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Introduction: The Earth’s core consists of a liquid 

outer core and a solid inner core at the center, con-
firmed by seismic observations. Mars and Mercury 
also have liquid cores based on solar tidal deformation 
from the Mars Global Surveyor radio tracking data [1] 
and radar speckle patterns tied to the planetary rotation 
[2], respectively. Thermal evolution models and high-
pressure melting experiments on core materials further 
support a liquid Martian core [3,4]. Recent Messenger 
spacecraft data provide additional evidence for a liquid 
core of Mercury [5]. Even the small Moon likely has a 
small liquid core based on recent re-analysis of Ap-
pollo lunar seismograms [6]. 

The existence of a liquid core or a liquid outer core 
requires the temperature of the core exceeding the 
melting temperature of the core materials at core pres-
sures. The formation of terrestrial planets shared simi-
lar accretion paths, but evolved to different sizes of 
planets. The same core-mantle differentiation process 
was in operation during the early formation of the ter-
restrial planets, leading to unique cores for the Earth, 
Venus, Mars, and Mercury, with different core-mantle 
boundary pressures, and likely some variations in the 
core composition. The pressures at the core-mantle 
boundary of the terrestrial planets range from as low as 
7 GPa to 136 GPa. The presence or lack of magnetic 
field of the planet reflects its dynamic and physical 
states, controlled by the melting and chemical compo-
sition of the cores. In order to have a better understand-
ing of the composition and physical state of the core, 
we have systematically investigated melting relations 
in the binary systems Fe-FeS, Fe-C, and Fe-FeSi up to 
25 GPa, using multi-anvil apparatus. We have also 
moved toward unravelling the crystallization sequence 
and element partitioning between solid and liquid 
metal in multi-component systems to determine the 
distribution of light elements between the crystalline 
inner core and liquid out core. To further extend the 
melting determination at higher pressures, we have 
developed new techniques to analyze the quenched 
samples recovered from laser-heating diamond-anvil 
cell experiments using combination of focus ion beam 
(FIB) milling, high-resolution SEM imaging, and 
quantitative chemical analysis with silicon drift detec-
tor EDS. With precision milling of the laser-heating 
spot, we determined melting using quenching texture 
criteria imaged with high-resolution SEM and the sul-
fur partitioning between solid and liquid at submicron 

spatial resolution. We have also re-constructed 3D 
image of the laser-heating spot at multi-megabar pres-
sures to better constrain melting point and understand-
ing melting process. The new techniques allow us to 
extend precise measurements of melting relations to 
core pressures in the laser-heating diamond-anvil cell.  

Results and Discussion: Different light elements 
lows the melting temperature of iron to a different de-
gree. The eutectic temperatures in the Fe-FeS and Fe-
Fe3C systems are about 1000 K and 500 K lower than 
the melting temperature of pure iron at 25 GPa, respec-
tively. On the other hand, 17 wt% silicon in the Fe-
FeSi system only lows the melting temperature by 
about 200 K at 25 GPa. We have also mapped up the 
liquidus curves in these binary systems, which are es-
sential to understanding the solidification of any inner 
core and its composition. The element partitioning data 
are used to evaluate the density contrast between the 
inner core and liquid outer core.  

Incorporation of sulfur into the core is favorable for 
maintaining a liquid core throughout the history of the 
planetary evolution because of the low melting tem-
perature. We have argued an entirely liquid core for 
Mars if it contains significant amount of sulfur in the 
core [3]. The amounts of sulfur that could be incorpo-
rated in the Earth’s core have been a subject of debate. 
Geochemists generally argue for a low sulfur content 
in the core 2-3 wt% S) because of its volatility [7]. Our 
recent high-pressure data suggest that 10 wt% sulfur in 
the liquid outer core provides the best fit to the geo-
physical observations [8,9]. Here I argue that the geo-
chemical constraint on the sulfur content in the core 
needs to be re-examined in light of recent planetary 
formation models [10] through collisions and gravita-
tional interactions between planetesimals, and the in-
corporation of significant amounts of sulfur in the core 
could be consistent with such formation processes. 
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