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ABSTRACT 

The model presented here provides an explanation of the rapid response of atmospheric C0
2 

to 
increasing solar insolation. In the glacial ocean, during periods of slow, deep water renewal, 
when less oxygen is supplied to the deep ocean and into sediments, manganese oxide in the 
sediments is reduced and forms soluble MnC03 and stays in the water column. The dissolved 
Mn-carbonate should then reach a concentration of ;;, 10 µMol/liter, approximately 5,000 to 104 

times larger than it is at present. This is the mode prevailing until deep water formation at high 
latitudes starts again. As soon as the balance between oxygen and organic matter becomes 
oxidizing once more, the deposition of Mn02 recommences. Oxidation of dissolved Mn2 +C0

3 
to Mn 4 +0 2 which is a spike of acidity to the ocean, rapidly lowers the C03 - concentration in 
the water column and enhances release of CO 2 to the atmosphere, producing the observed events 
of C02 increase at the transitions from glacials to interglacials. The surprising conclusion is that 
the oceanic (redox-) cycle of a minor element may have had a major impact on Earth's climate. 

1. Introduction 

It is widely accepted that there is a relationship 
between ice volume and the summer insolation in 
the northern hemisphere. The Earth's glacial cycles 
are driven by cyclic changes in the Earth's orbital 
elements. This conclusion is based on the strong 
coherence between the approximately 20,000 and 
40,000 yearly spectral components of ice volume 
and insolation ( Milankovitch-curve) records. 
These frequencies are determined by the variation 
of the obliquity of the Earth's axis and by its posi­
tion relative to the Earth's orbit around the sun. 
The degree of summer insolation on the Earth's 
northern Hemisphere is believed to be relevant to 
climate because the North Atlantic is the region 
where cold saline water is being formed. Present­
day deep-water circulation is driven by salt build­
up due to net evaporation. In contrast, in the 
North Pacific, precipitation exceeds evaporation. 
Thus, deep water transfers a surplus of salt from 
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the North Atlantic to the North Pacific. This 
surface water also delivers oxygen to the deep 
ocean. In contrast, upwelling deep water transfers 
nutrients from the deep ocean to the surface water. 
Today, the time of renewal of deep water is in the 
order of 1,000 years. 

It is also evident that there is a link between tem­
perature and the C0 2 concentration in the atmos­
phere. Recent work on ice cores from Antarctica 
has proven that there is a remarkable correlation 
between the temperature and the atmospheric C02 

concentration, as revealed by gas bubbles trapped 
in the ice which are an archive of the composition 
of the atmosphere in the past. The profiles 
(measured on the ice cores) show that the maxima 
of the C0 2 concentration correlate with maxima of 
deuterium in the ice (Barnola et al., 1987; Jouzel 
et al., 1987). Higher deuterium concentrations in 
the ice are an indicator of warmer climates as they 
reflect the lower deuterium concentration in the 
oceans during warmer climates. The climatic 


















