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Introduction:  The last decades of space explora-

tion revealed the widespread occurrence and underlines 
the importance of Ices throughout our Solar System 
[e.g. 1, 2, 3]. Without a detailed knowledge of Ice for-
mation and evolution a comprehensive model for the 
development of habitable environments is impossible. 

Ices are unique carriers of a number of different 
chemical tracers, which include isotopic signatures of 
hydrogen, carbon and oxygen, noble gases, trace ele-
ment and REE patterns, to mention a few. Furthermore 
ice can capture, store, preserve and protect organics for 
extraordinary long time spans [4]. 

Whereas terrestrial ices are studied in great detail 
[e.g. 5], despite its importance, comparably little is 
known about extraterrestrial ice. 

However, rapid technical developments in laborato-
ries on Earth will enable a comprehensive analytical 
study applying traditional as well as novel techniques.  

Ice sample return:  Ice is one of the main compo-
nents of comets. It also exists in dwarf planets [2], at 
the poles of Mars, in shadow regions of the Earth´s 
moon [6], Mercury [1], it forms the crust of several 
moons of Jupiter, etc. Beside the sampling procedure 
itself the main challenge in ice sample return studies is 
to keep the ices at very low temperature during capture, 
transport, re-entry, storage and analyses without ever 
interrupting the cooling chain.  

Analogue experiments:  Analogue studies on ter-
restrial ice already overcome some of these challenges, 
which include ice core sampling in the Antartica, 
transport, storage and electron back scatter diffraction 
(EBSD) studies using SEM [e.g. 7, 8, 9]. 

Analytical Techniques:  Non-destructive meas-
urement techniques, like low dose SEM, ESEM, syn-
chrotron XRD and XRF, are scarce. Even if these tech-
niques are applied under the most gentle conditions 
available, ices - beside organics - remain the most deli-
cate samples due to their very unstable nature. 

Cryo Electron Backscatter Diffraction (cryo 
EBSD) of Ice:  EBSD turns out to be among the most 
powerful analytical techniques that SEM introduced to 
Earth and Planetary sciences about 20 years ago [10]. 
Just recently it became a routine technique to study 
water ice [7], applying several appropriate strategies 
for reducing beam damage. EBSD allows to determine 
the structural state, identifying the crystal structure and 
its respective orientation (LPO) down to the nanometer 

scale. Based on these data, deformation mechanisms, 
which control the dynamics within glaciers, Ice shields 
and the icy crusts of planetary moons, can be identi-
fied. 

Synchrotron Techniques:  Synchrotrons around 
the globe were used to study tiny particles of cometary 
[11, 12] and interstellar sources [13, 14, 15] collected 
during NASAs Stardust mission. Although due to the 
sample collection procedure it did not include the study 
of ices yet, it was demonstrated that synchrotron 
sources are valuable tools to measure the main and 
trace element content of even the tiniest extraterrestrial 
particles. The use of synchrotron sources to study ter-
restrial ices is already established [e.g. 16]. It enables 
the study of very tiny inclusions of fluids and solids 
trapped within the ice. 

The development of new analytical approaches to 
measure REE-patterns in sub-micron inclusions apply-
ing confocal XRF set-ups and energy-dispersive X-ray 
imaging detectors [17] represent ongoing work in the 
framework of a long-term project of our group at the 
PETRA-III synchrotron facility (Hamburg, Germany).  

Neutron Techniques:  Pilot experiments to use 
neutron diffraction to constrain the kinetics of low 
temperature phase transformations in water ice, at am-
bient pressure is part of an ongoing project at the 
ANSTO Bragg Institute Neutron Beam Instrument to 
determine the proportions of amorphous, hexagonal 
and cubic ice that form on super-cooling from small 
water droplets. 

Secondary Ion Mass Spectroscopy - SIMS:  Iso-
topic analyses like the D/H-ratio, Oxygen and Carbon 
isotopic signatures are usually performed by mass 
spectroscopy. Depending on the required spatial and 
mass resolution different SIMS instruments including 
ToF-SIMS, Nano-SIMS and high mass resolution 
SIMS are available.  

Sample Curation:  The most crucial part in study-
ing Solar System Ices in laboratories on Earth is the 
need to keep the samples at very low temperatures, 
safely store and securely send the samples for analyses, 
which will require a special cryo curation facility. 

Conclusion:  A comprehensive study of solar sys-
tem Ices is fundamental for the understanding and re-
construction of processes which lead to the formation 
of our Solar System, its alteration history and finally 
the formation of habitable environments. Therefore, we 
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predict that an ice sample return mission from either a 
comet or a moon will represent one of the main chal-
lenges within the next decades of solar system explora-
tion 
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