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Recent models of energy balance in the evolving protoplanetary disk of the Sun suggest that the snow-line (the 
surface outside which water was stable in the solid phase) danced around with time, in the (roughly) 1 AU to 3 AU 
heliocentric distance range.  This means that, depending on their time of formation, ice-bearing solid objects could 
have formed anywhere in the protoplanetary disk from the middle of the Terrestrial planet region out to the extremi-
ties of the Kuiper belt.  Observational evidence indeed shows that ice-rich bodies (“comets”) are divided into at least 
three distinct groups spread over the above-mentioned range.  The Oort cloud comets (OCCs) probably formed in 
the middle Solar system, in the vicinity of the gas and ice giant planets and were later scattered out to their current 
orbits much larger than the planetary region.  The Kuiper belt comets (KBCs) may have formed, in part, in the outer 
Solar system where they now reside, beyond the outermost giant.  The Main-belt comets (MBCs) orbit within the 
asteroid belt at about 3 AU.  Their formation location is unknown. They might be products of in-situ accretion or 
they could have been captured in the early Solar system from more distant locations.  

The survival of ice formed over a wide range of distances and temperatures opens the possibility for a kind of 
“ice archaeology” of the Solar system.  Several important properties of the ice are likely to depend upon the forma-
tion temperature and therefore to vary as we move outwards from the MBCs to the KBCs.  The most fundamental of 
these temperature-dependent effects is the physical state of the ice, whether it be crystalline or amorphous.   Ice in 
the outer Solar system (KBCs and OCCs) formed cold enough to be amorphous whereas ice accreted in the asteroid 
belt would almost certainly have been crystalline from the beginning.   The difference is extremely important for 
understanding a range of observations of small bodies in the Solar system.  In particular, the trapping of other mole-
cules is much higher in amorphous ice and the efficiency is a strong function of the temperature, as experimentally 
documented by Bar-Nun and others over the years.  Complicated thermal models of amorphous cometary nuclei are 
able to fit a range of observations (for example, of outgassing activity exhibited beyond the orbit or Jupiter, where 
crystalline water ice should be involatile).  The question is whether the amorphous ice is really there.  Spectral evi-
dence from the outer Solar system, for example, typically shows that the ice is crystalline (as evidenced by the 1.65 
micron absorption band).

In this presentation I will discuss telescopic observations relating to the crystalline state of the ice and recent 
laboratory work conducted to understand the stability of crystalline ice when exposed to energetic particles.  In addi-
tion,  I will discuss the long-term survival of the ice in the context of thermal evolution models, and highlight pa-
rameters that could be usefully measured both using large telescopes and in the laboratory. 
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