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Introduction:  Full characterization of the organic 

components of terrestrial geological samples is essen-

tial in assessing their suitability as analogues for the 

Martian regolith. Analogues can be chosen on the basis 

of mineralogical, physical, and chemical properties 

amongst others, depending on the particular application 

[1]. Salten Skov, a goethite-rich fine-grained soil from 

Denmark, has been studied as a Martian analogue due 

to its magnetic properties and fine grain size, but de-

spite being widely used remains poorly understood in 

terms of chemical composition or  formation [2]. We 

have performed GC-MS analysis of the solvent-

extractable hydrocarbon components of this soil, in an 

effort to elucidate some of these outstanding questions.  

Recognition that hydrocarbons are a rich source of 

astrobiological information makes them an important 

target compound class for future life-detection missions 

to Mars, including the ExoMars rover, which is sche-

duled for launch in 2018 [3]. 

Experimental:  2g of Salten Skov was ultrasonical-

ly extracted in a 93:7 v/v dichloromethane / methanol 

mixture, before being fractionated using silica-gel mi-

crocolumn chromatography into aliphatic (hexane), 

aromatic (DCM) and polar (methanol) components. 

The procedure is designed to be optimal for the extrac-

tion of small quantities of sample, particularly mete-

orites, which are often only available in mimimal 

amounts. Analysis of the solvent-soluble fractions was 

performed on an Agilent 6890N GC with Agilent 5973 

inert MSD, using a 30m J&W DB-5 MS column. The 

temperature was programmed from 50˚C (held for 1 

minute) to 310˚C at a rate of 4˚C per minute, with the 

final isothermal portion of the run held for 20 minutes. 

The MSD scan range was m/z 50-550. Identification of 

compounds was based on retention time and NIST 

mass spectral libraries.  

Results:  From the m/z 57 extracted ion chromato-

gram for n-alkanes in the aliphatic fraction (Figure 1), 

it is apparent that there is a bimodal distribution with a 

broad peak centred at C16 displaying strong even-over-

odd predominance (EOP), with the second peak cen-

tred around C29-C31 showing strong odd-over-even 

predominance (OEP), with a dominant peak at C27. In 

addition to n-alkanes, low concentrations of branched 

alkanes along with the common acyclic isoprenoids 

pristine and phytane, as well as triterpenoids were de-

tected.  

The aromatic fraction comprises mainly  polycyclic 

aromatic hydrocarbons (PAHs), and their alkylated 

derivatives. Figure 2 shows a chromatogram for this 

fraction with extracted ions particular to some C0 

PAHs. There is a peak in response for the four-ring 

PAHs fluoranthene and pyrene, with a general decrease 

in abundance towards higher molecular weights. Also 

present in the soil are a range of polychlorinated bi-

phenyls (PCBs), which are widely known as a persis-

tent environmental contaminant.  

 

Figure 1. Extracted ion chromatogram m/z 57 from the aliphatic 

fraction. Shorter n-alkanes have strong EOP, whilst the longer C23-

C34 alkanes have OEP typical of higher plants.  

 

Discussion: Qualitative analysis of the aliphatic 

and aromatic hydrocarbons was performed. 

Aliphatics. The  long-chained n-alkanes with a do-

minant odd-over-even carbon number preference, 

along with diagnostic triterpenoids are indicative of 

higher plant input. From site descriptions given in pre-

vious studies [4 & 5], these plant waxes would certain-

ly be expected; the high concentration of C27 relative to 

to other n-alkanes has been shown to be particular to 

beech trees [6]. It has been recently proposed that C16-

C20 n-alkanes with EOP are indicative of biomass burn-

ing [7], which is a mechanism believed to be responsi-

ble for some of the red soils found in Denmark [4]. 

Thermal breakdown of longer OEP chains generates 

the shorter alkanes with EOP, however recent work by 

[8] has shown that these can also be derived from high-

er plants. They note that EOP is considered unusual 

given the OEP of n-alkanes derived from most biologi-

cal materials, and that the shorter n-alkanes are often 

considered to be microbial in origin. The reported ab-

sence of charred fragments in the Salten Skov soil, 

along with mineralogical evidence suggests that exten-

sive burning of woody materials did not take place 

locally [5]. This is supported by the low abundance of 

the aromatic compound retene, tentatively identified 
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from m/z 234 response, relative to the 

PAHs.

 
Figure 2.  Extracted ion chromatogram (m/z 128, 178, 202, 228, 

252 and 276) from the aromatic fraction.  

 

Aromatics. PAHs are commonly found in soils and 

recent sediments, and can be the result of accumula-

tions of atmospheric pollutants, local industrial conta-

mination or natural biomass burning. It might be ex-

pected that localised burning would cause elevated 

PAH levels in the soils, however they can be removed 

from surface soils that have been subjected to forest 

fires on timescales of months [9]. Ratios of pyrogenic 

PAH to petrogenic PAH can give some indication of 

their source, with alkylated derivitaves being more 

common in petroleum sources. The presence of PCBs 

and other chlorinated aromatics in comparable concen-

trations to PAHs suggests that in the case of Salten 

Skov the PAHs mainly result from gradual low-level 

accumulations of environmental contaminants.  

Full sampling of the various Danish red soils and 

surrounding sediments would be required to properly 

ascertain the cause of the unusual n-alkane distribu-

tions, and understanding of the propensity of the soil 

for retaining hydrocarbon signals over long periods of 

time. These results would then need to be integrated 

with mineralogical and other chemical studies.   

Hydrocarbon analysis of this Martian analogue de-

monstrates the persistence and widespread nature of 

anthropogenic contamination. The high levels of organ-

ic matter render the analogue unsuitable for low bi-

oload organic studies, for which desert soils are chiefly 

used [1]. However, Salten Skov could potentially be 

utilized for simulation studies to determine the fate of 

endogenously produced and exogenously delivered 

hydrocarbons on the surface of Mars, and the  relative 

survivability of different compound classes in a miner-

al matrix that resembles the Martian regolith. This 

would help prepare for future exobiological missions, 

including the planned ExoMars rover.  
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