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Introduction: Water shapes the geochemistry, 

morphology, and habitability of Mars’ surface. 

Understanding water on Mars is also crucial for mission 

planning because in situ resource utilization and 

planetary protection depend on accurately quantifying 

the availability of water on the surface. However, liquid 

water is rare on Mars due to low temperature, pressure, 

and relative humidity (RH). Despite these extreme 

conditions, water can form on Mars through the 

processes of deliquescence and adsorption. 

Deliquescence occurs when salts absorb atmospheric 

water vapor, dissolve, and form brines. By contrast, 

adsorption occurs when water vapor adheres to grains of 

soil and forms thin films of water. Both of these 

processes likely occur simultaneously on Mars to form 

adsorbed brines (mixtures of brine and soil). Once 

formed, adsorbed brines are more stable than pure water 

because salts and soils reduce the freezing point and 

evaporation rates of solution[1, 2]. On Mars, brines 

likely exist within the soil matrix; however, relatively 

few studies have characterized soil-brine mixtures at 

Mars-relevant conditions. 

We bridge this knowledge gap by studying the 

formation and stability of magnesium perchlorate 

(Mg(ClO4)2) brines in Martian soil simulant at 

temperatures, RH conditions, and salt concentrations 

relevant to Mars. Specifically, we measure (1) water 

activity (aw)–essentially, the availability of water in a 

solution–and (2) freezing point depression in soil-brine 

samples. We then compare soil-brine mixtures to well-

characterized pure brines (i.e. brines without soil) to 

understand how soils affect the stability and potential 

habitability of realistic Martian brines. 

Martian Soil-Brine Sample Preparation: Our 

experiments study mixtures of Mg(ClO4)2 brine and 

Mojave Mars Simulant (MMS) soil. We use Mg(ClO4)2 

because of its abundance in Martian soil (~0.6 wt. %)[3] 

and tendency to form brines through deliquescence[1]. 

We use MMS for soil because it physically and 

chemically  resembles actual Martian regolith. Briefly, 

MMS is weathered basalt that is crushed to a grain size 

of 0.5 to 1.27 mm[4]. 

We prepare our soil-brine mixtures by pipetting the 

desired amount of Mg(ClO4)2 solution into ~0.5 g of 

MMS. Then, we add excess water to ensure the salt is 

evenly distributed throughout the soil. We repeat this to 

study samples at salt contents 0% (no salt), 1%, 2%, and 

5% by weight. 

Methods: To understand how brines realistically 

behave on Mars, we measure aw and both infer and 

measure the freezing temperature of brines in soil 

between RH of 0% and 100%. Essentially, aw  measures 

the chemical and biological availability of water in a 

solution and defines a lower limit for habitability (no 

life is known to grow at aw < 0.6)[5]. We measure aw 

using the isopiestic method[6], by which unknown 

thermodynamic properties of a sample are determined 

through comparison with a well-characterized reference 

solution. The sample (Mg(ClO4)2-MMS mixture) and 

reference (H2SO4) are placed in a closed chamber where 

the RH is controlled by the reference solution. The 

chamber remains in a 25℃ temperature bath for 2-3 

days. Meanwhile, water vapor exchanges between the 

sample and reference until the system reaches 

equilibrium. By taking the masses of sample and 

reference both before and after equilibration, we 

measure the water uptake, brine concentration, and aw 

of the sample. We then estimate the freezing point of 

Mg(ClO4)2 brine using the measured aw and a modified 

form of the Gibbs-Helmholtz equation[2, 7]. 

Next, we directly measure the freezing temperature 

of those soil-brine samples using a differential scanning 

calorimeter (DSC). Briefly, a DSC detects phase 

transitions (e.g. melting, freezing) by measuring heat 

flow through a sample as temperature changes. When 

the sample changes phase, the DSC detects the 

characteristic release or absorption of heat associated 

with that particular phase change.  

