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            Abstract
Detailed information about the chemical composition and evolution of Mars has been derived principally from the SNC (shergottiteâ€“nakhliteâ€“chassignite) meteorites, which are genetically related igneous rocks of Martian origin1,2. They are chemically and texturally similar to terrestrial basalts and cumulates, except that they have higher concentrations of iron and volatile elements such as phosphorus and chlorine and lower concentrations of nickel and other chalcophile (sulphur-loving) elements3. Most Martian meteorites have relatively young crystallization ages (1.4 billion years to 180 million years ago4) and are considered to be derived from young, lightly cratered volcanic regions, such as the Tharsis plateau4,5. Surface rocks from the Gusev crater analysed by the Spirit rover are much older (about 3.7 billion years old6) and exhibit marked compositional differences from the meteorites7. Although also basaltic in composition, the surface rocks are richer in nickel and sulphur and have lower manganese/iron ratios than the meteorites. This has led to doubts that Mars can be described adequately using the â€˜SNC modelâ€™. Here we show, however, that the differences between the compositions of meteorites and surface rocks can be explained by differences in the oxygen fugacity during melting of the same sulphur-rich mantle. This ties the sources of Martian meteorites to those of the surface rocks through an early (>3.7 billion years ago) oxidation of the uppermost mantle that had less influence on the deeper regions, which produce the more recent volcanic rocks.
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                    Figure 1: MgO versus Ni contents of Martian meteorites and Martian surface materials.[image: ]


Figure 2: Values of [image: ] and S contents of the Martian mantle used in our modelling.[image: ]


Figure 3: Plot of FeOT versus MgO for initial partial melts of ref. 3 mantle24 and fractionated liquids.[image: ]


Figure 4: Trends of MnO versus FeO for partial melts (30%) of the ref. 3 mantle and their derivative fractionally crystallizing liquids.[image: ]
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        Editorial Summary
The composition of the Martian mantle (Wood JVD)
Much of our understanding of the chemical composition and evolution of Mars stems from analysis of the 120 or so known Martian meteorites â€” particularly from the 'SNC' group, a subset consisting of related igneous rocks. When NASA's Spirit rover found that 3.7-billion-year-old surface rocks from the Gusev crater exhibit marked compositional differences from SNC meteorites, which are thought to have formed more recently, questions were raised about the relevance of meteorite-derived data for constraining the composition of the Martian interior. James Tuff et al. present a model that can resolve these difficulties in terms of differences in the oxygen fugacity of melting of the sulphur-rich mantle. The composition of the 3.7-billion-year-old surface rocks, they suggest, resulted from early oxidation of the uppermost mantle of Mars. This oxidation may have had less influence on deeper regions of the mantle, which produced the more recent volcanic rocks, sampled by Martian meteorites.
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