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Erosion of the fluvial valleys on the north slope of the martian volcano, Alba Patera, seems to have 
required flow of surface water [I]. As such these fluvial valleys are of particular paleoclimatic interest since 
the surface upon which the valleys formed is of Amazonian age, forming well after the more numerous valleys 
in the heavily cratered terrain. One potential source for the water is precipitation &rived from frozen lakes 
produced by outflow channel discharges. In this abstract we consider the atmospheric and geologic aspects 
of this hypothesis. 

Several sources have been proposed for the water required to carve the valleys on Alba. Eruptions 
and explosive activity on Alba could have periodically transported water into the surface environment [21. 
Ground-water outflow prior to surface water flow resulting from hydrothermal circulation within the water or 
ice-rich subsurface material underlying the unusually large, relatively low-relief volcano has been also 
proposed as a water source [1,3]. Numerical modeling [4] has demonstrated that the magnitude and duration 
of hydrothermal activity expected to result from the formation of Alba Patera could deliver sufficient quantities 
of ground water to the surface environment over time scales needed to form the observed fluvial valleys. 
Gulick and Baker [3] and Baker et al. [S] proposed that water vapor evaporated from a lake or sea created by 
outflow channel discharges might deliver water to the flanks of the volcano. Crater density studies indicate 
that the valleys on Alba are of similar age to outflow channel activity [6] and the formation of the proposed 
Oceanus Borealis [S] . 

The fluvial valleys on the north slope of Alba Patera cover approximately 30,000 km2. The total 
volume of material removed from the 104 km2area studed in [I] is estimated to be on the order of 10" m3. 
Assuming volume ratios of water to removed material of 1000:1, an equivalent depth of water of 10 km over 
the study region would be required for valley formation. Precipitation, with no atmospheric losses, of 1 
cm/year could theoretically provide the necessary quantity of water in 106 years. However it is doubtful that 
such low precipitation rates could actually induce valley development. The dry, leeward flanks of Hawaiian 
volcanos demonstrate that intensity as well as duration is imporant in valley formation. Regions of West 
Molokai receive approximately 20 cm/yr of rainfall and exhibit very little fluvial erosion. Widely-spaced 
linear streams with little to no tributary development dissect the approximately 2 million year old surface. 
Some regions on Mauna Loa receive an order of magnitude or more rainfall and show comparable or greater 
degrees of valley development on surfaces 10 times younger. However the degree of valley development on 
surfaces older than West Molokai receiving comparable amounts of rainfall is not appreciably greater. We 
conclude that rainfall rates less than some critical value, we estimate -10 cm/year, are insufficient to erode 
valleys, even over long time periods. 

Can precipitation deliver the required quantities of water to the north slope of Alba at rates 
to form valleys? Alba Patera is adjacent to the region in which outflow channel discharges would have 
ponded in T e  northern hemisphere. Transient seas as large as several 10' km2 have been proposed and are 
consistent wi the observed geology of the northern plains [5,7l. Here we assume only that the frozen sea ", has an area co , parable to that of the eroded flanks of Alba, or several 104 km2. 

To estitnate the rate at which water could be delivered to the flanks of Alba from the frozen sea, we 
consider air that has achieved saturation over the surface of an ice-covered lake. Winds with an initial relative 
humidity of 0% blow across the lake. The relative humidity of the air mass increases as the underlying ice 
sublimes. The rate of sublimation of the ice sheet depends primarily on the temperature and somewhat on the 
wind speed. For current martian conditions and wind speeds of 1 to 5 m/sec, sublimation r a w  are in the 
range of 0.3 to 3 cmlyear. If mean conQtions were 25 and 50 C warmer than current, the sublimation rate 
would be 10 and 100 times larger, respectively. 

The saturated air then cools as it is lifted upward and part of the entxained water vapor condenses as 
snow. The fraction of water that is deposited as snow depends on the lapse rate and the height of the ascent - 
- that is the altitude difference between the lake surface and the snowfield. For current martian mid-latitude 
temperatures, the snow accumulation rate over a 2 km altitude change is approximately 1 crn/year of equivalent 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



492 LPSC XXV 

SNOWFALL ON ALBA PATERA: Gulick, V. and McKay, C. 

water, if the snow accumulation area is comparable to the lake area. For a 6 km altitude change, appropriate 
for the summit caldera region of Alba Patera, the accumulation is 40% larger, assuming no precipitation at 
intermediate altitudes. The results depend linearly on the relative areas of the snowfield and lake. 

The deposited snow, like the lake ice, is subject to sublimation. However, the sublimation rate is 
lower at higher altitudes due to the lower temperature. The estimated net annual snow production is of order 
1 &year if the lake were formed under current martian conditions. The snow pack would be subject, 
however, to melting from below. A geothermal heat flux of 0.1 watt/m2 is required to melt a 1 cm annual 
water equivalent thickness production of snow. Such a heat flow is commonly measured over extensive (lo4 
km2) regions surrounding large terrestrial volcanic centers (e.g. Cascade volcanos). Heat flows of 1 w/m2 are 
commonly measured over areas of l d  km2 in terrestrial hydrothermal regions with the more intense areas 
delivering on the order of 500 w/m2 to the surface [8]. Therefore, the limiting factor in liquid water 
production on the slopes of an active volcano is snowfall, not delivery of latent heat from a local thermal 
source to melt the snow. 

Upslope from the valleys on Alba and downslope from the summit caldera is an undissected wedge- 
shaped region that could potentially serve as a zone of snow accumulation. This region has an area of 
approximately 15,000 km2, comparable to that of the valleyed area. Extrapolation of the major orientation of 
valley trends back to the summit region delineates the possible area of snow accumulation that would 
contribute to the formation of the observed valleys. The orientation of lava flows emanating from near the 
summit adjacent to this repon suggest that fluid melted in this region would indeed flow into the valleyed 
area. 

For snowfall on Alba to be an effective source of water for valley erosion, the production rate must 
exceed the calculated 1 cmlyear. Warmer ambient temperatures would produce greater sublimation from the 
frozen lake and consequently greater snowfall. Greater effective water delivery rates might also be achieved 
if the snow field acts as a storage reservoir. During periods of little or no volcanic heating, the snow would 
accumulate. Periodic melting of the snow, perhaps due to greater heat flows associated with magma chamber 
inflation might produce periodic runoff rates comparable to precipitation of tens of cm per year. A 
combination of snow accumulation, melting, and erosion over appropriate time scales might result in fluvial 
valley development on Alba. Thus valley erosion would progress during times of snow melt and then 
effectively halt until a new melting episode. During the intervening time the snow pack would be replenished 
by additional snowfall. In this sense the snow field would act as a storage reservoir for water on the flanks 
of Alba. 

In conclusion, sublimation of water from a frozen lake or Oceanus Borealis could result in delivery 
of snow to the flanks of Alba Patera at the rate -1cmfyear for current climatic conditions. The local heat flow 
was likely, at least periodically, capable of melting the delivered snow. However the calculated snow delivery 
rate is too low to permit valley development. For this mechanism to have been effective, the mean annual 
temperature must have been at least 25 C hlgher than at the present or the snow must have been stored on the 
flanks and melted episodically, providing shorter periods of more intense runoff. Given these limitations, 
ground water delivered to the surface by hydrothermal systems may have been a more effective fluid source. 
A combination of snowfall and hydrothermal &scharge might may better explain the observed valley 
morphology. 
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