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Introduction:  Early in the Mars Global Surveyor (MGS) mission, high-resolution Mars Or-

biter Camera (MOC) images revealed erosion gullies in impact craters, major valleys and south 
polar pits (Malin and Edgett 2000).  Like the small valleys seen by the Viking orbiters in the an-
cient southern highlands of Mars, the gullies were quickly recognized as important features with 
potentially major implications for the history of the martian climate.   

In the case of the small valleys, the discussion of formation mechanisms mostly converges on 
two leading theories: erosion associated with groundwater discharge (sapping) (Sharp and Malin 
1975, Pieri 1980, Howard et al. 1988) and erosion associated with precipitation and surface run-
off (Craddock and Howard 2002).  As has been discussed in the context of valleys on volcano 
slopes, sapping and surface runoff need not be mutally exclusive (Gulick and Baker 1989, 1990). 

For the more recently discovered gullies, different theories for the processes responsible have 
been advanced as well.  As with the small valleys, groundwater sapping is one of the leading 
theories for the formation of the gullies (Malin and Edgett 2000, Heldmann and Mellon 2004, 
Marquez et al. 2005, Heldmann et al. 2007). While details of the erosion process varies in the 
different models, most alternative explanations for the origin of these small geologic features in-
voke erosion through subaerial deposition of atmospheric condensates (Lee et al. 2001, Gilmore 
and Phillips 2002, Hecht 2002, Christensen 2003, Balme et al. 2006, Lee et al. 2006, Dickson et 
al. 2007).  

Question of Climate Control:  Because liquid water is thermodynamically unstable on the 
surface of Mars today given the current cold, dry and thin atmosphere, the past and present at-
mospheric conditions on Mars factor directly into the discussion of the small valleys and gullies.  
In the context of groundwater origins, however, climate is not the only consideration.  If many or 
even most of the gullies and small valleys formed by groundwater sapping, or by mass wasting 
aided by groundwater seepage (Carr 1995), then geothermal heat may also have been important 
for the formation of these features (Gulick and Baker 1989, 1990, Gulick 1998, Goldspiel and 
Squyres 2000).  

Important to understanding the large issues of regional hydrology and global climate history 
on Mars is understanding whether these features are remnants of a martian climate that was 
warmer in the past (Sagan et al. 1973, Pollack 1979), products of regional climate variations 
(Gulick and Baker 1989, 1990), or whether they were produced free from any climate control.  In 
judging the importance of climate control, it is important to consider the thermal environments 
not just above the surface but below the surface as well, and to understand how the near-surface 
thermal environment regulates the groundwater flow and corresponding erosion mechanisms. 

Groundwater Modeling:  In the context of a groundwater discharge origin, the vertical loca-
tion of gullies seen on valley, crater and polar pit slopes in MGS MOC images suggest that liquid 
water flowed within a few hundred meters of the surface (Malin and Edgett 2000, Heldmann and 
Mellon 2004).  With the further inference of young gully ages, the images also suggest that the 
water flows may have occurred relatively recently (Malin and Edgett 2000 Mellon and Phillips 
2001).   

Previous numerical simulations of groundwater sapping indicate that the link between valley 
formation and a warmer early martian climate is not necessarily strong (Gulick 1998, Goldspiel 
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and Squyres 2000).  The recent imaging and implied young age of gullies on crater walls and 
other slopes would seem to support the conclusion of this earlier modeling (Malin and Edgett 
2000, Mellon and Phillips 2001, Malin et al. 2006).  Preliminary results from more recent model-
ing that takes into account sloped sapping faces and arbitrary solar exposure azimuths come to 
similar conclusions (Goldspiel and Squyres 2007).   

Laboratory Testing:  Numerical modeling of groundwater flow constrained by orbital and 
surface measurements provides a convenient means to test various climate history hypotheses.  
Numerical modeling can also be useful in determining the locations on Mars most likely to yield 
the most valuable samples for return to Earth for detailed analyses.  Numerical models, however, 
must be tested to be fully useful.   

Since the original work of Darcy (1856), several laboratory and field experiments have been 
developed to test the accuracy and applicability of various groundwater flow models (Rowe 
1960, Howard et al. 1988).  Laboratory experiments have also been conducted to test models of 
evaporation under current martian conditions (Hecht 2002).  These studies provide important re-
sults for validation of components of groundwater flow and discharge models. 

What seems to be missing, however, are controlled experiments that simultaneously simulate 
groundwater flow and current environmental conditions at the surface of Mars.  Laboratory ex-
periments that can simulate both surface and subsurface environmental conditions would provide 
a relatively inexpensive and valuable test bed for numerical models of surface and subsurface 
processes, including the discharge of groundwater under conditions like those found on Mars to-
day.   

There is no substitute for direct analyses of surface and subsurface materials on Mars.  Nu-
merical models, however, will still be necessary to explore climate-related hypotheses even 
while in-situ analyses of martian materials hopefully become more common and more capable.  
The more these models can be tested against laboratory simulations of complex surface, subsur-
face and atmosphere interactions, the more useful these models will be.  
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