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Figure S13. First-order Raman spectrum of carbonaceous spheroidal microstructures 
(OWMs) measuring 50-80 μm in diameter and their host sediment. Band assignments: D band 
- 1.355 cm-1; G band - 1.590 cm-1. 
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FTIR spectra of acritarchs 

 

Assignment of absorption bands (Figs S14-S16) 

The full spectra of the specimens are presented at the bottom of Figs S14 and S16. 

- The large band centred at 3150-3100 cm-1 corresponds to OH groups from organic matter 

(alcohol or acid functions) and/or adsorbed water. 

- The doublet between 3000 and 2800 cm-1 corresponds to aliphatic absorptions by CH, CH2 

and CH3 stretching. The most important bands are related to CH2, indicating the presence of 

aliphatic chains. The shoulders, related to CH3 are relatively important. 

- The carbon double bonds absorb between 1800 and 1500 cm-1. The band at 1710 cm-1 

corresponds to C=O stretch of carboxylic acid groups. The bands at 1660 and 1630 cm-1 are 

related to C=O bonds conjugated to other double bonds (e.g., quinones). The absorption at 

1590 cm-1 is related to aromatic C=C bonds. 

- The bands between 1480 and 1300 cm-1 are mostly related to CH2 and CH3 deformation. 

- Absorptions in the 1090-1200 cm-1 region can be attributed to C-O stretching (ethers, 

alcohols), in particular from carbohydrates/polysaccharides. 

Deconvolution of C-Hx stretching bands (Fig. S15) (28) suggests a CH2/CH3 ratio of 2.46 

for specimen 1 and 2.50 for specimen 2. These values indicate a certain degree of branching 

and/or relatively short chain aliphatics (1). The proxy has been poorly tested, however, and 

the influence of CH from aromatics and CH2 of rings is incompletely known. The absence of 

a band at 720 cm-1 confirms the absence of long aliphatic chains. 

 

Comparison with other spectra 

The acritarch wall macromolecule contains relatively short carbon chains (on average <C8 

according to (1), a significant proportion of oxygen in form of C-O-C and C=O (quinones), 

and aromatic rings. 

The organic matter in the Gabonese sediments is relatively mature (maximum reflectance 

values often >4%) (2, 3). Upon maturation, removal of oxygen and hydrogen takes place so 

that the material may aromatize and characteristic features of the FTIR spectra disappear (4). 

Two relevant points arise from the obtained spectra: (a) how do they compare to other 

palynomorphs of similar age, and (b) what was the original wall biomolecule and how does it 

compare with the biopolymers we know today. 
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Comparison with FTIR spectra from Proterozoic palynomorphs  

Three of the four palynomorphs from the Neoproterozoic of Australia are relatively aliphatic 

(5, 6), while Leiospheridia sp. is more aromatic. The 3 acritarchs from the Mesoproterozoic of 

China and of Australia appear relatively aromatic (5), a feature which the authors mainly 

relate to the original composition of the material and not to thermal maturity. The organic 

Meso- to Neo-Proterozoic macrofossil Chuaria appears to contain both longer aliphatic 

chains, but also more distinct aromatic rings (7). 

 

Origin of the material. Comparison to present-day polymers  

Although the possibility exists that the acritarchs considered here have been produced by a 

unique, presently extinct biosynthetic pathway, we do not assume this a priori. Recent 

organisms synthesize only a relatively small number of degradation-resistant wall polymers, 

such as cellulose, chitin, algaenan and sporopollenin. These polymers have a wide 

phylogenetic distribution, suggesting an ancient origin. It is therefore likely that these 

pathways also gave rise to the Gabonese acritarchs. Possible exceptions are the polymers 

unique to organisms living on land, which may have evolved during the Phanerozoic. Three 

groups of resistant biopolymers can be distinguished. 

