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Introduction: Svalbard Islands, constitutes a very 

interesting potential Mars analog place. In particular, 
the Bockfjord Volcanic Complex (BVC), with a spe-
cial combination of volcanoes and permafrost, is a 
unique place on Earth with carbonate deposits similar 
to those fund in the Martian meteorite ALH84001. 
AMASE (Arctic Mars Analog Svalbard Expedition) 
worked from 1997 in the study of this scenario and 
performing activities related with the develop of sci-
ence and engineering for the search of life on Mars[1]. 
The aim of the use of these techniques is to test the 
skills, capabilities and limitations of the technique for 
their use inside ExoMars mission. 

 
Instrumentation: The Raman-LIBS team de-

ployed at the field for in-situ measurements Raman 
and LIBS portable instruments adapted to work in the 
cold Arctic conditions for long time. The Raman spec-
trometer used was a portable i-Raman from B&WTEC 
Inc. illuminated with a 532nm wavelength laser (Pro-
totype II for ExoMars developed by Monocrom) with 
about 25mW power on the sample and a spot diameter 
of 100micron. The Raman optical head was attached to 
a mechanical device simulating the rover’s arm to ap-
proach the samples. Spectral resolution was 5cm-1. 

 

 
 
Figure 1. Raman optical head taking spectra at the 
field 
 

The LIBS spectrometer is also an adaptation for 
field experiments of the Porta LIBS 2000 system from 
Stellar NET inc. The LIBS is illuminated by a pulsed 
laser at 1064 nm delivering 6 MW per pulse and the 
spectrometer covers the spectral range 400-850nm. 

 
Sites Studied: Deployment was performed at dif-

ferent places during 2008 and 2009 expeditions: the 

Bockfjord Volcanic Complex (BVC), Palander Bay 
(PB) and Murchinson Bay (MB). (see Figure 2). BVC 
could have formed from eruptions ca. 1 Ma ago behind 
the permafrost as subglacial eruptions. That activity 
brought to the surface rich magnesian-carbonates flu-
ids that formed those deposits and carbonate globules. 
It is surrounded by Devonian deposits. The Palander 
Bay it is a carboniferous period site and the Murchin-
son Bay is one of the oldest coming from the late Pro-
terozoic.[2] 
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Figure 2. Map of the places in which the instruments 
were deployed (Image from AMASE) 
 

Results:  
1- Bockfjord Volcanic Complex (BVC). The regolith 
is mostly composed by olivines, basalts, marble, and 
carbonate breccias. 
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Figure 3. Raman spectra from basalt materials. Olivine 
and pyroxene are mainly identified. Some organic de-
posits of carotene pigment are also identified. 
 

With Raman technique it is possible to detect and 
identify most of these mineral phases in-situ without 
any sample preparation and in a short time. Olivines, 
pyroxenes and specially carbonates are clearly seen 
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and identified. Carbonates found were mainly calcite, 
aragonite, dolomite, magnesite and in some cases 
ankerite.  
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Figure 4. Carbonates identified at BVC.  
 

LIBS technique is an important complemenatary 
technique supporting the precise identification of min-
eral phases. In the particular case of carbonates the 
different amounts of calcium and magnesium can be 
estimated with high accuracy allowing the precise as-
signments of the Raman spectra.  
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Figure 5. LIBS spectra of some carbonates from BVC. 
 

2. Palander Bay. The main species identified at the 
site were limestone and quartz. In the small fragments 
analyzed in situ quartz and dolomite was clearly iden-
tified and also beta-carotene on the weathered surfaces 
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Figure 6. Raman spectra of samples analysed in-situ at 
Palander Bay. 

 

Murchison Bay. This site is one of the oldest places 
in Svalbard islands. The estimated age range from 
1000 to 564 million years ago. The specific place ana-
lyse was a stromatolite outcrop. The main mineralgy 
identified was quartzites, limestones and also some 
graphite deposits appearing as inclusions or veins in 
the minerals (Figure 7). 
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Figure 7. Raman spectra of samples analysed in-situ at 
Murchinson Bay. 
 

Conclusions: Raman and LIBS techniques have 
proved their potential to get a fast and reliable pano-
ramic of the mineralogy and chemical composition at 
the field working at in-situ and without any sample 
preparation. The small spot diameter in both cases al-
low a precise identification at mineral grain scale. 
Moreover, both Raman and LIBS spectral acquisition 
time are in general quite short. And Raman in particu-
lar is able to detect several organic compounds as in 
this case carotenes showing a great potential for the 
use in missions of astrobiological interest as ExoMars 
European mission.  
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