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SOLAR WIND SPUTTERING EFFECTS IN THE MARTIAN AJHOSPHIRK*
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Yale Uniiversity, New laven, Connecticut 06520
and

W. K. Kellogg Radiation Laboratory
California Institute of Technology, Pasadena, Califormia 91125

ABSTRACT

A Monte Carlo simulation of the sputtering of the upper
atmosphere of Mars by the solar wind has been performed. The
calculated sputtering yields imply loss rates (IOICC“I.I/QI?-IGC
escaping the planet) for carbon dioxide, carbon, and oxygen of
Rco2 = 256 X 106/cm2—sec, Rg = 6.6 X 105/cn2-lec, and Ry =
7.7 x 10°/cm>-sec. The total mass loss by sputtering is only
~ 10% of that due to chemical and photo-chemical processes, but
sputtering provides a major exospheric sink for carbon. Because
of diffusive separation of lighter elements and isotopes and be-
cause the gravitational binding energy is proportional to the
nass, the erosion process described here preferentially removes
the lighter components of the atmosphere. Solar wind sputiering
thus competes favorably with other erosion mechanisms in generat-
ing substantial fractionation effects., Calculations based on a
Monte Carlo simuiation suggest that for a ncdel atmosphere, 97%
of the N2 and 33% of the 002 originally present may have been
sputtered away over 4.5 x 109 y. In the same length of time
the 1SN/IhN isotopic ratio for the bulk atmosphere would have
inc ad by a factor of 1.7.
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