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Introduction: Organic molecules are important 

building blocks and signatures of life. Their presence 

on the surface of Mars was recently confirmed by 

SAM (Sample analysis on Mars) on the Curiosity rover 

[1]. The origin of the SAM organic molecules, which 

is probably part of a large organic macromolecular, 

though uncharacterized, carbon structure, is unknown 

[1]. Possible sources include infall from space to the 

surface of Mars, abiotic origin on Mars and biogenic 

origin [1]. Martian meteorites, the only samples of 

Mars we have available on Earth, provide some infor-

mation on the origin of carbon phases and organic 

molecules on Mars. These meteorites contain both re-

duced and oxidized carbon in the form of organic car-

bon and carbonates [2]. Recently we showed that some 

of these organic phases seem to be abiotically pro-

duced by electrochemical reduction of CO2 [3]. 

 In order to learn more about the organic geochem-

istry of Mars we analysed fresh fracture surfaces of 

small grains of martian meteorite Nakhla using in-situ 

techniques time-of-flight secondary ion mass spec-

trometry (ToF-SIMS), Scanning Transmission Electron 

Microscope (SEM)/Energy-dispersive x-ray spectros-

copy (EDX) and Raman spectroscopy. The combined 

instruments provided spatially resolved molecular, 

elemental and mineral information without being de-

structive to sample beyond possible surface alteration. 

In the process of investigating these samples we also 

develop new sample analysis protocols that can poten-

tially be used on future  returned sample from Mars. 

Results: We identified at least two different organ-

ic phases beyond surface contamination in Nakhla. The 

first one was associated with iron oxides such as mag-

netite and hematite (Fig.1) while the second was asso-

ciated with iron carbonates mixed with possible iron 

oxides found in the grain boundary between pyroxenes 

and plagioclase. The organic phases included a rich set 

of nitrogen- and oxygen-containing organic molecules 

found together with chlorine, sulfur and phosphor 

phases. Interestingly, the spatial distribution of nitro-

gen-containing organic molecules were slightly differ-

ent from the oxygen-containing ones (Fig.1). The ni-

trogen—containing organic molecules seem to  be as-

sociated with sulfur phases 

Discussion: The origin of these organic molecules 

are likely indigenous to meteorite considering the close 

association with specific mineral phases. A possible 

source for these are the organic molecules is electron 

reduction of CO2 considering the close association of 

the chlorine phase to the detected organic molecules.   

Conclusion and future work: Organic phases 

were found to be associated with iron-bearing mineral 

in martian meteorite Nakhla. The identification of the 

phases was  basically non-destructive and additional 

analyses can be done on the samples. Further devel-

opments of interpretation of ToF-SIMS data is ex-

pected such as D/H ratio and N/C ratio of the organic 

phases. 

 

 
Fig.1 ToF-SIMS analysis of Nakhla meteorite. Green 

square in SEM image indicates area of ToF-SIMS 

analysis.  
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