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Goethite identified by MER Spirit's M6ssbauer
spectrometer in the Columbia Hills, Gusev Crater,
Mars
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Rocks on the ejecta blanket of Bonneville crater and along Spirit's traverse over the
Gusev plains towards the Columbia Hills are angular and strewn across the surface.
They have a basaltic composition [1,2], and their Méssbauer spectra are dominated
by an olivine doublet [1]. The ubiquitous presence of abundant olivine in rocks and

in surrounding soil suggests that physical rather than chemical weathering processes
currently dominate the plains at Gusev crater [1]. However, MB spectra of rocks and
outcrops in the Columbia Hills suggest more aggressive alteration processes have oc-
curred. At the foot of the Columbia Hills, Spirit encountered outcrop and rocks ex-
hibiting layered structures. Some scattered rocks at the foot of the Columbia Hills
appeared "rotten" or highly altered by physical and/or chemical processes. Mdssbauer
spectra of these rocks show a decrease in olivine accompanied by an increase in the
Fe-oxides magnetite, hematite, and nanophase Fe(3+) -oxides, suggesting that chem-
ical weathering processes in the presence of water have altered these rocks and out-
crops. Ascending further into the Columbia Hills, Spirit encountered a rocky outcrop
named Clovis. The Fe-oxyhydroxide goethite (FeOOH) is clearly identified in Mdss-
bauer spectra of Clovis obtained from the unaltered rock surface and from interior
rock exposed by grinding. Mdssbauer spectra of surrounding outcrop rocks also show
evidence of Goethite. The identification of the mineral goethite provides the first direct
evidence of water interaction at the surface inside Gusev crater.



[1] Morris R.V. et al. (2004) Science, 305, 833-836. [2] Gellert R. et al. (2004) Science,
305, 829-832.



