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Several periods of fluvial valley activity have so far been documented on Mars. These periods span Mars' 
geologic history with widespread episodes occurring during the Noachian, and localized episodes continuing 
into the Hesperian and Amazonian (Figure 1). Each fluvial event produced valleys which are distinct in 
overall morphology and network pattern, therefore providing information about the environment in which 
they formed. The formational environments required are consistent with those in the global model presented 
by Baker e i  al. [I]. 

By far the most widespread fluvial valley development is located in the heavily cratered uplands. These 
valleys form laterally extensive networks which are highly degraded. Headwater regions frequently cannot 
be traced with the quality of the existing images [2]. However, in areas where they can be traced, tributaries 
often originate on crater slopes. Lower reaches appear buried and later reactivated by the formation of 
less extensive pristine valleys in the intercrater plains. The resulting degraded and pristine compound 
d l e y  morphology has important implications for the environment in which they formed. Because tlle 
degraded networks are more laterally extensive and have relatively higher drainage densities than the pristine 
networks [2], more water was probably available at  the surface during the period when the degraded networks 
formed. In contrast, the pristine valleys which formed in the intercrater plains units appear to be structurally 
controlled. These networks seem to follow either pre-existing valleys (e.g. Margaritifer Sinus Region) or 
underlying fracture patterns (e.g. Nirgal Vallis, Nanedi Vallis) suggesting a subsurface water source was 
more important in the formation of these valleys. 

Fluvial valleys are also present on Ceraunius Tholus and Hecates Tholus [3,4], two Noachian age vol- 
canoes located in the northern plains region [5] .  These valleys have drainage densities that are one to two 
orders of magnitude higher than those in the southern highlands and are equivalent to drainage densities 
of terrestrial runoff valleys [3,4]. Valleys on Ceraunius and Hecates exhibit a similar compound network 
morphology as the Noachian valleys in the southern highlands. However, the pristine valley segments on 
Ceraunius and Hecates are not structurally controlled, in that they do not follow preexisting fractures. 
Instead they have exploited and subsequently enlarged or reactivated preexisting fluvial valleys. 

The overall morphology of valleys formed on Noachian age surfaces seems to suggest that surface runoff 
was at least initially important in the formation of the degraded valleys. However, these valleys probably 
never developed into highly integrated valley systems, because of the relatively high permeablity of the 
Martian surface. With the emplacement of the intercrater plains, the style of valley formation changed 
to a more sapping dominated system where pre-existing valleys or fracture systems provided the locus for 
subsequent valley formation. Carr [6] noted that the rates of early valley development correlate with cratering 
rates. We add that the style of valley formation is also consistent with declining impact rates. Cratering rates 
were still fairly high when the degraded valleys were forming, releasing much of the trapped subsurface water 
into the surface environment and producing runoff in regions where surface permeabilities were low enough. 
At any given crater, surface water was probably initially fairly plentiful as a result of vigorous impact-induced 
hydrothermal circulation [7,8]. With time, hydrothermal circulation became increasingly restricted to the 
subsurface environment and valley development continued largely as a result of subsurface sapping processes. 
If the emplacement of the intercrater plains was at least partly volcanic in nature (the result of subsurface 
magmatic activity e.g., sill intrusions) as suggested by Wilhelrns and Baldwin [9], then even longer (2 lo6 
years) hydrothermal circulation would be produced [8]. Near surface aquifers would be recharged with 
warm, upwardly migrating mineral-rich water and sapping processes would proliferate, reactivating existing 
valleys or forming new ones where underlying fractures and ground- water flow intersected with the surface 
environment. Some of this water would be lost to the atmosphere but much of it would infiltrate back int,o 
the permeable subsurface in local ice-free regions. 

While widespread valley development on Mars ceased soon after the end of heavy bombardment, local 
areas of fluvial valley activity continued into the Hesperian in the Tempe, Electris and Casius regions [lo]  and 
probably also in the Mangala Vallis region [Ill. Valley development in these regions appears to be controlled 
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largely by fractures. Valleys are enlarged, flat-floored and have extremely low drainage densities [lo] which 
is consistent with a sapping origin. These networks probably formed initially as a result of locally intense 
volcanic activity [lo]. Since these valleys are all located near the shore of the putative ocean, subsequent 
aquifer recharge could have been provided by earlier episodes of outflow channel discharges. The period of 
ancient glaciation [12J in the southern hemisphere appears to have occurred during this time. 

The latest period of fluvial valley development documented so far occurred on the northern flank of Alba 
Patera. 'These valleys are Amazonian in age and are morphologically similar to those formed by rainfall- 
runoff processes on the Hawaiian volcanoes [3,4]. According to the model presented in Baker et al. [I], 
the last major episode of ancient ocean formation resulting from outflow channel discharges was relatively 
short-lived (< lo4 years) and is concurrent with the formation of the Alba valleys [3,4]. Thus the brevity of 
this episode and the generally high Martian surface permeabilites precluded the formation of fluvial runoff 
valleys by atmospheric precipitation in all regions except in the lowest permeability, easily eroded zones on 
Alba Patera [3,4]. 
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Figure 1. Relative ages of volcano, valley, and channel formation in Mars' history. Numbers represent 
crater densities, where crater density is defined as the number of craters 3 8 km diameter/106 krn'. Relative 
age data (crater densities) of volcanoes and terrain units taken from Barlow [5] .  Relative age of ancient 
glaciation taken from Kargel and Strom [12]. Figure modified from-Gulick and Baker [4]. 
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