The following two differential equations represent a simple model of the carbon cycle:
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Here, CAtmo and COcean are the concentrations of CO2 in the atmosphere and the mixed layer of the ocean, respectively; F is the fossil fuel CO2 added to the atmosphere; and rCOcean is a flux from the ocean to atmosphere and rCAtmo is the reverse flux from atmosphere to ocean.

This model obviously incorporates a number of simplifications of the real world, most notably: 

1. The only two reservoirs considered are the atmosphere and ocean mixed layer, ignoring the land biosphere, soils, lithosphere, and deep ocean.
2. The rate at which CO2 is added to the atmosphere by burning of fossil fuels is assumed to be constant in time.

3. The carbon from fossil fuels is assumed to stay in these two reservoirs forever.  This is obviously a simplistic scenario but is still illustrative of the actual case where the transfer between the two reservoirs is much faster than the output of carbon from these reservoirs.
4. There is no temperature-dependence on the rates of transfer of CO2 between the two reservoirs.

5. We assume that the equilibrium concentrations in the ocean and atmosphere are equal, although one can obviously extend the model to cover the case where the ratio of the two equilibrium concentrations is some constant other than 1. 
It is straightforward to verify that the following solution satisfies the above two coupled linear inhomogeneous differential equations for the case where at time t = 0 the two concentrations are equal (and equal to Ci):
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Note that one can consider two limiting cases for the solution.  For  t << 1/(2r),
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For  t >> 1/(2r),
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Note that for our current situation, F << rCOcean, i.e., the contribution of the flux into the atmosphere from fossil fuels is only a few percent of the contribution from the mixed layer of the oceans.  However, in this model, that is clearly not relevant…and the buildup of CO2 in both the atmosphere and ocean mixed layer is due entirely to the CO2 added to these two reservoirs by the burning of fossil fuels.  

More specifically, the fact that F << rCOcean means that there is only a small shift in the equilibrium between CAtmo and COcean (as represented in the last term in the above equations); however, it is the second term in the equations, representing the buildup of carbon in both of these reservoirs, that is the dominant feature.
