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Introduction: The heavy noble gases (Ar, Kr, Xe)
are key tracers of planetary outgassing, atmospheric
formation, and atmospheric evolution. On Mars, at
least 3 distinct noble gas signatures have been ob-
served: (1) Noble gas ratios different from the curent
Mars atmosphere, but derived from mantle sources,
was first found in Chassigny [1]. (2) Shergottites, es-
pecially their shock glasses, contain unfractionated
Martian atmosphere [e.g., 2-4]. (3) The nakhlite Mar-
tian meteorites and the ortho-pyroxenite ALH84001
contain fractionated Martian atmosphere that has been
explained through several possible mechanisms: (1)
The fractionation could represent ancient Martian at-
mosphere with a noble gas signature different from
today [5-8]. (2) The elementally fractionated noble
gases could have entered the rocks via magma, either
as a crustal component or via magmatic assimilation of
aqueously altered crustal rock [9-12]. (3) The elemen-
tally fractionated noble gases could have entered the
rock during the formation of aqueous alteration miner-
als [1,13-19]. Using data from Lafayette ‘iddingsite’,
pure pyroxene mineral separate and whole rock sam-
ples, we have previously calculated that such an
aquously fractionated component could have a
#Kr/**?Xe of ~8 [15].

All meteorites that show a fractionated Martian at-
mospheric component contain alteration products.
Carbonates are the main alteration product in ALH
84001, accompanied by magnetite (e.g., [20-23]). In
the nakhlites several alteration phases have been found
[24,25]; Lafayette contain carbonates, clay (ferric sap-
onite, serpentine), sulfides, and an amorphous compo-
nent [26,27].

Experimental Rationale and Plan: The primary
goal is to understand how the fractionated noble gas
fingerprint become incorporated into the nakhlite Mar-
tian meteorites. We are carring out several long-
duration experiments under controlled (Mars-like) at-
mosphere and constant temperature. Past experiments
on a variety of Martian rock compositions, have suc-
cessfully produced Martian alteration products and
fluids [28-33]. However, those experiments did not
include any specified noble gas concentration and the
samples were dried in an Ar stream. In this new study,
we will expose a range of Martian rock compositions -

as mineral mixes and glasses - to a synthetic Martian
atmosphere that contains 2% Ar, 30 ppm Kr and 8 ppm
Xe. This will allow us to test the extent of noble gas
fractionation via a two-step process: dissolution in the
fluid, followed by potential incorporation in the altera-
tion phases. Our 4 experimental runs will include the
following starting materials and conditions: Run 1
(current): 1 month, 35°C, set of single minerals (oli-
vine, pyroxene and plagioclase, and mineral mixtures,
see below), Mars gas with noble gases; Run 2: 1 year,
35°C, optimized mineral mixtures to match the na-
khlite meteorites and rock compositions found in Gale
Crater; Run 3: % year, acid added run, 35°C, ‘simple’
Martian magmatic host rock mineralogy and glassy
starting material; Run 4: 1 year, 35°C, Mars gas with
noble gases, glasses that match a variety of Martian
rock compositions (nakhlites, Gusev and Gale rock
compositions or their magmatic precursors).

In a second strand of this research, we will model
the alteration assemblages for which we will know the
composition of all inputs: experiment temperature pro-
file, the headspace gases, and the starting mineralogy.
This will allow us to refine thermochemical models of
clay minerals, which are especially challenging be-
cause of the lack of thermochemical data at low tem-
peratures [34].

Experimental Set Up: We will use the Mars
brines experimental apparatus at NASA Ames [28],
which allows the controlled long-term exposure of
minerals in fluids to an artificial atmosphere (Fig. 1).
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Figure 1. Schematic diagram of a glove box of the Mars
Aqueous Simulation Facility.
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32 sample vessels containing purified water and
Mars-analog rocks or controls sit in a temperature-
controlled aluminum pallet (1.0 °C). The vessels and
pallet reside in a glovebox which is periodically
purged with pure CO, and has pressure slightly higher
than ambient to prevent air contamination. A closed-
loop pressure sensor/solenoid valve system feeds the
chosen head gas into the sample containers at slightly
higher pressure than the glovebox CO,. The head gas
is humidified in the glovebox before reaching the sam-
ple vessels. Pressures and temperature are controlled,
monitored, and logged continuously.

Mineralogical Compositions: The 1 month run
contains 6 different samples: A: olivine, B: plagio-
clase, C: pyroxene, D: olivine + plagioclase (1:1), E:
pyroxene + plagioclase (1:1), F: olivine + plagioclase
+ pyroxene (2:1:1). For mineral chemistry see [30].
The samples are loaded into 18 vessels in the order A-
B-C-D-E-F- A-B-C-D-E-F-F-E-D-C-B-A to detect any
differential in reaction rates that might occur along the
water-saturated gas circuit.

Analyses: We will measure the fluid chemistry,
identify alteration products, and obtain noble gas
abundances in alteration produces

Models: In parallel, we will model all six experi-
mental reactions using the code CHIM-XPT [35]. We
will use mineral compositions as reported in [30] and
react those with pure water equilibrated with 1 bar of
CO, atmosphere. The model temperature is the exper-
imental temperature, 35 °C.

We will discuss the solid phase mineralogy, fluid
chemistry, and noble gas content of the products of our
1 month pilot run (Run 1), as well as the initial model-
ing efforts.

Future work: The next phase will include a min-
eralogy-focused run, which will include some pieces of
San Carlos olivine with polished surfaces and depth-
profiling of alteration and noble gas adsorption. Future,
glass-based runs will be used to better adjust the chem-
istry of the dissolving material to Martian rock compo-
sitions. Models will be constructed to match each al-
teration condition - and a comparison of the run prod-
ucts with the models will be carried out. We will thus
characterize the fluid, degree of alteration (and the
water to dissolved rock ratio), alteration assemblage,
and the noble gas inventory. The aim of the work is to
produce a unique data set of alteration products and
their noble gas fingerprints, which we can then com-
pare with the nakhlite Martian meteorite noble gases,
and any potential measurement of noble gases on Mars
by the Curiosity rover [36]. For example, Curiosity
measurements of noble gases in mudstones drilled in
Gale crater have yielded both the radiometric K-Ar age
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of primary crater material and the cosmogenic expo-
sure age of the mudstone [37]. Interpretation of in situ
K-Ar dates depends crucially on the provenance of K
in the measured samples. Noble gases in authogenic
materials may be fractionated by the later processes
that created them. We will discuss how our experi-
mental results can be used to improve K-Ar age inter-
pretations of detritus/authogenic mixtures.
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