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EARLY MARS: WARM AND WET, OR JUST WET? S.W. Squyres, 
Cornell University, Ithaca, NY 14853. 

One of the most important issues concerning the evolution of Mars is whether the climate 
early in the planet's history was substantially warmer than it is at the present. While there are 
sound theoretical reasons for expecting an early warm climate, the only features in the geologic 
record that may provide evidence for one are the valley systems. These are small, quasi-dendritic 
drainage systems that are common in the most ancient terrains on the planet. Because of their 
small sizes (valley widths as small as 1 km, and channel widths that are substantially less) and 
low discharges, these features are commonly assumed to have required a warm climate for their 
formation. Detailed thermodynamic calculations have suggested, however, that streams on Mars 
may be able to flow, even under the present climate, for distances equivalent to those exhibited 
by valley systems if a protective cover of ice is present [1,2]. If these calculations are correct, then 
the problem posed by the valley systems is not so much one of sustaining flow as it is one of flow 
initiation. I consider here the extent to which an enhanced geothermal heat flux early in martian 
history could contribute to formation of valley systems, independent of any putative early warm 
climate. 

A number of morphologic characteristics of martian valley systems indicate that the val- 
leys formed not by runoff, but by sapping [3]. These characteristics include clifflike upper valley 
walls, rounded amphitheater terminations to tributaries, parallelism, and lack of competition for 
interfluvea. Formation by sapping requires that liquid water be present in the regolith at  a depth 
corresponding roughly to the original minimum depth of the valleys. This depth is not known, as 
high resolution images of most valleys show them to be heavily modified, and largely filled with 
younger materials. A crude estimate of original valley depth can be derived from valley widths. 
An interesting and important characteristic of the ancient martian valley systems is that they gen- 
erally have a minimum width of about 1 km. Even the smallest fingertip tributaries are rarely 
narrower than this value. This observation indicates that there is some corresponding minimum 
depth above which sapping did not take place. Making the assumption that the original valley 
walls were formed in a low-cohesion impact-generated regolith, then they probably lay at an angle 
of repose of approximately 35O. If one takes 1 km as a global value for the minimum fingertip trib- 
utary width in ancient valley systems, then the minimum depth at which liquid water must have 
been present in the regolith is approximately 350 m. This may be something of an over-estimate, 
since the minimum tributary width in many locations is significantly greater than 1 km. 

The depth a t  which melting is reached in the regolith depends on the planet's surface 
temperature, on the geothermal gradient, and on the melting point of the liquid involved. If 
martian ground water had a significant salt component there could be some substantial melting 
point depression; however, I will assume that the melting temperature was that of pure water. 
The geothermal gradient depends on the geothermal heat flux and the thermal conductivity of the 
regolith. Both are diilicult to estimate with precision. The thermal conductivites of frozen soils can 
vary significantly, with the major dependences being on particle size and degree of ice saturation. 
Many measurements of the conductivity of terrestrial frozen soils have been made [4], and the bulk 
of them fall in the range of of about 0.2 to 2 W m-' K-l. I will adopt a value of 1 W m-' K-' 
here for the martian regolith, but note that significant uncertainty exists. 

The global heat flow early in martian history also is poorly constrained. Based on simple 
heat transport models and chondritic abundances of major radionuclides, a reasonable estimate 
of the present martian heat flow is - 30 mW m-2. However, it is certain that the heat flow 
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was substantially higher in the past. The reasons for this include a higher early radiogenic heat 
production rate, the presence of residual heat of accretion, and a possible early release of heat 
of core formation. If one takes the likely cases of moderately rapid (and hence moderately hot) 
accretion and core formation concentrated in the first Gy of the planet's history, then the peak heat 
flow from the planet during this period is approximately 140 mW m-2 [5]. (It should be noted that 
the formation of most valley systems coincides roughly with the initial formation of the Tharsis 
bulge and the northern lowland plains [6], events that may have been coupled to core formation.) 
Again, the uncertainties are large. However, this is a globally averaged value; local values in regions 
of geologic activity could be substantially higher, and geothermally-induced fluvial activity would 
be expected to be concentrated in such areas. . 

Taking a nominal peak heat flow of 140 mW m-2 and a thermal conductivity of 1 W 
m-l K-' for the martian regolith, one obtains a geothermal gradient of 140 K km-l, with the 
possibility of locally higher values. The mean annual temperature at low latitudes on Mars under 
the present climate is about 215 K. With an early geothermal gradient of 140 K km-' and a surface 
temperature of 215 K, the melting isotherm would be reached at a depth of 415 m. This is very 
close to the depth to melting inferred from minimum valley widths. 

The uncertainties in this simple calculation are large, and allow a fairly wide range of pos- 
sible early depths to the melting isotherm on Mars. However, it is noteworthy that reasonable (and 
in some cases rather conservative) estimates can lead to the conclusion that geothermal warming 
alone is sufficient to account for valley system initiation. It is not clear, then, that valley systems 
hold any compelling evidence for a substantially warmer climate early in martian history. 

A fair amount of attention has focussed recently on the possibility of local liquid water 
environments on early Mars, and their potential climatological, geochemical, and even biological 
signxcance. It is clear from the geologic record that water flowed in the valley systems early in 
martian history, and that it ponded in local depressions in the ancient cratered terrain. Simple 
calulations of the stability of liquid water under such conditions show that liquid can persist for 
substantial periods under a fairly thin ice cover with very little climatic warming [7]. So the geologic 
record presents no clear obstacles to the hypothesis that wet environments existed under thin ice 
covers early in martian history. However, it also may provide no clear support for the hypothesis 
that the climate was ever substantially warmer than the one that exists at the present. 
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