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The valley networks of Mars are difficult to reconcile with any origin 
other than erosion by running water (1,2). Most proposed alternatives 
either fail to explain the numerous tributaries that form integrated 
drainage networks, or invoke exotic liquids for which there is no 
supporting evidence. An aqueous origin also presents difficulties. Liquid 
water is at present unstable everywhere on the martian surface; it will 
either rapidly freeze or evaporate depending on local conditions (3). In 
addition, the atmosphere contains so little water that if all precipitated 
out it would form a film only 10 micrometers thick. Because of these 
difficulties and the channel characteristics, some workers (4) have 
suggested that the valley networks formed largely by groundwater sapping. 
However, an origin exclusively by sapping also presents problems. Old 
crater walls are commonly dissected and many gullies originate at the 
crater rim crests. Such a pattern is unlikely by sapping alone. Moreover 
origin by sapping requires some mechanism for recharging the groundwater 
system unless all the water that flowed across the surface was juvenile, 
which is unlikely. It has further been generally assumed that formation of 
the valley networks requires climatic conditions significantly different 
from those that presently prevail, and that the martian atmosphere was 
thicker in the past when the chanoels formed (5,6,7). However, even if the 
atmosphere were thicker and surface temperatures higher when the channels 
formed, the problem of recirculating the water remains. Without oceans to 
return water from the poles to lower latitudes, ice would steadily 
accumulate at the poles and the expense of the equatorial water 
inventory. Clifford and Johansen (8) recognized this problem and suggested 
that equatorial groundwater may be replenished by slow percolation of water 
from the poles. 

Another possibility examined here is that large impacts episodically 
introduce water into the atmosphere, that the water precipitates out, 
probably largely as ice or snow, and that'melting of the ice results in 
surface runoff, which erodes the surface and possibly replenishes the 
equatorial groundwater system depending on climatic conditions. During the 
early history of the planet, impacts may have caused a slow circulation of 
water, and when the impact rates rapidly declined over 3.5 billion years 
ago so did the rate of formation of the channels. According to this 
scenario both sapping and surface runoff may contribute to channel 
formation. The hypothesis is attractive in that it is consistent with the 
ages of the valley networks, which appear to have formed mainly early in 
the planet's history when impact rates were high, although relatively young 
channels are occasionally observed (9). Major uncertainties are whether 
impact could inject enough water into the atmosphere to cut the channels 
and under what climatic conditions surface flow would result from the 
consequent precipitation. 

Collapse features, patterned ground, debris flows, volcanic table 
mountains, moraine-like features, and partly eroded debris blankets all 
suggest extensive ground ice on Mars, particularly at high latitudes (10, 
1 1  12). Groundwater below the permafrost is suggested by the fluidity of 
impact ejecta around craters larger than 5 km in diameter, by sapping 
features, by the sources of outflow channels and by theoretical 
considerations of thermal and mechanical conditions at depths (13, 14). 
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Flow-like patterns of ejecta around almost all fresh craters in the 5-100 
km diameter size range present the most convincing evidence that impacts 
bring significant amounts of water to the surface. If, during formation of 
a 100 km diameter crater, 1 percent of the transient cavity volume were 
injected into the atmosphere as water vapor several cm of snow could be 
deposited over one tenth of the planet's surface. This is a conservative 
estimate since the surface rocks are likely to contain significantly more 
than 1 percent ice, particularly at high latitudes. 

For meltwater to erode the observed channels climatic conditions must 
first be such as to cause the snow to melt and allow the meltwater to 
accumulate in streams, and second such that the stream must be able to 
survive long enough and flow far enough to cut the channels observed. Carr 
(14) examined the stability of martian streams under a range of climatic 
conditions and concluded that if a stream 1 to 2 meters deep can be 
initiated on the martian surface it can, under present climatic conditions, 
flow for hundreds of kilometers before flow is arrested by freezing 
provided that the stream has an established channel, that the slope is 
greater than 0.001, and that icings do not block the flow until a 
substantial fraction of the stream is frozen. The distance that a stream 
can potentially flow does not change greatly with increasing atmospheric 
pressure until pressures exceed 500 mb. Since most valley networks are 
short (< 300 km) it appears that if a stream 1-2 meters deep can be started 
it can survive long enough to cut the observed channels even at present. 
The main problem is initiating the flow. To determine the conditions under 
which snow might melt and provide runoff, the melting of a thin veneer of 
snow over soil was modelled taking into account various factors such as 
sublimation, penetration of short wave radiation, the change in the 
infrared flux with increasing atmospheric pressure, and conduction between 
the atmosphere and the ground. Preliminary results suggest that melting 
will occur in summer during eras of high eccentricity if the snow is dirty, 
as would be expected if precipitation is the result of impact, and if 
atmosperic pressures are as high as 100 mb. However, whether sufficient 
snow can melt during the day to accumulate into streams that can survive 
overnight remains to be demonstrated. 
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