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Introduction:  Liquid water is typically unstable at 

the surface of Mars due to the combination of low 

temperatures and pressures. However, present-day 

surface conditions are close to the triple point of water 

and the presence of dissolved salts on the Martian 

surface may allow metastable brines to persist for 

periods of time [1-3]. Polyhydrated sulfates, chlorides, 

perchlorates, and carbonates have been detected by 

various Mars missions and the presence of these salts 

will substantially depress the eutectic temperature of 

aqueous solutions and allow liquid water to become 

stable in modern Martian environmental conditions [4-

10]. The presence of water is considered the most 

important prerequisite for life, so understanding how 

brines form and evolve on Mars could help us 

understand the microbial habitability of Mars [11]. 

Brine characteristics that might limit habitability 

include: activity of ions (ai); activity of water (aw); salt 

precipitation parageneses; ionic strength (I); pH; 

eutectic temperature (TE); and the chaotropic vs. 

kosmotropic effects of salts. The mechanisms which 

induce chaotropic and kosmotropic effects are not fully 

understood, but chaotropic agents are thought to 

induce stress on cells and disrupt the structure of 

macromolecules, whereas kosmotropic agents facilitate 

water-water interactions to stabilize macromolecules 

[12]. The lower limit of aw to allow microbial activity 

is often considered as aw = 0.611 [13-14]. However, 

recent evidence has indicated that the limit for 

biochemical reactions in certain xerophiles could be as 

low as aw = 0.565 and potentially as low as aw = 0.4 in 

rare sulfate reducers [15-16]. 

Martian brines have been studied using laboratory 

experiments and geochemical modeling, but studies of 

brines in equilibrium with Mars evaporite minerals are 

uncommon. We modeled freezing trajectories of water 

chemistries in equilibrium with potential Martian 

mineral assemblages to explore: 1) how modern 

Martian environmental conditions affect brine 

evolution; and 2) the stability and habitability of 

evolved brine compositions to determine if microbial 

life could potentially exist on Mars.  

Methods: Water geochemistry modeling was 

performed with Geochemist’s Workbench using Pitzer 

parameters, and a fixed PCO2 of 6 mbar [17], 

representing the modern Martian atmosphere. Various 

mineral assemblages identified at Valles Marineris 

(VM), the southern highlands (SH), and Meridiani 

Planum (MP) [4-10] were considered, with 

combinations of different Ca-Mg-Na-K sulfates, 

chlorides, and carbonates, and commonly include 

halite, gypsum/anhydrite, and/or epsomite. 

Brine freezing trajectories were performed using 

the program FREZCHEM [19] starting with 1 kg of 

water, an initial pH 5-8, with an initial temperature of 

298.15 K, 293.15 K, or 274.15 K and decreasing to TE. 

Both equilibrium (EQ) and fractional (FX) 

crystallization methods were used to model freezing, 

such that EQ modeling allows precipitated minerals to 

re-equilibrate with the brine, but FX modeling does 

not. Initial pH conditions were established based on 

calculations in equilibrium with values of PCO2 in the 

Martian atmosphere, and with or without the presence 

of carbonates (calcite).  

 

 
 

Table 1. Result summary of brine freezing trajectories 

for pH, ionic strength (I), activity of water (aw), and 

eutectic temperature in K (TE). 

 

Results: Modeling results are summarized in Table 

1. All brines have final aw ≥ 0.65, except for Ca-Cl 

brine SH1-pH5-FX with final aw = 0.56. Evolution of 

aw as freezing progresses for all brines with final aw ≤ 

0.7 are plotted in Fig. 1. Brines SH1-pH5-EQ, SH1-

pH8-EQ/FX, SH6-pH8-FX, VM4-pH8-FX, and VM6-

pH8-FX developed final values of aw between 0.7 - 0.8. 

