Martian Sinkholes: Implications for Large Scale Evaporite Deposits.  Zackery E. Smith1, 4, Jason A. Tullis1, Kenneth F. Steele1, Luiz Malfavon3

1- Arkansas Center for Space and Planetary Sciences, 2- Department of Geosciences, 3- Upward Bound Academy of Math and Science, University of Arkansas, Fayetteville, Arkansas 72701, 4- Dept. of Physical Sciences, Alfred University, Alfred, NY 14802

     Introduction. There are currently several theories that state that martian sinkholes cannot exist. It is proposed that the low pH environment resulting from the high CO2 content of the atmosphere will cause any dissolved calcium carbonate to be deposited as calcite cemented sandstone rather than limestone [5]. Calcite, as well as gypsum, halite, smectite and illite, has been detected in Martian meteorites providing proof of the presence of at least some evaporites on the martian surface.  The past presence of oceans and outflow channels  provided an environment favorable to evaporite deposition. With our study we hope to show that there are in fact large evaporite deposits on Mars that can yield sinkholes. 

     Identifying a Search Area. For sinkholes to form there must have once been large quantities of water as well as an evaporite source. The elements necessary for the formation of calcite are found easily everywhere on Mars. The CO32- is produced by the interaction of the CO2-rich atmosphere with the water and the Ca2+ can be dissolved from the plagioclase feldspar and andesite present in the surrounding rocks.    

     Three possible search areas were selected for their history of water and the cited presence of anomalous depressions.  1) The northeast corner of Hellas Crater is cut by several channels having anomalous depressions [1] said to have been created by the settling of large blocks of ice  2) Solis Planum contains many depressions similar to solution valleys [4]. Based upon recent gamma ray spectrometer studies (GRS), Solis Planum is believed to contain the highest water abundance on the planet today [4].  3) The Circum-Chryse outflow channels have many anomalous depressions in the vallis floors [3], high water abundance (from GRS data) and are located around an ancient ocean basin. As can be seen in Figure 1 (next page), all of these areas lie in regions of elevated water abundance. We also suspect that if sinkholes do exist, the regions should have albedo anomalies near the termination of the water flows, resulting from the deposition of suspended evaporites. This last criterion led to the selection of six  Circum-Chryse outflow channels:  Kasei, Tiu, Simud, Shalbatana, Mawrth, and Lobo Valles.

     Preliminary Assumptions on Martian Sinkholes.  At today’s atmospheric conditions, 6.1 mbar and 95.7% CO2, the equilibrium pH of martian water is 5.02 as opposed to 5.65 on Earth.  The estimated partial pressure of CO2 at the time of calcite deposition in nakhlites is ~50 mbar [2], which yields a pH of 4.6. This low pH environment should allow Martian sinkholes to grow larger than on Earth. Another factor that will allow martian sinkholes to be enlarged as compared to Earth is the difference in gravitational field strength. Mars’ field is only 38% of Earth’s, meaning that karsts can grow larger before the stresses force the overlying material to collapse. Based upon the gravitational field alone, the average surface area of martian sinkholes should be ~2.6x that of Earth.  Small sinkholes, such as those formed in halite and gypsum, will be difficult to detect due to the effects of Aeolian weathering and remote sensor instrumental resolution. 

     Identifying Sinkholes in Channel Floors. To reduce the possibility of identifying an impact or volcanic feature as a sinkhole we set several guidelines. First, we initially restricted our search to the area enclosed within the valles. Our other criteria are that the sinkholes will be asymmetric, deeper on the upstream side, and the length to width ratio will be lower where the flow rates are lower, i.e. where the channel width suddenly increases.
     Data Acquisition. Both wide and narrow angle  imagery has been downloaded from the USGS, NASA, and Malin Space Science Systems.  

     In order to measure more easily distances, depth, width, morphologies, and spatial significance of martian depressions, we are creating a 3D GIS-based atlas of Mars that will be capable of incorporating all PDS formatted data. We hope to develop a program that will automatically convert PDS metadata into a GIS header, allowing us to import images directly into the atlas. The atlas at present contains Viking data and we should soon begin importing data and imagery from the Mars Orbiter Camera (MOC), Mars Orbiter Laser Altimeter (MOLA), and Mars Odyssey.

     Thus far, possible sinkholes have been identified using Viking maps (925m resolution) and shaded relief MOLA maps. (230m resolution) Using these data sets we have identified 10 possible sinkholes in Kasei, Tiu, and Simud Valles. Possible sinkholes are also found in Shalbatana, Mawrth, and Lobo Valles; however, these depressions could not be conclusively identified at the resolution of the Viking or MOLA data sets. Much smaller sinkholes (Figure 2) have also been found in Kasei, Tiu and Simud Valles using narrow angle MOC images.

     Data Analysis and Conclusions. That we have found sinkholes in the search area is insufficient to conclude that the criteria we set forth for their identification is accurate. To better validate our assumptions, we selected two control groups, each of six outflow channels. Control group one lies near the search area, but lacks albedo anomalies, while control group two lies hundreds of kilometers away, has lower GRS-based water abundance, and also lacks albedo anomalies. A comparison of the control groups to the search area (Table 1) yields a high probability of accuracy in our assumptions. 

     The presence of sinkholes on Mars and the correlation to albedo anomalies, GRS water abundance measurements, and proximity to an ocean basin indicates the presence of large-scale evaporite deposits.  We believe that pursuant to analysis of greater resolution imagery we will be able to delineate many more sinkholes as well as ancient ocean basins. 

     Future Work. Further calculations may include correlating the albedo anomalies with the volume of evaporites dissolved from the sinkholes. Experimental work may include varying the pH and flow rate of water through calcite to test the hypotheses that sinkholes will be deeper on the upstream end and that the length to width ratio will decrease with decreased flow rate. Another useful experiment would be to expose a calcite saturated carbonic acid solution to sandstones of varying porosity under Mars atmospheric conditions to test whether the calcite will settle independent of the sandstone. 
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Fig. 1 Gamma ray spectrometer measurements of the thermal inertia of the martian surface. The highest count value on the surface has been normalized to 1. A) The Circum-Chryse outflow channels, B) Solis Planum, C) NW Hellas Crater
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Fig. 2 An example of a possible sinkhole in Kasei Vallis, located ~21.1N, 72.6W, from MOC at 1.4m resolution.
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Table  1: Comparison of control groups and search area 
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