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HYDRAULIC AND THERMAL CONSTRAINTS ON THE DEVELOPMENT OF THE MARTIAN 
VALLEY NETWORKS. Stephen M. Clifford, Lunar and Planetary Institute, 3600 Bay Area Blvd., 
Houston, TX 77058. 

The resemblance of the Martian valley networks to terrestrial runoff channels, and their almost 
exclusive occurrence in the planet's heavily cratered highlands, suggested to many early investigators that 
the networks were the product of rainfall -- relics of a significantly warmer and wetter climate that existed 
early in the planet's history. However, in response to mounting geologic and theoretical arguments against 
the existence of a warm early Mars, efforts to explain the genesis of the networks have refocused on 
potential contributing endogenetic conditions and mechanisms. This abstract examines the hydraulic and 
thermal constraints that would have been imposed on the development of the networks by the existence of a 
colder climate. 

An inherent assumption in many recent studies has been that, at the time of valley network formation, 
the position of the groundwater table in the cratered highlands was determined by crustal temperature 
alone. By this reasoning, the water table was essentially coincident with the base of the overlying frozen 
ground - implying a local depth beneath the terrain of as little as 100 m, given the expected 5-6x greater 
geothermal heatflow that is thought to have characterized the planet at this time (-4 bya). Under these 
conditions it is argued that subpermafrost groundwater may have contributed to the formation of the valley 
through sapping. 

However, in the absence of an active process of groundwvater recharge at high elevations, the 
assumption of a terrain-following water table, given a planet-wide subfreezing climate, appears seriously 
flawed. While the groundwater table on Earth often conforms to the shape of the local landscape, it does so 
only because it is continuously replenished by atmospheric precipitation and infiltration into the soil (e.g., 
Fig. la). However, under subfreezing conditions, the condensation of ice in the near-surface crust will 
effectively isolate the underlying groundwater from any possibility atmospheric resupply (Fig. lb). Under 
such conditions, groundwater will flow until any residual hydraulic head has decayed - leaving the system 
in hydrostatic equilibrium (Fig 1 c). 

For the above reason, the identification of a vigorous recharge mechanism for groundwater in the 
Martian highlands is a critical consideration if the valley networks were formed by the flow of liquid water. 
Given the concurrent existence of a subfreezing climate, the only viable candidate for this process that 
appears consistent with the geologic evidence is hydrothermal convection [1,2,3]. 

The arguments in favor of a hydrothermal origin of the valley networks are persuasive. Given a water- 
rich early crust, and the inevitable productioil of impact melt resulting from the formation of the craters 
found throughout the highlands, the development of vigorous hydrothermal systems in association with 
large impacts appears inescapable [1,3]. Indeed, calculations of impact melt production based on the crater 
size-frequency distribution of the highland's crust indicate that, planetwide, impact-generated hydrothermal 
systems may have discharged a volume of water equivalent to a global ocean -130 m ([3], section 4.4.3) - 
a volume more than sufficient to have carved the networks. (Note that Carr [4] has recently proposed an 
alternative mechanism for generating the valley networks based on headward exqension by groundwater- 
assisted mass-wasting. A major strength of this idea is that the quantity of liquid water required to erode 
the valleys is significantly less than that required by a sapping origin, although some groundwater is still 
required at the base of the debris to help lubricate its transport downstream.) 

Under the climatic conditions that are currently thought to have prevailed on Mars at the time of valley 
network formation, hydrothermal convection appears to be the only process capable of supplying 
significant volumes of water to the surface and near-surface environment of elevated regions within the 
cratered highlands. Although the role of hydrothermal systems in the generation of the networks is far from 
proven, given a water-rich Mars, it is difficult to conceive of a scenario where the development of such 
systems does not naturally arise from the impact and volcanic evolution of the planet's surface [1,2,3]. 
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Figure 1. The subsurface hydrologic response of Mars to the onset of a colder climate (after Clifford [3] section 6.2, Fig. 30). 
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