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Monster C-isotope excursion dated (September 2007) 

Geochemists who study the isotopic composition of carbon in limestones aim to build up a 
picture of its variation as a means of spotting major events that have affected life. Since 
autotrophic metabolisms selectively take up 12C, the carbon left in seawater is enriched in 
13C and makes it way into sedimentary carbonate rocks. The δ13C value of marine 
carbonates is therefore a proxy for life’s ups and downs. Shortly after evidence for the 
Earth’s first major glacial epoch, about 2400 Ma ago, carbonate δ13C lurches upwards by 
20‰ – greater than at any time before or since, and appears to have remained high for a 
long time. Just how long has not been known until now (Melezhik, V.A. et al. 2007. 
Temporal constraints on the Paleoproterozoic Lomagundi-Jatuli carbon isotopic event. 
Geology, v, 35, p. 655-658; DOI: 10.1130/G23764A.1). The Norwegian-Finnish-US-UK-
Swedish team dated zircons from sedimentary rocks in Finland that record the carbon-
isotope excursion, to give a 2.06 Ga maximum age for the event. They also deduce from 
other considerations (e.g. intrusion of carbonates carrying the signature by a dated sill) that 
the build-up of 13C in seawater lasted for about 140 Ma. The new age range is associated 
with what is believed to be break-up of Palaeoproterozoic supercontinents and the first 
signs of free oxygen in the environment. Stromatolite-bearing carbonates burgeoned on the 
continental shelves expanded by drift, the organisms responsible thereby drawing-down 12C. 
The end of the event  with δ13C plummeting may mark collapse of these ecosystems and the 
biomass as a whole.  

 

The first whiffs of abundant oxygen (November 2007) 

Until recently, evidence for the first appearance of gaseous oxygen in the air came from the 
oldest terrestrial red beds, especially palaeosols. They go back to about 2200 Ma. A newer 
line of investigation is based on the oxidation of sulfide ions in sea water, to produce sulfate 
ions. Yet, sulfates such as gypsum or anhydrite are ephemeral minerals that are usually 
preserved in evaporites. However, the oxidative sulfur cycle selectively fractionates 
different sulfur isotopes in distinctive ways: a means of charting oxidation in considerable 
detail, for sulfur is ubiquitous in many sedimentary rocks. A couple of sequences from late 
Archaean BIF-rich formations in Australia and South Africa contain thick marine mudstones, 
ideal for producing intricate sulfur-isotope time sequences. Studies of sulfur and oxidation-
reduction sensitive trace metals, such as molybdenum, show that oxygen had pervaded 
surface ocean waters right at the Archaean-Proterozoic boundary (Kaufman, A.J. and 9 
others 2007. Late Archaean biospheric oxygenation and atmospheric evolution. Science, v.  
317, p. 1900-1903; DOI: 10.1126/science.1138700. Anbar, A.D. and 10 others 2007. A whiff 
of oxygen before the Great Oxidation Event. Science, v.  317, p. 1903-1906; DOI: 
10.1126/science.1140325). Almost certainly, the oxidation was produced by newly evolved 
metabolism based on sulfide-sulfate oxidation in prokaryotic organisms. 

Another metabolic process is fuelled by the opposite reaction: sulfate-sulfide reduction, 
again exploited by some prokaryotes, such as those that help to precipitate metal sulfides 
around ocean-floor ‘black smokers’. This too is something that may be picked up by studies 
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of sulfur isotopes, and previous work has suggested that peculiarities involving 34S and 32S in 
much older Archaean baryte (BaSO4) indicated the presence of such metabolism, and by 
inference that of oxidised sulfate ions in seawater. The baryte occurs in sulfide-rich cherts 
from the Pilbara Craton, associated with ultramafic lavas, dated at 3490 Ma. The rocks 
contain abundant signs of biofilms. New sulfur-isotope studies (Philippot, P. et al. 2007. 
Early Archaean microorganisms preferred elemental sulfur, not sulfate. Science, v.  317, p. 
1534-1537; DOI: 10.1126/science.1145861) suggest that the microscopic sulfide particles in 
the cherts did not form by reduction of sulfate ions. Instead, it is probably due to prokaryote 
metabolism that exploits a peculiarity of elemental sulfur, which can act as both an electron 
donor and an electron acceptor; i.e. it can be an oxidizing and a reducing agent. 
Heterotrophic prokaryote fermenters, such as the delightfully named Desulfobulbus exploit 
such sulfur disproportionation. They consume organic debris in anaerobic waters, and part 
of their waste is sulfate ions, which would explain the baryte in the cherts (the oxygen 
comes from chemical dissociation of water, rather than dissolved oxygen). 

See also: Thamdrup, B. 2007. New players in an ancient cycle. Science, v.  317, p. 1508-1509; 
DOI: 10.1126/science.1148137. Farquhar, J. et al. 2007. Isotopic evidence for Mesoarchaean 
anoxia and changing atmospheric sulfur chemistry. Nature, v. 449, p. 706-709; DOI: 
10.1038/nature06202. 
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