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Abstract: Observations from orbiters and in-situ 

experiments have shown that the sedimentary rocks at 
Meridiani Planum, Mars were formed in an evapora-
tive environment in the presence of acidic surface wa-
ters [1, 2]. The water was thought to be brought to the 
surface by groundwater upwelling [3]. The widespread 
presence of the mineral phase jarosite demands oxidiz-
ing conditions with pH values ranging from ca. 2-4 for 
these upwelling fluids. A combination of oxida-
tion/evaporation experiments on Fe-bearing fluids [4], 
studies of analogue environments in Western Australia 
[5], and geochemical calculations, constrained by 
chemical and mineralogical data from the Mars Explo-
ration Rover Opportunity [6], have demonstrated that 
Fe-oxidation and the precipitation of Fe3+-minerals 
during evaporation generates significant acidity, and 
provide a compelling explanation for low pH condi-
tions at Meridiani Planum. Accordingly, we have sug-
gested that waters of near neutral pH and rich in Fe2+ 
were rapidly acidified as Fe was oxidized under evapo-
rative conditions at the Martian surface [6]. 

More recent results from potentially older sedimen-
tary rocks analysed by the Mars Science Laboratory 
Curiosity at Yellowknife Bay in Gale Crater provide 
evidence for neutral pH environments in which Fe-
oxidation was not a significant factor in the fluid 
chemistry [7-9]. Higher in the Gale stratigraphy, how-
ever, the presence of a discrete, hematite-rich strati-
graphic interval and overlying sulfate-rich units sug-
gest that Fe-oxidation and evaporation processes be-
came more important as deposition within Gale Crater 
proceeded [10, 11]. The contrast in redox and envi-
ronmental conditions within and between these two 
sites is striking and hints at the activation of a process 
that simultaneously removed water from, and added 
potent atmospheric oxidants to, the Martian surface 
environment. 

Early results from the Imaging Ultraviolet Spectro-
graph (IUVS, Figure 1) and Suprathermal and Ther-
mal Ion Composition (STATIC) instruments onboard 
NASA’s Mars Atmosphere and Volatile EvolutioN 
(MAVEN) mission (see results page at: 
http://lasp.colorado.edu/home/maven/) indicate that the 
dissociation of H2O in the Martian atmosphere results 
in preferential loss of hydrogen to space relative to 
oxgen, presumably leaving behind an atmosphere that 
is more H2O-poor and O2-rich. These exciting observa-
tions of atmospheric reactions and loss processes could 

provide an explanation for the change in environmen-
tal conditions recorded in the sedimentary strata at 
Meridiani Planum and Gale Crater. If the modern pro-
cesses being observed by MAVEN are in fact respon-
sible for the changes faithfully recorded in the ancient 
rock record of Mars, then it suggests that they have 
been active for multiple billions of years. In this con-
tribution, we will explore the interdependence between 
atmospheric processes and the chemical signature of 
fluids preserved in Martian sedimentary rocks. 

Figure 1: IUVS false-color images show Mars from an 
altitude of 36,500 km in three ultraviolet wavelength 
bands. Blue shows the ultraviolet light from the sun 
scattered from atomic hydrogen gas in a cloud thou-
sands of kilometers above the planet’s surface. Green 
shows a different wavelength of ultraviolet light that is 
primarily sunlight reflected off of atomic oxygen, 
showing the smaller oxygen cloud. Red shows ultravi-
olet sunlight reflected from the planet’s surface. The 
oxygen gas is held close to the planet by Mars’ gravi-
ty, while lighter hydrogen gas is present to higher alti-
tudes. These gases derive from the breakdown of water 
and carbon dioxide in Mars’ atmosphere. (This caption 
is adapted from a longer version posted at 
http://lasp.colorado.edu/home/maven/iuvs-first-light/. 
Image credit: Laboratory for Atmospheric and Space 
Physics /University of Colorado; NASA). 
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