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Introduction:  A variety of thermal, radiation, and 

Interstellar Medium (ISM) processes affect surface 

ices on solar system bodies during their storage in 

dynamical reservoirs like the Oort Cloud (OC) and the 

Kuiper Belt (KB); these processes also affect also 

rogue comets in the ISM, and complicate the 

interpretation of comets, KBO, dwarf planet, and 

interstellar comet (ISC) observations. Here we review 

this topic.  

Thermal Processes:  In the late 1980s, it was 

recognized that stellar encounters have consequences 

for the heating of ices of bodies in the OC [1], these 

same thermal processes also affect ices in the KB and 

ISM.  

  Specifically, occasional parsec-range and closer 

encounters with luminous O and supergiant (L~3-

6x105LSun) stars were found to be capable of heating 

the OC well above its ambient 5-6 K. For example, a 5 

pc distant O star can heat the OC to 16 K, removing 

near surface Ne and O2. Given the much greater 

proximity of the Sun to the KB than the OC, this 

process does not however much affect the 30-60 K 

surfaces of KB bodies, raising them only ~1 K. 

  Although supernovae (SNe) explosions are far 

briefer (~0.1 yr) than O-star passages (~3x104 yr), SNe 

are much more luminous (L*~109LSun) than even the 

brightest O stars, and they can heat the OC and ISCs 

from much larger distances. It has also been estimated 

[1] that ~30 SNe heating events close enough to heat 

the surfaces of OC and ISC surfaces to 30 K have 

occurred in the past 4 Gyr, thereby depleting the 

abundances of condensed Ar, CO, N2, and CH4 on their 

surfaces. Models further indicate there is a unit chance 

that the OC and ISCs should have experienced 1 SNe 

heating event to 50 K in the past 4 Gyr, and 50% 

probability that a SNe heating event occurred to warm 

all surfaces to 60 K, where other even species like 

formaldehyde can be depleted.  

  Adopting a range of surface diffusivities 

consistent with ice conductivity measurements relevant 

to cometary materials [2], the thermal wave of a 

typical, O-star encounter can plausibly penetrate to 5-

50 m depth. Briefer supernovae encounters have been 

estimated to propagate only 0.1-2 m into surfaces [2] 

The primary effect of these events is to preferentially 

further remove supervolatiles like O2, N2, He, Ne, CO, 

CH4, and Ar) from surface layers. 

Mechanical Interactions with the Interstellar 

Medium:  It was initially suggested [3] that ISM gas 

would slowly accrete onto icy surfaces forming an 

accretion crust that might amount to a layer 10-100 μm 

thick over 4.5 Gyr.  

However, such initial studies ignored the role of 

high-velocity ISM grain impacts on surfaces, and it 

was found [4] that grain-driven erosion on icy surfaces 

is ~1000 times more efficient than gas accretion, 

causing surfaces to lose (rather than gain) material due 

to ISM interactions. The primary reason being that 

while gas sticking is inefficient (typical a few percent), 

high velocity grain impacts at typical ISM relative 

velocities of 10-30 km s-1 are very efficient at micro-

cratering, causing far more material to be lost from the 

surface than the imported mass of the impacting grain.  

  Later it was also found that ISM interactions vary 

greatly in time and that the majority of ISM surface 

erosion comes during occasional passages of the solar 

system through galactic Giant Molecular Clouds 

(GMCs) [5]. These same workers estimated that of 

order 5-10 such erosion events have occurred since the 

formation of the OC, which may in total have caused 

bodies in the OC to have lost ~1-20 m of surface 

material. The same is expected of ancient ISCs. 

  Surfaces in the KB will also suffer from this 

erosion because they cannot be protected by the 

heliosphere (ISM pressure during GMC passage 

compresses the heliosphere down to a size perhaps as 

small as 5 AU).  

Radiation Processes: Interstellar and solar UV 

photons have relatively high fluxes in the OC and KB 

that can break bonds and initiate chemical change in 

icy surfaces. UV photo-sputtering is capable of eroding 

away the uppermost few microns of icy surfaces [6]; 

Greenberg [7] showed that UV photons would produce 

significant alteration of the composition, color, and 

albedo of icy surfaces. Others [8] confirmed and 

extended these results, showing that UV photons 

promote surface darkening to albedos of only a few 

percent and devolatilization that becomes 

progressively more severe with dosage, and therefore 

age. Because of their much closer proximity to the 

Sun, KB surfaces experience a much (i.e., ~105 times) 

higher UV and solar cosmic ray (SCR) surface dose 

than OC surfaces, dramatically increasing the total 

deposited charged-particle energy incident on the 

surfaces of these bodies. 

  What about energetic charged particles? The 

fluence of charged particles in the OC is dominated by 

Galactic Cosmic Rays (GCRs) with KeV-to-MeV 

energies. Like UV photons, charged particle radiation 

is capable of both sputtering surfaces and breaking 
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bonds [9], thereby inducing chemical reactions and 

consequently reordering the surface ice matrix. The 

irreversible radiation-driven conversion of the original, 

water-dominated ice matrix to a more complex “crust”' 

inevitably leads to the darkening of the surface, via the 

formation of long-chain hydrocarbons [10]. If icy 

surfaces have bulk densities of 1 g cm-3 or less, then 

the cosmic ray damage layer may reach several meters 

in depth [11]. The GCR dose onto icy KB surfaces is 

expected to be far reduced, relative to OC surfaces, 

because of the shielding effects of the heliosphere out 

to ~100 AU.  

  The chemical and structural changes in icy 

surfaces produced by radiation processes may be 

related to the tendency for OC comets to erupt at large 

heliocentric distances on their first approach to the 

Sun.  

Summary. A variety of important surface 

evolution mechanisms modify the surfaces of bodies in 

the solar system’s distant dynamical storage reservoirs, 

the notably the KB and OC, and also bodies in the 

ISM, such as ISCs. 
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