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Introduction: The data acquired by the Near Infra-
red Mapping Spectrometer (NIMS) in the reddish and
yellowish hues on the surface of Europa have shown
that hydrated salts like Epsomite (MgSO4.7H2O) may
be abundant on the surface of icy satellites. If salts are
present on the surface, they are also possibly present
within the underlying layers. Due to the large size of
icy satellites, the salty material in the deep icy layers
can be pressurized up to 0.15 GPa for Europa and up to
1 GPa for Ganymede, Callisto, or Titan, a pressure
which may change the crystalline structure of hydrates.
We have set up a high pressure – low temperature ap-
paratus for studying the MgSO4 – H2O system in the
pressure range [0 – 1 GPa] and the temperature range
[100 – 300 K]. Experiments have been conducted on a
sapphire anvil cell enclosed in a cryostat cooled with
liquid nitrogen [1]. The cell body is made of stainless
steel except for the sapphire anvils built out of tungsten
carbides. Samples are enclosed in a 200 µm diameter
hole drilled in a 60 µm thick copper gasket. Recent
results on the stability of the hydrates with pressure
will be presented. Implications for our understanding
of the endogenic processes within icy satellites and
particularly Europa will be discussed.

Experiments in the MgSO4 – H2O system: High-
pressure experiments have been conducted for the dif-
ferent compositions (wt % of MgSO4): 0 (for calibra-
tion), 10, 13, and 25. The protocol followed for each
experiment is sketched in Figure 1 in the rich-water
case (< ~29 wt.% MgSO4). A liquid drop of the salty
solution is sealed in the gasket at a given pressure. The
temperature is rapidly decreased from 295 K down to
the crystallization temperature (path a-b). During this
cooling, the pressure in the sample decreases slowly
following an isochoric path in the P-T diagram [2].
Complete crystallization of the drop occurs abruptly
generally 40 to 60 K below the melting temperature
(c). As a consequence, the pressure in the sample in-
creases (decreases) strongly after crystallization be-
cause low (high) pressure polymorph of ice is less
(more) dense than liquid water. Once the complete
crystallization is achieved, the sample is warmed
slowly until a drop of liquid appears (d). The melting
of the eutectic occurs rapidly (e). Remaining crystals
melt slowly and the liquidus is reached when the last
crystal disappears (f). Evolution is inverted in the poor
water case (> ~29 wt.% MgSO4) since the eutectic
crystallization induces a decrease of pressure.

A synthesis of all our data and previous works [3,
4, 5] is sketched in Figure 2. Temperature uncertainties
in our experiments are estimated at ±3 K. Positions of
the eutectic (E) and the peritectic (P1) are estimated
from our experiments but have not been precisely
measured. In all the experiments, it has been found that
the melting temperature of both Epsomite (MS7) and
the MgSO4.12H20 hydrate (MS12) does not increase
strongly with pressure (roughly 1 K/kbar). It seems that
hydrates are very stable in the pressure range [0-1
GPa]. This point has been observed for all the studied
compositions when the hydrates were synthesized.
Then, peritectic compositions do not change strongly
with pressure. This observation needs to be confirmed
because it differs from the experiments of Hogenboom
et al. [3] who noticed an important shift of both the
Epsomite liquidus curve and the peritectic point to-
wards the H2O rich region at 390 MPa.

It seems that the eutectic melting temperature de-
pends strongly on pressure and follows a path almost
parallel to the pure water melting curve in the pressure
range [0 - 1 GPa] but roughly 10 K below. The eutectic
composition of the MgSO4-H2O system decreases from
17% at ambient pressure down to roughly 11% at 0.2
GPa. Above 0.2 GPa, ice I is changed into high-
pressure polymorphs. As a consequence, the eutectic
composition increases and may be around 14% at 0.4
GPa (as was first observed by Hogenboom et al.) and
around 16% at 0.6 GPa. This point has been well seen
using a 13 wt.% solution because ice I, MS12 or ice V
have been observed in equilibrium with the liquid de-
pending on the imposed pressure. An interesting fea-
ture of the diagram is that the hydrate MgSO4.12H2O
does not exist at high pressure but is replaced by Ep-
somite.

Implications for the deep interior of icy satel-
lites: The three main characteristics of the magnesium
sulfate – water phase diagram are: 1) the hydrates are
very stables in the pressure range [0-1 GPa]. 2) the
melting temperature of hydrate increases slightly with
pressure, 3) the eutectic composition varies strongly
with pressure. The first point is of fundamental impor-
tance because it means that the modeled evolution of
chondrite brine during progressive freezing either by
equilibrium or fractional crystallization [6] are valid
for all the icy satellites. When the initial high tempera-
ture brine cools, magnesium sulfates precipitate and
sink because they are denser than the remaining liquid.
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During their descent, hydrates are probably insensitive
to the pressure increase and precipitate at the bottom of
the liquid layer. The second point is interesting because
it implies that the sinking hydrates must grow during
their descent. Since hydrates follow an adiabatic path
during their descent, (i.e. almost isothermal), the liquid
is always slightly saltier than the liquidus since the
liquidus moves towards the H2O rich region when pres-
sure increases. This point implies that the sinking of
salts decreases the salinity of the liquid layer with
depth. Then, deep liquid layer becomes gravitationally
unstable and catastrophic overturn within the liquid
layer may be envisaged. The third point is important if
the liquid layer of icy satellites cools down to the
eutectic temperature. In that particular case, important
processes of exchanges between the hydrates and the
liquid must be envisaged since the salinity of the liquid
layer decreases rapidly when the pressure increases.
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Figure 1: P-T experimental path in the water-rich region
of the MgSO4-H2O system. Right: the ice polymorph is
denser than the liquid. Left: the liquid is denser than ice.

Figure 2 (right): Phase diagram of the MgSO4-H2O sys-
tem deduced from our experiments and previous works [3, 4,
5]. Solidus: Square and diamond; Liquidus: circles. The
ambient pressure phase diagram is from Hogenboom et
al.[3].
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