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POSSIBLE FORMATION OF CARBONATES IN ANCIENT LAKES IN THE VALLES 
MARINERIS, MARS: A SEARCH OF THE MARINER 617 IRS DATASET; S.S. Nedell, and C.P. 
McKay, Life Science Division, NASA Ames Research Center, Moffett Field, CA, 94035. 

The canyons of Valles Marineris contain thick sequences of horizontally layered deposits. 
Recent mapping by Nedell et al. (1) shows that they form plateaus of rhythmically layered material 
whose bases are in the lowest elevations of the canyon floors, and whose tops are commonly within a 
few hundred meters of the surrounding plateaus. The greatest thickness of these deposits are found 
in the central canyons, which include Hebes, Ophir, Candor, and Melas chasmata. Several workers 
have suggested that the layered deposits were formed in lakes that existed in these depressions early 
in martian history (2,3). Carr (4) proposed that liquification of local rocks, aided by the presence 
of large fractions of clay, is a possible explanation for the thick stacks of seemingly water-lain, easily 
erodible deposits. If standing bodies of water did exist in the Valles Marineris, they were almost 
certainly ice-covered. Nedell et al. (1) suggested that sediment could have migrated through the ice 
cover by Rayleigh-Taylor instabilities or foundering, or entered by subaqueous volcanic eruptions 
on the lake floors. We suggest here that a considerable fraction of these sediments could also 
be carbonate deposits precipitated in the lake water under conditions of high C 0 2  atmospheric 
pressure. 

Kahn (5) proposed that the formation of carbonate rocks due to  chemical reactions in liquid 
water has continued over much of the lifetime of the planet, and consequently has limited the 
partial pressure of C 0 2  to  a value close to the triple point pressure of water (6.1 mbar). Pollack 
et al. (6) developed a detailed model for the formation of carbonates over an estimated timescale 
of tens of millions of years. A major problem with carbonate formation on early Mars is being 
able to maintain significant bodies of liquid water after the mean temperature falls below 273 K, 
which would occur when the atmospheric pressure drops below a few bars (6). Ice-covered lakes in 
the Valles Marineris could provide a stable body of liquid water. The water in the lakes would be 
in communication with the atmosphere through groundwater flow, a d  possible melting of surface 
snowpacks (7). 

Perennially frozen lakes represent, in many ways, the ideal environment for precipitating 
carbonate in the early Mars. Liquid water can remain in the lake long after the mean surface 
temperatures fall well below freezing (8), and snowmelt and groundwater flow into the lake would 
carry in C 0 2  and cations leached from the adjacent rocks. The ions and gases would be concentrated 
in the lake water due to  dissolution upon freezing. Thus the process of inflow of water, freezing, 
followed by ablation a t  the ice surface would concentrate gases and ions in the water column and 
enhance carbonate formation. This mechanism is known to operate in the antarctic dry valley 
lakes where the relatively complete seal of the perennial ice covers results in supersaturated levels 
of dissolved gases. For example, Lake Hoare in Taylor Valley has - 300% more 0 2  and - 160% 
more N2 than would be a t  equilibrium with the atmosphere (9). 

Based on the Viking mineralogical results, the most likely carbonates to occur on Mars are 
CaC03 (calcite), MgC03 (magnesite), CaMg(COs)2 (dolomite), FeCOs (siderite), and possibly 
MnC03 (rhodochrosite). If all the sedimentary material identified by Nedell et al. (1) in Coprates 
northwest quadrangle (1.29 x lo5 km3) consisted of calcite with a bulk density of 2 g cmP3, it would 
represent a total C 0 2  amount equal to an atmospheric pressure of 30 mbar, which is not unrea- 
sonable for an early Mars atmosphere. Therefore, carbonate precipitation could provide enough 
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material to account for the layered deposits, and is therefore an alternative to direct sedimentation 
of solid material. 

As part of the Pilot Planetary Data System project, the Mariner 617 Infrared Spectrometer 
(IRS) dataset has been recently made available on electronic medium. In a preliminary analysis 
of this data, Roush et al. (10) searched for strong carbonate bands a t  3.5 and 4.Opm, but were 
unsuccessful. They concluded that a more detailed analysis was required. 

We have identified all the spectra from the IRS dataset that lie in the region of the putative 
paleolakes. These sixteen spectral footprints lie near Gangis Chasma. Spectra that lie on the 
surrounding uplands where there are no layered deposits were combined to obtain an average 
"backgroundn spectral profile. About 25% of the remaining spectra overlie the canyons where 
layered deposits may exist. These "targetn spectra were individually compared to the background 
spectra between wavelengths 1.9 to 6.Opm. Any material present in the target spectra and not 
present in the background spectra would be detected. Material equally present in both spectra 
would not be determined by this method. We found that there does not appear to  be significant 
differences between the target spectra and the background spectra. No evidence for carbonates was 
found in any of the spectra that overlie the layered deposits. However, there are serious limitations 
in the coverage of this dataset. Most of the layered deposits lie in the central canyons, to  the 
west of Gangis Chasma. Furthermore, a relatively thin eolian mantle could obscure any underlying 
carbonate material. Therefore, we feel that the canyon deposits are still a prime site for future 
searches for carbonates on Mars, and that extensive coverage of the Valles Marineris by the Mars 
Observer could reveal the presence of carbonates in regions where surface weathering has exposed 
fresh material. 
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