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Introduction:  The primary driver of activity in 

comets close to the sun is sublimation of H2O-ice. Cal-
culations of gas production for sublimation from a 
suite of volatiles show that the sublimation rates de-
crease significantly beyond a specific heliocentric dis-
tance; for H2O-ice this distance is near r=3AU [1].  
This has lead to the mis-interpretation that water-
driven activity will not continue beyond this distance.   
However, observations with sensitive detectors are 
now showing activity in many comets out to large dis-
tances, including indications of activity near aphelion 
for short-period comets [2]. 

Discussion:  Possible mechanisms to explain activ-
ity in comets beyond the distance where H2O-ice sub-
limation can produce significant coma include the 
amorphous-to-crystalline ice transition [3-4] or frozen 
highly volatile materials.  However, we know that 
either there was not a significant amount of these di-
rectly frozen gases incorporated into comets, or that 
evolutionary effects have released these volatiles, be-
cause the comets which have been studied in detail do 
not show significant release of different volatiles at 
different times, rather they come out in the same pro-
portions over a range of distances regardless of volatil-
ity. The amorphous ice transition has been used to 
explain many cometary phenomena at large heliocen-
tric distances including the comet 1P/Halley outburst 
near r=13 AU [5], activity in C/1995 O1 [Hale-Bopp], 
the large outburst in C/Chiron, and the sporadic activ-
ity in comet P/Schwassmann-Wachmann 1  [6-8].  
New surveys that are targeting short-period comet 
nuclei [x] near aphelion are finding significant num-
bers of comets with comae near r=4-5 AU, however, 
H2O ice sublimation is sufficient to lift observable dust 
grains from the surface and can account for the devel-
opment of a dust coma out to between 5-6 AU [9].  

For comets which are active much beyond 9 AU 
where the equilibrium surface temperatures are lower 
than the start of the amorphous-to-crystalline ice tran-
sition, activity may be due to the perihelion heat wave 
penetrating into volatile-rich depths in the nucleus.  
However, discoveries of active dynamically new com-
ets with large perihelion distances, which have never 
passed into the inner solar system and experienced 
heating require a different mechanism.    

Amorphous ices anneal starting at temperatures 
near ~37K and lasting until the crystalline phase tran-
sition begins.  Lab experiments show that gases 
trapped in amorphous ices are partially released dur-
ing annealing, and that large ice grains can be liber-
ated during this process [10].  This process is relevant 
for activity as far out as the Kuiper Belt. 

 
Fig. 1 Images of comets [top] 22P/Kopff at r=4.7 AU; 
[middle L] C/2003 O1 (LINEAR) at r=6.92 AU; [mid-
dle R] C/1999 J2 (Skiff) at r=10.10 AU; [bottom L] 
C/2001 G1 (LONEOS) at r=11.21 AU; [bottom R] 
C/2003 A2 (Gleason) at r=11.49 AU.  FOV = 3x3 
arcmin, N is up and E to the left. 

Summary:  Deep surveys are discovering fainter 
distant comets, and targeted observations are now de-
tecting activity on many of these objects.  Observa-
tions should continue to get both deep coma images 
suitable for Finson-Probstein dust-dynamical model-
ing to constrain dust ejection velocities, sizes, and 
onset of activity, and these can be compared with 
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thermal models and laboratory experiments to under-
stand the mechanisms for activity.  Kuiper belt objects 
are being observed with a variety of surface composi-
tions, some of which imply outgassing and volatile 
loss [11]. Amorphous ice annealing provides a 
mechanism to explain activity inbound at r>9 AU, and 
is a process which can work even in the Kuiper belt, 
although searches for activity in these objects have not 
yet been successful [12]. 
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