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Shergottites represent mafic to ultramafic melts derived from
the Martian mantle and are possibly the best samples available
for determining its sulfur isotope composition. Bulk analyses of
shergottites exhibit ∆³³S and 34S values that range from, -0.05‰
to 0.2‰ and -1.0‰ to 1.0‰, respectively1,2. Previous studies of
the bulk S isotope compositions of the primitive meteorites
Yamato(Y) 980459 and Tissint do not show mass-independent
fractionation (MIF)1,2. These results differ from Martian
polymict breccia NWA 70343 and nakhlites4-7, which show
strong evidence of MIF-S assimilated during eruption, and other
achondrites with MIF-S associated with planetesimal cores and
core-mantle boundaries8. Such challenges the idea that terrestrial
primordial melts possibly host nebular MIF-S8.

Here, we present secondary ion mass spectrometry analysis of
sulfides in Martian meteorites (Y 980459, Tissint, Gadamis 001
and NWA 11300) to further constrain the nature of primordial
sulfur on Mars (Figure 1). Results reveal anomalous ∆³³S
signatures in all four meteorites that are of greater magnitude
compared to the bulk analyses1,9.

Anomalous ∆33S values in Y 980459 are linked to sulfides in
the mesostasis and are likely associated with sulfur assimilated
during late-stage melt interaction with the Martian crust. The
anomalous ∆33S signatures in LREE enriched shergottites
Gadamis 001 and NWA 11300 can also be linked to crustal
assimilation. The ∆³³S anomalies in Tissint are associated with
sulfides included in olivine, pyroxene, and maskelynite. Such
represent a primary melt signature and imply that Mars had an
early formed MIF-S mantle reservoir. These findings refine
sulfur isotope systematics in Martian meteorites, revealing
crustal assimilation of atmospherically processed S and presence
of an early MIF-S reservoir in the Martian mantle.
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