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Introduction: Terrestrial analogs to martian sur-
face materials can be used to gain insight into potential
martian weathering processes and the role of water in
the near-surface environment. We are investigating the
mineralogy and chemical properties of fine size frac-
tions of a soil weathered from the Ferrar Dolerite. The
soil was collected near Lewis Cliff in the Transantarc-
tic Mountains. The Ferrar exhibits mineralogical simi-
larities to martian basaltic lithologies, as represented
by the shergottites [1]. Production of fines from this
protolith in the cold, arid Antarctic makes the fines a
promising Mars analog material. Also, these materials
were altered in a colder, drier environment than other
well-studied Mars analogs, such as Hawaiian palago-
nitic tehpras (e.g. JSC Mars-1) [2]. Our detailed stud-
ies of Ferrar fines are focused on addressing several
questions. What is the relative significance of inher-
ited, primary phases and chemical weathering prod-
ucts? What are the spatial, structural, and chemical
relationships between minerals? What is the nature of
any chemical weathering products? Have such prod-
ucts “ripened” into well crystalline phases or are they
poorly crystalline? Progress to date on addressing
these questions is discussed below.

Background: Martian soil fines are likely pro-
duced by processes such as physical weathering (wind-
blown dust and ice abrasion, salt riving), chemical
weathering, volcanism, and impact. Chemical weather-
ing mechanisms can be divided into low or high wa-
ter/rock categories. High water/rock mechanisms can
produce well formed clays and low water/rock mecha-
nisms tend to produce more poorly crystalline secon-
dary phases. Also, temperature and pH can affect
weathering reactions and rates. Two of the most cited
low water/rock mechanisms are alteration by thin wa-
ter films and water vapor (low T, variable pH) and
alteration by “acid fog” (low T, low pH). The first
mechanism should produce slightly weathered sili-
cates, poorly developed clay mineraloids, and nano-
phase ferric oxides and oxyhydroxides (np-ox) [e.g., 3,
4]. The second mechanism should produce moderately
weathered silicates, clays, clay mineraloids, np-ox, and
chloride and sulfate salts [e.g., 5].

There is debate about the significance of chemical
vs. physical weathering in the production of martian
soils and dust. Detailed mineralogy would help but is
not known. There are, however, constraints from a

variety of datasets. For example, TES spectra have
indicated ~2-5% carbonates [6] and significant plagio-
clase in the dust [7, 8], though the plagioclase features
can also be interpreted as zeolites [9]. Plagioclase im-
plies significant primary minerals, while zeolites imply
significant secondary products. Fe oxides and oxyhy-
droxides have been widely hypothesized [e.g., 10, 11].
Additional likely components are S and Cl salts, [e.g.,
9], palagonite [e.g., 2, 10] and possibly clays [e.g., 12].
Results: We have analyzed the <20 um size frac-
tion of the Ferrar soil, a size fraction close to the aver-
age size of martian dust [13]. These fines have been
studied with SEM/EDS,; IR spectroscopy, XRD, TEM,
and Mossbauer spectroscopy. XRD-derived semi-
quantitative mineral abundances in the Antarctic fines
are given in Table 1.
Table 1.

Minerals Identified with XRD | Estimated Mineral
Abundances (%)

Gypsum 34 +~5

Plagioclase Feldspar 19 £~5

Bassanite (2CaSO4-H,0) 15 £~5

Clay minerals ~15 +~5-10

(Smectite, chlorite, illite)

Diopside® (~7%)

Stilbite® (~5%)

Augite® (~3%)

Quartz* (~2%)

* Numbers in parentheses are below the ~10% “detection
limit” of the XRD quantification procedure used (see text).

Clay mineral identification involved analyzing
XRD spectra of oriented clay mounts. Minerals in the
<20 pm fraction were identified by peaks in a random
powder spectrum. A combination of Rietveld refine-
ment and whole pattern fitting was used on XRD spec-
tra to obtain mineral abundances (see [14] for more
detail). Due to the well known difficulty in obtaining
quantitative mineral abundances from XRD spectra of
complex mixtures and to limited sample amount, error
in abundances is ~+5% for values >10%. Below 10%,
phases are present but abundances are more uncertain.

