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Introduction: Evidences of cryomagmatism 
have been detected in some icy satellites such as Eu-
ropa, Titan and Enceladus. A typical problem about 
cryomagmatism is that many aqueous cryomagmas 
have negative bouyancy relative to a pure water ice 
crust of an icy body. However, some geochemical 
models show that crusts of these satellites include 
other components making the crusts denser, and cryo-
magmas may contain ammonia or exsolvable gases, 
making them less dense and potentially causing posi-
tive buoyancy [1-3]. Segregated cryomagmatic liquids 
should have lower compositional or temperature-
driven densities than the host materials in order to as-
cend in the crust. In the case of Europa, salt and sulfu-
ric acid hydrates have been nominated as part of the 
composition of the surface and the crust suported by 
spectroscopic observations [4-6].  Although significant 
amounts of these solids can make the ice crust signifi-
cantly denser, when dissolved they also make the liq-
uid phase denser.   Getting the right combination of 
low density liquid and high density crust and having it 
all make cosmochemical and petrological sense has 
been a long-standard challenge, albeit one with various 
proposed solutions.   

We suggest that the formation of clathrate hydrates 
from an aqueous magmatic chamber enriched in gasses 
and dissolved ions will result in the differentiation of 
the cryomagmas into the icy satellites. Then, distilled 
aqueous cryomagmas, lacking a heavy load of dis-
solved salts and containing exsolvable gases, could 
ascend from the more dense residue, decompress, ex-
pand, and erupt explosively. We are testing this hy-
pothesis making a set of experiments in a new high 
pressure simulation chamber. 

The High Pressure Planetary Simulation Cham-
ber (HPPSC): A new equipment for the simulation of 
different planetary environments at high pressure has 
been built at Centro de Astrobiolgia in Madrid (Spain). 
The equipment has two different chambers, one for 
physico-chemical studies which can reach pressures up 
to 10000 bar (called MINchamber), and other for bio-
logical experiments which has higher volume and can 
reachs up to 3000 bar (BIOchamber). Both can work 
in the temperature interval from 123 to 600 K. The 
heating/cooling system is an integrated circuit of liquid 
nitrogen and electrical resistance heaters. 

Each chamber has four different ports to incorpo-
rate several sensors. They are used for making in situ 

analysis and to be able to monotor the processes ocur-
ring during the changes of pressure and temperature. 
Currently, a Raman spectromete, and a video camera 
are installed on two ports using sapphire windows. 
Other sensors able to be incorporated for specific stud-
ies are those to measure magnetic susceptibility, elec-
trical resistivity, and mass spectrometry. 

The whole system can be controlled automatically, 
with data logging of the pressure, the temperature and 
other parameters while the experiment is running. 

Testing hypothesis: clathration as a type of  dif-
ferentiation processes in aqueous cryomagmas. 
When an aqueous cryomagma with some gasses and 
salts is cooling, it should fractionally crystallize differ-
ent minerals, including salt hydrates and clathrate hy-
drates of the gases. Clathrate hydrate formation should 
occur as soon as they reach the saturation concentra-
tion 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 exolution can occur. If that happens rap-
idly, and the cryomagma is free to expand (for in-
stance, upon eruption), an explosive eruption may en-
sue.  

On the other hand, sulfates compete with clathrates 
for the water in the aqueous cryomagma. But the evo-
lution of the process will depend on which is the first 
hydrate which is formed in the interior of the planetary 
body. Formation of clathrate hydrates removes water 
from the original solution. So if the solution also con-
tains salts, there will be a higher concentration in ions 
as soon as the clathrates are formed. Then, clathration 
could result in a cryomagmatic differentiation. The 
formation of clathrates would separate the crystals 
from the more concentrated brine magma by density. If 
the destruction of the clathrate layer occurred by any 
movement or fracturation, clean water ice or gas-
enriched 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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