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Context  
Centaurs are a population of small bodies on short-

lived chaotic orbits in the giant planet region. They are 
believed  to  be  a  transient  population  between  the 
Kuiper Belt and Jupiter Family Comets (JFCs) [1,2]. 
Some observational  evidence,  albeit  indirect,  is  con-
sistent  with  the  presence  of  amorphous  water  ice  in 
Centaurs [3]. We investigate the survival of amorphous 
ice against  crystallization, using a fully three-dimen-
sional  thermal  evolution  model  [4].  Simulations  are 
performed for  varying  heliocentric  distances  and ob-
liquities, for initially amorphous bodies.

Results  
Crystallization  of  amorphous  ice  is  a  temperat-

ure-dependent process, it therefore proceeds at differ-
ent  rates depending on the  latitude at  the surface  of 
Centaurs, and on the time-dependent heliocentric dis-
tance and obliquity (see Figure below). Crystallization 
can be triggered even at heliocentric distances as large 
as 16 AU when the object has a large obliquity (Θ > 
45°). Amorphous water ice can nonetheless survive at 
the surface of Centaurs at small heliocentric distances, 
especially beyond 10 AU. 

The phase transition is accompanied by the release 
of trapped volatiles [5,6,7], meaning it is an efficient 
source of outgassing in the giant planet region, where 
water  ice  is  thermodynamically  stable.  We find  that 
cometary activity due to the crystallization of amorph-
ous  water  ice  can be  expected below 10 to  12 AU, 
which is broadly consistent with the current observa-
tions of the active Centaurs. The most extreme case is 
167P  which  barely  crystallizes  in  our  simulations. 
Amorphous ice can however be preserved in many (a, 
Θ)-configurations, below a 5 to 10 m-thick crystallized 
crust. 

Any  additional  energy,  including  collisions, 
changes in orbital  parameters,  internal  strains due to 
close encounters with the giant planets, could re-trig-
ger crystallization at these depths. However, outgass-
ing due to crystallization of amorphous ice can be sus-
tained for  a  limited  time (due  to  the finite  diffusion 
coefficient of molecules), thus leading to the hypothes-
is that active Centaurs might be “young” on their cur-
rent orbit.

Figure shows the distribution of amorphous and crys-
talline  water  ice  at  the  surface  of  Centaurs,  after  
10Myr of evolution in the giant planet region. Rows  
show  different  heliocentric  distances,  columns  show  
different obliquities. 
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