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Although present Mars is very dry and cold with thin CO2 atmosphere, there 
are numbers of geomorphologic evidence that Martian surface was rich in water, 
probably under the environment of a thicker atmosphere.  A typical example is 
enormous flood morphologies called “outflow channels” which are observed mostly in 
the northern hemisphere of Mars.  Some advocated that a large amount of water from 
outflow channels should have formed a transient ocean on the northern polar plain 
(probably 3 billion years ago).  However, still there is a debate on the origin of outflow 
channels.  Volcanic process, climate warming, and impact process are postulated for 
the driving force of outflow channel formation.  Typical Martian outflow channels 
initiate from an area of collapsed terrain called “chaos” whose scale is as large as 
100km.  Potential origin of outflow channel water would be melting of subsurface 
permafrost ice.  Indeed some geomorphologic evidence such as flower-like ejecta of 
rampart craters suggested the presence of subsurface ice. 

From detailed geo-morphological analyses of source regions of outflow 
channels around Valles Marineris region, we found that magmatic-volcanic processes 
should play an important role in supplying water from the underground of Mars.  Our 
analyses indicate that the source regions of outflow channels are not only chaotic 
terrains but also composed of other types of depressed terrains.  There are pits, pit 
chains, fractures associated with dyke-like feature, and round-shaped depressions.  
These structures may have resulted from collapse of roofs of subsurface water conduits, 
which were formed by melting of underground ice.  Most plausible explanation is that 
the melting was caused by interaction of subsurface permafrost zone with intruded 
magma, probably in a form of dyke.  We also found some intriguing characteristics of 
water-related morphology.  Subsurface water flow could be controlled by tectonic 
structure such as a compression ridge.  Formation of chaotic terrains proceeded not 
only through catastrophic process; some chaotic terrains were formed by rather gradual 
process.  We also find evidence of subsidence of channel floor, suggesting that surface 
flowing water might trigger another water supply from the interior. 

Melting of a permafrost layer by magmatic heating was simulated numerically 
by Ogawa et al.  They found that thermal convection in porous layer should control 
heat transfer and enhance water production.  Even when the permafrost layer is heated 



from the bottom, water zone should be extended vertically by a hot plume, producing a 
large amount of water.  This result is unchanged for various typical range of 
parameters, e.g., Rayleigh number.  Then subsequent compaction of the porous layer 
would form surface depression and lead to the release of water.  This mechanism can 
explain various sizes of surface depressions from pits to chaotic terrains.  In some case, 
the amount of subsurface water is large enough to explain large fluvial features on Mars 
such as outflow channels.   

A recent analysis of Mars Global Surveyor images suggested that water 
outflow related to volcanic activity took place quite recently (10 million years ago) 
around Athabasca Vallis.  Burr et al. discovered features which indicate a deluge of 
water erupted from the fissures.  Probably Mars is still volcanically active and supply 
of subsurface water through permafrost melting may be ongoing.  
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Figure   Outflow channel (left) and chaotic terrains (right). 


