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This paper reviews the findings of the Mars Pathfinder mission with regards to evidence for the formation of large valleys by catastrophic flooding. While most of the images and data sent back by the rover seem to suggest that water played an intergral role on the Martian surface, these authors offer a caution that other processes are still possible and should be investigated.


I found this paper interesting as a review of various ideas raised by the Pathfinder mission. While the authors attempt to show that processes other than large-scale water flow are possible, they acknowledge that most current evidence does support water. 

Costard, F., Forget, F., Mangold, N., and Peulvast, J., 2002, Formation of Recent Martian Debris Flows by Melting of Near-Surface Ground Ice at High Obliquity: Science, v. 295, p. 110-113.


While Malin and Edgett (2000) suggested that recent erosional features on Mars could be the result of groundwater seepage, this paper argues that melting ground ice could produce the same results. Using analogies to earth processes and obliquity calculations, the authors demonstrate that temperatures warm enough to melt ice can be achieved in certain locations on Mars, and that these locations correspond to the observed locations of erosion.


The fact that this paper came out so soon after Malin and Edgett (2000) demonstrates how active and important the field of Martian surface processes is.

Hoffman et al., 2001, Ideas About the Surface Runoff Features on Mars: Science, v. 290


This is a reply forum inspired by the Malin and Edgett (2000) paper. Four author(s) give short suggestions for alternative sources of Malin's erosional features, several of which are discussed in depth in later papers. 


This section allows an interesting look at how scientists comminucate ideas when speed is important. Rather than wait several years for a full study and paper to be published, these authors felt the need to express ideas regarding the Malin paper right away, and the resulting open forum is a very interesting read. 

Hynek, B., and Phillips, R., 2001, Evidence for Extensive Denudation of the Martian Highlands: Geology, v. 29, p. 407-410.


This paper uses recent laser altimetry data from Mars to estimate the amount of denudation in the Martian Highlands. Geomorphic mapping and calculations suggest a denudation rate similar to maritime climates on earth. The authors suggest that this is evidence for precipitation-drive erosion and therefore a much warmer, wetter climate in Mars' past.


While many papers are addressing the current and near-current climate of Mars in relation to surface processes, I found it interesting to look further into the past and consider long-term Martian climate change. Evidence that Mars was once warm and wet has very significant meaning for the potential for life to exist there.

Kerr, R., 2000, Making a Splash With a Hint of Mars Water: Science, v. 288, p. 2295.

Tanaka, K., 2000, Fountains of Youth: Science, v. 288, p. 2325.


These two short articles appeared in the same issue of Science as Malin and Edgett (2000), as companions to that paper. Together they provide an excellent background and framework for the Malin and Edgett paper that allows the reader to fully understand the importance of the work.

Komatsu, G., and Baker, V., 1997, Paleohydrology and Flood Geomorphology or Ares Vallis: Journal of Geophysical Research, v. 102, no. E2, p. 4151-4160.


This paper uses remote sensing and topographic data from a large Martian valley (Ares Vallis) to estimate the amount of flood runoff that could have passed through this channel. These data are used to estimate past amounts of Martian surface water and the amount and nature of sediment transport and deposition in Ares Vallis and the adjacent outflow plain. 


This paper was published prior to the Mars Pathfinder rover mission, with the purpose of predicting what that mission would find. Pathfinder was set to land at the mouth of Ares Vallis, and part of the mission was to look for evidence for past water flow on the surface. The authors' suggestions are very interesting when compared with the actual findings of the Pathfinder mission (see Chapman and Kargel, 1999, above).
Malin, M., and Edgett, K., 2000, Evidence for Recent Groundwater Seepage and Surface Runoff on Mars: Science, v. 288, p. 2330-2335.

This paper presents evidence of recent erosional activity on the surface of Mars based on high-resolution images of the Martian surface taken by the Mars Global Surveyor Mars Orbiter Camera (MOC) in 1999. Apparent gullies, channels, and erosional scarps that appear young ( not eroded or cratered) suggest that some fluid was recently active. Since the surface of Mars is thought to be too cold for liquid water, these findings suggest either the presence of an unknown liquid or a fundamental change in our view of Martian hydrology. These ideas also have significant bearing on the possibility of life on Mars.

This paper created a significant hubbub in the scientific community when it was released, since its contents and conclusions were so unexpected and controversial. It is very readable and offers an excellent view into the controversies and difficulties surrounding research on Mars (such as the reliance on remote sensing data). 

Malin, M., and Edgett, K., 2000, Sedimentary Rocks of Early Mars: Science, v. 290, p. 1927-1937.


This paper presents MOC photographs showing geomorphic and stratigraphic features consistent with the presence of large amounts of layered rock on Mars. While these layers could be formed through sedimentary, eolian, volcanic, or other processes, Malin and Edgett favor an aqueous, lacustrine origin. This conclusion obviously has major implications for the recent history of Mars, especially given the apparent young age of the exposures.


I found this paper even more interesting than Malin and Edgett's other 2000 paper in some ways. These images are even more earthlike than the gullies, looking amazlingly like badlands and canyons from Utah. These features also imply a complicated history of liquid movement, if liquid both deposited and eroded these sediments. The inclusion of a stratigraphic and topographic cross-section was intriguing, since such data were missing from the other paper.

Malin, M., Caplinger, M., and Davis, S., 2001, Observational Evidence for an Active Surface Reservoir of Solid Carbon Dioxide on Mars: Science, v. 294, p. 2146-2148.


This paper presents evidence for the presence of a significant amount of CO2 on the Martian surface. Extremely fast retreat of escarpments cannot be explained through hydrologic activity, but is possible by CO2 sublimation. These findings are important to the interpretation of other erosional features on the Martian surface, though this link is not discussed in the paper. Why the authors did not address this link is an intriguing question.

Malin, M., and Carr, M., 1999, Groundwater Formation of Martian Valleys: Nature, v. 397, p. 589-591


New high-resolution images of large (100s of km) valleys on Mars suggest that these valleys were formed by catastrophic floods similar to those from glacial Lake Missoula. These large valleys appear to be fed by smaller branching valley networks whose origin is less clear. Here the authors suggest that groundwater flow was instrumental in the formation of these valleys.


I found this article especially interesting since it provides an interesting precursor to Malin's "major" 2000 article about groundwater flows. These data and ideas came out before the ultra-high-resolution images presented in the 2000 paper, yet really predict the same conclusions.

McKenzie, D., and Nimmo, F., 1999, The Generation of Martian Floods by the Melting of Ground Ice Above Dykes: Nature, v. 397, p. 231-233.


This paper suggests that sets of linear surface features on Mars are related to dyke swarms, and not tectonic extension, as previously thought. These features appear to radiate from major volcanic centers, and also correspond to large valleys. These valleys appear to have been formed by large catastrophic floods, and the authors propose that large heat discharges from the dykes could be the mechanism for melting ground ice to generate such floods. 


This is an interesting proposal which is very difficult to test without actual field observation and testing. While is does give a potential mechanism for the large-scale ice melting needed to generation massive floods, the authors acknowledge that these dykes could not generate enough heat to achieve this alone. 

