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Introduction: The organic precursors to life, in-

cluding the chemical building blocks of protein, lipids 

and DNA, are known to be produced by abiotic chemi-

cal reactions in the presolar nebula and on asteroids in 

the early solar system. Understanding the conditions 

and reactions involved in the synthesis of these com-

pounds is key to understanding the potential for life to 

exist beyond Earth.  

The geochemistry of carbonaceous chondrite mete-

orites provides a window into the chemical processes 

that took place in the presolar nebula and on parent 

body asteroids in the early solar system. A wide range 

prebiotic organic compounds have been identified in 

these meteorites using bulk solvent extractions and 

GC-MS, GC-IRMS, and HPLC techniques [1-5]. These 

methods provide a wealth of information about the 

types and concentrations of prebiotic compounds pro-

duced in space, as well as potential synthesis reactions; 

however, a key question that remains is whether these 

compounds vary spatially across a meteorite section.  

Identifying associations between prebiotic organic 

compounds and specific minerals or textures in a mete-

orite promises to provide information about the chemi-

cal reactions (e.g. Strecker amino acid synthesis) in-

volved in their formation, the role of mineral surfaces 

as potential catalysts for prebiotic synthesis reactions, 

the timing of synthesis, the mobility of the compounds, 

and the role of water in the formation and preservation 

of these molecules. Some organics have been previous-

ly observed in association with matrix clays and ser-

pentines in chondrule accretion rims using an OsO4 

vapor method [6]; however, their molecular identities 

could not be determined using this technique. 

ToF-SIMS: Time-of-flight secondary ion mass 

spectrometry (ToF-SIMS) offers a unique opportunity 

to examine the spatial distribution of specific organic 

compounds across a meteorite sample and observe po-

tential compound-mineral associations (Figure 1). The 

method exhibits high spatial resolution, and the ability 

to detect a very large range of elemental and molecular 

species, inorganic and organic, up to masses > 1000 

amu.  

There have been very few ToF-SIMS investigations 

of organic compounds in meteoritic materials so far [7-

11]. A range of polycylic aromatic hydrocarbons 

(PAHs) [7, 10], and amino acids and carboxylic acids 

[10] have been identified within the Murchison meteor-

ite using ToF-SIMS. Some spatial variations have also 

been observed for fragments of organic compounds in 

the Murchison meteorite using this technique [10], alt-

hough the molecular sources of these fragments still 

remain to be determined. Identification of the prebiotic 

organic compounds exhibiting spatial variations in the 

Murchison meteorite will certainly provide insight into 

formation mechanisms. The Tagish Lake carbonaceous 

chondrite is also a key next target for ToF-SIMS analy-

sis, due to its high sample heterogeneity as a result of 

varying degrees of parent body aqueous alteration, in 

combination with its unique pristine nature.  

 
Figure 1. Illustration of the ToF-SIMS technique, adapted 

from [11]. A primary ion beam is focused towards a small 

target on a meteorite sample. The emitted secondary ions are 

separated and detected based on their time-of-flight (deter-

mined by their mass-to-charge ratio). Secondary ion images, 

produced by rastering the primary ion beam over the set sur-

face area, reveal spatial variations in organics (e.g. ions that 

(A) correlate and (B) anticorrelate with the presence of a 

chondrule [10]).  
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