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Objectives 
 
Methods to quantitatively extract biomarkers from a 
broad range of Mars-like materials are currently being 
evaluated and optimized, and in particular amplifica-
tion methods for the sensitive detection of molecules 
containing hereditary information, allowing the detec-
tion of a single molecule. This includes the comparison 
of different amplification methods in order to select a 
method that is most suitable for planetary missions and 
the development and validation of quantitative meth-
ods for amplification of nucleic acids, without having 
to rely on prior sequence information.  Multiple dis-
placement amplification (MDA) methods are of par-
ticular interest due to their sensitivity and potential for 
primer-free amplification. This method relies on iso-
thermal amplification using the DNA polymerase of 
the bacteriophage phi29 and random hexamers, it is a 
non-PCR-based method and a recently developed 
technique for WGA (Whole Genome Amplification). 
Therefore, the objective is to compare and optimise 
alternative amplification methods, using terrestrial 
Mars analogues (e.g. extreme acidic environments), in 
order to arrive to an optimised method to examine 
Mars samples. When amplification products are ob-
tained, insight into the types of microorganisms in 
these materials will be obtained.  
 
Rio Tinto Mars analogue site 
 
A Mars analogue site of particular interest is Río Tinto 
in Spain. Literally translating to ‘Red River’ (Fig. 1), 
this area has been very well studied using ‘traditional’ 
molecular approaches, i.e. primer-based amplification. 
Further analysis as a Mars analogue site using primer-
free amplification methods will provide a more unbi-
ased view of the microbial communities present, while 
the use of methodologies to address nucleic acids that 
deviate from life currently known on Earth may lead to 
ground-breaking discoveries. From Río Tinto a wide 
variety of soil and rock samples were collected (Figs. 2 
and 3) in order to test innovative molecular biology 
techniques since the analogies with Martian soil are 
quite evident. Raman and fibre-optic spectrometers are 
proper instruments for rapid in situ mineral identifica-
tion and are used to select appropriate samples and 
detect particular minerals for which it is interesting to 
study the associated microorganisms. These instru-
ments are described briefly in the following section. 

 

 
 

Figure 1.  Example of a sampling site at Rio Tinto 
 

 
 

Figure 2.  Sample collection 
 

 
 

Figure 3.  Some collected samples 
 

 
Instruments 
 
Instruments from the ExoGeoLab pilot project [1] as 
well as instruments from other workshop participants 
were used to analyse the Rio Tinto rock samples. We 
present here some example of results with the Raman 
and UV-visible-NIR spectrometers. 
 
Raman spectrometer:  Raman spectroscopy is based 
on inelastic scattering of light, used to study low fre-
quency modes of a system such as vibration or rota-
tion. Monochromatic light is incident on the sample, 
and the scattered light (based on the Raman Effect) is 
analysed. Each mineral has a unique Raman spectral 
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signature, which is compared with standard mineral 
Raman spectra in a database to identify the mineral 
composition of the sample. The DeltaNu RockHound 
Raman spectrometer from the ExoGeoLab pilot project 
was used in this workshop.  
 

Table 1. RockHound specifications 

 
 

Miniature fibre-optic spectrometer: Fibre-optic 
spectrometers are optical instruments designed to 
measure light intensity in the ultraviolet, visible, and 
near-infrared spectral regions. Spectroscopic meas-
urements are used to measure reflected components of 
light at different wavelengths, to determine the type 
and concentration of chemical components in a sam-
ple, among other applications. The applicability of 
OceanOptics USB2000 UV-Visible-NIR spectrometer 
was tested in this workshop. 
 
Results 
 
The Raman spectra of a sample of copiapite collected 
at Rio Tinto, along with its match from the RRUFF 
Raman library [2], are depicted in Fig. 4. CrystalSleuth 
[3] was used for spectral visualisation, preprocessing 
and matching. The numbers on the X-axis denote 
wavenumbers in cm-1, and Y-axis denotes autoscaled 
intensity values. The spectra obtained using DeltaNu 
RockHound are in black, and in blue are the corres-
ponding spectra from the RRUFF library. 
 
The DeltaNu RockHound Raman spectrometer was 
successful in detecting inhomogeneities in rock sam-
ples that are within its beamwidth of 50 µm. The Crys-
talSleuth library search in general did not yield plausi-
ble mineral matches, but its RRUFF database can be 
used to compare the measured Raman spectrum with 
the spectra of suspected mineral constituents accu-
rately for corroboration and validation.  
 
 

 
Figure 4. Raman spectra of copiapite 

 
 
The reflectance spectra obtained using the Ocean Op-
tics USB2000 can be used to recognise different types 
of rocks that may appear to be similar, or which may 
be inaccessible, based on subtle differences in how 
materials reflect light across a broad wavelength range. 
This method was also successfully tested using sam-
ples obtained from Rio Tinto. 
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