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Introduction: In the search for life on Mars nearsurface soil environments may be important habitats
for life accessible to future missions. Serpentinite
rocks have been documented on Mars [1], as well as
other clay minerals including smectite and kaolinites
[2, 3]. Previous studies of soils formed on serpentinites
on Earth have documented the formation of extensive
clays, including smectite [4-9], vermiculite [7-10],
chlorite [11], inter-layered chlorite-vermiculite [6], and
kaolinite [5]. Serpentinites are additionally of interest
as habitats for life such as methanogens [12]. Here we
examine weathering of serpentinites from bedrock to
soil surface, as a potential route for the formation of
clay minerals on Mars from abundant ultramafic minerals.
We additionally test for the presence of Feoxidizing bacteria in weathered serpentinite rocks. Feoxidizing bacteria have been previously demonstrated
to affect dissolution rates of ultra-mafic minerals [13],
and may produce important biosignatures [14].
Methods:
Sample collection
Weathered serpentinites were sampled from ridgetops in the Trinity Alps, Klamath Mountains, California. Samples were collected from soil pits, and parent
bed-rock using a 1” handheld drill (Shaw Backpack
Drill). Samples were stored in sterile Whirlpak bags
and refrigerated.
Sample analysis
X-Ray Fluorescence (XRF) and X-Ray Diffraction
(XRD) were completed at the UNLV XXL: XRF/XRD
lab. Samples were powdered and analyzed for bulk
composition, major and trace elements using XRF and
bulk mineralogy using XRD. Weathered grains were
embedded in epoxy, polished, and analyzed using
Backscattered Electron Microscopy (BSEM) and Energy Dispersive X-ray Spectroscopy (EDS) for characterization of weathering rinds. Subsets of sample
were mixed with a phosphate -buffered saline solution
adjusted to the pH of the pore waters and added to
Biological Activity Reaction Tests (BARTSTM) which
were observed for growth of Fe-related bacteria.
Calculations
Elemental compositions measured in the samples
as described above were normalized to an immobile
element to account for non-isovolumetric weathering,

or mobility of multiple elements [15,16] (Equation 1,
Figure 1).
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(Eq. 1)

Here, i,j is the fraction of mobile element or mineral j
lost or gained. Element or mineral i is assumed to be
immobile, w and p refer to weathered and parent material respectively, and C is the concentration of the immobile and mobile elements in the parent and weathered materials. i,j > 0 indicates enrichment relative to
parent, i,j < 0 indicates depletion relative to parent
(i,j = -1 indicates that the element is completely depleted), and i,j = 0 indicates that the element is immobile. The assumed immobile element was Ti, and
parent concentrations were estimated from elemental
concentrations measured in outcrop samples.
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Figure 1 Normalized concentrations, τ vs. depth for
the weathering profiles developed on serpentinite.
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Figure 2 Backscattered electron micrograph of a
cross-section through the weathered surface of serpentinite rock. The interior consists of the serpentine mineral lizardite, and the darker surface is an Al-rich secondary rind.
Results and Discussion: Plots of normalized concentrations (Figure 1) indicate the loss of Mg, Si and
Fe, and the addition of Al. From the dissolution profiles of Mg and Si, dissolution rates of serpentine minerals have also been calculated [17]. Consistent with
the addition of Al near soil surfaces, XRD analyses
indicate the presence of smectites as well as the parent
mineral lizardite in the weathered soils. Backscattered
electron micrographs and EDS chemical analyses indicate a lighter colored serpentinite core altered to a
darker, more Al-rich weathered surface (Figure 2). Al
enrichment may be important on Mars, as previous
work has suggested that Al may be much more mobile
on Mars [18].
Observations of the BARTSTM indicate the formation of black clouds and brown rings which represent
the growth of Fe-related bacteria. These results indicate that weathering serpentinites may result in a habitable environment, and future work is needed to determine whether important biosignatures may be preserved.
Conclusions and Future Work: Field observations and analyses made on serpentinite rocks and soil
from the Klamath Mountains, California indicate the
formation of Al-rich weathered surfaces on serpentinites as observed by BSEM/EDS, and the formation
of smectites by XRD. In addition, BARTSTM tests
indicate the presence of Fe-oxidizing bacteria. More
work is needed to further constrain alteration of serpentinite minerals under Mars-analog environments,
and the potential for presence and preservation of
biosignatures.
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