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Abstract 

The period of 2500-2000 Ma is heralded by 

several other hallmark events, including onset 

and decline of the greatest positive excursion of 


13

Ccarb (Lomagundi-Jatuli Paradox), 

development of a significant seawater sulphate 

reservoir, abundant deposition of anomalously 

organic matter (OM)-rich sediments, the oldest 

known significant petroleum deposits (Shunga 

Event), and the appearance at 2000 Ma of the 

first known marine phosphorites. They occur as 

numerous rounded, soft-deformed, clasts in 

fine-pebble intra-formational conglomerates, 

forming two separate c. 200 m-thick turbidite 

fans within the 1000 m-thick OM- and sulphide-

rich turbiditic greywackes of the Pilgujärvi 

Formation in the Pechenga Greenstrone Belt, 

NW Russia. Carbonate-fluorapatite is the main 

mineral in the phosphorite clasts and OM, 

framboidal and micronodular pyrite, as well as 

inclusions of quartz and chlorite are additional 

components. Many clasts show micro-layering 

with a variable degree of soft-deformation, 

implying that they were derived from non-

lithified, bedded phosphorites.  

 

Numerous samples revealed diverse microbial 

microstructures interpreted as cyanobacterial 

mats consisting of filamentous (1-3 µm in 

diameter, 20 µm in length), coccoidal (0.8-1.0 

µm) and ellipsoidal or rod-shaped microfossils 

(0.8 µm in diameter, around 2 µm in length) (fig. 

1) which morphologically resemble modern 

Microcoleus and Siphonophycus, Thiocapsa, 

and Rhabdoderma, respectively, that have been 

reported from alkaline or saline environments. 

 

In addition, there are structures that may be 

treated as biofilms surrounding bacterial cells. 

Among the latter there are large beanlike or 

lenticular forms with a relatively thick two-

layered wall with pores (canals) (fig. 2).  

 

 

Figure 1: Rod-shaped, oval and filament 

microstructures and their spectrum. 

The voluminous beanlike form of these 

structures is clearly visible on the 3D 

reconstructions obtained using the X-ray 

microtomograph. They are fairly abundant 

and may occur both singly, being uniformly 

distributed over the rock, and in aggregations. 

These forms are embedding in material 

resembling fossilized bacterial glycocalyx 

with isolated coccoid forms. Morphologically, 

fossil biological microstructures may be 

assigned to eukaryotes based on several 

characters: (1) structure of cell wall and its 

ornamentation; (2) convexities (projections) 

on the surface of the wall; and (3) wall 

ultrastructure. The character of wall structure 

in the newly discovered fossilized forms and 
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their size (up to 130–140 μm in diameter) 

suggest that these forms belong to eukaryotes 

and, perhaps, to prasinophyte green algae.  
 

 
 

 

Figure 2: Cam-Scan-4 Scanning Electron 

Microscope images of: (upper) - Ring-shaped, 

sack-shaped, or spherical biomorphic 

microstructure and (lower) - higher magnification 

image showing detail of edge of ring-shaped 

microstructure. 

 

 

No principle differences have been found 

between microfossils described from Cambrian 

and Phanerozoic and the 2000 Ma phosphorites. 

 

The sequence of the early Palaeoproterozoic 

events which point to a significant oxidation 

of the hydrosphere, now including formation 

of phosphorites and change in the 

phosphorous cycle, mimics the sequence 

which was repeated once again at the 

Neoproterozoic-Cambrian transition, implying 

that oxidation of the terrestrial atmosphere-

hydrosphere system experienced an irregular 

cyclic development.  

 

The Lower Proterozoic phosphorites, as well 

as younger: Cambrian Khubsugul, Early 

Cambrian and Sinian phosphorites of  Yantzy 

Region of China and many other phosphorites 

have  biogenic origin, that is either bacterial 

or is connected with cyanobacterial mats. 

There are no principle differences in nature of 

these phosphorites. 

 

It is extremely important to underline that 

almost all known mineral compounds of 

phosphorus in the crust of the Earth are salts 

of orthophosphoric acid (H3PO4) and that the 

presence of oxygen is a necessary condition 

for formation of this acid. 

 

Thus it is quite clear that the studied 

phosphorites were formed in the conditions of 

a warm shallow-water basin with oxygen-

enriched waters. 
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