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Introduction:  It has been suggested that Martian 

sulfate deposits enriched in iron and mixed iron oxy-
hydroxide were precipitated from meltwaters [1], 
thought to have been acidic. Alternatively, iron(III)-
rich hydrated sulfates from oxidized sulfides observed 
in the outcrops may occur as a result of long-term reac-
tions. More recent characterizations of Martian materi-
als support the idea that they are the product of hydro-
thermal activity, which is highly consistent with the 
observation of enriched in iron, magnesium, silicon 
and calcium materials [2]. Independently of the nature 
of the sulfate formation mechanisms on Mars, charac-
terizing the interaction of saline mineral assemblages 
and the aqueous solutions necessary for their formation 
is of key importance in assessing Mars’ hydrological 
and mineralogical evolution history. 

In this work we have characterized a layered de-
posit (Fig. 1) formed from the evaporation of stream 
water from Pena del Hierro, in Rio Tinto, Spain, a rel-
evant Mars analog site. The minerals detected in-situ, 
confirmed later via high resolution laser Raman spec-
troscopy in the laboratory, are, from bottom to top: (A) 
mixture of goethite and an unidentified iron-
oxyhydroxysulfate, probably schwermannite 
(Fe3+

16O16(OH)12(SO4)2); (B) goethite (Fe3+O(OH)); 
(C) mixture of gypsum (Ca(SO4)·2(H2O)) and highly 
hydrated ferric sulfates; (D) hexahydrite 
(Mg(SO4)·6(H2O)); and (E) mixture of hexahydrite and 
epsomite (Mg(SO4)·7(H2O)). 

 

  
 
 
What we observed in this deposit is the precipita-

tion of relatively insoluble hydroxysulfates 
(schwermannite admixed with goethite), followed by 
the precipitation of other relatively insoluble ferric and 

Ca-sulfates (gypsum), and finally the occurrence of the 
very soluble Mg-sulfates hexahydrite and epsomite.  
Raman spectra in recorded in the mesh shown in Fig. 
2.   The peak at ~980 cm-1 belongs to the assymetrical 
stretching vibration of SO4
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We are currently investigating the correlation of the 
mineralogy of this evaporite deposit with the hydro-
chemistry of the stream water from which it evapo-
rated through dedicated laboratory analysis of natural 
mineral and aqueous natural and synthetic samples. A 
solubility model including the minerals identified in 
this work will be reported at the conference.  

The study of this particular acid sulfate system 
(which includes analog mineralogy to that observed in 
Meridiani [3]) provides constraints on the evaporation 
pathways that may lead to a better understanding of the 
composition of ancient surface waters on Mars from 
which certain complex mineral assemblages are 
thought to have been formed. 
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