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Introduction:   
 The study of organic matter (OM) and in particu-

lar, kerogen, can provide insight into how life evolved 

on Earth and help determine its existence elsewhere in 

the solar system [1] Kerogen can be found in some of 

the earliest rocks on Earth (i.e., Archean, > 2.5 Ga), but 

there are commonly questions regarding its syngeneity, 

biogenicity, and potential contamination (French et al., 

2015). Therefore, robust synthesis of morphological, 

chemical, and contextual data is required for the confi-

dent interpretation of the early organic record [2]. Ad-

vances in understanding the properties of ancient and 

mature fossilized kerogen have been important in un-

derstanding syngeneity in ancient and astrobiologically 

relevant samples.  

Here, we examine kerogen from a diverse assemblage 

of microfossils that come from distinct depositional 

settings within a well preserved, ~2.4 Ga microbialite 

reef complex of the Turee Creek Group in Western 

Australia [3,4]. The Turee Creek Group more broadly 

is composed entirely of sedimentary rocks - including 

three glacial diamictites - and records the onset of the 

Great Oxidation Event via sulfur isotopes and the old-

est recorded phosphorite [5,6]. The studied reef com-

plex is globally unique in terms of its exceptional 

preservation, age, and diversity of fossil forms 

[3,4,6,7].  

The different microfossils that form the basis of this 

study come from cherts that have experienced the same 

thermal and structural history. This represents a unique 

opportunity to examine whether ancient, overmature 

OM retains any primary biological information, given 

that any variations detected should solely reflect the 

nature of the source, assuming contamination can be 

ruled out. To minimise the possibility of contamina-

tion, microscope-Fourier transform infrared spectros-

copy (FTIR) and Raman spectroscopy were performed 

in situ, directly on thin section samples. By employing 

these in situ techniques, we can better distinguish 

whether the contained OM is syngenetic or comes from 

later fluid influx and/or contamination. For instance, 

Raman spectroscopy represents an essential step in 

ensuring that the OM analysed reflects the expected 

thermal maturity expected for the rocks and was not 

introduced at some later time, under lower-temperature 

conditions [8]. Raman mapping was also performed to 

determine that the OM was tied to textural features. 

FTIR was performed on the exact same spots as those 

analysed by Raman spectroscopy, so as to ensure con-

sistency between techniques. The use of multiple com-

plimentary techniques allows for increased reliability 

for all results. The validity of this approach was high-

lighted by the structure of the OM being consistent 

across techniques used on different samples. 

Despite the high maturity of the samples, in FTIR 

analyses there were notable differences in the CH3/CH2 

ratio and the presence of different aromatic compounds 

linked to different microfossils, while the thermal ma-

turity of the OM remained consistent across all Raman 

spectroscopy measurements. Our study shows that ana-

lysing kerogen from different types of microfossils in 

different depositional settings within the same unit has 

the potential to provide increased levels of confidence 

that the results reflect derivation from the original or-

ganisms, as opposed to later, widespread contamination 

from younger geological (diagenetic, metamorphic, or 

hydrothermal) events. 

Implications for planetary sample analysis: 

The techniques chosen in this study are similar to 

those of the Scanning Habitable Environments with 

Raman and Luminescence for Organics and Chemicals 

(SHERLOC) instrument aboard the Perseverance rov-

er. Raman spectroscopy is more sensitive to the molec-

ular framework than FTIR and is therefore more suited 

for the analysis of thermally mature carbonaceous and 

inorganic materials [9]. Thus, the combination of both 

techniques allows for a more robust understanding of 

the full range of organic compounds remaining after 

diagenesis and maturation. The recent detections of 

organic molecules in ancient Martian rocks that do not 

have an unambiguous biogenic origin [10–13], necessi-

tate further research into the presence of organics in 

early Earth rocks. 
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