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Introduction:  Early in the Mars Global Surveyor 

(MGS) mission, high-resolution Mars Orbiter Camera 
(MOC) images revealed erosion gullies in impact cra-
ters, major valleys and south polar pits.  These MGS 
images suggest that liquid water not only flowed 
within a few hundred meters of the surface, but with 
the further inference of young gully ages, the images 
also suggest that the water flows may have occurred 
relatively recently [1,2].  The case for recent water 
flows has recently been strengthened by the observa-
tion of a new gully deposit that has formed during the 
final years of the MGS mission itself [3]. 

These gullies, like most of the previously known 
“small” valleys in the ancient highlands of Mars, are 
probably the result of erosion by groundwater sapping 
[1, 4-6]. Because liquid water is thermodynamically 
unstable on the surface of Mars today, understanding 
the details of groundwater discharge in the current 
cold, dry and thin atmosphere environment is impor-
tant to understanding the full significance of the gullies 
with respect to the large issues of regional hydrology 
and global climate history on Mars. 

Groundwater Modeling:  Previous numerical 
simulations of groundwater sapping indicated that the 
link between valley formation and a warmer early mar-
tian climate is not as strong as is often assumed [7].  
More specifically, it was concluded that if water in the 
upper few hundred meters of the martian regolith was 
kept above the freezing point through hydrothermal 
circulation or conduction of geothermal heat, then the 
small martian valleys could have formed by groundwa-
ter sapping under climatic conditions like those that 
prevail today, especially if the permeability of the mar-
tian regolith is like that of terrestrial gravels.  The re-
cent crater gully observations and analyses [1-3] 
would seem to support the conclusion of this earlier 
modeling.   

The earlier study, however, was limited in the 
range of parameters that could be explored.  The most 
significant limitations being the restriction of a vertical 
sapping face, and the use of insolation values that did 
not directly take into account the geometry and the 
directional exposure of the sapping face.  These sim-
plifications permitted the problem to be solved in a 
general sense, but not for specific situations or sites.   

A new study is now underway to investigate the 
details of groundwater discharge along the surface of a 
crater wall.  The new numerical model simulates the 
groundwater sapping process more completely for a 

crater wall by accounting for the effects of a sloped 
sapping face and arbitrary solar exposure azimuths.  
The surface-atmosphere interactions are taken into 
account, as are the thermal and physical affects of for-
mation of ice in the regolith pores. 

Results:  Recent studies of the distribution and 
physical characteristics of martian gullies have come 
to different conclusions regarding the origins of these 
features.  In one study, which identified gullies on all 
slope orientations at all latitudes, aquifer discharge is 
considered the likely formation mechanism for the 
gullies [8].  In another study, which finds a strong 
preference for gullies in the southern hemisphere to 
face toward the pole, the researchers conclude that 
many gullies cannot have formed by groundwater 
processes and alternatively argue for an atmospheric 
origin [9].   

Like the earlier study for the small valleys, results 
from the first phases of the new study of localized 
groundwater flow and discharge along the walls mar-
tian craters indicate that groundwater can predictably 
seep from the crater wall and erode the observed gul-
lies under the climatic conditions that prevail today 
without appealing to especially high aquifer tempera-
tures or regolith permeabilities.  Preliminary results 
also indicate that compared to the effects of local hy-
draulic conductivity and geothermal heating, insolation 
variations at the surface due to variations in crater wall 
slope and exposure angles have only minor effects on 
the ability of groundwater to seep from the crater 
walls.  Insolation is found to be important, however, in 
cases where the given set of atmospheric and hydro-
geologic conditions result in conditions only margin-
ally favorable to sustained water seepage at the crater 
walls.  
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