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Introduction:  Temperature on Mars are generally 

too low for water to be liquid. Salts can act as an 

antifreeze by lowering the freezing point greatly. Thus, 

an increasing body of research is focused on the study 

of the physical and chemical properties of saline 

solutions at planetary conditions [1-3] and the detection 

of extraterrestrial brines. In parallel to geophysical and 

geochemical investigation of terrestrial analogs and 

other world brines, exobiologists have suggested that 

hypersaline waters may offer conditions of habitability 

in extreme environments, where we would not normally 

expect to find life [4]. The presence and distribution of 

salts on the Martian surface point strongly to a major 

role for hypersaline aqueous solutions in relation to 

geochemical cycles, and as possible agents of 

geomorphic evolution on Mars [5]. What makes Mars 

particularly enticing, is that its hyper-arid conditions 

and thin atmosphere conjure very difficult conditions 

for the formation and persistence of liquid aqueous 

solutions. Yet, radar sounder data acquired over the 

region of Ultimi Scopuli, part of the South Polar 

Layered Deposits (SPLD), have recently been 

interpreted to indicate the presence of briny bodies of 

liquid water at the base of the SPLD [6-7]. 

Understanding the peculiar physical conditions and 

mechanisms that may have led to the formation and 

persistence of briny waters in this region, and their 

electromagnetic properties, will greatly advance our 

knowledge of Martian geological and climatic 

evolution, of the potential for extreme habitable 

environments. In this work, we present and interpret the 

preliminary results of our permittivity experiments on 

chloride and perchlorate solutions at temperatures 

consistent with the Martian surface and subsurface.   

Stability of Martian brines:  Saline solutions are 

two-component salt-water mixtures characterized by a 

eutectic concentration corresponding to the lowest 

freezing temperature of the system. The eutectic 

temperatures of salt-water solutions relevant to Mars 

have been shown to range from 222 K (CaCl2) to 198 K 

(Ca-perchlorate) for values of water activities 𝑎𝑤𝑡 ≤ 

0.62 [8]. Toner et al. [1] studied the metastability of 

brines below their eutectic temperature and found that 

magnesium perchlorate did not freeze, speculating a 

transition into a glass at 123 K. During warming, 

Stillman et al. [9] and Toner et al [1] have found that the 

eutectic temperature of magnesium perchlorate was 

almost 10 K warmer, then the theoretical eutectic 

temperature [8]. Additionally, Primm et al. [3] found 

that the eutectic temperature of magnesium chloride 

changed depending on the temperature of the brine was 

before freezing again.   

Methodology: Pre-mixed brine samples were 

poured into a three-electrode sample holder with an 

attached Teflon cup. The sample holder was then placed 

in an ultra-low freezer. Previously published electrical 

property measurements of CaCl2, 44wt% Mg(ClO4)2, 

and mixtures with sand [9-12] were made while 

warming the sample to reduce the effects of metastable 

brines. However, metastability can last for days, if not 

much longer in laboratory environments [3]. Thus, 

when measuring 100mM Mg(ClO4)2 sample we 

preformed measurements while cooling as well. 

Results: Our ultra-low freezer could not completely 

freeze our 100mM Mg(ClO4)2 sample, therefore we had 

to use a liquid nitrogen fed cold plate to freeze the 

sample. It eventually froze between −87C and −81C 

which is 14 and 20C below the stable eutectic 

temperature of magnesium perchlorate (Te = −67C [8]). 

Figs 1 & 2 shows the interpreted phase, temperature 

history, and evolution of the electrical properties 

(permittivity and conductivity) as the brine freezes, then 

warms back up. The (1), (2), and (3) labels in Fig. 2 are 

to show the temperature trajectory since the 

temperatures shown on the left. These numbered labels 

also show that (1) and (2) are brine when cooling the 

temperature and (3) shows when the solution freezes.  
 

 
Fig. 1 Temperature history of the 100mM Mg(ClO4)2 

sample with the previous measured and theoretical 

eutectic temperatures. Note uncertainty of the freezing 

temperature is large −87C and −81C, but will be better 

constrained in future measurements. Note this sample 

stayed a metastable brine for more than 70 hours. 
 

We then plotted the data for different chloride and 

perchlorate solutions in terms of apparent permittivity 
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versus temperature (Fig. 3) during warming. It is 

important to note that MARSIS data do not allow to 

separately compute separately the real and imaginary 

parts of complex permittivity, but only the apparent 

permittivity which is a real single quantity that accounts 

for both polarization and conductive processes [7]. The 

results suggest that at eutectic concentrations the 

apparent permittivity is well above MARSIS value, 

whereas for low concentrations (100mM) reach such 

value at higher temperature are required. Nevertheless, 

solutions >300mM will likely reach the MARSIS 

threshold above their eutectic temperatures. 

 
Fig. 2 Electrical properties of 100mM Mg(ClO4)2  sample 

measured during freezing (1 and 2) and melting (3). (A) 

Real part of relative permittivity, (B) Imaginary part of 

relative permittivity, and (C) Conductivity. The displayed 

experimental temperature trajectory starts out at 

temperature (1) −79.83C, cools to temperature (2) 

−87.68C, and warms back to −78.32C and then follows 

the temperature order in the column to the left of (A) and 

(B). (1) and (2) shows a highly conductive sample 

possessing liquid vein networks that indicate the sample 

is partially liquid [10,11]. Once the brine is frozen the 

sample becomes more than 4 orders of magnitude less 

conductive.  

 
Fig. 3 The apparent permittivity of the frozen solutions is 

compared with a threshold value a=33 (dashed black 

line), which is the median of the distribution of the 

apparent permittivity values retrieved from MARSIS data 

(4MHz) in the brightest area at Ultimi Scopuli. 
 

Conclusions: Our work demonstrates that liquid 

brines exhibit a very strong dielectric response at 

temperatures consistent with those of the Martian 

surface and subsurface. Significantly, our laboratory 

results also show that salty solutions need not be super-

concentrated for the experimental system to register 

high values of permittivity. This supports interpretation 

of bright radar reflections from the base of Ultimi 

Scopuli as caused by saline waters. Because of the 

metastable properties of perchlorate solutions, if salts 

under the SPLD were brines in the past (i.e., during a 

past obliquity cycle), then they might still be liquid, if 

the basal temperature was not dropped below our 

measured freezing temperature of 186-192 K. This 

appears plausible without the need for high geothermal 

gradients [13]. We note that the lower metastability 

temperature of Ca-perchlorate (no discussed here) may 

open up the possibility to even colder conditions. 
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