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Evaporites on Antarctica:  Evaporites are highly 

water soluble minerals, formed as a result of the evap-

oration or freezing of bodies of water. They are com-

mon weathering minerals found on rocks (including 

meteorites) lying on Antarctic ice sheet [1, 2, 3, 4, 5]. 

Evaporites are formed by interaction of cations from 

the weathering of primary minerals combined with 

anions coming at least partially from the atmosphere 

[2]. The water necessary for the reaction is produced 

by melting of ice below the dark-colored meteorites 

which can heat up to a few degrees above 0 °C due to 

insolation heating during wind-free summer days [7, 

8]. In some cases, heating of dark rocks can take place 

also when they are located below the ice surface what 

leads to formation of cryoconites [9] or ‘‘melt ponds” 
formed by merging micro-cryoconite, developed 

around dust grains, into larger concentrations (Figure 

1) [10].  

 
Figure 1. “Melt pods” within a tephra layer, the 

Barne Glacier, Antarctica. It shows that radiant 

heating of the dust layer can melt the surrounding 

ice leading to dust congregation into pods. Figure is 

from [10].   

Evaporitic materials consist of mainly Mg- and Ca-

carbonates and sulfates (e.g., gypsum CaSO4·2H2O,  

jarosite KFe
3+

3(OH)6(SO4)2, epsomite MgSO4·7H2O, 

nesquehonite Mg(HCO3)(OH)·2H2O, hydromagnesite 

Mg5(CO3)4(OH)2·4H2O, starkeyite MgSO4·4H2O, 

amorphous Mg-carbonate, as well as various unidenti-

fied K, Fe, and Mg sulfates [5, 11, 12]. 

On average 5% of all Antarctic ANSMET meteor-

ites have evaporites visible in the hand-scale [4]. The 

percentage of evaporate-bearing meteorites varies with 

compositional group (up to ~50% for Karoonda carbo-

naceous chondrites), petrological type, location where 

the meteorite was found and, to some extent, the year 

of the collection [4]. However, when ANSMET mete-

orites are analyzed under microscope, nearly all of 

them include some amount of terrestrial evaporite 

minerals. 

(Possible) evaporites on Martian North Polar 

Residual Cap (NPRC):  The NPRC is surrounded by 

a young [13] dune field that is rich in evaporitic miner-

al: gypsum (Figure 2) [14]. Its existence implies that 

relatively recently in the Martian history (in late Ama-

zonian, when surface conditions were comparable to 

the current ones) there was a significant amount of 

liquid water present on the Mars surface. It was initial-

ly proposed that gypsum was formed by precipitation 

of water emanating from polar layered deposits [15]. 

However, it is improbable that a large amount of bulk 

water could exist under current Martian low atmos-

pheric pressure sufficiently long to form the observed 

deposits [16]. One of the proposed solutions to this 

problem is that gypsum is formed by weathering in ice 

[16, 17, 18, 19, 20], similarly to the process occurring 

on the Antarctic ice sheet.  

 
Figure 2. Location of steep, south facing slopes 

within North Polar Cap (NPC), where ice melting 

due to radiant heating of dust laying on its surface 

may be taking place.  Slope inclination based on 

MOLA data with spatial resolution of 463 meters, 

dune fields with detected signal of gypsum (based 

on [20]); grey scale MOLA elevation in the back-

ground. Figure is from [21].  
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Recently, [21] showed that that during the warmest 

days of the Martian summer, solar irradiation may be 

sufficient to melt pure water ice located below a layer 

of dark dust particles (albedo < 0.13, emissivity 0.7-

0.87) lying on the steepest sections of the equator-

facing slopes of the spiral troughs within Martian 

NPRC. Under the current irradiation conditions, melt-

ing is possible in very restricted areas of the NPRC and 

last for up to couple of hours (Figure 3), but during the 

times of high irradiance at the north pole (every 51 ka; 

caused by variation of orbital and rotational parameters 

of Mars e.g., [22]) this process could have been much 

more pronounced.  

Liquid water can be metastable at the NPRC be-

cause the pressure during the summer season is ~760-

650 Pa (Mars Climate Database [23]) which is above 

the triple point of water. The rate of free-surface 

“clean” liquid water evaporation under average Mar-

tian conditions determined experimentally by [24] is 

comparable to the rate of melting determined by [21] 

(if there is no wind at the surface).  

 
Figure 3. Duration of melting for different values of 

solar irradiation, dust layer emissivity and thermal 

conductivity of a porous-dusty firn. The duration of 

melting increases with increase of solar irradiation 

and decreases with increasing emissivity. Thermal 

conductivity does not influence the duration of 

melting.  Figure is from [21] 
 

Objective:  Losiak et al. 2015 [21] showed that 

liquid water, a key part of the recipe for gypsum for-

mation, is present on NPRC under current (+/- few 

Ma) NPRC conditions. However, if there is no suffi-

cient time for the interaction between liquid water and 

basaltic dust, evaporites such as gypsum will not form. 

The objective of this study is to determine how many 

melting-freezing cycles are required to form detectable 

amounts of evaporites under simulated Antarctic and 

Martian conditions.  

Experiment:  The experiment consists of hundreds 

of cycles of freezing-melting of ice with either: 1) a 

few am layer of basaltic dust, or 2) a 5x5x2 mm basal-

tic cube, on top of it. At first experiment will be con-

ducted under a terrestrial atmosphere to mimic condi-

tions on the Antarctica. In the second phase of the 

experiment, we will repeat observation in the simulat-

ed Martian atmosphere (CO2, 700 Pa).   

After a given number of cycles (e.g., 10, 20, 50, 

100, 200), a portion of the basaltic dust will be collect-

ed and analyzed with the X-Ray Diffraction. This will 

allow determining which mineral phases are formed 

after a certain number of cycles. In the same time a 

basaltic cube will be analyzed under scanning electron 

microscope with energy-dispersive X-ray spectroscopy 

to determine petrological associations of the newly 

formed weathering phases.  

The first phase of the experiment will be performed 

in the beginning of 2016.  
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