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There is a wide variety of evidence for large amounts of subsurface ice locked 
up in the martian regolith1. The geomorphic evidence includes features such as 
fretted terrain, chaotic terrain, thermokarst, rampart craters, and patterned ground. 
Estimates of martian outgassing based on the isotopic composition of the atmosphere 
are consistent with ground ice equivalent to a layer of water a t  least ten meters deep 
over the entire planet2. There is also abundant evidence for widespread volcanic ac th ty  
on Mars, in the form of large shield volcanoes and extensive lava flooding3. It is 
inevitable then tha t  there has been substantial volcano-ground ice interaction on Mars. 
When hot magma comes into contact with ice-rich permafrost, a number of significant 
processes can take place. These include: (1) melting of ice to produce potentially large 
amounts of liquid water, (2) generation of steam that  escapes into the atmosphere, and 
(3) hydrothermal alteration of basaltic glass to form palagonites, which have spectral 
properties that  provide a better fit to the spectra of martian fines than other proposed 
mineral phases4. 

We have attempted to model martian volcano-ground ice interactions numerically. 
In performing the calcuiation, we assume that a lava flow of arbitrary thickness is 
instantaneously emplaced on top of an ice-rich permafrost. The initial temperature 
of the lava is taken to be 1 4 7 3 ~  K. The initial surface temperature of the permafrost 
is set by its albedo and the diurnal mean insolation, and a geothermal gradient is 
assumed to be present. The boundary condition a t  the upper surface of the lava 
flow is calculated from the energy balance equation E ~ T T ~  = S + H e  - Ht + Hw . 
Here E is the surface emissivity (assumed unity), o is the Stefan-Boltzmann constant, 
T is the surface temperature, S is the diurnally variable insolation, H, is the heat 
conducted up from below, and H, is the heat radiated back to the surface by the 
atmosphere (generally negligible). Hw is the heat loss due to atmospheric motion, and 
is calculated for arbitrary wind velocitg and surface roughness from simple boundary 
layer theory. As heat is conducted into the permafrost, two phase boundaries propagate 
downward: the melting front separating permafrost from wet soil, and, behind it ,  
the vaporization front separating wet soil from soil plus steam. We assume that  
the maximum vapor pressure possible in the soil plus steam layer is equal to the 
overburden pressure, and that  excess vapor is lost to the atmosphere through fractures 
in the cooling lava flow. The "steam" layer is therefore effectivelj dehydrated by the 
process. 

The mathematical description of heat transport in the permafrost is compli- 
cated by the two moving phase boundaries, and by the significant, dependence of 
material thermal properties (heat capacity and thermal conductivity) on tempera- 
ture. A novel approach to problems of this type has been proposed by Bonacina et 
aP. They suggest treating latent heat effects as  formally equivalent to a large heat 
capacity over a small temperature range (i.e., a heat capaciv "spike" centered about 
the phase transition temperature). This approach rigorously reduces to the conven- 
tional phase interface boundary conditions a t  a vanishingly small heat, capacity spike 
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width. 

While this approach greatly simplifies the mathematical and numerical description 
of the phase transitions, it does so a t  the expense of introducing temperaturedependent 
coefficients in the heat conduction equation (even when formaw these properties may 
be constants). This introduces no additional complexity for the problem of concern 
to  us, however, as  we assume temperature-dependent thermal properties from the 
outset. Two-level implicit time differencing schemes (e.g., Crank-Nicholson) for this 
type of non-linear problem result in non-linear sets of equations requiring iteration a t  
each time step. Lees6 has developed a three-level scheme for solution of problems 
of this type which is unconditionally stable and second order accurate in both time 
and space. Moreover, the system of equations to be solved is linear, since coefficients 
are evaluated a t  the midpoint in time. We have employed this scheme in our 
calculations. 

In performing the calculations, i t  is necessary that the temperature interval 
in which the phase transition occurs encompass a t  least two to three nodes of the 
spatial grid. In addition, the interval should not be so large as to fail to reflect 
"true" physical processes. In practice, these two requirements require a relatively fine 
spatial mesh near the magma/permafrost boundary, at  least for accurate modeling 
of the initial phase changes near the top of the permafrost. We use a non-uniform 
grid to deal with this requirement. Using high accuracy three point spatial difference 
expressions, we have shown that  the approach taken by Bonacina et aL5 can be 
extended to non-uniform grids and still retain diagonal dominance in the resulting tri- 
diagonal matrix equations. Moreover, the spatial error terms remain better than first 
order. 

For a given configuration of lava and permafrost, we calculate the amounts 
of liquid water and vapor produced. Preliminary results indicate that  the com- 
bined effects of steam release and collapse due to water removal are sufficient 
in some cases to cause significant geomorphic modificaton of the surface of the 
lava flow. Because most of the heat is lost from the surface, however, the 
process does not produce enough liquid water to account for formation of large 
outflow channels. A great deal more liquid water can be produced by intrusion 
of the magma as a sill or dike, which causes most of the heat released to go 
into H20 phase changes. This configuration will be simulated in future calcuia- 
tions. 
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