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Introduction: Temperature is a key state parame-

ter that, along with stress, controls much geologic ac-
tivity known or suspected on icy satellites, for in-
stance, melting, cryovolcanism, geyser processes, and 
the occurrence and activity of subsurface oceans; fold-
ing, faulting, and plate flexure; diapirism and solid-
state convection; thermal convection of fluids in po-
rous media; decollement; viscous dissipative heating; 
and glacial flow. Temperature and stress conditions 
control much geology, but temperature also partially 
controls visco-elastic responses and stress conditions.   
Four major things control crustal temperatures: surface 
temperature (affected by albedo, hence, composition), 
interior heat generation and heat flow (affected in 
some cases by viscoelastic dissipation, hence rheology 
and composition), thermal conductivity (strong control 
by composition), and nonconductive heat transport 
(dependent on phase state and rheology, hence compo-
sition).  Crustal volatile composition—especially its 
influence on thermal conductivity and crustal tempera-
tures—is a key variable property of icy satellites that 
underlies much of the geologic behavior of icy satel-
lites, yet the links between composition, crustal tem-
peratures, and geologic behavior are barely explored.  
Nearly all thermal models assume thermal conduc-
tivity relevant to a water-ice crust for icy satellites and 
a rock material for asteroids.   As reviewed below, 
thermal conductivity data available in the literature 
suggests that this common assumption can lead to 
large errors that would seem to preclude geologic ac-
tivity in objects where it is rampant.  Melting proper-
ties of materials and their mixtures are also key aspects 
controlling the geologic responses of icy satellites to 
heat inputs.  Together, composition-dependent thermal 
conductivity (which controls the retention of heat), and 
composition-dependent melting behaviors (which con-
trol the stability of solids) underlies much of the phe-
nomenological complexity of icy satellites. 

Thermal conductivity of materials.     
Water ice, in fact, is by far the most thermally con-

ductive phase making up the preponderance of icy 
satellites’ crusts.  Other known or suspected major 
constituents, such as most salt hydrates, clathrate hy-
drates, other molecular ices, frozen hydrocarbons, 
elemental sulfur, and other common materials, have 
thermal conductivities factors of 2 to 10 less than wa-
ter ice Ih.  Most other water ice phases also have ther-
mal conductivities much lower than water ice Ih.  Con-
sidering also the crucial influence of porosity in con-
trolling thermal conductivity of materials, the use of 

thermal conductivity values approporiate for fully 
dense ice Ih to represent the thermal conductivity of 
icy satellite crusts can be like using the thermal con-
ductivity of nails to represent that of a house’s wall.  
Icy satellites may be much more retentive of heat than 
usually modeled, and this can help explain the startling 
geologic activity of many icy satellites. 

Figure 1 summarizes some thermal conductivity 
data for fully dense (nonporous), well-crystalized ices, 
hydrocarbons, salt hydrates, and other volatile materi-
als.  Also important is the porosity of materials and the 
effects of mixtures (including the important effects of 
texture-- the spatial organization of materials that are 
mixed).   

A new conceptual regimen will be described that 
explains how icy satellite geology and geophysics is 
related closely to heat budget and composition.  That 
this is so has been long recognized, but the new 
scheme explains additionally why there is geologic 
activity even on very small icy objects and why some 
familiar geologic behaviors are repeated across the 
Solar system even when material and conditions vary 
drastically.  The scheme relies partly on the diverse 
thermal conductivity and melting behaviors of materi-
als occurring naturally in the Solar System. 
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