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Introduction:  The Río Tinto is situated in the SW 

part of Spain. The river drains pyrite mines situated in 
the Iberian Pyrite belt which have been in operation 
since the Bronze Age. The interaction of water and 
iron-rich sulfide minerals is mediated by acidophilic 
bacterial activity  leading to the precipitation of a large 
variety of sulphates [1].  

The occurrence of sulfates on Mars has been 
expected since the Viking Landers found sulfur in the 
Martian soil in 1976. Results from the MER rovers and 
OMEGA instrument onboard Mars Express have 
shown that sulfates are an important component of the 
Martian surface mineralogy. In particular the rover 
Opportunity at Meridiani Planum detected 
unambigously jarosite by the Miniaturised Mössbauer 
spectrometer [2-3].  

Deposits of sulphates precipitated on Mars are very 
intersting areas in which to search for water related 
activity in the red planet geological history and at the 
same time are potential sites in which to search for 
possible evidences of extinct life on Mars. In this study 
a combination of Raman, LIBS, Mössbauer and XRD 
portable instruments has been used to undertake a 
common in-situ analysis of sulphate minerals at Rio 
Tinto area within the CAREX Field Procedure Inter-
comparison Exercise on 21st-23rd of September 2009, 
also based on experiences from a common field trip in 
2008 [4].  

 
Instrument descriptions: Raman spectroscopy 

was performed in the samples without any preparation 
using a portable i-Raman spectrometer from B&W 
TEC Inc. and spectral resolution was ∼5cm-1. The 
spectrometer was adapted to work in field conditions 
and the optical head was attached to a mechanical de-
vice simulating the rover’s arm to approach the sam-
ples. The excitation used was a 532nm wavelength 
laser (Proptotype II for ExoMars) with about 25mW 
power on the sample and a spot diameter of 100μm..  
The LIBS spectrometer is also an adaptation for field 
experiments of the Porta LIBS 2000 system from Stel-
lar NET inc. The LIBS is illuminated by a pulsed laser 
at 1064 nm and the spectromenetr covers the spectral 
range 350-850nm. 

Mössbauer (MB) spectroscopy was performed on the 
natural surface of the samples without sample 
preparation with the miniaturised Mössbauer 
spectrometer MIMOS II [5]. Copies of the instrument 
are part of the payload of the Mars exploration rovers 
[2,3]. The spot diameter for MB measurements is 15 
mm. With its sampling depth of some hundred µm, the 
instrument provides direct mineralogical context in-
formation about a larger volume and depth selective 
information about a sample by detecting backscattered 
14.4 keV γ- and 6.4 keV X-rays simultaneously .  

The XRD diffractrometer was a Terra field instru-
ment from inXitu Inc., based on similar technologies as 
the MSL CheMin XRD/XRF.  It combines a miniature 
X-ray tube (Co) and a direct detection CCD into 
transmission geometry to produce XRD and XRF data 
with no moving parts. The instrument requires sample 
collection, preparation (crushing to <150um) and de-
livery into a small sample cell that is vibrated during 
analysis for improved statistics.  Analyses were per-
formed in the field after manual collection and prepa-
ration of samples, over integration times of about 
20min. 

 
Results: The instruments were deployed in a par-

ticular area near Peña del Hierro in which it was possi-
ble to analyze primary, secondary and evaporate min-
erals. These last materials were studied in more detail.  
Copiapite and coquimbite have been detected within 
the samples as major components together with 
jarosite. Also gypsum, goethite, hematite, ferrihydrite 
and quartz (mostly in the bed rocks) have been found.  

In figure 1 Raman and LIBS results obtained in a 
piece collected at Dike1 are shown. Quartz is mainly 
detected with deposits of jarosite. 
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Figure 1: Raman (left) and LIBS (right) spectra taken at the 
same spot on sample Dike1 (depicted above).  

 
Figure 2: XRD data obtained by analyzing a crushed sub-
sample of the same sample as Figure 1. Quartz and albite are 
the primary components in the XRD pattern, and a signature 
of jarosite is also detected.  XRF data (not shown) indicate 
the presence of Fe. 

 
Figure 3: Mössbauer spectrum obtained on some of the black 
nodules of the sample shown in figure 1. Jarosite and Goe-
thite were clearly detected. The amounts of each phase are 
given by the spectral area of the corresponding phase (see 
also Fig.5). 
 
In figure 4 some efflorescences observed in the river 
side are depicted. Raman detected mainly ferrico-
piapite  and coquimbite with rozenite and goethite at 
some spots .  It is interesting to note that in some cases 
Raman spectra show different hydration stages mainly 
in the ferricopiapite case. Sulphate bands become very 
broad as can be seen in the spectra of Figure 3 right. 
XRD and XRF data of the same sample are shown in 
Figure 4.  Ferricopiapite and goethite are observed in 
the XRD pattern, but baryte (BaSO4) is also identified, 
and confirmed by the Ba lines in the XRF spectrum. 
The Mössbauer spectrum of the sample is shown in 
figure 5. Copiapite and goethite were detected. 
 

 
Figure 3. Efflorescences observed in the river side and 

Raman spectra taken in-situ on collected samples.  
 

 

 
Figure 4.  XRD/XRF results of the same sample as Figure 3 

 
Figure 5: Mössbauer spectrum obtained on the sample shown 
in figure 3, showing well resolved copiapite and goethite.  

 
The combination of the techniques used in this 

work allowed us to obtain a unique phase identifica-
tion and the precise chemical composition of minerals 
in the Rio Tinto area and in particular on natural sul-
fates. These results stress the need of use a combined 
instrumental suite on  investigating the mineralogy and 
geochemistry of planetary surfaces in future missions.   
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