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SUPER-LIQUIDUS EXPERIMENTS TO 
SIMULATE MERCURY’S INTERIOR

TRACE ELEMENT PARTITIONING

WHAT IS THE GOAL?

HOW DID WE DO IT?
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In fact, interpretations of magmatic processes on reduced rocky bodies 
are difficult at present because of the small number of experimental 
studies relevant to the extremely low fO2 and high sulfur content of Mer-
cury and the APB [Boujibar et al. 2019; Steenstra et al. 2020 [1-2]), and 
our only natural analogs are the highly reduced enstatite chondrites and 
aubrites [e.g., Udry et al. 2019 [4]. Preliminary observations suggest that 
major and minor elements exhibit different geochemical affinities in 
highly reduced, S-rich systems compared to terrestrial rocks. 

Current work is focused on in-
vestigating elements for which 
we currently have MESSENGER 
data (K, Na, TH, U, Si, Mg, Fe, 
Ti, Ca, Al, Cr, Mn, S, Cl) as well 
as a host of geochemically rele-
vant trace elements such as 
REEs (P, Co, Ni, Mo, Ce, Nd, 
Sm, Eu, Gd, Dy, Yb).

• Oxygen fugacity controls the main control on 
whether FeS, CaS, or MgS are the dominant 
sulfide species in silicate melt. Minor Na-, 
Mn-, and Cr- sulfide species may be present.
• Higher pressures destabilizes MgS and sta-
bilizes CaS in the silicate melt.

The proposed work is cross-planetary and will 
utilize a multi-disciplinary approach to under-
stand a highly understudied geochemical 
aspect of our Solar System. Together, this 
new dataset will allow us to determine the fate 
of elements during the metal-silicate differen-
tiation of Mercury, the aubrite parent body, 
and other reduced rocky bodies.

Objectives
1) Experimentally determine the partitioning 
behavior and solubility of trace elements in 
silicate melt, sulfide melt, and metal under 
highly reduced conditions.
2) Determine S, Cr, and Cl speciation in sili-
cate and sulfide melts to better understand 
melt structure with high S and refine sulfur 
concentration at sulfide saturation models.

The partitioning behavior of major, minor, and 
trace elements between silicate melt, sulfide 
melt, and metal under highly reduced condi-
tions will be determined in a suite of super-liq-
uidus experiments at a range of pressures (1
bar to 4 GPa) at NASA Johnson Space 
Center (JSC). Sample major and trace ele-
ment compositions will be characterized by 
EPMA at NASA JSC and LA-ICP-MS at Uni-
versity of Houston. At Argonne National
Laboratory, we hope to collect S, Cr, and Cl 
micro-XANES spectra at beamline 13-ID-E.

Trace element partitioning in the presence 
of sulfur under reduced conditions

Although the geochemically relevant trace elements were not 
analyzed by MESSENGER, we can use their partitioning behav-
ior to inform us about their fate during the differentiation of re-
duced rocky bodies and compare this with data from other ter-
restrial planets. We hope to identify elements that are most 
likely to retain their lithophile character and be incorporated into 
the silicate portion of reduced rocky bodies during differentia-
tion, presumably during a magma ocean, and the impact of S on 
the geochemical affinity of these elements (Brown & Elkins-Tan-
ton 2009; Riner et al. 2009; Vander Kaaden & McCubbin 2015 
[5-7). Experimental data will be compared with aubrites.

BSE image of 1 GPa experiment 
with silicate melt and metal 
blebs with FeS sulfide coating.
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Oxygen fugacity (fO2) plays an important role in the physicochemical 
properties of that system because fO2 has a substantial impact on the 
partitioning behavior between and solubility of elements in various 
phases. The reduced nature of Mercury and the aubrite parent bodies 
(APB) have raised many questions regarding the geochemical behav-
ior of typically lithophile, heat-producing, and rare-earth elements 
(REE) in magmas at low fO2.

From Vander Kaaden & McCubbin (2016) [3]


