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Introduction:  Previous accretion and core-mantle 

differentiation models for Mars have assumed high S 
contents in the interior of Mars [1-3]. The relatively 
high S contents of some SNC meteorites (up to a few 
thousand µg/g) and the abundance of sulfate on the 
Martian surface also may indicate that Mars is relative-
ly rich in sulfur [2,4].  High S abundances in the Mar-
tian interior would also satisfy the requirement that 
Mars’ core likely contains a larger fraction of light 
elements than Earth’s core [5]. However, recent esti-
mates of the sulfur content at sulfide saturation for par-
ent magmas of SNC meteorites hint that the maximum 
sulfur content of the Martian mantle may be only 700-
1000 µg/g [6]. Because these are maximum estimates, 
sulfur contents in Martian mantle sources may be even 
lower. The concentration of sulfur in the Martian core 
and mantle are critical to understand the state of Mars’ 
core and the origin of Mars’ early magnetic field and 
the accretion and differentiation history of the planet. 
We have addressed this issue by using abundances and 
ratios of chalcophile elements (Cu, S, Se, Te, Ag, 
PGE) with different Dsulfide/silicate in SNC meteorites. 

Analytical methods:  0.2 gram-size fragments of 
lherzolitic, olivine-phyric and basaltic shergottites, 
nakhlites and ALH 84001  (mostly falls and Antarctic 
finds) were digested in Parr bombs in conc. HF-HNO3 
and were analyzed for Cu, Ag, S, Se and Te abundanc-
es in the same digestion aliquots by isotope dilution-
SF-ICP-MS. The methods are the same as reported in 
[7] with precisions on concentrations better than 5%. 
Procedural blank corrections were always applied and, 
except for ALH84001, negligible (<1 %) for S, Se and 
Cu or up to a few % for Te and Ag. 

Results:  In shergottites, Cu, Ag, Se, S and Te dis-
play broadly negative correlations with MgO contents 
(e.g., Fig. 1). Nakhlites tend to have lower S, Se and Te 
contents relative to shergottites. A few samples have 
high S (up to 4000 ug/g) due to crustal contamination. 

Although shergottites and nakhlites have variable 
contents of Cu, S, Se and Te, their ratios display less 
variation over the large range of MgO contents than 
terrestrial basalts and cumulate rocks (Variations in 
SNC meteorites are: < factor 2 for Cu/Se and factor 2-5 
for Se/Te and Cu/Pd, the mean ratios are Cu/Se = 
20±4, Cu/Te = 4400±2000, Se/Te = 200±80 and Cu/Pd 
= 2650±950, uncertainties 1s.d.). The relatively con-
stant ratios (compared to terrestrial basic magmatic 
rocks) do not show systematic variation with indicators 

of magmatic fractionation (e.g., Fig. 2), radiogenic 
isotope compositions or incompatible lithophile ele-
ment characteristics of Martian mantle sources.  

 
Fig. 1. Variation of Cu contents in Martian meteorites 
with MgO contents. 

Fig. 2. Limited variation of Cu/Pd with MgO contents 
in different types of shergottites and in sulfide-
undersaturated terrestrial komatiites. The large 
variations in MORBs reflect sulfide-saturated 
conditions and the large difference in Dsulfide/silicate of Cu 
and Pd [8]. 
 

Discussion:  Combining new and published data on 
the chalcophile elements S, Se, Te, Cu, Ag and the 
PGE in shergottites, ALH84001 and some nakhlites 
shows that the parent magmas of most of these SNC 
meteorites formed and evolved at sulfide-
undersaturated conditions. This is most clearly indicat-
ed by the limited variation of Cu/Pd (also Cu/Te, S/Pd 
etc.) with MgO contents in different types of 
shergottites (Fig. 2) and also by the negative 
correlations of chalcophile elements with MgO (Fig. 
1). The behavior is similar to sulfide-undersaturated 
terrestrial komatiites (in which chalcophile elements 
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also correlate negatively with MgO) and suggests 
sulfide-undersaturation during the formation and 
fractional crystallization of the SNC parent magmas. 
This conclusion is further supported by approximately 
chondritic Pt/Pd ratios but fractionation of 
incompatible PGE (Pt, Pd) from the compatible PGE in 
shergottites [9]. 

With few exceptions, which were caused by shal-
low crustal contamination of some SNC meteorites or 
their parent magmas, most studied shergottites  display 
chondritic δ34S [10]. Also, there is no isotopic evidence 
for extensive degassing of S in most shergottites, con-
sistent with the slightly suprachondritic S/Se ratios 
(Fig. 3, a likely outcome of core formation, [11]) and 
the pressures of crystallization of most SNC meteorites 
within the crust [12]. 

 
Fig. 3. SNC meteorites that were not contaminated 

with sulfates from Martian surface environments dis-
play slightly suprachondritic S/Se as expected from the 
slightly less siderophile nature of S compared to Se 
[10]. MORBs are shown for comparison. 

 
The sulfur content in the Martian mantle deduced 

from element correlations (e. g., Cu, Se vs. MgO) and 
element ratios such as Cu/S or S/Se is only 360±120 or 
340±140 µg/g (1s), respectively. At such a low concen-
tration, all sulfide in the Martian mantle should dis-
solve in the melt at a few percent partial melting [6]. 
Thus, if the SNC meteorite-based mantle composition 
of Mars is valid, most mantle-derived Martian magmas 
should be sulfide-undersaturated. The differences in 
concentrations of S at sulfide saturation in Martian and 
terrestrial magmas at comparable pressure-temperature 
conditions is caused by the very different FeO contents 
of the mantle-derived magmas on these planets [6]. 

Because chondrite-normalized S/HSE ratios of 
shergottites are suprachondritic, it is likely that Martian 
mantle inventories of S (also Se, Cu, Ag) were mostly 
controlled by core formation. The S content in the 
Martian core may be determined via S contents of the 
mantle and metal-silicate partition coefficients [13, 14] 
at the conditions of Martian core formation (14 GPa, 
2100 K [15]). These data suggest that the Martian core 

likely contains ≤ 9.6 wt.% S (assuming Dmetal-silicate
S ≤ 

200) and that bulk Mars should have ≤ 2 wt.% S. Inde-
pendent evidence for a low S concentration in Mars is 
the relatively low Zn concentration of 60-70 ug/g in the 
Martian mantle [3, 16]. Because Zn is lithophile at the 
relevant range of P-T conditions [15, 17], its planetary 
budget is mostly controlled by the mantle. Both S and 
Zn show similar volatility [18]. Thus, CI  chondrite- 
and Mg-normalized abundances of both elements in 
bulk Mars should be very similar (0.11), implying 
about 1 wt.% S in bulk Mars and 4.5 wt. % S in the 
core (at a core mass fraction of 20 %). 

Conclusions:  Independent lines of geochemical 
evidence from the chalcophile element composition 
and Zn abundances of SNC meteorites suggest relative-
ly low S concentrations in bulk Mars and possibly only 
5 wt. % S in the Martian core. These results and their 
interpretation pose a problem as the low density of the 
Martian core determined from geophysical data may 
require a large fraction of light elements in the Martian 
core [5]. Some of the alternatives (Si, O and C) are no 
less problematic because they either require very re-
ducing conditions or high temperatures during core 
formation [19-21]. Alternatively, the parent magmas of 
SNC meteorites may not sample reservoirs representa-
tive of the Martian mantle. 
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