The thermal IR spectrum of the Antarctic fines
shows low spectral contrast due to particle size effects.
Qualitative evaluation of the spectrum revealed sili-
cate, bound water and sulfate features.

Mossbauer spectra indicate the Antarctic fines’
Fe*'/Fey is lower (0.8) than JSC Mars-1’s (0.94),
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indicating less Fe oxidation in the Antarctic fines.
Both are more oxidized than average values obtained
for undisturbed soils by the MER rovers at Meridiani
Planum (0.3) and Gusev Crater (0.32) [15, 16].

Initial TEM work has revealed that many particles
are clays or clay mineraloids, which exhibit a range of
crystallinity and stacking disorder, or aggregates of
these (Fig. 1). While occasional particles are well crys-
talline clays or amorphous secondary products, most
clay-like particles exhibit short-range order, and thus
are of intermediate crystallinity. Also, gypsum, pri-
mary minerals and particles in which secondary miner-
als are associated with primary minerals are present.

a Crystalline clay (K0A7Na()‘3CaoAzAlego_zFeoAgsBOlo(OH)z,
assuming a dioctahedral structure and all Fe is Fe*"), and b) a
poorly crystalline clay particle. ¢) Clay particle or aggregate
and high resolution image of clay layers.

Discussion: A significant amount of the Antarctic
fines, ~70%, comprises secondary phases. This indi-
cates that even in the coldest, driest environment on
Earth, there is enough water and energy to weather a
significant fraction of the minerals. Antarctic surfaces
have the longest terrestrial exposure ages, several Ma
in some cases [e.g., 17]. Long exposure may compen-
sate for slow weathering reaction rates due to extreme
cold and aridity. This is important to consider for
Mars. Although Mars is much colder and drier, its sur-
face has averaged much longer exposure ages. Also,
some particles could be exogenic dust from continental
sources. This can be investigated by comparing soil
REE patterns to parent rock REE patterns [18].

Weathering by sulfate acrosols may have been sig-
nificant in producing the abundant sulfate salts in the
fines (~50%). Antarctic soils often have high salt con-
tents, but their source in some cases is still debated (in
situ formation, sea salt, and atmospheric sources are all
possibilities) [e.g., 19, 20, 21]. Oxygen isotope studies
of sulfates from the Antarctic Dry Valleys have re-
vealed a A0 anomaly, up to +3.4%o, which suggests
the sulfate is not just from sea salt (A'’O = 0) but also
from atmospheric oxidation of gaseous sulfur com-
pounds (e.g. biogenic dimethylsulfide from the ocean)
[19]. The anomaly implies that atmospheric sulfur
aerosols interact with rocks and soils in Antarctica,
similar to the acid fog model for martian weathering
[eg., 5]. Also, several clay-like aggregate particles
examined contain sulfur. Fe oxides and clays in soils
can absorb sulfate anions [e.g., 22, 23]. The signifi-
cance of acid fog weathering in producing the Antarc-
tic fines’ sulfates is still at issue. It can be addressed by
measuring the A'’O of the sulfates, as done by [19].

TEM studies have revealed that many particles are
clays or clay mineraloids with varying crystallinity and
stacking disorder. Also, particles containing primary
and secondary minerals are present. Chemical and
structural relationships between reactants and products
are still being studied and will be addressed by micro-
toming particles to examine interfaces more easily.

Conclusions: The fact that many particles are clay
particles of varying crystallinity and layer orientation,
or aggregates of these, implies that the cold, dry Ant-
arctic environment does not abate significant chemical
weathering, but it is consistent with limited water
availability. The characteristics of the fines’ mineral
assemblage support the hypothesis that chemical
weathering products were produced by interaction of
acidic aerosols with soils and rocks. Additional altera-
tion by thin water films and water vapor can not be

ruled out, however.
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