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14c. MEASUREMENTS OF THE MARTIAN ATMOSPHERE: AN INDICATION OF 
SURFACE-ATMOSPHERE EXCHANGE OF C02.  Bruce M. Jakosky, University of Colorado, 
Boulder, CO 80309 (email jakosky@argyre.colorado.edu), and Robert C. Reedy and Josef Masarik, Los 
Alamos National Laboratory, Los Alamos, NM 87545. 

Mars atmospheric CO2 can exchange b e T p n  the atmosphere and non-atmospheric reservoirs in the 
martian polar caps or regolith. Production of C in the martian atmosphere d near-surface regolith due 
to cosmic-ray bombardment should give rise to a steady-state population of ladl n C02. Exchange of at- 
mospheric C02 with C02 in the re olith, however, will decrease the amount ofciaC02 in the atmosphere; 

1 f  this results because the available C is spread over a larger total volume of C02. As a result, a measure- 
ment of the 1 4 ~ 0 ~  mixing ratio in the atmosphere would be a direct indication of the size of the exchange- 
able reservoir of non-atmospheric C02. As such, it would have important implications for understand' g 
martian volatiles and recent climate change. We estimate the production and steady-state population of 12C 
in the martian atmosphere, and show that a returned sarn e of pristine martian atmosphere would provide 
sufficient C@ to allow a laboratory determination of the #C@ abundance. 

Production of 14c in the surface and atmosphere results from interaction of cosmic rays with the indi- 
vidual atoms. For the atmosphere, most of the production is by 1 4 ~ ( n , p ) 1 4 ~  reactions with thermal and 
egthemal ne trons. Some atmospheric and most su ce production is by spallation on oxygen, mainly the 

1 8  O(n,n2p) C reaction. Figures 1 and 2 show the @C production tes calculated for the martian atmo- 
sphere and surface for atmospheresof thickness fro 5 to 25 g/m? The production rate estimates are 
probably good to about 10 or 20 %. Once produced, T4C would rapidly combine with 0 in the atmosphere 
to produce CO, and this would react with 0 2  to form C02. 

Taking average values from Figures 1 and 2 of 2.3 atoms/cm2-min production of 14c  in the atmo- 
sphtrg and 7.5 atoms/cm2-min in the surface, the total estimated prod tion rate is 9.8 atoms@n2-min F8r 
the C decay half-life of 5730 years, the steady-state popul ion of y x ~  sh d be 8.2 x 10 atomslcm 4 This compares to the total atmospheric column of 15 glcm or 2.04 x ld~molecules/cm2. A returned 
sample of atmosphere that consisted of 1 liter of gas at stp would then produce 0.49 decays per second, 
equivalent to about 2.5 disintegrations per minute per gram carbon This is well within the capability of ter- 
restrial labs (but would probably be difficult to measure in situ using current technology on small space- 
craft). 

If the atmospheric C02 is mixing with a non-atmospheric rese ir of CO2 (that is buried deep enough, 
a few meten, that cosmic rays would not affect it), the steady-stater4C@ abundance would be spread over 
a larger volume of C02 and would decrease the mixing ratio. For example, if the steady-state abundance 
were half of the predicted value, then the 15 g/cm2 of atmosphere would be mixing with a reservoir con- 
taining ?additional 15 glcm2 C@. If it were 0.1 times the value, the non-atmospheric reservoir would be 
150 g/cm . Estimates of the non-atmospheric reservoir vary up to 150 times the present atmospheric abun- 
dance, with a best guess being closer to 15 times; the amount of C02 would be equivalent in these cases to 
about I bar or 100 mbar, respectively. If the regolith does not contain a diffusion barrier, such as ice or 
duricrust, then diffusion through the entire column and exchange of atmospheric CO2 with regolith C02 
should be rapid compared to the 14c  half-life. 

Clearly, then, a measurement of the steady-state abundance of 14c  in the martian atmosphere would 
provide a direct measure of the efficiency of exchange of C02 between the regolith and the atmosphere and 
the size of the exchangeable reservoir. Given the expected range of possible sizes for the non-atmospheric 
reservoir, the measurement would be a robust determination of the exchange with non-atmospheric C02. 
Return of a sample of martian atmosphere should be a high priority for any future sample-return missions. 
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