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Introduction: Volatiles have clearly played a key
role in the evolution of Mars” atmosphere, hydrosphere
and geosphere, with effects ranging from the geomor-
phological evidence for outflow channels and valley
networks early in Mars’ history to formation of altera-
tion products in rocks to the current seasonal changes in
the polar caps. It is clear that the absolute and relative
abundances of various volatiles have changed through
time via volcanic degassing, atmospheric loss, and in-
teractions with the crust.

In addition to studying the current Martian atmos-
phere and ancient trapped gasses in Martian sedimen-
tary, igneous and impact samples, there is considerable
knowledge to be gained by examining the compositions
of sedimentary rocks, regolith and secondary minerals
that are especially sensitive to climatic influences such
as obliquity-driven changes. For example, results from
the Curiosity rover indicate that it is possible to obtain
high resolution chemostratigraphic climate records
from rhythmically bedded sedimentary rocks using in
situ measurements [1]. Analysis of selected returned
samples from such in situ records would be extremely
important in confirming and fully understanding such
records. In addition, there is growing capability of ap-
plying a variety of radiometric techniques to dating of
the time of sedimentation and obtaining such dates from
climate-sensitive sedimentary sequences would greatly
help to tie down the timescales of past climate changes.

This is a provisional report from the iMOST sub-
team on key samples needed to understand volatiles.

Volatiles subobjectives:

1) Determine the original source(s) of the planet’s
volatiles, and the initial isotopic compositions of the
constituent gases in the atmosphere. Determining the
original composition is complicated by the processes
that occurred on the planet during its history, but there
are some isotopes (such as the triple-isotope system of
O in rocks and the lightest isotopes of Xe [2,3]) that are
expected to change little, and be highly diagnostic of
their origin.

2) Understand crustal-atmospheric interactions and
feedbacks, especially for C, O, S, N, Cl, and H, in order
to interpret present and past geochemical cycling on
Mars. Although present conditions are much different
than those earlier in Mars’ history, many of the crustal-
atmospheric interactions are expected to be similar, so
quantifying the current interactions will provide con-
straints on the past history of volatiles.

3) Quantify the history of the composition of the at-
mosphere, and the history of contributions from the in-
terior (e.g. H, C, N, O, noble gases and radiogenic prod-
ucts). Changes in the Martian atmosphere with time are
clearly coupled to changes in the Martian environment.
Outgassing (most likely volcanic, but perhaps related to
impact) is the primary source of volatiles for contribu-
tions to the atmosphere, and it should be possible to put
constraints on the amount of outgassing by determining
the history of the composition, elemental, molecular,
and isotopic, of the Martian atmosphere trapped in rocks
and secondary minerals.

4) Assess temporal variations in the composition of
the present-day atmosphere. COz, Ar, N2, Oz, H20, CO,
and other compounds have been measured in-situ to
vary during the year [4,5,6]. It is unknown the amount,
variability and role on heterogeneous catalytic reactions
with the regolith of oxidizing volatiles such as H,O..
Measure the oxidation capacity of the atmosphere by
constraining the odd oxygen cycle (Os-O) using oxygen
triple isotopes and determine the role of peroxy radicals
in the removal of organic matter in the soil and regolith
[7.8].
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