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Introduction:  Small amounts of the iron sulfide 

mineral, pyrrhotite (Fe(1-x)S) and one of its common 
oxidation products, akaganeite	
   (beta- (FeO(OH,Cl)), 
were detected at low abundances in powdered core 
samples using the Curiosity rover’s CheMin X-ray 
Diffraction instrument [1]. Samples were obtained in 
Yellowknife Bay (John Klein and Cumberland) and at 
Kimberley (Windjana). Subsequently, jarosite, 
(K,Na,H3O)Fe3(SO4)2(OH)6 was discovered in drill 
cores from two targets at Pahrump (Confidence Hills 
and Mojave2). The detection of these minor abundance 
alteration phases holds important implications for the 
history of Gale Crater sediments at these locations and 
the implied evolution of ancient habitable environ-
ments during diagenesis. 

Fe-S Mineralogy and Diagenesis: Akaganeite typ-
ically forms by the oxidation of Fe-sulfides (e.g. Pyr-
rhotite) through interactions with acidic, chloride 
brines  [2, 3]. Similarly, jarosite may also form by sul-
fate oxidation under an acidic pH and elevated chlo-
rine. The high salinity/low pH conditions required for 
the precipitation of these minerals is in marked con-
trast to the primary depositional conditions of low sa-
linity and circum-neutral pH inferred from context 
sedimentology and clay mineralogy at Yellowknife 
Bay [4, 5]. The dominance of primary basaltic miner-
als in Gale Crater sediments analyzed to date indicates 
limited aqueous weathering during transport, or fol-
lowing deposition. This suggests a post-depositional 
history dominated by low water/rock conditions  

Pyrrhotite is a common magnetic mineral that oc-
curs primarily as an exsolved phase in mafic and ul-
tramafic igneous rocks. Pyrrhotite also occurs as a 
common, low abundance component of heavy mineral 
concentrates in igneous-derived sedimentary rocks. 
The low abundance of pyrrhotite in the Gale Crater 
sediments sampled is consistent with a detrital origin, 
and incomplete oxidation of pyrrhotite during brief 
intervals of low W/R interaction. Alteration may have 
been localized within zones of higher permeability 
where cementation was patchy. 

 

Implications for Habitability: While akaganeite 
and jarosite may be correctly considered minor altera-
tion phases of the rocks comprising the samples ana-
lyzed, they nonetheless hold important implications for 
the evolution of habitability in the Gale Crater sedi-
mentary system. It seems clear that dramatic changes 
in pH, salinity, and water activity occurred at the mi-
croscale during the diagenesis of the sediments dis-
cussed here. If life were present, these changes would 
have necessitated a biotic transition from mesophilic 
forms, to endosedimentary microbial communities 
dominated by halotolerant acidophiles. While the im-
plied environmental shifts would have been dramatic, 
they are likely to have remained within known envi-
ronmental limits for terrestrial extremophiles [6]. In 
addition, Fe-sulfide oxidation pathways involved in the 
formation of these alteration phases could have provid-
ed potentially important energy sources for chemo-
lithoautotrophic microbes, thereby meeting an im-
portant secondary requirement for habitability.  
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