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Introduction: Meridiani Planum shows a very inter-
esting sulfate dominated paragenesis, in sediments that 
have been reworked by shallow water and eolian activ-
ity [1]. Several hypotheses have been suggested to 
explain the formation of these deposits, including 
playa evaporates [2], impact surge deposits [3], volca-
nism [4], and more recently sub-polar deposits [5].  

If most of these models can accurately explain the 
oveal scale and morphology of the deposits, they all  
strive to explain how to maintain low pH in the depos-
its to allow for the precipitation of jarosite [6]. This 
lead to two main processes to explain acidity of the 
deposits but also the association of soluble and un-
soluble phases: import of sulfate from an external 
source [4] or compartimentation of the alteration proc-
ess where acidic H2SO4 aerosols are trapped in ice 
along with the silicate particles [5].  

Nevertheless none of these models has been tested 
experimentally, and if the mechanisms of the evapora-
tion process are well understood [7], those of the al-
teration process itself have never been really tested. In 
its original theoretical work, R. Burns suggested that 
sulfides like pyrite or pyrrhotite, abundant in martian 
shergottites [8], rather than atmospheric SO2, were the 
source of the alteration process [9,10]. Their oxidation 
in the presence of water provides sulfate, iron and 
acidity necessary to produce jarosite, as previous ex-
periments have successfully demonstrated [11,12]. In 
this study we focused on the weathering of pure pri-
mary silicates and their mixtures with pyrrhotite. 

 
Experimental protocol: We used several primary 
silicates previously observed on Mars, including oli-
vine – forsterite: a dunite (Ol1) and monocrystals from 
Pakistan (Ol2), orthopyroxene - enstatite from Ronda, 
Spain (OPx), clinopyroxene – diopside monocrystals 
from Vesuvium, Italy (CPx1). All phases were also 
weathered as 50/50 wt% mixtures with hexagonal pyr-
rhotite Fe0.9S from Ducktown Mine, Tennessee.  

 10 g of finely powdered phases/mixtures were put 
in a dessiccator previously filled with 1 L either of DI 
water or of water containing 33% of hydrogen perox-
ide H2O2. The desiccators were then equilibrated with 
gaseous CO2 at an initial pressure of 0.8 bar and the 
temperature was maintained in the range 15-20°C. 
Such conditions were used to increase kinetics, but 

also to model a possible primary Martian atmosphere 
enriched in H2O and CO2. Both desiccators remained 
closed during the whole experiment which lasted for 4 
years (September 2005 to September 2009) and the 
atmosphere was exchanged approximately every 6 
months. The experimentally weathered phases men-
tioned above have been so far characterized using X-
ray diffraction (XRD) and SEM. 

 
Table 1. Summary of primary and secondary phases ob-
served after 4 years of weathering in an CO2 (0.8 bar) + H2O 
or H2O+33%H2O2 atmosphere, based on XRD analyses. 
Abbreviations: Ol1: dunite; Ol2: forsterite monocrystals; 
CPx1: diopside monocrystals, Italy; OPx: enstatite. Color 
code: Grey shade: primary phases; Green shade: sulfur / 
sulfate phases; Red shade: iron (oxy)hydroxides; Blue shade: 
carbonates. Samples written in black are pure silicates; writ-
ten in red and bold correspond to 50/50 wt% mixtures with 
hexagonal pyrrhotite. 
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Ol1-H2O X  X        