However, it is difficult to accurately measure the 

freezing temperature of Mg(ClO4)2 because 

perchlorates are prone to supercooling, a metastable 

state where solutions remain liquid below their freezing 

temperature[8]. To avoid supercooling, we instead 

probe for our sample’s melting temperature, which is 

equal to the freezing temperature. We first cool the soil-

brine sample down to -150℃, then warm it to 20℃ at a 

rate of 5℃/min. As the sample slowly warms, we 

identify the melting temperature from an endothermic 

peak in the heat flow. 

Results: Water activity (aw): Through the isopiestic 

method, we find that soils depress the aw of brines at all 

concentrations. Figure 1 compares the aw measured in 

soil-brine mixtures (circles) to the aw calculated via the 

Pitzer equations for a pure solution of Mg(ClO4)2 (black 

line)[2, 9]. Soils likely reduce aw because water binds to 

the surface of soil particles through adsorption, which 

reduces the availability of water in a solution.  
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Fig. 1 Water activity in soil-brine samples (circles) 

is significantly reduced compared to pure brine (black 

line) at all concentrations for samples equilibrated at 

25℃. The curve for the pure brine terminates at 4.4 

molal, the saturation point of Mg(ClO4)2 at 25℃. 

Freezing point: According to the Gibbs-Helmholtz 

equation, a reduced aw indicates a corresponding drop in 

freezing point for Mg(ClO4)2 in soil. Our calculations 

predict that soils significantly depress freezing point 

compared to pure brines (Fig. 2). Under extremely dry 

conditions (RH < 40%), we predict freezing points 

lower than the coldest temperatures on Mars. However, 

these freezing point predictions are limited because they 

do not account for other phase changes (i.e. aqueous 

glass formation, salt precipitation) that are likely to 

occur in thin-film brines at low temperature and high 

salt concentration. To experimentally verify the 

predicted freezing temperatures, we measure phase 

transitions directly through calorimetry experiments. In 

this presentation, we will present a phase diagram that 

compares soil-brine mixtures to pure Mg(ClO4)2 brine. 

 
Fig. 2 Freezing temperatures are predicted using aw 

values for pure brine (black line) and soil-brine mixtures 

(circles). The freezing point curve for pure Mg(ClO4)2 

terminates at the eutectic temperature (~216 K)[10]. The 

dashed red line represents the lower limit for 

habitability for terrestrial life (aw = 0.6)[5]. 

Implications for Water on Mars: The depressed 

freezing temperatures we measure in soil-brine mixtures 

indicate that stable liquid water could exist on Mars 

under more extreme conditions than previously thought 

possible. Certain relatively dry samples (RH < 40%) 

exhibit no signs of freezing or melting over the full 

range of temperatures (-150 to 20℃), meaning that 

those samples did not freeze even at Mars’ coldest 

temperatures. This suggests that under some dry 

conditions, thin films of adsorbed brine could persist 

year-round. Brines that remain stable for longer periods 

of time would likely increase ongoing geochemical 

alteration of the Martian surface. 

Though brines in soil can remain liquid for longer, 

low aw means that less water is available for chemical or 

biological processes. This finding is particularly 

important for assessing habitability because life as we 

know it requires aw > 0.6 [5]. As a result, areas of Mars 

where aw > 0.6 are designated “special regions,” which 

merit additional planetary protection measures that 

affect mission planning[5]. In Fig. 2, aw = 0.6 is 

indicated by the dashed red line; any samples below that 

line are not considered habitable. 

Conclusion: We measured water activity and 

freezing point for Mg(ClO4)2 brines in Martian soil 

simulant at Mars-relevant conditions. We find that soils 

reduce the water activity and freezing temperatures of 

Mg(ClO4)2 brine at salt abundances similar to those 

measured on Mars. These results suggest that brines 

could exist in Martian soil for longer portions of the 

year, but that low water activities make it unlikely for 

those brines to be habitable. 
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