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Synopsis:  Carbonates and other aqueous alteration
products occur in the SNC meteorites [1,2], and spec-
tral observations suggest that carbonate is present in
Martian dust as a minor constituent [e.g., 3-7]. Analy-
sis of analogous terrestrial dust deposits (loess) in Ar-
gentina, which also contain a significant carbonate
component, has revealed that post-depositional modifi-
cation of the loess can result in the reprecipitation of
carbonate as concretions and as discrete layers of cal-
crete. These Argentine deposits give us a roadmap for
locating the most accessible carbonate deposits on
Mars.

Introduction and background:  The presence of
carbonates on Mars has long been surmised as a sink
for CO2 on the basis theoretical models of the evolu-
tion of the Martian atmosphere [8,9].  The character,
abundance, and distribution of carbonates are impor-
tant parameters for assessing the paleoclimate and
volatile evolution of Mars.

Carbonates have been tentatively identified with
spatially coarse telescopic spectral studies [e.g., 2-6].
With higher spatial resolution data of TES, regional
outcrops (>10km2) of moderately-grained carbonate-
rich material were not detected, despite a thorough
search [8].  However, recent analyses of the carbonate
absorption feature near ~7µm in TES data has identi-
fied fine-grained carbonates at the ~2-3wt% level in
Martian dust [7].

The dust appears to have been globally homoge-
nized and is decoupled from the underlying surface.
The distributed carbonate component in the dust is
likely derived from the weathering of more concen-
trated sources.  A lack of regional carbonate-rich out-
crops may indicate that primary carbonate deposits are
either mantled or deeply buried.

Additional information about the ultimate fate of
carbonates is provided by the SNC meteorites, of
which all subgroups contain traces of water-deposited
minerals [1].  The formation ages of these secondary
mineral assemblages tell us about the timing of fluid
flux through the upper crust of Mars.  Radiometric
ages of the carbonates range from ~4 Ga to ~0.7 Ga in
ALH84001 and Nakhla, respectively [9,10]. Coupled
with the lack of extensive alteration of the silicate
phases, this indicates that the responsible fluids did not
spend a long time in contact with these rocks but were
intermittently active over the bulk of Martian history.
The upper crust of Mars may have experienced epi-

sodic “wetting events” that leached and reprecipitated
carbonates in the subsurface.

Carbonates in loess.  We propose that the post-
depositional evolution of carbonates in Martian dust
may be similar to the evolution of carbonates in Ar-
gentine loess deposits.  Carbonates are present in two
forms in the loess: they are found as fine-grained dis-
tributed components and are also concentrated into
concretions or calcrete layers (Figure 1).  The carbon-
ate fraction of typical Argentine loess varies between
about 2-4% [11].

Accumulations of carbonate, locally known as
toscas, are widely distributed throughout Argentine
loess sequences [12].  Formed through the downward
leaching and reprecipitation of soluble components
into lower soil horizons, these illuvial calcretes de-
velop in situ and may cement and/or replace the host
material.  The calcrete morphology can be highly vari-
able depending on the degree of development and local
structural control.  Observed forms include concretions
or nodules, reticular and string-like patterns, and layers
or hardpans (see Figures 1,2) [12].  These carbonates
can generally be classified as pedogenic calcretes [13],
although some sections may contain additional carbon-
ates derived from laterally moving groundwater (which
is not strictly a pedogenic process).  The salient point
is that carbonates are a mobile component in the sub-
surface that commonly form local concentrations of
calcrete.

Spectral detection of carbonates:  The planer
carboxyl (CO3

2-) ion has six fundamental vibrational
modes, of which two are degenerate and one is infrared
inactive [e.g., 14,15].  The exact shape and position of
vibrational absorption bands varies with the cation
species: e.g., calcite (Ca), dolomite (Ca,Mg), magne-
site (Mg), and siderite (Fe).  The strongest infrared
absorption features in calcite occur at 7.0 µm (asym-
metric stretch), 11.4 µm (out-of-plane bend), and 14.0
µm (in-plane band) [15].  Additional combination and
overtone features are present in the near infrared.

Detecting carbonate absorption features in field ex-
posures of carbonates can be difficult due to the loss of
spectral contrast from surface roughness at a variety of
scales [16].  This includes roughness at the outcrop
scale between individual boulders and cobbles, rough
surface textures on exposed blocks, and microscopic
roughness [17].  We are in the process of documenting
the spectral signature of calcrete layers exposed in
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section in loess deposits in the visible, near-infrared,
and thermal infrared regions to assess the detectability
of these deposits with rover-mounted instrumentation.

Exploration strategies:   The most readily accessi-
ble concentrations of carbonates on Mars are likely
reprecipitated calcrete layers within dust deposits.  The
potential for entombment and preservation of organic
material in chemical precipitates makes these layers a
high-priority target for exobiology [18].  Depending on
the degree of cementation, these calcretes may form
resistant hardpans that are exposed through differential
erosion.  However, due to mantling by continued dust
deposition, exposed calcrete horizons may be difficult
to spectrally detect.  In addition, terrestrial calcrete
hardpans are known to weather to boulders, cobbles,
and smaller fragments [19] that will increase macro-
scopic roughness and reduce spectral contrast, thus
further complicating spectral detection.

Perhaps a more likely locale where an unambigu-
ous spectral signal may be obtained is in high slope
areas where the subsurface profile is exposed (i.e.
cliffs, mesa edges, channel walls).  Calcrete layers tend
to form steeply inclined surfaces in vertical exposures
due to their high mechanical strength and thus may be
relatively dust-free and clear of fragmental material.
They may be more readily identifiable with visi-
ble/near-infrared imaging Pancam and thermal infrared
spectrometer Mini-TES on the 2003 Mars Exploration
Rovers than from orbital imaging/spectral platforms.

Another potential target of interest for sample-
return missions is impact glasses derived from carbon-
ate-bearing lithologies.  Chemical systematics in im-
pact glasses of various ages could provide a record of
the isotopic evolution of the Martian atmosphere [20].
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Figure 1.   Sea-cliff exposure of loess in Argentina showing
single well-developed calcrete layer.

Figure 2.  Exposure of loess sequence in Argentina showing
more complex morphology of calcrete deposits.
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