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Introduction:   

The search for evidence of extraterrestrial life in 

the solar system will remain one of the most important 

goals of solar system exploration in the 21
st
 century. 

Recognizable biological systems will almost certainly 

be based on organic compounds.  

However, several facts complicate this search. 

First, terrestrial biological contamination may be 

difficult to eliminate completely from spacecraft, and 

this is likely to become more problematic as detection 

methods become more sensitive. Second, we now 

know that many environments in the solar system are 

replete with organic compounds, either those left over 

from the early formation of the solar system (e.g., 

those present in comets (1), asteroids (2), cosmic dust 

and interplanetary dust (3)), which continuously 

become implanted on planetary surface environments, 

and those which are continuously generated in 

planetary environments (e.g., in Titan’s atmosphere 

(4)). Third, an independent biology might be based on 

organic compounds wholly or partially distinct from 

those used by terrestrial biochemistry (5, 6). Fourth, all 

organics, regardless of their provenance, may degrade 

and/or alter over time due to various types of thermal, 

shock and radiational processing (e.g., (7), rendering 

their initial composition difficult to discern. 

High-resolution mass spectrometry offers a 

relatively comprehensive and rapid way of 

“chemotyping” environmental samples (8). Using 

modern instruments large numbers of unique mass 

organic compounds (to which molecular formulas can 

be assigned) can be identified in a single measurement, 

and these can be further identified using multiple 

dimensions of fragmentation and mass spectrometry. It 

seems likely in the coming decades such instruments 

will become smaller and more efficient, and thus more 

appropriate for inclusion in planetary probes. 

In order to use this type of instrumentation 

effectively in planetary environments in the coming 

decades, it will be essential to have a “catalogue” of 

abiotic and terrestrial biological samples which can be 

referred to in this search. Ideally this catalogue would 

contain examples guiding the classification of samples 

as terrestrial or extraterrestrial, biological or non-

biological, and degraded or pristine. 

We detail here the preparation of such a catalogue, 

and the types of molecular signals that can be obtained 

from it to allow for the classification of systems as 

described. 
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