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Introduction: Cryovolcanic activity on Enceladus 

and Europa may be used to infer the recent surface 

history on these bodies. As water, containing different 

salt species, is transported to the surface directly from 

the subsurface ocean or brine pockets within the ice 

shell, it gets exposed and freezes out. Possible exposi-

tion mechanisms are effusive flows leading to compact 

slab ice depositions or vapor driven plumes leading to 

porous accumulations of fine-grained particles [1]. 

Hydrated salt species within these depositions will 

undergo dehydration processes due to harsh radiolytic 

conditions in outer space. The knowledge of dehydra-

tion kinetics from laboratory analogs under controlled 

parameters will help to determine relevant timescales 

for different mechanisms such as UV-irradiation or 

particle bombardment. These results may help for the 

understanding of deposition rates or surface exposure 

age. 

 

Samples and methods: We selected sodium chlo-

ride dehydrate (hydrohalite; NaCl◦2H2O) as candidate 

material for our study since it is the only stable hydrat-

ed state of sodium chloride under Europa conditions 

and NaCl has been proposed to relatively abundant on 

Europa [2]. Hydrohalite forms below -0.15°C under 

varied conditions of NaCl concentrations and water 

activity. 

Unlike anhydrous NaCl whose spectrum is flat and 

indistinct in the visible and near infrared wavelength 

range, hydrohalite shows characteristic spectral fea-

tures. 

To analyze the hydration state of icy samples we 

predominantly use passive NIR reflectance spectrosco-

py in the 1.4-7.0µm spectral range. In some cases the 

samples are irradiated using a krypton arc lamp primar-

ily emitting at 116.5 and 123.6nm, however the 

116.5nm line is cut off by the MgF2 window 

 

Results & Discussion: The spectral evolution of 

water ice absorption bands as a function of time (Fig. 

1) strongly depends on the physical structure of the 

frozen brines. In the beginning, the sample surface 

consists of hydrohalite rich ice: hydrohalite crystals, 

along with some water ice crystals [3]. Due to low 

pressure and relatively warm temperature, the ice ma-

trix sublimates, leaving behind a layer of small grains 

of hydrohalite with voids that have been previously 

occupied by ice. The sublimation rate is highly influ-

enced by the surface-to-volume-ratio. 

The spectrum of fine-grained ice particles 

(3.5±2µm) displays deep water ice absorption bands 

combined with characteristic hydrohalite features. The 

spectrum flattens during dehydration. In small grains, 

scattering effects dominate over absorption. 

In case of slab ice, the mechanism is opposite: due 

to long optical pathlength (high absorption, low scatter-

ing) the reflectance spectrum is dark in the beginning 

without spectral features of hydrohalite. As the surface 

ice sublimates, the small hydrohalite crystals are ex-

posed and form a more scattering surface crust, result-

ing in increased reflectance. At a certain point the sur-

face consists of pure hydrohalite which in parallel turns 

into anhydrous NaCl with time. 

The irradiation with UV light accelerates the dehy-

drations process and is able to create color centers re-

sulting in a yellowish discoloration of NaCl (absorption 

around 460nm) 

 

 
Figure 1: Banddepth of the 2µm water ice band as a function of time 

for different physical structures of frozen saturated NaCl brines. 
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