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     Rationale: Sulfur is thought to be ubiquitous in 

various Martian reservoirs such as atmosphere, crust, 

mantle, and core as revealed by data from Odyssey 

spacecraft, Viking missions, pathfinder mission and 

Mars Exploration Rover mission [1, 2]. Sulfur 

exchange between planetary interior and surface 

reservoirs through volcanic events and surface 

processes could influence climatic and chemical 

changes on Mars, especially in early Mars, when 

volcanic activity was likely much more vigorous. In 

order to constrain (1) sulfur flux from the interior to 

martian surface by volcanic degassing and (2) 

inheritance of primordial sulfur in early bulk silicate 

Mars, it is critical to know sulfur solubility in the 

martian magmas. Because sulfur exists solely as S
2-

 in 

the silicate melts in reducing martian environment [3] 

as indicated by oxygen fugacity of SNC meteorites 

(FMQ+0.46 to ~FMQ-5, [4] and the references there 

in), this study focuses on sulfur concentration at sulfide 

saturation (SCSS) in martian magmas. SCSS of basaltic 

magma is known to vary as function of pressure, 

temperature and melt composition, particularly 

showing a strong positive correlation with FeO 

concentration [e.g., 5, 6]. Therefore, high FeO 

concentration of martian mafic-ultramafic systems (17-

20 wt.% in shergottites [7], 15-20 wt.% in surface 

basalts [e.g., 8, 9], and 15.07-20.11wt.% in the martian 

mantle [10, 11]) implies a higher SCSS than that 

measured in terrestrial magmas. However, 

experimental estimates of SCSS on high FeO martian 

magmas are scarce. Previous experimental study on 

SCSS of martian magmas [5] was conducted at 1 bar 

and 0.8 GPa while the onset of basaltic melt generation 

in upwelling Martian mantle and the base of the 

Martian magma ocean are much deeper [12, 13]. 

Therefore, experimental study of SCSS on Martian 

magmas at broader pressure and temperature range is 

desirable. 

    Methods: We simulated basalt-sulfide melt equilib-

ria (S added as 15-30 wt.% FeS) in graphite capsules 

using an end-loaded piston cylinder at 1-3 GPa and 

1500-1700 °C. Two starting compositions, equivalent 

to olivine-phyric shergottites Yamato 980459 (Y98; 

~17.53 wt.% FeO*) and NWA 2990 (NWA; ~16.42 

wt.% FeO*) were used. Both have been argued to be 

potentially primary magma, derived from the martian 

mantle [10]. Compositions Y98+1.11 wt.% H2O and 

NWA+1.73 wt.% H2O were also investigated to con-

strain the effect of dissolved water on SCSS. Texture 

and phase compositions were studied using a Cameca 

SX50 electron microprobe. Raman spectroscopy, using 

a 514.5 nm laser, was employed to determine the spe-

ciation of sulfur dissolved in the glassy sample. A N2 

purged Thermo Nicolet Fourier Transform Infrared 

Spectrometer (FTIR) was used to quantify dissolved 

water and carbonate contents in the experimental glass-

es. 
Results: All experiments produced two immiscible, 

quenched sulfide melts and silicate melts ± opx (Fig.1). 

 
Fig 1. BSE image of experimental product. 

 

SCSS changed systematically with change in pressure, 

temperature, and melt composition. At a given temper-

ature, SCSS decreases with increasing pressure. For 

example, at  1600 °C, SCSS decreases from 4800 to 

3500 ppm from 1 to 2.5 GPa for Y98, ~5440 to 4380 

ppm from 1 to 2 GPa for Y98+1.73 wt.% H2O, 5000 to 

3000 ppm from 1 to 3 GPa for NWA, and 4900 to 

4100 ppm from 1 to 3 GPa for NWA+1.11 wt.% H2O 

(Fig 2a). At a fixed pressure, SCSS increases with in-

creasing temperature; at 2 GPa and for the composition 

NWA, SCSS increases from 3300 to 4600 ppm from 

1500 to 1700 °C (Fig 2b). Hydrous runs for both Y98 

and NWA generated higher SCSS than those of anhy-

drous runs at same P-T conditions (Fig 2a). This im-

plies a positive effect of water on SCSS. In order to 

extrapolate SCSS in martian magmas to a wider range 

of conditions, we fitted our data and data from [5] us-

ing the equation of the form: LnS (ppm) = a + b.P + 

c/T +d.XSiO2 + e.XAl2O3 + f.LnXFeO. Comparison of 

observed vs. predicted values of SCSS shows a good 

agreement within 5% deviation (Fig. 3).  

1713.pdf44th Lunar and Planetary Science Conference (2013)

mailto:sd35@rice.edu


 
Fig 2. (a) Our experiments at 1600 °C showing a decrease in 

Martian basalt SCSS with increasing pressure for all four 

compositions. Also shown for comparison are previous data 

from [5]. (b) Isobaric experiments from this study showing 

an increase in SCSS with increasing temperature. 

 

 
Fig 3. Observed versus predicted Ln[S]SCSS(ppm), test-

ing the reliability of our parameterization against pre-

vious SCSS estimates for basalts with FeO>8 wt.%. 

      

Discussion and implications: Our experiments and 

parameterization of Martian basalts SCSS allow us to 

place limits on the plausible flux of sulfur from the 

interior to the Martian exosphere. Using 22 modeled 

primitive martian magma compositions and their pres-

sure-temperature conditions of generation [12], we 

calculated the frequency distribution of Martian magma 

SCSS (Fig. 4). Figure 4 shows that ~2/3
rd

 of entire 

primary basalts population yields SCSS of 3500 to 

4700 ppm at the plausible conditions of their last equi-

libration with the mantle, while most shergottites con-

tains ≤2700 ppm S [7]. Therefore, 800-2000 ppm S 

likely was lost either by volcanic degassing or sulfide 

crystallization during cooling and fractional crystalliza-

tion of primary magma (Fig 4). 

We also calculated SCSS along liquidus and soli-

dus for both Martian and terrestrial mantle from sur-

face down to the estimated bottom of martian magma 

ocean (14 ± 3 GPa, [13]). Compared to the terrestrial 

magma ocean, a much more pronounced negative cor-

relation between SCSS and depth is estimated for Mar-

tian magma ocean. This provides a possible way for 

Martian magma ocean to ingass sulfur from SO2/H2S-

rich primitive atmosphere during crystallization post-

core formation. This sulfur-pump would be much more 

effective for Mars than for Earth given the much higher 

SCSS of Martian magma at shallow depths and can 

potentially explain why Mars may be more sulfur-rich 

than Earth. 

 

 
Fig 4. Frequency distribution of SCSS of model Martian 

basalt compositions at the plausible conditions of their last 

equilibration with the Martian mantle [12]. Shown for com-

parison are the available bulk S contents of shergottites 

(hatched area; [7]) and S contents of three specific Martian 

meteorites. 
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