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Introduction:  Recent observations of the asteroid 

Ceres made in the far infrared indicate that the body is 

outgassing water vapor at a rate of approximately 6 

kg/s [1]. We find that a model for the flux of vapor 

from a partially ice-saturated regolith on Ceres, driven 

outward by the geothermal gradient for an assumed 

heat flux of ~1 mW/m
2
 , can produce a comparable 

global flux of H2O vapor. The same model applied to 

the flux of CO2 vapor from the regolith of Callisto [2] 

(assuming a water ice regolith partially saturated with 

CO2 ice) produces a global flux approximately equal to 

the estimated source flux required to maintain the ob-

served CO2 exosphere against known loss processes 

(0.3 kg/s) [3]. 

Our model is based on previous theoretical work re-

lated to deep equatorial ground ice on Mars [4] that 

demonstrated how an assumed initially pore-filling 

subsurface ice layer would retreat when near-surface 

conditions made the ground ice no longer stable. 

Mellon [4], and Clifford [5], pointed out that once the 

ice table (the shallowest depth with a non-zero volume 

fraction of pore ice) retreated below a certain depth, 

the linear gradient of vapor density established by dif-

fusion of vapor to the surface would necessarily go 

through the supersaturated regime of its phase diagram 

and therefore recondense as pore ice, an effect not con-

sidered in previous work [6]. Once this occurs, a 

steady-state profile of ice volume fraction, f_ice(z), 

develops, with net mass loss only occurring from the 

retreating pore-filling ice layer. The rate of vapor flux 

to the surface is then determined only by the vapor 

density and temperature gradient at the ice table depth 

(z0). We use an analytic physical model for regolith 

thermal conductivity [7,8] and a range of assumed val-

ues for the crustal heat flux to calculate the temperature 

gradient at z0, then integrate over all latitudes where 

surface ice is unstable to estimate the resulting global 

volatile vapor flux on Ceres, Callisto, Iapetus, and oth-

er “airless” icy bodies. 
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