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Introduction: Salts with extremely low 
eutectic temperatures appear to be distributed globally 
on Mars [1-6]. Renno et al. [2, 3] showed direct evi-
dence that these salts absorb water vapor from the 
Martian atmosphere and deliquesce. In addition, they 
showed observational and theoretical evidence that 
freeze-thaw cycles concentrate these salts into eutectic 
mixtures and lead to the formation of brine layers a 
few centimeters below the surface (Fig. 1). 

Zorzano et al. [4] showed that even sodium 
perchlorate, a salt with moderately low eutectic 
temperature, absorbs water from the air or frost and 
forms stable liquid aqueous solutions under the 
environmental conditions of the Martian Arctic. Byrne 
et al. [7] showed evidence that recent impact craters 
exposed clean subsurface ice on Mars mid-latitudes. 
They argued that the existence of shallow clean-ice in 
this relatively warm and dry region is puzzling. Renno 
et al. [8] show that since deliquescent salts such as 
perchlorates reduce evaporation and allow subsurface 
brines to be stable on Mars’ mid-latitudes, even in the 
current climate, recent impact craters probably exposed 
frozen brines, not clean ice. Here we argue that this 
implies that the Viking 2 landing site might have liquid 
water, one of the key ingredients for life. 

 
Evaporation/sublimation rates: The bulk 

aerodynamic formula is the most widely used method 
for calculating surface fluxes of water vapor, sensible 
heat and momentum [9]. According to it, the flux of 
water vapor (evaporation or sublimation) from the sur-
face into the lower atmosphere is given by 
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is the water va-
por mixing ratio just above the surface layer [9].   
 Eq. (1) indicates that the water vapor flux at 
the surface is proportional to the difference between 
the water vapor mixing ratios or partial pressures of 
water vapor over the surface and the air above the sur-
face layer. The atmospheric boundary layer is usually 
well mixed by turbulence and convective motions [9]. 

Therefore, r
a

 is a function of the atmospheric water 
vapor column value (precipitable water).  Since, at-
mospheric water vapor is confined mostly to the 
boundary layer, r

a
 is approximately constant in it and 

depends only on its depth and the atmospheric precipi-
table water value. 
 Various salts found on Mars such as perchlo-
rates appear to be globally distributed and reduce the 
partial pressure of water vapor to about 50% of the 
value over liquid water or ice. Since the water vapor 
flux (evaporation or sublimation rate) across a surface 
is approximately proportional to the difference be-
tween the partial pressures of water vapor over the 
surface and the air above it (Eq. 1), a thin layer of per-
chlorate salts reduces the water vapor flux by up to 
~50% of the value over pure water substance. Thus, 
perchlorate salts reduce evaporation and allows subsur-
face brines (either liquid or frozen) to be stable in re-
gions with humidity values about ½ that implied by 
calculations that do not take the presence of salts into 
account.  
 

 
Fig. 1. Image of mm-thick ‘soft ice’ at the bottom of a 
trench excavated by Phoenix on Mars’ polar region. 
Note the cylindrical portion of ice at the lower left of 
the trench [3]. In contrast, pore-filling ice found in 
other trenches was extremely hard as indicated in Fig. 
2. Photo Credit: NASA/JPL-Caltech/University of 
Arizona/Texas A&M University. 

5092.pdfAstrobiology Science Conference 2010 (2010)



 
 Since a thin layer of soil forms a barrier 
against sublimation and there is evidence that brines 
melt even on Mars’ polar region [2-4], brines can melt 
in mid-latitudes and form stable liquid solutions in 
regions with atmospheric water column values of ~10 
pr-µm, that is approximately ½ the value required for 
clear-ice to be stable [8]. This lower value is consistent 
with results from direct measurements that indicate 
that the water vapor content of the mid-latitude Mar-
tian atmosphere is lower than 14 pr-µm [10, 11]. 
Therefore, recent impacts must have exposed brines 
not ice [8]. 
 

 
Fig. 2. In contrast to the ‘soft ice’ illustrated in Fig. 1, 
the deeper ice found in other trenches had the color of 
soil and was extremely hard.  A special drill had to be 
used to sample them, and only tiny amounts (grams) 
could be removed. This is probably because these were 
hard pore-filling water ice [3]. Photo Credit: 
NASA/JPL-Caltech/University of Arizona/Texas 
A&M University. 
 

Conclusions: The discovery of brines on 
Mars’ polar region and the evidence for brines in mid-
latitudes are significant because they suggest that deli-
quescence and therefore liquid saline water is ubiqui-
tous on Mars. The idea that brine layers are present in 
the polar region and in mid-latitudes suggests that 
these regions might be habitable. Indeed, these find-
ings suggest that liquid saline water could be present a 
few centimeters below the surface on the Viking 2 
landing site. Therefore this site could have one of the 
essential ingredients for life as we know it. 
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