
ICY WORLDS: HOW THE HIGH-PRESSURE ICE PHASES CAN SHAPE THEIR GEOLOGY.  G. Baron1, I.G. Wood1, 

L. Vocadlo1 and A.D. Fortes2, 1 Department of Earth Science, University College London, UK., (g.baron.16@ucl.ac.uk), 2 ISIS 

Facility, STFC Rutherford Appleton Laboratory, UK.  

 

 

Introduction:  Exploration by spacecraft of the icy 

bodies of the outer solar system has revealed that the 

moons of the giant planets are not just dead, frozen 

amalgamates of ice and rock but are active worlds, with 

surface reforming processes taking place [1]. They 

could support subsurface oceans [2], plumbing greater 

briny depths than those of Earth [3]. Ice and water 

hence play a major role in the physical processes that 

take place on those frozen worlds, as well as many 

other cold exoplanets across the galaxy. 

The geological features of such frozen worlds can be 

emulated by models constructed from distinct layers of 

ice within their interiors, as with ever increasing 

pressures en route for their cores, phase changes take 

place. These transform water-ice into a variety of high-

pressure polymorphs [4]. Phases, such as ices II, III and 

V all have contact with the liquidus and occur in the 

pressure, temperature regime likely to be found in the 

mantle of an icy moon. Consequently, these phases are 

good candidates for forming icy shells, with 

implications for thermal gradients and heat transfer [5]. 

The structure of a crystalline material has an 

important bearing on its physical characteristics. Each 

phase of ice has a different density and its own set of 

elastic moduli. Consequently, an accurate evaluation of 

these parameters will be highly useful to those 

scientists engaged in understanding the planetary 

geology of such icy worlds or building computer 

models of the likely mantle processes taking place 

inside them. 

Methods: Our work involves manufacturing 

samples of the ice phases existing at pressures below 

~2GPa by means of a piston cylinder cell [6], [7]. Their 

high-pressure structures are then preserved at ambient 

pressure in the laboratory by means of recovery and 

storage under liquid nitrogen. At these low 

temperatures, any back-transformation is prevented 

because of the very slow kinetics of any phase 

transition. Samples of ices II, III, V and VI were 

subsequently investigated using the High-Resolution 

Powder Diffractometer (HRPD) at the ISIS facility in 

the UK. These experiments were carried out at ambient 

pressure over a temperature range of 10-150K, using 

neutron powder diffraction techniques to accurately 

determine their thermal expansion coefficients. 

Structural refinements were carried out at 10K and 

these, together with the extrapolated zero temperature 

volumes, will provide reliable parameters for computer 

simulations. Both the H2O and D2O forms of these ices 

were investigated, in order to quantify the isotope 

effects in the different ice polymorphs. 

Results: Initial examination of the data provides 

good quality expansion coefficients for ices II, III and 

VI. However, an anomalous relaxation observed in the 

expansion of ice V needs to be investigated further. The 

volume expansion of ice III (Fig.1) suggests it exhibits 

some negative expansion along at least one 

crystallographic axis below temperatures of 60K. Such 

negative expansion is also a characteristic of the room 

pressure phase of water-ice (1h) [8] at low 

temperatures. 

 

 
 

 
 

 Figure 1: Volume expansion of H2O Ice III along two 

crystallographic axes, highlighting the negative a-axis 

expansion. 
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