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Introduction: Martian regolith breccia (NWA 7533 and its seven paired samples) contain hydrothermal sulfides 
(up to 1% by weight as accessory pyrite and trace amounts of pyrrhotite Fe9S10) which grew from near neutral, H2S-
HS--rich fluids [1]. This event of impact-driven hydrothermal alteration took place 1.4 Ga ago, according to 
microtextural evidence of pyrite and pyrrhotite and unpublished lead isotopes data on pyrite.  

Material and Methods:The meteorite was analyzed for S multi-isotope systematics, both through chemical 
extraction of S from whole rock samples and in-situ measurements on pyrite and pyrrhotite. The in-situ analyses 
were done on two polished thin sections (7533-4 and 7533-5) using two Cameca IMS 1280 SIMS (CRPG, Nancy, 
France; NordSIM facility, Stockholm, Sweeden) following protocols described in [2,3].  

Results and discussion:The two bulk measurements yield 920 and 805 ppm S with reproducible results (±50 
ppm) for each measurement. A small non-zero signal ∆33S (-0.029 ± 0.010 ‰) is clearly resolved at the 2σ level, off 
the baselines for martian sulfur as defined from shergottites [4]. It is coupled with negative CDT-normalized δ34S  
(-2.54 ± 0.10 ‰), in contrast to most values reported for SNC meteorites (except Lafayette pyrite) and near zero 
∆36S (0.00 ± 0.09 ‰). In-situ analyses were performed on 18 pyrite crystals and 3 poikiloblastic pyrrhotites from 
two different polished thin sections. All of the analyzed crystals are hosted in fine-grained lithologies (matrix, clast-
laden impact melt rocks) and vein networks. Pyrite and pyrrhotite carry similar isotopic compositions, i.e. more 
negative ∆33S values (-0.05<∆33S <-0.30‰, mean -0.19 ± 0.04 ‰ (2σ)) compared to the bulk-rock analyses, and a 
wider range of negative δ34S signatures (-1.5<δ34S<-3.1‰; mean = -2.25 ± 0.4 ‰ with outliers up to -5.5 and 
+1 ‰). From simple mass balance calculations, the two bulk compositions clearly require an additional S-bearing 
end-member characterized by less negative ∆33S that diluted the pre-existing (Martian) non-zero ∆33S. Terrestrial 
sulfates from the Moroccan desert (e.g. barite or gypsum) have not been detected nor is there evidence for minute 
quantities of small-sized sulfides that are different regarding their mineralogy and major element compositions. 
Sulfur has been detected by LA-ICPMS in apatite (300 ppm), which is a minor S reservoir in the meteorite [5,6]. 
Terrestrial Fe oxihydroxides that extensively replace the pyrite could be the best candidate for the end member 
because of their high S contents (3000 ± 1000 ppm) measured in-situ with both EMP and LA-ICPMS. Some of the 
sulfur of Fe oxihydroxides may come from both oxidized  pyrites and terrestrial sources with near-zero ∆33S values.    

The in-situ analyses support a model of pyrite formation from recycling of photochemically processed sulfur 
onto surface rocks rather than from late magmatic fluids coming from deeper intrusives. Sulfate reduction into 
sulfides in an open system could have produced negative δ34S; anhydrite-pyrite fractionation coefficients indicate a 
difference of 15 per mil at 300°C with pyrite being expected to be depleted in the heavy isotopes of S relative to H2S 
at equilibrium [7]. Owing to the age for the pyrite, melting of ice from a subsurface permafrost reservoir in the 
Amazonian dry Mars may have provided the near-neutral fluid responsible for the hydrothermal event.  
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