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Introduction: The Pilbara Craton of 
northwestern Australia, one of the earth's oldest 
crustal blocks, was established as a stable continental 
nucleus before 2770 Ma. A number of early basins 
rest, either on this ancient craton (Hamersley and 
Ashburton Basins), or along its suture with the 
adjoining Yilgarn Block (i.e., Bryah, Yerrida, 
Padbury, Earaheedy and Bangemall Basins), known 
as the Capricorn Orogen (Fig. 1). These ancient 
basins preserve a comprehensive stratigraphic record 
that reflects the development of earth’s early 
atmosphere and the expansion of the biosphere. Here 
we present the results of an extensive study of the 
stable isotopes of carbon and oxygen in carbonates in 
these early successions [1,2]. We also attempt to 
assess the factors controlling the evolution of Earth’s 
early atmosphere and biosphere in relation to 
planetary dynamics. 

 

 
 
Figure 1. The Pilbara Craton showing basins 

sampled in this study 
 
The Isotopic Record: Carbonate-rich intervals are 
not uniformly distributed throughout the sedimentary 
succession in the Western Australian basins but 
instead occur in well defined settings, most typically 
in shallow marine facies that were starved of clastic 
sediment supply.  Carbonate units therefore appear 
during the early evolution of the Hamersley Basin 
(Hamersley Group) as highstand systems tracts on 
fully developed platforms and ramps as the basin 
subsided during thermal recovery and when 
siliciclastic sedimentation was relatively subdued. In 
both the later stages of the Hamersley Basin, and in 
the overlying Ashburton Basin, compressional 

tectonics played a major role so that clastic sediments 
dominate and carbonate platform units are neither 
extensive nor thick. Carbonate intervals are also 
much less abundant in the smaller basins (Bryah, 
Yerrida, Padbury, Earaheedy) that developed over the 
Capricorn Orogen in back-arc settings during 
collision of the Pilbara and Yilgarn Cratons.  
 
A total of 474 samples were analyzed from the 
Western Australian Basins covering a time interval 
from 2.7 to 1.9 Ga. Sampling was preferentially 
undertaken at 5 to 10 m intervals on carbonates from 
the less deformed parts of the basins and on lithologic 
intervals free from evidence of secondary alteration. 
Samples were analyzed using a VG Isomass PRISM 
mass spectrometer attached to an on-line VG Isocarb 
preparation system with a reproducibility of better 
than 0.1‰ for δ13Ccarb and δ18Ocarb. Whole rock major 
and trace element analyses were carried out using 
XRF and ICP-MS and, along with thin section 
studies, used to assess potential problems resulting 
from diagenesis [1,2]. Overall, we find that the 
primary fabrics of these ancient carbonates are well 
preserved, especially in the major platform carbonate 
units. The carbonates were largely sealed against the 
passage of fluids during later diagenesis, thereby 
preserving their fabric and retaining the primary 
δ13Ccarb signatures. 
 
Discussion and Conclusions: The δ13Ccarb record 
preserved in the late Archaean and early 
Palaeoproterozoic basins of Western Australia 
provides evidence indicating a stable carbon mass 
balance in the late Archaean and early 
Palaeoproterozoic suggesting tectonic quiescence and 
a well establish role for photosynthesis in the early 
biosphere. However, some time after c.2.5 Ga the 
δ13Ccarb record became much more complex with 
positive to negative excursions occurring after 
glaciation younger than 2449 ± 3 Ma and with a 
major positive excursion of Lomagundi type 
occurring at c. 2173 ± 64 Ma. It seems likely that this 
early period of instability in the δ13Ccarb record is 
similar to and as complex as that encountered in the 
Neoproterozoic. When placed in the larger 
stratigraphic and tectonic framework of the region, 
the data suggest that carbon burial and concomitant 
oxygen enrichment of the atmosphere could well 
have been associated with the supercontinent growth 
possibly with periods of continental dispersal and 
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then of ocean closure. We suggest that sediments rich 
in isotopically light organic carbon that had 
accumulated in passive margin settings when 
continental fragments were dispersed were later 
subducted into the lower crust and mantle during the 
early stages of supercontinent assembly thereby 
enriching the global ocean in isotopically heavy 
carbon and potentially releasing oxygen into the 
atmosphere. 
 

 
Figure 2. Summary of carbon isotopic, tectonic and 
biospheric changes through time. Black bars = 
supercontinent events; hachured bars = intracratonic 
basins [3]. 
 
There is a growing body of evidence to suggest that 
there is a periodic cycle of supercontinent 
coalescence and dispersal (Fig. 2) driven by large 
scale mantle convection. It is generally agreed that 
supercontinents assemble over geoid lows, mantle 
downwellings, and disperse over the geoid highs at 
mantle upwellings. This cycle is likely to be 
continuous because the same forces that fragment the 
old supercontinent over the geoid high are effectively 
assembling the next supercontinent over the 
associated low. It thus seems reasonable to argue that 
the growth of the carbon reservoir has been stepwise 
and related to the supercontinent cycle [1, 2]. 

 
These observations have profound implications 

for our understanding of the evolution of the 
biosphere and atmosphere [3]. It has long been 
assumed that life evolved opportunistically on earth 
in a simple interactive relationship with its 
environment, sustained for the most part by an 
exogenic energy source, the sun.  This data and a 
growing body of evidence suggests that the biosphere 

could, in a very general way, have been driven 
forward to greater complexity by the earth's 
endogenic energy resources (as expressed in plate 
tectonics and the supercontinent cycle).  Without 
those energy resources and a hydrosphere to facilitate 
plate tectonics it would not be possible to sustain the 
necessary mass of carbon in the lower crust and 
mantle to drive the biosphere. Without the driving 
energy provided by the evolving planet the biosphere 
would have entered a prolonged stasis and ultimately 

faced extinction.  If this is so, it has fundamental 
implications, not only for life on earth, but for the 
more general problems surrounding the likelihood of 
life having evolved on other planetary bodies. 
Smaller planets with limited endogenic energy 
resources and short-lived atmospheres and 
hydrospheres are unlikely to develop a biosphere and, 
if they did, their evolutionary development is 
unlikely to extend beyond simple single-celled life 
forms. Thus, if our conclusions are correct it may be 
possible to develop a theoretical biological 
framework based on the interaction between an 
evolving planet and its dependent biosphere. 
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