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Introduction: Mg-Fe-phyllosilicate, sulfate and 

carbonate bearing rocks have been identified on the 

Mars surface in the last decades. This wide range of 

weathering products point to different environmental 

conditions of formation in the past of Mars, usually 

explained by separated geochemical events occurring 

in different periods of time [1].  

In this work, we explore the effect of varying the 

host-rock compostion on the resulting mineral se-

quences under a CO2 atmosphere. In particular, we 

investigate the effect of increasing pyrite (FeS2) con-

tent in olivine (Mg2SiO4) powder samples. The effect 

of sulfide alteration has been previously investigated 

[2, 3], but only in oxidyzing conditions. We chose py-

rite, an iron disulfide, because is able to act as a natural 

"Fenton reagent" (i.e., as oxidizer without the addition 

of any oxidzying agent as H2O2 or O2), inducing the 

formation of iron oxyhydroxides and iron sulfates by 

its own dissolution process [4]. We also performed 

geochemical models in order to analyze the mineral 

sequence arising from a long-term weathering process 

(>100 years) by using a kinetic approach. Our objec-

tive is to obtain a representative sample of the second-

ary mineralogy observed on Mars, starting from equal 

geochemical conditions and varying only the initial 

pyrite content. In order to do that, we combine short-

time laboratory experiments with long-term geochemi-

cal models. 

Methods: Olivine and pyrite mixtures prepared by 

weigth were grinded to increase their reactive surface, 

and allowed to react with pure water under an early 

Mars analog atmosphere (PCO2 = 0.5 atm), and at a 

low fluid-to-rock ratio (~10) during 42 days. After that 

time, the water was removed by using silica gel as 

desicant during 5 days, keeping the same atmosphere. 

On the other hand, to analyze pyrite stability under 

current Mars surface conditions, the sample with the 

highest pyrite content (60% wt) was exposed to UV 

irradiation (200-400 nm) inside the simulation Plane-

tary Atmosphere and Surface Chamber (PASC) at CAB 

(atmospheric composition was 99% CO2 and 0.6% 

H2O, P = 7 mbar). The oxidation capacity of pyrite 

may be incremented under UV irradiation because its 

electronic band structure can promote the formation of 

vancies in the valence band, which in turn can catalyze 

the electron transfer to adsorbed water, thereby increas-

ing the formation of free radicals. Weathering products 

were analyzed by FTIR using DRIFT accessory, XRD, 

SEM and XPS. 

Geochemical models were performed with the 

PHREEQCI 3.06 speciation-reaction code [5], allow-

ing us to simulate the kinetic rates of the minerals, as 

well as the evolution of a multicomponent solution 

associated with the formation of altered minerals in the 

long-term. The models cover a wide range of situa-

tions, based on a geological scenario represented by the 

aqueous alteration of olivine-pyrite-rich deposits in a 

hypothetical early Mars cold ocean, under a CO2 at-

mosphere. 

Results: Experimental results showed changes in 

the altered samples despite the short time of aqueous 

reaction under a reducing atmosphere. DRIFT spectra 

revealed an increase in contribution in both carbonate 

and sulfoxy species. In particular, the irradiated (UV) 

sample showed the highest increment of the sulfate and 

iron oxide contribution in detriment of the disulfide 

component (Fig. 1). Earlier studies have reported that 

the capacity of pyrite to produce free radicals resides in 

its iron surface species [6, 7]. Since pyrite is a semi-

conductor and iron is an efficient UV absorber, it is 

reasonable to assume that the photoactivation of this 

mineral can efficiently catalyze the formation of ox-

idyzing species (e.g., H2O2 and OH) by splitting ad-

sorbed H2O. Therefore, pyrite oxidation would be able 

to form iron oxihydroxides-oxides and sulfate com-

pounds under current Mars surface conditions.  

 
Fig. 1. XPS spectra of the sample before and after UV 

irradiation inside PASC: a) Fe2p and b) S2p orbital. 
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This hypothesis is consistent with the lack of pyrite 

detection on the surface of Mars to date, which is lim-

ited to just minor concentratitons reported by MSL in 

Yellowknife mudstone deposits [8], compared to the 

pervasive detection of oxidized sulfur in the Martian 

regolith. 

Our model results show the evolution of different 

scenarios, arising from varying the assumed initial 

composition of the Martian soil. As the pyrite content 

increased, the most acidic and oxidizing conditions of 

the leaching solution modified the formation pathways 

of the secondary products (Fig. 2). At low pH and more 

oxidized conditions, the mineral sequence was domi-

nated by iron sulfates compounds. When the leaching 

solution evolves to neutral-alkaline conditions (i.e., by 

decreasing the initial content of pyrite), the system is 

dominated by Fe-Mg-phyllosilicates. In an intermediate 

situation, with midly-acidic to midly-alkaline condi-

tions, the precipitation of oxihydroxides, carbonates, 

SiO2 and some phyllosilicates can overlap along the 

simulation. 

 

 
Fig. 2. Mineral sequences obtained with the geochemi-

cal models. 

Conclusions: Our results suggest that the formation 

of free radicals by the mechanically grinded pyrite, 

together with the photocatalytic effect of UV irradia-

tion, can help explain the oxidizing potential of Mar-

tian soils. In adittion, geochemical models allowed us 

to analyze the evolution of a Marian substrate com-

posed by different mixtures of pyrite and basalt depos-

its. Our model results show that a great diversity of 

altered products identified on Mars, such as the mix-

tures of carbonates, phyllosilicates and olivine-rich 

units located in Nili Fossae [9], or the mineral as-

samblage characterized by sulfate-rich phases observed 

in the rock outcrops at Meridiani Planum [10], can be 

explained without the necessity to evoke different geo-

chemical events on early Mars. 
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