pressure (e.g., Edmund et al., 2022).

3.3. Thermal Properties in Mercury's Core

Observational studies have provided some constraints in Mercury's thermal evolution (e.g., Marchi et al., 2013;
Margot et al., 2007). Measurements taken by NASA's Mercury Surface, Space Environment, Geochemistry, and

Figure 5. Data set of all the experiments performed at different fixed pressures for Fe9wt%Si and Fe17wt%Si.
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Ranging (MESSENGER) spacecraft indicate that Mercury's magnetic field is
actively generated by a dynamo action in its liquid core (Anderson
et al., 2012). The deep core dynamo scenario is supported by modeling works
that suggest (e.g., Grott et al., 2011; Hauck et al., 2004; Tosi et al., 2013) that
the CMB heat flux became sub‐adiabatic in the first billion years after its core
formation. Knibbe and van Westrenen (2018) studied the thermal and mag-
netic field evolution with an Fe‐Si core and found matches of Mercury's
present‐day partially molten state, its magnetic field strength and the observed
ancient crustal magnetization. The computed temperature profiles in their
core thermal evolution model were based on thermodynamic modeling,
mainly utilizing available physical properties of Fe alloys as well as mantle
materials properties. Although the assumptions used in determining the
temperature profiles prevent unambiguous determination of the planetary
internal structure (e.g., Khan et al., 2018), the thermal structure of the core
requires constraints on core temperature (e.g., Pommier et al., 2022). The
outer core is supposed to be compositionally homogenous and would follow
an adiabatic temperature profile if thermal convection is vigorous (e.g.,
Davies, 2015) or if chemical convection dominates (Loper, 1978). Studies
have suggested that about 10.5wt%Si would be a plausible value of Si content
in Mercury's core (Steinbrügge et al., 2021; Terasaki et al., 2019). This Si
content is close in value to the 9wt%Si sample in our study. Hence, our data
set can be directly applied to Mercury's core.

Under hydrostatic core equilibrium conditions, the variation in pressure with radius can be related as
P(r) = ∫R

r ρrgrdr (e.g., Hauck et al., 2013). Where R is the entire core radius, ρr and gr are the density and gravity
variation with radius respectively. The pressure at the CMB and its radius are estimated to be around 5–7 GPa and
∼2,020 km (Hauck et al., 2013; Knibbe & van Westrenen, 2018). With an assumed ICB radius of 1,346 km, the
corresponding pressure is estimated to be 21 GPa (Ezenwa & Fei, 2023). With increasing Si content in Fe, liquid
Fe‐Si appears to have a negligible change in density in the range of Fe (8–40) wt%Si (Tateyama et al., 2011).
Similarly, with increasing pressure, the density of liquid Fe17wt%Si only varied by approximately 80 kg/m3 from
3 GPa up to the maximum investigated pressure of 12 GPa by Yu and Secco (2008). This is consistent with
experimental studies that demonstrated that Si does not significantly modify liquid Fe local structure which
results in minimal influence in all associated physical properties such as bulk modulus, density, and seismic
velocity (Sanloup et al., 2002; Terasaki et al., 2019). Therefore, we accounted for Mercury's density variation with

its core radius by taking its value to be 7,070 kg/m3 at the CMB based on the
experimental measurement of Fe9.3wt%Si at 4 GPa and 1923 K (Tateyama
et al., 2011). We then varied it linearly with depth up to a value of 7,150 kg/
m3 at ICB. The gr was taken to be 4 m/s2 as adopted by many studies (e.g.,
Rivoldini & Van Hoolst, 2013). Assuming the melting curve of Fe‐Si to be the
core temperature profile, we interpolated the pressure‐depth profile and
subsequently derived the melting temperature‐depth relationship using the
melting temperature versus pressure determined in our study. For Fe9wt%Si,
in comparison with the theoretical Fe‐Si melting temperature‐depth profile,
the established melting temperature‐depth profile in this study deviates by
about 150–250 K (Figure 7). This deviation would be greater if Mercury's
core composition contains higher Si content.

The core temperature and thermal conductivity are essential parameters in
calculating the adiabatic core heat flux (Q), as described below.

Q = kc [
αgT
Cp

]

where α is the thermal expansion coefficient, g is the gravitational acceler-
ation, and Cp is the heat capacity at constant pressure. Table 1 shows the

Figure 6. Melting curve of pure Fe determined in our previous study plotted
with the melting curve of Fe9wt%Si and Fe17wt%Si as determined in this
study and compared with previous studies. The curves were fitted with the
Simon‐Glatzel equation (see text). The 1 atm data were taken from
Kubaschewski (1982).

Figure 7. The melting temperature versus distance from Mercury's core
center established in this study and compared with the theoretical model
from Knibbe and van Westrenen (2018).
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values used in this study. From the work of Berrada et al. (2021), the electrical
resistivity of Fe8.5wt%Si was determined to be 140 and 127 μΩ.cm at 5 and
20 GPa, respectively. For an assumed Fe9wt%Si core composition, using our
melting data (Fe9wt%Si) and these resistivity values, we determine via
Wiedemann‐Franz's law that the electronic thermal conductivity of liquid
Fe9wt%Si is 30 Wm−1K−1 at the Mercury's CMB pressure of 5 GPa and 37
Wm−1K−1 at an assumed ICB pressure of 21 GPa, corresponding to heat flux
values of 23 mWm−2 at CMB and 32 mWm−2 at ICB. These values are within
the range of the estimated Mercurian adiabatic heat flux by previous studies
(See Berrada et al., 2021 and ref in) and would provide further constraints on
Mercury's core evolution models.

4. Conclusions
The melting curves of Fe9wt%Si and Fe17wt%Si were experimentally
determined up to 17 GPa using in situ and ex situ intermetallic fast diffusion
as the melting criterion in a large‐volume press. In comparison with previous
melting curves, our data sets are generally consistent with previous studies at
a relatively lower pressure of about 10 GPa. Above this pressure, our deter-

mined melting curve deviates up to about 600 K at 40 GPa. In comparison with the theoretical computed melting
temperature of Fe‐Si at Mercury's core, the determined melting temperature‐depth profile in this study for
Fe9wt%Si is lower by ∼150–250 K. The estimated electronic thermal conductivity of liquid Fe9wt%Si is 30
Wm−1K−1 at the Mercury's CMB (∼5 GPa) and 37 Wm−1K−1 at the ICB (∼21 GPa). The corresponding heat flux
values are 23 mWm−2 and 32 mWm−2 respectively, providing new Mercury's core evolution model parameters.

Data Availability Statement
The compiled experimental data and the raw EPMA data are available in the Open Science Framework OSF
(Ezenwa et al., 2024).
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