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Given a water-rich Mars and climatic conditions resembling those of the present, the existence of a 
geothermal temperature gradient within the crust will give rise to a corresponding vapor pressure gradient that 
drives the diffusion of H20 from the higher temperature (higher vapor pressure) depths to the colder (lower vapor 
pressure) near-surface regolith [1,2]. An important consequence of this geothermally-induced vapor transport is 
that the cold-trap represented by the pore volume of the cryosphere should remain saturated with ice for as long as 
a sigmficant reservoir of subpermafrost groundwater survives on the planet. Under such conditions, a low 
temperature hydrothermal system will develop in the unsaturated zone between the water table and the freezing 
front at the base of the cryosphere (Figure 1) -- a process that has likely had important consequences for the 
physical and geochemical evolution of the crust, the composition and viscosity of groundwater, and local 
cryosphere thickness. 

The development of a low temperature hydrothermal system within the unsaturated zone between the 
water table and the base of the cryosphere is a natural consequence of the thermally-induced origins of the 
diffusing water vapor. That is, as the crustal temperature gradient drives the upward migration of vapor from the 
water table, the vapor rises into the progressively colder crust above. This drop in crustal temperature results in a 
corresponding drop in saturated vapor pressure -- forcing some of the ascending vapor to condense and drain back 
to the water table as a liquid. In this way a dynamic balance of opposing fluxes is achieved, creating a circulation 
system of rising vapor and descending liquid condensate (Figure 1). 

For reasonable values of crustal pore size (1-10 pm) and porosity (-20%), a geothermal gradient of 15 K 
km'l can drive a vertical flux (per unit area) of -8.3 x 10-5 - 2.8 x lom4 m H20 yr-l to the freezin front at the 
base of the cryos here [ I ,2]  This is equivalent to the vertical transport of 1 km of water every LO8- lo7 years, or 3 roughly lo2 - 10 km of water over the course of martian geologic history. However, there is reason to believe that 
this thermally induced vapor flux was even greater in the past. Models of the thermal history of Mars suggest that 
4 billion years ago the planet's internal heat flow was -3 - 5 times larger than it is today [3,4]. Because the vapor 
flux rate is directly proportional to the temperature gradient, this implies a similar increase in the volume of water 
cycled through the early crust. 

The convective cycling of lo2 - lo3 kilometers of water (per unit area) between the water table and the 
base of the cryosphere should have had a considerable effect on the geochemical and physical evolution of the 
martian crust and groundwater. On Earth, groundwater that resides within crustal rocks for hundreds of millions 
of years generally evolves into a highly mineralized brine consisting of a saturated mixture of chlorides, 
carbonates, sulfates, silica, and a variety of other dissolved species [5]. On Mars, this geochemical evolution will 
likely be augmented by the influx of minerals leached from crustal rocks by low-temperature hydrothermal 
circulation . The cycling of lo2 - lo3 km of water through the unsaturated zone between the water table and the 
base of the cryosphere will deplete the intervening crust of any easily &ssolved substances, concentrating many of 
them in the underlying groundwater to levels far in excess of their respective saturation points. The resulting 
precipitation of these minerals beneath the water table should lead to widespread diagenesis and to the 
development of a distinct geochemical horizon within the crust [6]. Where exposed by subsequent faulting or 
erosion, tlus horizon should appear as a relatively competent layer whose upper boundary conforms to a surface of 
constant geopotential. Although not diagnostically unique, such an observation is consistent with mineral 
deposition in an unconfined aquifer in hydrostatic equilibrium. 

The concentration of soluble minerals beneath water table will also have a dramatic effect on groundwater 
viscosity. For example, at 290 K the viscosity of pure water is roughly 1 centipoise (= 10-3 Pascal-second); 
however, naturally occurring brines on Earth can have effective viscosities that are many orders of magnitude 
higher. Since virtually all calculations of fluid flow, both above and beneath the martian surface, have assumed the 
unlikely pure-water value of viscosity, their results could be off by a factor of 10, 103, or even more. Two 
examples of hydraulic properties that are highly sensitive to the value of viscosity are the Reynolds number (which 
is inversely proportional to the fluid's viscosity) and the permeability of a rock mass necessary to permit a 
particular discharge (which is directly proportional to groundwater viscosity). Thus, where a local permeability of 
1 darcy may be required to permit a particular discharge for "pure" groundwater, a permeability as much as 
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Fig. 1 .  . An example of low-temperature hydrothermal circulation driven by Fig. 2. A hypotl:etical cross-section ofthe crust illustratingthe poten- 
the Martjan g w h n n a l  gradient. tial effect of low-temperature hydrothermal leaching on the local 

thickness of the cryosphere. 

several orders of magnitude higher might be necessary to support that same discharge given a more realistic 
estimate of groundwater composition and viscosity. 

Finally, the leaching of soluble salts from the crust -- and their concentration in the underlying 
grcundwater -- will also have important consequences for the freezing point and local thickness of the cryosphere. 
For example, consider the cryosphere and groundwater relationships illustrated in the hypothetical crustal cross- 
section in Figure 2. In those regions where the water table and base of the cryosphere are not in intimate contact 
(e.g., see Section 2.3 of reference 2), the cleansing of salts from beneath the cryosphere will also eliminate any 
potential for a significant salt-induced depression of the freezing point -- thus, maximizing the cryosphere's local 
thickness. On the other hand, where groundwater is in contact with the base of the cryosphere, the freezing 
temperature of the salt-saturated groundwater (and, thus, the basal temperature of the cryosphere) could be 
depressed well below 273 K -- thereby minimizing the cryosphere's local thickness. For a groundwater system in 
hydraulic equilibrium, this suggests that the cryosphere of Mars will generally be thinner at lower elevations 
(where it is most likely in contact with groundwater) than it is at higher elevations. It also suggests that estimates 
of the total pore volume of the cryosphere that are based on the assumption of a globally depressed basal freezing 
temperature (e.g., Section 2.3 of reference 2) likely underestimate the total volume of water that could be stored as 
ice within the frozen crust. 

A more detailed discussion of each of these points is currently in preparation. 
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