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Introduction: Evidence of cryomagmatism 

has been detected in some icy satellites such as Europa 
and Enceladus. Examples of cryomagmatic structures 
on Europa are domes of various sizes, flat materials 
covering older features and low albedo deposits 
around fractures. In Enceladus, the features are less 
obvious because the composition of the magmatic ma-
terials and the surrounding surface seems to be very 
similar, since the albedo is extremely homogenous. 
Nevertheless, the cryomagmatic activity of Enceladus 
has been revealed recently by the Cassini sensors, 
showing ejections of bright materials from some of the 
fractures of its surface. 

A classic problem for explaining cryomagma-
tism is that pure aqueous cryomagmas have negative 
bouyancy in the usual concept of a pure water ice crust 
of an icy body like those sometimes assumed for Eu-
ropa or Enceladus. However, some geochemical mod-
els show that crusts of these satellites include other 
components in water [1, 2]. Segregated cryomagmatic 
liquids should have lower compositional or tempera-
ture driven densities than the host materials in order to 
ascend in the crust. In the case of Europa, salt and sul-
furic acid hydrates have been nominated as part of the 
composition of the surface and the crust suported by 
spectroscopic observations [3, 4, 5]. The main ob-
served constituent of Enceladus' surface is water ice 
(both crystalline and amorphous); traces of short-chain 
hydrocarbons, CO2 ice, and isolated or complexed 
molecules of CO2 have been observed [7], and a water-
dominated volatile plume includes one to several per-
cent each of CH4, N2, and CO2 [8].  Other ices such as 
ammonia hydrates have been proposed to be present 
[2, 6, 9] but have not been detected by Cassini VIMS 
[7]. 

We suggest that the formation of clathrate 
hydrates from an aqueous magmatic chamber enriched 
in gasses and dissolved ions will result in the differen-
tiation of the cryomagmas into the icy satellites. Then, 
distilled aqueous cryomagmas could ascend from the 
more dense residue, decompress, expand, and erupt 
explosively. 

 
Differentiation in aqueous cryomagmas. In 

the Earth, magmatic differentiation occurs when one 
parent magma composition can produce a number of 
igneous rock compositions through mineral crystalliza-
tion. Due to the decreasing temperature, different min-
erals crystallize, modifying the composition of the 

melt. Volatiles tend to concentrate in the liquid residue 
after partial crystallization. 

Assuming an aqueous crymagma with some 
gasses and salts, its evolution when coooling should 
produce fractional crystallization of different minerals, 
including clathrate hydrates of the gases when they 
reach saturation concentration corresponding to the 
pressure of the dissociation curve. If the confining 
pressure is less than that and instead the saturation 
vapor pressure is attained first, then bubble exsolution 
can occur. If that happens rapidly, and the cryomagma 
is free to expand (for instance, upon eruption), an ex-
plosive eruption may ensue.  

 
 
 

 
 
Fig. 1. Schematic drawing of the differentiation process by 
clathration. Black circles are gasses and red crosses are salts 
in the cryomagma. A) Gassy briny cryomagma rising into 
the shell. B) Crystallization of clathrate hydrates. C) Brine 
concentration. D) Clathrate dissociation by crustal fractura-
tion. Clean gassy liquids rise. 
 
 
 

The origin of the volatiles in the icy satellites 
for forming clathrates could be: a) Primordial; from 
solar nebula condensation stage (ices and clathrate 
hydrates). They would be trapped by the ocean or the 
floating icy shell; b) Processed; as products from the 
planetary activity (hydrothermalism, for instance). The 
possibility of the presence of clathrate hydrates in Eu-
ropa and other icy satellites have been already ex-
plored [10, 11]. 

The effects of the ammonia and the sulfates in 
the aqueous cryomagma are similar. Both compete 
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with clathrates for the water. But the evolution of the 
differentiation process will depend on which is the first 
hydrate which is formed in the interior of the planetary 
body (based on the pressure and temperature condi-
tions for the phases stability). Formation of clathrate 
hydrates removes water from the original solution. So 
if the solution also contains salts, there will be a higher 
concentration in ions as soon as the clathrates are 
formed (Fig. 1). Then, clathration could result in a 
cryomagmatic differentiation. The formation of clath-
rates would separate the crystals from the more con-
centrated brine magma by density. If the destruction of 
the clathrate layer occurred by any movement or frac-
turation, clean water ice could ascend through the 
brine to higher levels. Crystallization of gas hydrates 
generally would cause expansion of the assemblage if 
water ice is a crystallizing phase, so that would cause 
tensional stresses on surrounding ice, and it might also 
drive fracturing, and then drive expulsion of the liquid.  
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