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Introduction: The discovery of ferric hydrox-
ides/oxyhydroxides, jarosites (iron-bearing sulfates
thought to have formed via aqueous activity) and other
sulfate-bearing minerals in the Meridiani region pro-
vides strong evidence that liquid water once flowed on
the Martian surface [1-4]. It is suggested that sulfate
deposits enriched in iron and mixed iron oxy-
hydroxide were precipitated from meltwaters, thought
to have been acidic yet hydrothermalism and volcan-
ism could have played a role shaping the Meridiani
surface conditions as well. Terrestrial acidic and sul-
fate-rich sites such as Rio Tinto and El Jaroso in Spain,
Iron Mountain in California, and some lakes in West-
ern Australia are exceptional sites for the study of acid-
ic waters, its associated precipitates and efflorescent
salts, and sulfate-forming processes in general. The
characterization of the hydrogeochemistry of these
sites is crucial in order to describe all of the different
processes and settings of iron and sulfate deposition on
Earth. As these localities host mineralogical signals
detected on Meridiani, the comparison may help to
understand how the Meridiani minerals formed.

Raman spectroscopy is regarded as a powerful cha-
racterization technique for the sulfate systems due to
its intrinsic features: it requires little or no sample
preparation prior to spectra collection, and allows real-
time identification of species in acidic waters and as-
sociated precipitates and very rapid quantification of
their abundance, among others. Furthermore, recent
advances in optics, lasers and detector systems allow
for the development of compact field Raman instru-
ments for in-situ analyses. This fact, together with the
capabilities of the Raman spectroscopy for the unam-
biguous characterization of mineral phases and poten-
tial biosignatures, make the Raman technique an out-
standing tool for the exploration of sulfate-rich areas,
and most likely for the Martian surface and subsurface.
A landmark for the technique is the selection of a con-
contact combined Raman-LIBS spectrometer as a fun-
damental instrument within the upcoming European
Space Agency (ESA) ExoMars mission (2016).

In this work we report the Raman spectroscopy of
some aqueous solutions and associated precipitates
(found in coexistence in most cases) of Rio Tinto (SW
Spain). Spectral fingerprints from various forms of
iron sulfates have been found in the minerals and as
such are used for their identification. The relative ab-
undances of sulfate and bisulfate ions and water have

been derived from the Raman spectra of stream waters.
The in-situ Raman spectroscopy of the acidic stream
waters and related mineralogy is also reported.

Experimental:

Samples:

Efflorescent salts from acidic surface stream wa-
ters were collected from several sampling spots near
the site considered as the source of the river, Pefia de
Hierro (Spanish for iron mountain). Water samples
display yellowish-to-reddish colors whereas solid sam-
ples show white, yellow, orange and dark red colors as
shown in Fig. 1.

Raman instrumentation:

Raman spectra of the aqueous samples were col-
lected in the laboratory at a constant temperature of 20
°C with a con-focal Raman microscope (WiTec al-
pha300 R) in the spectral range 75-3900 cm’. The
spectral resolution was 1 cm™. The 532.4 nm line of a
frequency doubled Nd:YAG laser was used as excita-
tion source. Solid samples were placed on a 3D-motion
stage of a Nikon Eclipse microscope, equipped with
5%, 20% and 50% objective lenses. The microscope is
connected to a Kaiser HoloSpec f/1.8i spectrograph. A
CCD attached to the spectrograph was used to collect
the Raman spectra. The 632.8 nm line from a He-Ne
laser was used excitation source. The spectra were
recorded within the region 200-3800 cm™ with a spec-
tral resolution of 4 cm™. In the field, Raman spectra
were recorded, without any sample preparation, using a
field portable B&W Tek i-Raman spectrometer
equipped with a laser at 532 nm.
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Results: The laboratory Raman spectra of both wa-
ter and solid samples are plotted in Fig. 2. Variable
amounts of sulfate and bisulfate are found in the aque-
ous samples, suggesting changes in the acidity of the
solutions. The sulfate/water relative abundance has
been estimated from the derived relative intensities of
the associated bands: 982, 1044 and 1640 ¢cm™ for sul-
fate, bisulfate and water, respectively (Table 1). Solid
samples are identified as gypsum and as mixtures of
hydrated iron(II)/iron(III) oxides belonging to the
copiapite-group and jarosite-group.

Fig. 3 shows some of the Raman spectra collected
at the Rio Tinto source (solid lines). The spectra have
been offset for clarity and some spectra from reference
materials have been overlaid for comparison purposes
(dashed lines). The spectrum RTNcs01, showing two
pairs of intense bands at approximately 995/1108 cm™
and 1021/1132 cm™, is consistent with the presence of
copiapite in the sample. The spectra RTNcs02 and 03
do not show the two pairs. It is well known that the v,
symmetric stretching band of sulphate ion (around 982
cm™) in ferrous iron shifts with hydration state of the
salt. The presence of three and two bands in the spectra
RTNcs02 and 03 in the 970-1020 cm™ region, respec-
tively, may be indicative of a mixture of hydrated
iron(I) sulfates, likely following a sequence of dehy-
dration from the evaporated salt. Whereas spectrum
RTNcs02  shows  fingerprints of  melanterite
(FeSO4+7H20), rozenite (FeSO4+4H20) and szomol-
nokite (FeSO4+H20), only the two latter are present in
spectrum RTNcs03. The spectrum RTNcs04 shows a
single band centered approximately at 983 cm™ . Rather
than iron sulfate, the position of this band is more con-
sistent with the presence magnesium sulfate in the
sample, most likely epsomite.

Conclusion: Off-site and on-site Raman spectros-
copy has been used as a means of characterizing the
hydrogeochemistry of Rio Tinto area. Variable
amounts of sulfate and bisulfate ions have been meas-
ured in the streams waters close to the source of the
river. Gypsum and ferrous and ferric sulfates have
been detected in the efflorescences. A portable Raman
spectrometer has been used for in-situ analysis of Rio
Tinto stream waters and mineralogy thus justify the
importance of Raman spectroscopy as a potential tool
for the characterization of Rio Tinto hydrogeochemis-
try and hence of any environment relevant for plane-
tary exploration.
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