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Introduction: The habitability of the surface of Mars 

depends on multiple factors, including, but not limited 

to, temperature, relative humidity, UV, and nutrients 

[1]. Of these parameters, temperature and relative hu-

midity control the presence of liquid water, which is of 

primary astrobiological importance and has driven the 

exploration of Mars for the past two decades. Pure 

water is generally unstable on the surface of Mars, 

being subjected to freezing, evaporation and boiling, 

but these processes are highly variable depending on 

the location and intrinsic properties of the liquid [2]. 

Indeed, the presence of abundant hydrated salts on the 

surface of Mars suggests the possible presence of 

brines [3,4], which present the advantage of stabilizing 

liquid water at lower temperatures [2,5]. Previous work 

on mapping the stability of brines on the surface and 

subsurface of Mars have focused on single brines, such 

as, for example, calcium or magnesium perchlorates 

[6]. However, it is widely known that mixtures of salts 

can significantly reduce the freezing or deliquescence 

points for brines [7,8]. However, no comprehensive 

model has been undertaken to simulate the behavior of 

complex brines at the surface of Mars. Therefore, in 

this abstract we present the first results on deliques-

cence of mixtures of salts, using the composition de-

termined by the Phoenix lander [9,10].  

Methods: The objective of this work is first to deter-

mine the deliquescence relative humidity at the Phoe-

nix landing site as a function of temperature, for a real-

istic ionic composition as measured by the Wet Chem-

istry Laboratory (WCL) onboard the Phoenix lander. 

In a second step we will apply these results through a 

diurnal and seasonal model of relative humidity and 

temperature at the surface of Mars to determine the 

locations and times of the day where deliquescence 

occurs on the surface (and in the shallow subsurface). 

This abstract focuses on the first part of this process. 

Unfortunately, of the widely used thermodynamic 

codes for thermodynamic simulations, such as 

FREZCHEM or Geochemist’s Workbench, none of 

them directly simulates water activity (or deliques-

cence) as a function of temperature. Therefore, we 

used an indirect method [8], in which we modelled the 

evaporation of individual brine solutions at fixed tem-

peratures (Fig. 1). We then noted the water activity at 

each salt precipitating until the code stopped or evapo-

ration was complete (Fig. 2). Because in thermody-

namic modeling, deliquescence and efflorescence oc-

cur at the same point, measuring the evaporation di-

rectly gave us the deliquescence water activity values 

for each temperature and salt composition. The first 

salt to precipitate is equivalent to the point of complete 

deliquescence and the last salt to precipitate gives the 

deliquescence relative humidity (or eutonic point). We 

ran the simulations in 5 K increments between 198 and 

293 K.  

 

 
Figure 1: Evaporation of brines A - model 1 (chlorate-rich) 

and B - model 3 (sulfate-rich) at 273 K. The processus was 

repeated at each temperature between 193 K and 298 K by 5 

k increments.   

We used three different models depending on as-

sumption on the initial ionic composition measured by 

the WCL [9] with various methods to balance the ionic 

charge. Model 1 is rich in chlorate ion, model 2 is bal-

anced between chlorate and sulfate, and model 3 is rich 

in sulfate and magnesium (see [8] for detailed discus-

sion on model description). Each composition meas-

ured by the WCL was evaporated starting from 1000 g 

of liquid brine. And the activity of water was recorded 
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at each precipitating salt. This water activity corre-

sponds to the deliquescence relative humidity for the 

salt mixture. 

 
Figure 2: Activity of water as a function of residual mass of 

liquid water during the evaporation of model 1 brine (chlo-

rate-rich) at 273 K.   

Results and discussion:   

Several interesting observations can be made in the 

deliquescence diagrams of the multi-salt assemblages. 

First the deliquescence water humidity (DRH) always 

increases with decreasing temperature. This is mostly 

because of the higher hydrates forming at lower tem-

peratures. Secondly, we observe roughly two regions, 

apparent in all models. At high temperatures (above 

238-240 K), deliquescence occurs at relative humidity 

around 0.3-0.4. At lower temperatures, deliquescence 

occurs around 0.7. The sudden transition around 240 K 

is still unclear and could possibly correspond to the 

formation of a high hydrate (for example MgCl2 has a 

twelve hydrate at this temperature). Three, in all mod-

els, the first salt to deliquesce is Mg(ClO3)2.6H2O, so 

surprisingly not a perchlorate but a chlorate. Ca-

perchlorate is present in model 1 and deliquesces 

slightly after Mg chlorate (Fig. 3A). In model 1, 

MgCl2.8H2O controls the DRH only at high tempera-

tures above 273 K. In all models, sulfates deliquesce at 

much high relative humidity and therefore do not real-

ly contribute to the DRH of the mixture.   

Conclusions: In all simulated brines of Phoenix-type 

composition, we observed that the deliquescence rela-

tive humidity is essentially controlled by chlorine bear-

ing salts (chlorides, chlorates or perchlorates) and 

sometimes even by a single species. Deliquescence 

occurs at DRH as low as 0.3 at temperatures around 

273 K so lower than for single salts (0.52 for Ca-

perchlorate but at much lower temperature, 198 K). 

Despite, this slightly increased stability field for multi-

brines, it is unlikely this will provide and much more 

habitable environment at the surface of Mars.  

 

 
Figure 3: Water activity or deliquescence relative humidity 

as a function of temperature for models 1 and 3.  
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