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CRYOGENIC WEATHERING AS A MECHANISM FOR EXTREME 13C 
ENRICHMENT IN MARTIAN CARBONATE: SOIL FROM WRIGHT VALLEY, 
ANTARCTIC AS A TERRESTRIAL ANALOG. SOCKT, Richard A., 
ROMANEK?, Christopher S., and GIBSON?, Everett K. Jr., LESC and ?planetary 
Science BrancWSN4, NASNJohnson Space Center, Houston TX 77058. 

The carbon isotope composition of carbonate was measured from a suite of well- 
characterized polar desert soils of the Dry Valleys of Antarctica [I] to determine the extent of % 
enrichments attributed to cryogenic freezing processes in terrestrial environments. These data are 
then used to gauge whether cryogenic freezing is a viable aqueous process that can produce the 
extreme 13C enrichment observed in Martian carbonates (e.g. ALH84001 [2]). 

Recent analyses of ALH84001 have shown that the 6 1 3 ~  of carbonate is the most-positive 
yet recorded for an SNC meteorite (ca. 42%)[2]. The source of the carbon is thought to be 
Martian atmospheric C@, which has been recycled through an aqueous medium into the solid 
phase. The isotopic composition of the carbonate is consistent with a precipitation temperature 
below -30°C [3], assuming the 6 1 3 ~  of Martian C@ lies somewhere between 26 and 46%~ [4- 
63. Such extreme 13C values for CO;! are presently thought to be caused by non-thermal escape 
processes that occur in the Martian upper atmosphere [7]. An equilibrium temperature of 
formation near 0°C is difficult to reconcile if the atmospheric source of carbon is Q6Ym [5] 
despite the fact that equilibrium isotope enrichments are large at this temperature (12 to 14Ym, [8- 
101). Low 6 1 3 ~  for atmospheric C02 is only compatible with high 613C for carbonate when non- 
equilibrium processes are the primary mechanism of isotopic fractionation. There is only one 
inorganic surficial process known to enrich carbonate by >15Y&1 over ambient atmospheric C@, 
that being cryogenic freezing [ l  11. Carbonate-bearing polar desert soils from Wright Valley, 
Antarctica were studied as a potential terrestrial analog to the carbonates found in ALH84001 to 
characterize geochemical and isotopic fingerprints associated with cryogenic freezing. 

A suite of soil samples, taken from the Prospect Mesa soil pit, Wright Valley, Antarctica, 
[I], were analyzed for their isotopic composition by reaction with 1 W o  orthophosphoric acid at 
25OC for at least 48 hrs. Samples ranged in depth from the surface to a depth of 0.8 meters. 
Sample size ranged from 181 to 957 mg, depending on carbonate content. In addition to C@ the 
reaction produced an array of various nitrogen oxide compounds as well as some sulfide species; 
all of which had to be removed prior to isotopic analysis. NO was removed by heating the gas in 
a 450°C Cu furnace, following a modified procedure outlined by 1121. Sulfides were removed by 
reaction with silver phosphate. Clean C@ was analyzed for 613C by IRMS. An additional suite 
of soil samples collected during the same field excursion was taken from a diurnal brine pool 
(Don Quixote Pond) [I]. The samples extend outward from the center of the pond about 50 
meters and may give insight into the spatial variations in carbon isotopes. 

613C composition of carbonate in Antarctic soils from Prospect Mesa Soil Pit, show 
systematic variations. 6 1 3 ~  carbonate values range from an average of +0.89%&1 within the 
"permanently frozen zone" (below 0.4 meters depth), to +4.2Wm at the surface. The most 1 3 ~  
enriched carbonate tends to be at the surface (above the "permanently frozen zone"). Here 
seasonal variations in temperature or precipitation have the potential to impose cyclical 
precipitation/redissolution of calcite which in turn can account for the enhanced enrichment in 
13C. This observation is consistent, albeit less pronounced, with observed carbon isotope 
enrichments in salts deposited in sediments from Lake Vanda area, Antarctica [13] . 

Cryogenic freezing provides a possible explanation for the extreme enrichments observed 
in carbonate from Mars (e.g. ALH84001, EETA79001, Nakhla). As water freezes in subsurface 
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fluids, dissolved ions become concentrated in the residual liquid phase, to the point where 
dissolved inorganic carbon (DIC) can no longer be held in solution due to the reduced activity of 
water, and CO;! exsolves. If differences in diffusivity alone control isotopic fractionation then the 
escaping C@ gas should be enriched in 12C due to kinetic effect, with the resultant enrichment 
being passed on to any carbonate which may reedify from such a fluid. Enrichments in 13C of up 
to 2Wm above atmospheric CO;! are observed for carbonates from Arctic cave deposits [ l  11 and 
lake beds of the Dry Valleys in Antarctica [13]. Using an enrichment of this magnitude in a 
fractionation model, carbonate with a 6 1 3 ~  of 4Wm can be generated from Martian atmospheric 
CO;?, as long as the CO;! source has a 6 1 3 ~  greater than about 2Wm. This model is compatible 
with less extreme enrichments if the 613C of atmospheric CO;? is increased in a complimentary 
fashion. At a 613C value of -28% equilibrium isotope effects will enrich carbonate in 13C at low 
temperature (O°C) without having to invoke kinetic processes such as cryogenic freezing. 

Regardless of the mechanism of formation responsible for carbonate in Martian samples, 
cryogenic hez ing  is a weathering process which is shown to enrich the carbonates in 13C above 
that which can be obtained by isotope effects at low temperature. Those processes operating in 
the cold desert environment of the Dry Valleys of Antarctica may be the ideal terrestrial analog to 
processes acting at or near the Martian surface. 
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