Ol1-H2O2 X  X       X 

Ol1-HPy-H2O X  X X X X X  X  

Ol1-HPy-H2O2 X  X X X X X  X  

Ol2-H2O X         X 

Ol2-H2O2 X         X 

CPx1-H2O  X         

CPx1-H2O2  X         

CPx1-HPy-H2O  X  X X X X X X  

CPx1-HPy-H2O2  X  X X X  X X  

OPx-H2O   X        

OPx-H2O2   X        

OPx-HPy-H2O   X X X X X  X  

OPx-HPy-H2O2   X X X X X X X  

Results:  As we observed in our previous experiments 
on pyrrhotite, samples aletered in pure water appeared 
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much more humid than those weathered in the H2O + 
H2O2 mixture. Thus to analyse the secondary mineral-
ogy, all samples were dried overnight in an oven at 
50oC. This allows to use mineralogical analyses to 
reconstruct the dissolved fraction. Based on prelimi-
nary XRD analyses (Table 1) we observe two different 
weathering assemblages, depending on sulfides. 
Pure silicates. Even after 4 years, silicates did not 
show significant alteration. Both pyroxenes appear 
unaffected. Olivine – forsterite shows development of 
minor nesquehonite MgCO3.3H2O in 3 samples (Table 
1). This was the only secondary phase observed.  
Mixtures with pyrrhotite: Contrary to pure silicates, 
mixtures showed extensive weathering, not only of the 
pyrrhotite but also of the silicate, as testifies the pres-
ence of Mg and Ca sulfates (Table 1). All samples 
showed the formation of elementary sulfur and gyp-
sum CaSO4.2H2O (minor on olivine, due to traces of 
calcite in the sample of pyrrhotite [11,12]). Gypsum 
was particularly abundant in samples of diopside. In 
addition, hexahydrite MgSO4.6H2O was observed in 5 
out of the 6 samples and jarosite 
(K,Na,H3O

+)Fe3+
3(SO4)2(OH)3 was observed in 3 sam-

ples of pyroxene but not on samples of olivine. Fi-
nally, all samples contained various amounts of goe-
thite Fe3+O(OH).  
 
Weathering processes: according to our preliminary 
results, we can draw the following observations:  
1 – Weathering is very different in the presence of 
sulfide compared to silicates alone. For silicates alone, 
weathering appears very limited in terms of intensity. 
This is expected since we don’t have any direct contact 
between the liquid solution and the samples and tem-
peratures are relatively mild (max. 20oC). Silicates are 
usually very resistant to alteration compared to other 
minerals and in particular sulfides. The least resistant, 
olivine showed the formation of minor Mg-carbonate 
nesquehonite. We did not observe the formation of 
phyllosilicate due to the higher CO2 partial pressure 
[13]. This may be also due to the very slow kinetics of 
phyllosilicates formation.   

Alternatively in the presence of sulfides, silicates 
are readily weathered into Ca and Mg sulfates, de-
pending on the primary silicate composition. Gypsum 
is abundant on diopside MgCaSi2O6, while it is very 
minor on olivine samples which show rather hexahy-
drite. This indicates that pyrrhotite alteration promotes 
silicates weathering probably through acidification of 
the medium. Alteration of pyrrhotite itself leads to the 
formation of jarosite and the excess of iron leads to 
iron (oxy)hydroxides, goethite in this case.  
2 – weathering is quite similar between the pure H2O 
atmosphere and the atmosphere of H2O + H2O2. In 

both cases we observe similar assemblages. In our 
previous experiments we observed a different par-
agenesis between H2O alone and H2O + H2O2, with 
especially the presence of Fe2+-sulfates in H2O [11,12]. 
However, we previously interpreted this difference as 
a kinetic effect where H2O alone promotes the pres-
ence of intermediary phases for a longer time than the 
much more oxidizing H2O2. Due to the fact that these 
experiments lasted for much longer (4 years against 
1.5 year in the previous experiments), such intermedi-
ary phases may have been already completely con-
verted into more stable phases.  

 
Conclusions: Our experiments show a clear influence 
of sulfides on the weathering pathway. Sulfides pro-
moted the alteration of silicates because their aqueous 
oxidation release large amounts of protons, which in 
turn can attack the surface of silicates, releasing 
cations that precipitate as sulfate minerals. The excess 
of sulfate precipitates with Fe3+ as jarosite, and the 
excess of Fe3+ forms goethite. Oxidation is due to 
H2O2 or to H2O accompagned by release and escape of 
H2 from the desiccators, in a similar way as H2 escape 
from planetary surface promotes their oxidation [12]. 

Therefore, our experiments reproduced accurately 
the geochemical and mineralogical observations of 
Meridiani Planum, i.e. the association of acidic phases 
with more neutral ones, the absence of cation frac-
tionation, and overall the paragenesis of the deposits. 
Therefore, our preliminary results demonstrate that the 
“Burns hypothesis” of basaltic silicate weathering 
promoted by sulfides in komatiitic type deposits can 
lead to the formation of Maridiani Planum sediments. 
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