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Natural phosphides as indicators of
planetary systems evolution

In-situ studies of clathrate hydrates on icy
solar system bodies
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Natural phosphides is a specific class of minerals contain-
ing phosphorus in a redox state lower than zero. The oc-
currence of phosphide minerals always indicate on highly
reducing geo- or cosmochemical environment. At the same
time, phase transformations of phosphides are the sensi-
tive indicators of P-T conditions occurred during planetary
systems formation.'? Phosphides are the common constit-
uents of meteorites; however, till now they were virtually
unknown on the Earth. Our recent findings demonstrate that
phosphide minerals could play an essential role at the ear-
ly stages of the Earth’s history, in Archean era.’ We herein
summarize the results of the recent studies of natural phos-
phides, with the emphasis on cosmochemically important
system Fe-Ni-P, and provide the insights on the role of these
minerals in planetary systems evolution.
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Clathrate hydrates are compound structures consisting of
water ice, in which water molecules form cage structures
capable of trapping a variety of gas molecules. There is
considerable evidence to suggest that clathrate hydrates are
present on a number of bodies in the Solar System, playing
important roles in their atmospheric evolution and surface
processes. For example, the origin of the energetic plumes
seen emanating from the south pole of Saturn’s moon, Ence-
ladus, by Cassini has been associated with the dissociation
of large quantities of clathrates hydrates [1]. This is due to
the fact that the plumes have been found to contain gas-
es such as CH, and N,, both of which have poor solubility
in liquid water On Mars, clathrates have been postulated
to play an important role in the distribution and total in-
ventory of Martian volatiles, including methane and noble
gases (Xe, Ar, Kr), and that the dissociation of extensive
sub-surface clathrate deposits could be responsible for some
of the geomorphological features observed on the surface
of the planet [2]. They have similarly been suggested as a
mode of depletion for the noble gases in the atmosphere of
Titan and as the source of the nitrogen depletion observed in
comets. Additionally, clathrates are also of terrestrial impor-
tance, being recognised as potentially important materials
for future energy recovery and storage, as well as CO, se-
questration. Clathrates are, however, notoriously unstable,
existing only in specific temperature and pressure regimes
that depend on the size of the trapped gas molecules, and
the structure of the ice cages themselves. While a number
of thermodynamic models exist to describe their behaviour,
experimental data to support these are lacking, especially
in the case of real world systems in which clathrates are
forming in environments other than pure water, such as sa-
line oceans.

In order to improve our understanding of the structural
properties of clathrates and their contribution to the shap-
ing and evolution of these bodies we have conducted in-si-
tu synchrotron X-Ray powder diffraction measurements,
in conjunction with Raman spectroscopy and small-angle
scattering, at Diamond Light Source, UK. The properties of
CO, and CH, clathrates forming in a variety of saline solu-
tions, over a range of temperature and pressure conditions,
analogous to those found on Enceladus, Europa, Mars and
Titan have been studied. Details of the experimental setup
used and the results of these studies will be presented here.
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