Three brines (SH4-pH8-FX, SH8-pH8-FX and VM5-

pH8-FX) evolved into concentrated Mg-Cl brines with 

aw ≤ 0.66. The final values of I range from 3.72 – 

14.33 mol/L. Brines MP1-pH5-FX and SH1-pH5-

EQ/FX reached a final pH < 1 and brine VM6-FX-pH8 

Brine

Initial 

Temp 

(K)

Initial 

pH aw TE 

start end start end end end

MP1-FX 298 5 4.70 0.94 1.97 3.72 0.96 269

MP1-FX 298 7 7.99 9.56 1.96 5.20 0.92 265

MP3-FX 298 8 8.40 9.77 0.75 9.96 0.87 259

SH1-FX 298 5 3.65 -1.76 5.84 8.82 0.56 212

SH1-EQ 298 5 3.65 -0.80 5.84 5.70 0.78 247

SH1-FX 298 8 7.89 7.03 5.85 6.27 0.79 249

SH1-EQ 298 8 8.65 7.50 5.91 6.14 0.79 249

SH4-FX 298 8 8.54 9.65 5.85 12.60 0.66 231

SH6-FX 274 8 8.27 8.75 5.14 9.10 0.70 237

SH8-FX 298 8 7.89 9.76 7.67 14.33 0.66 229

VM4-FX 298 7 7.00 8.48 4.81 5.38 0.80 251

VM5-FX 274 8 8.08 9.78 5.56 14.19 0.65 229

VM6-FX 293 8 8.46 2.32 5.38 9.44 0.70 237

pH I
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was the only brine with an initial pH 7-8 that had a 

final pH < 3. The eutectic temperatures of the final 

brines range from 212 - 269 K. 

 
Figure 1. Freezing trajectories for activity of water (aw) 

for brines with final aw ≤ 0.7. 

 

Discussion: A “Special Region” is an area where 

organisms could propagate, with a temperature ≥ 255 

K (lowest observed T for cell division) and aw > 0.6 

[2], although chaotropic substances may lower this T 

[20]. With the exception of the Ca-Cl brine SH1-pH5-

FX (aw = 0.56), all brines developed aw > 0.64 (Table 

1), and could potentially support microbial activity. 

However, brines with aw ≥ 0.7 and TE ≥ 237 K may 

only exist as aqueous solutions for seconds to minutes 

on Mars [3]. The lower TE of brines with lower values 

of aw may exist as aqueous solutions for a few hours up 

to a full Martian day [3], and may allow for microbial 

habitability. Many of the final pH values are not 

exceptionally acidic, and should allow for microbial 

activity [21]. A combination of low aw, low pH, high I, 

and the presence of chaotropes (such as Ca-Mg-

chlorides, perchlorates, and/or nitrates [22]) in some 

brines may have a substantial negative synergistic 

effect, which will depress microbial habitability. 

However, these negative effects may be offset by the 

presence of kosmotropic solutes such as NaCl, KCl, or 

Na-K-Mg sulfates [23].   

In addition to the effect of lowering the values of 

TE, chloride solutions may also increase the 

survivability of halo- and cryo-tolerant species of 

bacteria at cooler temperatures and during freeze/thaw 

cycles [24]. Recent findings also describe a more 

abundant and complex microbial community than 

those found in less salty brines nearby in a natural, 

cold, chloride rich brine found at the Boulder Clay 

(Northern Victoria Valley, Antarctica) [25]. Results of 

this study indicated concentrated chloride brines on 

Mars may be good microbial habitats for these types of 

bacteria in particular, and could potentially serve as 

prime candidates for Special Regions on Mars. 

However, future work to determine the sustained 

habitability of these brines with their combined 

extreme characteristics under Martian conditions 

would be valuable. Continued efforts should also be 

made to explore water chemistries in equilibrium with 

perchlorate assemblages and to further investigate 

chao/kosmotropic effects on microbial habitability in 

various salt mixtures. 

Conclusions: The habitability of various potential 

Martian brines have been evaluated using the modeling 

program FREZCHEM, and our results indicate that 

some brines may be stable for at least short periods on 

the modern Martian surface while maintaining 

characteristics (especially water activity, pH, and 

eutectic temperatures) that could allow for microbial 

activity. Microbial habitability may be either hindered 

by the presence of chaotropic solutes, and/or facilitated 

by the presence of kosmotropic solutes.  
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