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Introduction: Deep planetary sulfur cycle is one 

of the most important geochemical cycles for the diffe-
rentiation processes and ancient climate of Mars. Sul-
fur is thought to be the dominant light element in the 
Martian core [1] while SO2 and H2S are proposed to 
exert a strong greenhouse effect required to maintain 
liquid water on Martian surface in the past [2]. In order 
to constrain the fate of sulfur during early differentia-
tion of Mars, i.e., magma ocean crystallization and 
early mantle melting and crust formation, it is critical 
to know how much sulfur could be dissolved in the 
Martian magma. Martian basalts are thought to be 
more sulfur rich than the terrestrial basalts because the 
former have higher FeO contents (17-20 wt.% in sher-
gottites, [3]), which in turn can dissolve more S2- in the 
melt. However, most experiments constraining sulfur 
concentration at sulfide saturation (SCSS) are con-
ducted on FeO poor terrestrial basalts (5.2-12 wt.% 
FeO, [e.g., 4]) and recent experiments on Mars-
relevant, high-FeO basalts are restricted to <1 GPa [5].  

Methods: We simulated basalt-sulfide equilibria 
using an end-loaded piston cylinder apparatus, half-
inch BaCO3 assembly, and graphite capsule at 1600 °C 
and at each pressure of 1.0, 1.5, 2.0, and 2.5 GPa. Two 
synthetic starting compositions,similar to Martian 
meteorites Yamato980459 (Y98) and NWA 2990 
(NWA), which are thought to represent primary Mar-
tian magmas [6], were used. A third silicate composi-
tion equivalent of Y98+1.4 wt.% H2O was used to 
constrain the effect of water on Martian magma SCSS. 
Experiments were conducted with 85-70 wt.% silicate 
+ 15-30 wt.% FeS mixtures. Texture and phase com-
positions were investigated using a Cameca SX50 
electron microprobe. Raman spectroscopy was em-
ployed to determine the oxidation state of sulfur dis-
solved in the melt.   

Results: All experiments produced two immiscible, 
silicate and sulfide, quenched melts. Experiments with 
NWA resulted in glassy silicates and those with Y98 
produced melts with dendritic crystals. Sulfide satura-
tion was confirmed by the presence of 20-500μm di-
ameter blobs of quenched sulfide liquid embedded in 
the silicate melts.Tiny specs of sulfides (<0.5μm) were 
also present in all experiments, dispersed throughout 
the melt, regardless of run duration. These latter sul-
fide specs were, therefore, regarded as an exsolved 
phase during quench and were included in SCSS. Fe-S 
bonding in glassy silicates was recognized from 
the~420 cm-1[7] peak in Raman spectra. 

Measured SCSS for all the studied compositions 
decreases with increasing pressure and increases with 
water content.Y98+1.4wt.% H2O has the highest SCSS, 
with S content varying from 5440 to 4380 ppm from 1 
to 2GPa. SCSS for NWA varies from 5400 to 3700 
ppm and for Y98 from 4800 to 3500 ppm from 1 to 2.5 
GPa. Compared to previous studies on FeO-poor terre-
strial compositions, SCSS of Martian compositions are 
higher by >1800 ppm at similar pressures and tempera-
tures. A positive correlation between SCSS and FeO 
contents in the melt was observed. SCSS in this study 
agreed well with the prediction of SCSS by the empiri-
cal model derived from lower pressure (1 bar and 0.8 
GPa) experiments on Martian basalts [5].  

Discussion: Most shergottites have 1300-2700 
ppm S [8] and primitive shergottitic magma and Mar-
tian mantle equilibration is thought to take place at 
average pressure-temperature of ~1.0-1.5GPa and 
~1365-1525°C [6]. If the shergottites were sulfide-
saturated at the final conditions of melt-mantle equili-
bration, primary shergottites are expected to have 
~4000-4500 ppm S. Our results in combination with 
bulk S contents of natural shergottites thus imply that a 
large amount of sulfur (~2200-3200 ppm) might have 
degassed during ascent of Martian basalts. 

Extrapolating our measured SCSS, using an expo-
nential function, to the base of the Martian magma 
ocean (14 GPa [9]) yields an SCSS of 349-384 ppm. 
At this depth if all the sulfur was dissolved in the sili-
cate magma ocean, DS

metal/sil could be constrained ≥260 
for 10-16 wt.% S in the metallic core [1]. 
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