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Summary: I examine how the presences of salts 

affect the dynamics of melt generation and migration 
in Europa’s ice shell. I find that low-temperature brines 
can readily be generated in the near-surface by tidal 
heating within convective plumes, or by shear heating 
beneath strike-slip faults. These low-temperature 
brines migrate down toward the ocean much slower 
than pure-water melts, allowing them to remain near 
the surface for geologically significant time periods. 
Melt migration can cause initially small concentrations 
of salt to become localized into regions of high melt 
fraction and salt content.  

Introduction: On Europa, pockets of melt less 
than 2 km below the surface are suggested play a role 
in the formation of several geologic features, including 
Chaos terrain, pits, domes and double-ridges [1-5]. 
How such near-surface melt bodies could form remains 
a mystery; Melts that migrate up from the subsurface 
ocean must somehow overcome their negative buoyan-
cy [e.g. 3], and melts generated locally by tidal heating 
may drain through the ice shell before a substantial 
amount of melt can build up [6,7].  

However, the dynamics of melt generation and mi-
gration could be dramatically affected by the presence 
of impurities in the ice shell. For example, a small 
amount of hydrogen-sulfate in the ice shell could lower 
the temperature for the onset of melting (the solidus 
temperature) to 190 K [8].  

Many salts and sulfates have been detected on Eu-
ropa’s surface [9], but it is unclear how deep these 
impurities extend into the ice shell. It has been as-
sumed the Europa’s ice shell should be relatively pure 
water ice, as salts would have a strong tendency to stay 
in the melt. During ice shell formation, salts would be 
excluded from the ice shell and concentrate in the sub-
surface ocean. However, [10] showed that eutectic 
melts and impurities can freeze into the upper few kil-
ometers of the ice shell, when the ice shell thickening 
rate is fast compared to the melt migration rate. This 
could mean that the top few kilometers of Europa’s ice 
shell could be salt rich, while the ice shell below is 
relatively impurity free. Near-surface heating events, 
such as a convective upwelling or shear heating be-
neath a strike-slip fault, could then generate low-
temperature brines.  

 
Figure 1: An example of melt fraction φ and tem-

perature T in Europa’s ice shell with shear heating 
beneath a strike-slip fault. 

Model: I model the generation and migration of 
brines in Europa’s near-surface using a two-
dimensional finite difference code, which simultane-
ously solves for the thermal evolution, the advection of 
melt, and the advection of salt assuming porous flow. 
The upper 1-2 kilometers is enriched in salts and shear-
heating is applied in the center assuming a 1 km deep 
strike-slip fault moving at a constant sliding rate of 10 
cm/year.  

An example calculation showing the temperature 
and melt fraction ϕ in the ice shell is shown above. A 
pocket of melt has developed at a depth of 4 km, which 
migrates toward the ocean at a very slow rate, due to 
the absence of melt and low permeability of the ice 
shell below. Although the initial salt concentration is 
only 5% in the near surface, salts localize in the brine 
pool, increasing the local melt fraction. I will investi-
gate how near-surface melt bodies could form and 
evolve. I will also vary the thickness of the salt-rich 
layer, the salt concentration and the sliding velocity to 
constrain the conditions under which stable-bodies of 
near-surface brine could form.  
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