The first group uses carbohydrates as the most important constituents of the cell-wall 

biopolymers. Cellulose is a pure carbohydrate polymer and its IR spectrum is dominated by 

O-H (3100-3600 cm-1) and C-O (900-1200 cm-1) absorption bands. Cellulose is widespread in 

nature, especially in cell walls of higher plants and algae (8). A material similar to cellulose 

composes the cysts of some dinoflagellates (9). Although some bacteria secrete cellulose, 

cellulose walls are a eukaryotic feature. Chitin is also made by Eukaryotes. It is widespread in 

skeletons and shells of arthropods, but is also present in fungi. Although some algae, e.g., the 

green alga Chlorella (10), two diatom species (11, 12), and the haptophyte Phaeocystis (13), 

also produce chitin, chitin production appears mainly associated to a heterotrophic lifestyle. 

Chitin has 2-amino glucose as its basic element. Its FTIR spectrum has strong absorptions 

associated with amide N-H stretch (3100 cm-1), amide I C=O stretch (1630 cm-1), and C-N 

stretch in the amide II (1550 cm-1) and amide III (1300 cm-1). The prokaryotic Bacteria 

synthesize cell and spore-walls made of peptidoglycans, polymers made of glycan strands 

crosslinked by peptides. Peptidoglycan FTIR spectrum presents similarities with chitin 

spectrum with strong absorptions related to sugar and amide functions (14). For Archaea, four 

different wall types are known (15). The walls may consist of polysaccharides only, mixtures 

of sugars and amino acids (pseudopeptidoglycan, glycoprotein), or proteins only. 
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A second set of wall biopolymers is based on cross-linked long aliphatic carbon chains. 

Algaenan is the best example. It widespread in the cell walls of green algae and has been 

reported from some Eustigmatophytes and a motile dinoflagellate (16). In algaenan, the long 

aliphatic chains are linked by ether or ester bonds. Its FTIR spectrum is largely dominated by 

absorptions of long aliphatic chains. Cutin and cutan present in higher plants are also of this 

type (16). 

A third group of wall polymers includes phenylpropanoids (8, 16). Among these is 

sporopollenin, which composes the cell walls of higher plant spores and pollen. It is based on 

ether-linked propyl-phenol moieties and fatty acids. Its spectrum shows a contribution from 

aliphatic groups, but also typical absorptions related to the isolated benzene rings at 1510 and 

820 cm-1. Lignin, produced by vascular plants, is basically a propyl-methoxyphenol polymer. 

To date, it seems that the production of aromatic biopolymers is associated to a terrestrial life-

style and may relate to the need for UV protection, skeletal resistance to gravity or resistance 

to desiccation in aerial environments. 

Comparison of acritarch spectra with these biopolymers (Fig. S16) shows that the 

acritarchs correspond to neither of these materials. This is consistent with the long diagenetic 

and thermal history of the organic matter in the Francevillian sediments. During early 

diagenesis, aliphatic chains may get attached to the wall macromolecules through oxidative 

polymerisation and/or sulfurisation. This may remain largely undetected in the case of 

aliphatic polymers like algaenan; however, this process is clearly observed in the 

carbohydrate containing aromatic biopolymers (16). Upon thermal maturation, in the oil 

window, the long aliphatic chains originally present or added during early diagenesis become 

released. The original long-chain biopolymers disintegrate into oil, while aromatization is 

mostly associated to carbohydrate-based (e.g., cellulose and chitin), and aromatic (e.g., 

sporopollenin) biopolymers. 

Considering that aromatic biopolymers most probably evolved in the Phanerozoic, 

sporopollenin can be safely excluded as original material for the Gabonese acritarchs. The 

acritarch spectra here observed are therefore interpreted as reflecting a carbohydrate-based 

polymer, which upon diagenesis included variable proportion of aliphatic material such as 

fatty acids. However, our understanding of diagenetic processes does not allow to assess if 

nitrogen-containing groups were originally present. The FTIR spectra could also reflect an 

algaenan-type material that has suffered partial aromatisation due to thermal maturation. 

Though this second possibility appears less likely, it cannot be fully excluded. 
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