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MARS ATMOSPHERIC D/W: CONSISTENT WITH POLAR VOLATILE THEORY? Bruce 
M. Jakosky , Laboratory for Atmospheric and Space Physics, University of 
Colorado, Boulder, CO 80309-0392. 

Preferential escape of H over D will cause an enhancement in the 
atmospheric D/H ratio over geologic time that will be mitigated by exchange of 
atmospheric water with a non-atmospheric reservoir. Owen et al. (1) measured 
the martian D/H ratio, and found i t  to be a factor of six greater than the 
Earth's. Assuming that the initial value was the same as the Earth's, Yung et 
al. (2) constructed a photochemical atmospheric model to determine the escape 
rates, and concluded that exchange of atmospheric water with a reservoir 
equivalent to a global layer 0.2 m thick was required. This value appears to 
be inconsistent with observations of the polar regions on Mars. The lack of 
abundant impact craters in the polar regions requires a polar deposition rate 
of the order of 1 mm/year (3); currently popular theories of climate change 
explain this via an alternating geposition, and removal of material on 
timescales corresponding to the 10 - and 10 -year changes in the orbital 
obliquity. As much as several hundred meters to a kilometer of material in 
the polar regions may be involved in this exchange; this is equivalent to a 
global layer thicker than about 2 m. A large fraction of this material is 
thought to consist of water ice. One or more of the following may help to 
resolve this apparent discrepancy. 

1) The bulk of the material comprising the polar layered terrain and 
residual cap could consist of dust deposits rather than water ice. 
This is unlikely, however, given the observation of abundant ice at 
the surface and given the predominantly ice composition required to 
explain the bulk density derived from gravity and topography 
measurements (4). 

2) The polar cycle of deposition and removal of material could be recent, 
and not active over the major fraction of geologic time. Similarly, 
the polar cycle could be one predominantly of deposition, with little 
exchange of water with the atmosphere over geologic time. Again, this 
is unlikely given the observations of the polar terrain which indicate 
a very active surf ace (3). 

3) The time-average atmospheric water vapor column abundance could differ 
considerably from that assumed in the atmospheric evolution model by 
Yung et al. (2). They took the value to be about 20 pr urn, consistent 
with observations of the current atmosphere. When the orbital 
obliquity is high, however, the atmosphere could contain more than 500 
pr pm (5). The time-averaged value, although highly uncertain due to 
the uncertain nature of the polar caps and their behavior, could be as 
large as 200 pr pm. Photodissociation sf this larger abundance of 
water would increase the H and D abundance of the atmosphere, causing 
an increase in their escape rates and an increase in the size of the 
reservoir required to mix with the atmosphere in order to produce the 
observed D/H ratio. 

4)  Time variability of the eddy-diffusion profile might produce the same 
net result. At other epochs with different values of the obliquity, 
the upper-atmospheric dynamics might differ due to the different solar 
forcing. This would change the height of the homopause and the 
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distance between the homopause and the exobase, and thereby change the 
relative escape rates of D and He 

5) Time variability of the atmospheric water vapor abundance could result 
in an apparent reservoir size which differs from the actual size. For 
instance, if there were no net transport ~f water between the two 
polar caps during the last several times 10 years, with essentially 
the same water molecules continuously occupying the atmosphere, then 
the Yung et al. model predicts a. rapid enhancement of D/H to about 
three times the initial value. If the value prior to this most-recent 
period were that obtained by the exchange of water over geologic time 
with a non-atmospheric reservoir of about 2 m of water, the current 
D/H ratio could result. 

In summary, the observed enhancement of D/H in the martian atmosphere 
over that in the terrestrial atmosphere requires the preferential escape of H 
relative to D and also requires exchange of atmospheric water with a non- 
atmospheric reservoir, as described by Yung et al. (2). Given the 
uncertainties in our understanding of the behavior of the atmosphere and of 
the polar regions, it is not possible to precisely determine the size of the 
reservoir required to explain the measured D/H. It is therefore premature to 
conclude that the reservoir size predicted by photochemical models is 
inconsistent with the behavior expected o f  the polar caps. Further 
improvement of our understanding will probably come n ~ t  only from a better 
measurement of martian D/H, but also from additional and more-detailed 
modelling of the martian environment. 
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