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Introduction: In terrestrial basaltic environments, 
microbial processes act as weathering agents on the rock 
surface often in conjunction with geochemical 
processes, leaving behind similar inorganic weathering 
products such as clays, poorly ordered iron oxides, and 
amorphous aluminosilicates [1,2]. Deciphering the 
differences between the microbially and geochemically 
induced mineral products is aided by the additional 
presence of detectable ions and metals in co-occurring 
biomaterials [3]. The speciation of elements (Ca, Mg, 
Fe, Mn, Sr, Zn, Si, K, etc.) in minerals is important for 
interpretations and provides insight into the factors 
contributing to mineral formation, such as fluid 
chemistry or weathering products. Furthermore, life 
requires major (C, H, N, O, P, S) and minor trace 
elements to build biomass and to provide compounds 
like metal co-factors for enzyme function. 

Raman spectroscopy (RS) and laser induced 
breakdown spectroscopy (LIBS) are complementary 
techniques that together provide a comprehensive 
characterization of terrestrial analogs. RS 
measurements provide structural information to identify 
organic and inorganic compounds and has been chosen 
for life detection missions because it is an information-
rich, non-contact, non-destructive method for 
identifying and characterizing inorganic and organic 
compounds [4,5]. Similarly, LIBS has also been chosen 
for these types of missions for its ability to provide non-
contact, semi-destructive, detailed elemental and 
molecular analysis of the same targets [6].  For landed 
missions with constrained access to target materials on 
other planetary bodies, discerning signatures of life and 
habitability can be daunting, particularly where the 
preservation of organic compounds that contain the 
building blocks of life is limited. One of the main 
challenges for spectroscopy measurements of natural 
samples is the complicated spectra with signatures for 
multiple components, particularly in rocks composed of 
several minerals and microbes. Our goal was to use the 
combination of RS and LIBS to discern different 
environmental regimes based on the identification of 
minerals and biomolecules in rocks and sediments. 

Description of Field Sites:  Iceland is a terrestrial 
volcano-glacial location offering a range of planetary 
analog environments, including volcanically active 
regions, lava fields, geothermal springs, and swaths of 
ice-covered terrain with relevance to both rocky and icy 
planetary bodies [7]. We focused on three main sites in 

the Kverkfjöll-Vatnajökull region of Iceland: basalt-
hosted geothermal stream at Hveragil gorge, the base of 
Vatnajökull glacier at Kverkfjöll, and the nearby 
Holuhraun lava field.  

Methods: We combined portable VIS (532 nm) and 
NIR (785 nm) RS, and UV/VIS/NIR (200 – 1000 nm) 
and Mid-IR (5.6 – 10 µm, 1785 – 1000 cm-1) LIBS to 
characterize the mineral assemblages, hydrated 
components, and biomolecules in rock and sediment 
samples from each site. To mimic the constrained access 
to measurements during a landed mission, we limited 
our measurements of each sample. We also used VIS 
micro-Raman spectroscopic mapping to further 
understand our limitations using portable instruments. 
      Preliminary Results:  Using our “one shot” 
approach on limited samples and our combination of 
techniques, we identified major mineral polytypes 
typical for each site and a large diversity of 
biomolecules typical for microbial communities. The 
greatest diversity of minerals occurred in the volcanic 
sediment coating the ice at the base of Vatnajökull 
glacier at Kverkfjöll. All samples had multiple 
biomolecular signatures, and we paid special attention 
to samples with overlapping organic-mineral peaks 
within the same spectrum to make sure that the correct 
compounds were being identified. Based on the data 
collected, however, there was not enough variation 
between each set to distinguish different environments.  
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