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Introduction:  New measurements of the surface 

chemistry and geophysical data of Mercury by the 
MESSENGER spacecraft have renewed the discus-
sions on the interior compositions and led to new mod-
els of the internal structure [1-8].  It is generally con-
sidered that Mercury had accreted under reduced envi-
ronment. Under highly reduced core-forming condi-
tions (e.g., at oxygen fugacities of at least 4 log unit 
below the iron-wüstite buffer), silicon (Si) and sulfur 
(S) are expected to be the dominant light elements in 
Mercury’s core. Previous core density models have 
focused on the effect of S on an iron-dominant Mercu-
ry's core and few new models have examined the com-
bined effect of S and Si. Because of limited experi-
mental melting and element partitioning data in the 
multi-component systems, those models often explore 
a range of composition without the rigorous chemical  
equilibrium constraints and melting relations in the 
complex systems. Here we present new experimental 
data on the melting relations in the Fe-Si-S system up 
to 36 GPa, corresponding to the center pressure of 
Mercury. The Si and S partitioning data between solid 
and liquid as a function of pressure are used to evalu-
ate the light element distribution in the core as the 
growth of the solid inner core and to independently 
constrain the density jumps at the inner core boundary 
(ICB) for a series of density profiles that closely match 
the mass, radius and moments of  inertia of Mercury. 
We also explore the effect of immiscible liquids in the 
system on the possible formation of stratified liquid 
layers at the top of the core.  

Experiments: This study aims to obtain the melt-
ing relations and light element partitioning between 
metallic solid and liquid at high pressure and tempera-
ture to develop models for Mercury’s core structure. 
We have conducted experiments in the Fe-Si-S system 
up to 36 GPa and 2023 K, using mixtures of pure Fe, 
FeS, and Fe-17wt.%Si alloy powders as starting mate-
rials. Experiments at pressures less than 25 GPa were 
carried out in multi-anvil device using conventional 
tungsten carbide cubes as the second-stage anvils with 
the similar experimental procedure described in our 
previous study in the Fe–S–C ternary and Fe–S–Si–C 
quaternary systems [9]. The starting materials were 
loaded into pre-dried MgO capsules inserted into a Re 
cylindrical heater. Temperatures were measured using 
a Type-C thermocouple and pressures were calibrated 
with fix points of phase transitions [10].  

We have also developed new experimental config-
uration using large sintered-diamond cubes as the an-
vils, that allows us to perform experiments at condi-
tions over the entire pressure-temperature range of 
Mercury's core. Pressure of the new configuration used 
in this study has been calibrated by the room-
temperature phase transitions in zirconium at 8 and 35 
GPa, characterized by sharp changes in resistance [11]. 
The measurements of the solubility of Al2O3 in Mg-
bridgmanite [12] are used to establish the pressure cal-
ibration at high temperature.  

The recovered samples were analyzed with a JEOL 
JXA-8530F Field Emission electron probe using ap-
propriate standards, a beam current of 30 nA, and a 15-
kV voltage with conventional ZAF data reduction pro-
cedure. Melt compositions were obtained with a 10-µm 
defocused probe beam. 

Results: Built on knowledge of melting relations in 
the Fe-FeS system [13], we determined the melting 
relations in the Fe-Si-S system at 15 GPa and 21 GPa. 
Additional experiments were performed at pressures 
between 25 and 36 GPa to determine the effect of pres-
sure on melting relations. We obtained the change of 
the liquidus temperature as a function of Si and S con-
tents.  For a bulk composition of 90 wt.% Fe + 6 wt.% 
S + 4 wt.% Si,  it melts completely at 1650 K at 15 
GPa and 1900 K at 21 GPa. The melting temperature is 
a strong function of the S concentration. We have also 
determined the Si and S partitioning between solid and 
liquid from the eutectic temperature to melting temper-
ature of Fe-Si alloy.  The partition coefficient of Si 
between liquid and solid is a strong function of tem-
perature and logDSi can be linearly correlated to 1/T. 
At 21 GPa, logDSi = 0.754 - 1885/T.  

Discussion: Mercury has a large metallic core with 
a center pressure of ~36 GPa. Planetary formation pro-
cesses involving radioactive heating, accretion energy, 
and giant impact likely led to a completely molten core 
at the early stage of the history. Subsequent cooling 
would lead to crystallization of a solid inner core. The 
evolution of the inner core is closely related to the 
thermal evolution of the interior and the core composi-
tion which defines the ICB temperature using its melt-
ing temperature. The light element partitioning be-
tween solid and liquid also defines the density jump at 
the ICB.  

Crystalizing from a molten Fe-Si core, the stable 
crystal phase and density of the inner core depend on 
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the Si content. For example, a composition of 
Fe+16wt%Si would form an inner core with an Fe-Si 
alloy with D03 structure (Fm3m space group) accord-
ing to recent study of phase transitions in the Fe-FeS 
system [14]. On the other hand, a face-centered cube 
(fcc) Fe-Si alloy is expected to crystalize at the center 
initially. As the inner core grew with further cooling, it 
may develop a layered structure with a denser hcp 
(hexagonal-close-packed) phase at the center followed 
with a fcc phase, because a fcc-hcp phase transition in 
Fe+9wt%Si occurs below the 36 GPa, with a positive 
Clapeyron slope [15]. The density change to a liquid 
outer is relatively small (~2%) because Si partitions 
almost equally between the liquid outer core and the 
solid inner core. The compositional buoyancy would 
not be a driving force for outer core convection, which 
could affect the generation of Mercury’s magnetic 
field.  

The temperature required for crystallizing an solid 
inner core can be constrained from the melting rela-
tions in the Fe-FeSi system [14-18] for an Fe-Si core. 
The Fe+16wt%Si core would solidify at about 2500 K 
[15]. Adding S into the core would significantly reduce 
the temperature to form the inner core. Based on our 
experimental measurements of the effect of S on the 
melting temperature, incorporation of 5 wt% S in the 
core would reduce melting temperature over 300 K. 
More importantly, strong partition of S into the liquid 
would significantly enhance the density jump at the 
ICB. For example, the S and Si partitioning would lead 
to ~12% density jump at the ICB when the liquid outer 
core contains about 5 wt % S.  From our new data on 
melting relations and element partitioning, we can now 
calculate the density jumps at ICB as a function of 
radius for a model Fe-Si-S core composition. The larg-
er the inner core grows, the bigger the density jump at 
ICB gets. The density difference at ICB determines the 
compositional buoyancy that has important implication 
for the generation of Mercury’s magnetic field. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

The Fe-Si-S system forms two immiscible liquids 
at pressures below 14 GPa [19, 20]. For an Fe-Si-S 
core, the top of the liquid outer core could be stratified 
because of the existence of the two immiscible liquids, 
S-rich and Si-rich liquids. The density difference be-
tween the two immiscible liquids could be significant, 
~ 7% between the coexisting Fe-28wt%Si-2wt%S and 
Fe-6wt%Si-8wt%S. Considering all the possible densi-
ty jumps in the core, Mercury could have four layers in 
the core caused by a structure phase transition in the 
solid inner core and two immiscible liquids in the liq-
uid outer core. The multi-layered structure would have 
important effect on the dynamics and thermal structure 
of Mercury's core. It also adds additional variables for 
a model to satisfy the geophysical observations, partic-
ularly the moments of  inertia of Mercury.  
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