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Small fluvial formed valleys and valley networks are present on the flanks of the martian volcanoes 
Ceraunius, Hecates, and Alba Patera [1,2,3,4] and are common in the southern highlands [5]. Because the 
formation of these valleys requires prolonged ~ e r i o d s  of relatively slow discharges, in comparison to the 
outflow channels, mechanisms such as an early warmer, denser atmosphere [GI, ice-covered rivers [7,8], or 
freezing point depressants [9] were postulated to explain valley formation. Numerous studies (e.g. [lo]) 
favored changed climatic conditions and suggested that the warmer climate persisted until the end of heavy 
bombardment when valley development was tllougllt to have ceased [11,12]. However, recent studies of Alba 
Patera [1,2,3], a volcano formed well after the end of heavy bombardment [ l l ,  131, have documented the 
presence of fluvial valleys on the volcano's northern flank. Tllese valleys thus suggest that additional valley 
forming mechanisms were active on Mars. One possible alternative mechanism may be hydrothermally 
supplied groundwater [14]. 

Hydrothermal systems may be an important valley forming mechanism because they are capable of 
circulating large quantities of fluid for prolonged periods. While hydrothermal activity can be produced by 
any perturbation in the regional thermal gradient, on Earth the most vigorous hydrothermal systems are 
produced by the emplacement of magmas into permeable fluid-rich rocks [15]. Many geologic features on 
Mars (e.g. volcanoes, impact basins, tectonic features, and extensive lava flows associated with intercrater 
plains formation) may have produced associated hydrothermal systems if the features formed in a medium 
which contained water or ice. To evaluate the hypothesis that hydrothermal systems were an important 
valley forming mechanism on Mars, we are studying the small valleys formed around impact craters and 
on the flanks of volcanoes. Although most of the valleys are formed on the intercrater plains [16], valleys 
associated with volcanoes and impact craters are especially conducive to study because the associated 
thermal anomalies can be well estimated from terrestrial analogs. 

Preliminary calculations suggest that the amount of water needed to form the fluvial valleys located 
on the flanks of Ceraunius, Hecates, and Alba Patera volcanoes could have been supplied by hydrother- 
mal systems. Assuming magma chamber size scales with volcano volume, Ceraunius and Hecates would 
have magma chambers of approximately the volume of Mauna Loa's - 350 km3 [17]. Alba Patera has a 
volume 100 times greater and perhaps a correspondingly larger magma chamber. The hydrothermal sys- 
tem resulting from the Skaergaard Intrusion, Greenland has been well studied [18]. The pluton, which 
intruded into permeable basalts, had a volume (320 km3) comparable to the Mauna Loa magma chamber 
but of slightly different shape. The pluton cooling time was 400,000 years with most of the hydrothermal 
activity concentrated in the first 350,000 years [18]. As in most such systems [15] the radial extent of the 
hydrotllermal system was approximately equal to the depth of the lower extent of the intrusion (about 8 
km). Depending on the size of a similar intrusion beneath a lllartian volcano, ground ice within several 
tens of kilometers of the intrusion could be melted and then transported through the hydrothermal system. 
Assuming a sufficient quantity of fluid was available, a martian l~ydrotl~ermal system active over 10' years 
could provide the necessary water to form well-integrated fluvial valleys. If multiple intrusions took place 
in the same area, the lifetime of the system could be lengthened significantly [17]. 

The other heat source we are considering is the melt produced by impacts [19,14,20]. Scaling relations 
from studies of earth impact craters and computer models [21,22] predict that a 100 km diameter martian 
crater would produce approximately 760 km3 of impact melt. ICieffer and Simmonds [23] argue that the 
vapor cloud produced by impact into a volatile rich surface xvould disperse most of this melt beyond the 
crater, but this remains controversial [24]. If the melt remains in the crater, a melt sheet several hundred 
meters thick would cover much of the crater floor. Additionally a volume of rock - 10 times as great as the 
rock volume melted would be heated to temperatures in excess of 100°C. The impact fractured subsurface 
would provide an adjacent region of high permeability that would allow circulation of hydrothermal fluids. 
Using the model of Onorato, el al. [25] we estimate the coilductive cooling time for the Rlanicouagan melt 
sheet to  reach 100°C (assuming 700 km3 of melt) at -- 15,000 years. The presence of a hydrothermal 
system would reduce this time [15] to - 5,000 years. In this short time highly integrated runoff valleys 
probably could not form, but gullies could be initiated if the hydrothermal system supplied sufficient fluid. 
For example, gullies have formed in less than 200 years on the 1700 ICeanakakoi ash on I<ila.eua volcano. 
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