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Compared to Earth’s atmosphere, Mars has a thin CO2-rich atmosphere with a surface pressure of
about 700 Pa.  When normalized to planetary mass (mass of Mars is 10.7% of that of Earth), the
abundance of volatiles on Mars is about 0.07% to 6% of that on Earth (when CO2 in terrestrial
carbonates is included).  Is the depletion of volatiles on Mars a primary feature (because less
volatiles accreted on Mars than on Earth), or a secondary feature (due to lower degree of degassing
or due to gas escape to outer space)?  In this contribution, I outline a simple model for volatile
budgets of Mars, and implications for water on Mars.  

To estimate the degree of degassing, the nonradiogenic noble gases do not help much because
their primordial concentrations are not known.  On the other hand, the radiogenic noble gases can
indicate degree of degassing as long as the concentration of the parent nuclide in the mantle can be
estimated.  40Ar (radiogenic from 40K) budget is examined first because it is simplest.   The
amount of 40Ar in Martian atmosphere is about 5% of that in Earth’s atmosphere when normalized
by planetary mass.  As long as total production can be estimated, the bulk degree of degassing
(that is,  the amount in the atmosphere divided by the total amount in Mars) can be estimated.  The
estimated concentration of K in Mars is variable but most estimates give higher K concentration in
Mars than in Earth.  Assuming K concentration in Mars (relative to Si concentration) is 1.4 times
that in Earth (Dreibus and Wanke, 1987), the efficiency of degassing on Mars is about 3.7% of
that on Earth.  This large difference in the efficiency of degassing can be due to either a smaller
fraction of degassed mantle (the fraction of degassed mantle over the total mantle is about 0.5 for
Earth), or to a smaller degree of degassing for the “degassed” mantle.  

The amount of radiogenic nuclide 129Xe (from decay of 129I) is relatively high in Martian
atmosphere, resulting in a high 129Xe/132Xe ratio of 2.5 (the ratio is 0.98 in the terrestrial
atmosphere).  When normalized to planetary mass, radiogenic 129Xe* (the star signifies
radiogenic component because there was significant initial 129Xe) on Mars is about 45% of that on
Earth.  Mars is estimated to have a greater I concentration.  When the higher I concentration is
factored in, radiogenic 129Xe* on Mars is about 19% of that on Earth.  The difference between
radiogenic 40Ar (3.7%) vs. radiogenic 129Xe* (19%) is best attributed to the earlier (older) closure
age of Mars compared to Earth.  For example, if the Xe closure age is 36 Myr earlier for Mars
(about 4.49 Ga) than for Earth (~4.45 Ga), then the difference can be reconciled.  Other
radiogenic Xe isotopes (such as 136Xe* and 134Xe*) also provide constraints on the Xe closure age
but there is large uncertainty related to every system.  Hence it is necessary to use a total inversion
method to model all the systems together with the appropriate input uncertainties to (i) assess the
consistency among the systems and (ii) obtain both the degree of degassing and the closure age of
Mars.  

After assessment of the degree of degassing using radiogenic isotopes, it is possible to
evaluate the nonradiogenic gases.  For the nonradiogenic noble gases, when normalized to
planetary mass, the amount in Martian atmosphere is about 0.5-2% of that in the terrestrial
atmosphere.  This percentage range is not very different from the radiogenic noble gases
(especially considering the large uncertainty in the parental nuclide concentration and the effect of
prolonged degassing history).  Therefore, I suggest that (i) the primordial volatile concentrations
in Mars are not very different from those in Earth, and (ii) the low amount of nonradiogenic noble
gases is not due to low primordial noble gas concentration in Mars, but due to inefficient degassing
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or gas escape.  For CO2 and N2, the amount in Martian atmosphere is only 0.08% of that in the
terrestrial atmosphere (plus CO2 in carbonate).  This low degree is most likely due to CO2 locked
up in dry ice and crustal carbonates and nitrates on Mars.  In the context of this model, CO2 and
N2 locked up in the Martian crust are about 5-20 times those in its atmosphere.  

If the results are extrapolated to H2O in the context of the model, then the amount of degassed
H2O on Mars can be estimated to be about 0.05% of total H2O in terrestrial oceans (since the mass
of Mars is 10.7% of that of Earth).  This amount of H2O in the liquid form would be able to form
a globally encircling ocean of about 5 m depth.  
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