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ABSTRACT 

The dynamical aspects of the carbon-oxygen system in the ocean and atmosphere are considered. 
The analysis is based on the stoichiometry of the main reactions, relevant continuity constraints 
and assumptions about feedback from the state of the system. It is found that silicate weathering, 
though necessary for the forcing of the system, may be unimportant for the control of the system. 
It is thus fully possible that the stability is taken care of by feedback on the burials of carbonate, 
reduced carbon and sulphide, which flows may have the potential to be very sensitive to modest 
perturbations of the state of the ocean-atmosphere system. It is shown that the coupling between 
the carbon and oxygen cycles becomes stronger, if silicate weathering is less important for the 
control, which has interesting consequences. In general, the need to keep the carbon cycle 
balanced on the long time scale characterizing the oxygen cycle has important implications. 
If feed back from pC02 on silicate weathering is sufficiently weak, we thus find that a positive 
feedback from p02 on the rate of burial of reduced carbon may be favourable for the stability 
of the system, contrary to what is commonly assumed. It is discussed how the frequency of forest 
fire may have a key position in the control system together with the degree of oxygen depletion 
in oceanic deep water, since these phenomena may provide "switches" for the formation of 
charcoal (i.e., deposition of reduced carbon) and burial of sulfide. 

1. Introduction 

Some dynamical aspects of the carbon-oxygen 
system will be considered in this paper. In the spirit 
of the Bolin 65 Symposium, an effort is made to 
shake up current ideas about controls of the 
carbon-oxygen system by applying asymptotic 
analysis to the balance requirements that can be 
derived for the dominant geochemical fluxes. 

The ocean atmosphere system is subjected to a 
continuous flow of material passing through the 
system. On a short time scale, these flows may 
appear small compared with the size of the various 
reservoirs in the ocean and atmosphere. For a 
longer time perspective, this is not the case; on the 
contrary, the flow is hectic as discussed by Garrels 
et al. ( 197 6) and Whitfield ( 1981 ). Despite the fast 
turnover of material, it is believed that the state of 
the ocean-atmosphere has remained remarkably 
constant (Garrels and Perry, 1974; Lovelock and 
Margulis, 1974 ). 

This observation calls for a control system 
capable of keeping the ocean-atmosphere 
reasonably close to the observed state. 
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Sillen (1961) argued for control of ocean acidity 
by the vast amounts of silicate minerals available 
in the bottom sediments. However, Sillen did not 
recognize the importance of the flow of material 
through the system for the long term control. 

A kinetic model considering the importance of 
net supplies was discussed by Broecker ( 1971 ) in a 
pioneering work. However, Broecker did not put 
all his suggested control mechanisms into a 
coherent picture by the application of the con­
straints posed by continuity. 

Lovelock and Margulis ( 1974) presented the 
GAIA hypothesis, postulating that the biosphere is 
capable of optimizing the environment for its own 
benifit. Lovelock thereby provoked a lot of 
interesting scientific work and also discussions on 
whether his proposal is truly scientific, religious or 
perhaps a truism. Many interesting ideas have 
grown out of Lovelock's initiative, e.g., a study of 
the sensitivity of fire to increased p02 (Watson 
et al., 1978). 

Very ambitious efforts to build a quantitative 
picture have been provided by Berner et al. ( 1983) 
and Lasaga et al. (1985) modeling the carbon cycle 






























