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The processes that govern the 
partitioning of carbon (and alkalinity) 
between the surface ocean (and hence 
atmosphere) and ocean interior, are 
traditionally described in terms of three 
conceptual 'pumps':

(1) The 'solubility' pump.

(2) The 'organic matter' (or 'soft tissue') 
pump. 

(3) The 'carbonate' (or 'counter') pump.

This conceptual framework has more 
recently extended by a fourth 
component:

(4) the microbial carbon pump. ’t
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(1) Interrogating the biological pump 
in silico.

(2) The fundamental importance ... 
or not, of the advent of pelagic 
calcification and mineral ‘ballasting’ 
of particulate organic matter fluxes.

(3) Extinctions as a window onto the 
biological pump components:
The end-K as an example.

(4) The fundamental importance ... 
or not, of physical ocean changes 
and esp. warming.

(5) What came before the (vertical) 
particulate carbon  pump?

Evolution of the Biological Pump: TALK OUTLINE
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! calculate carbonate alkalinity

loc_ALK_DIC = dum_ALK &    
& - loc_H4BO4 - loc_OH - loc_HPO4 - 2.0*loc_PO4 - loc_H3SiO4 - loc_NH3 - loc_HS &            
& + loc_H + loc_HSO4 + loc_HF + loc_H3PO4 

! estimate the partitioning between the aqueous carbonate species             

loc_zed = ( &            
&   (4.0*loc_ALK_DIC + dum_DIC*dum_carbconst(icc_k) - 
loc_ALK_DIC*dum_carbconst(icc_k))**2 + &           
&   4.0*(dum_carbconst(icc_k) - 4.0)*loc_ALK_DIC**2 &            
& )**0.5       loc_conc_HCO3 = (dum_DIC*dum_carbconst(icc_k) - 
loc_zed)/(dum_carbconst(icc_k) - 4.0)       

loc_conc_CO3 = &            
& ( &            
&   loc_ALK_DIC*dum_carbconst(icc_k) - dum_DIC*dum_carbconst(icc_k) - &            
&   4.0*loc_ALK_DIC + loc_zed &            
& ) &            
& /(2.0*(dum_carbconst(icc_k) - 4.0))       

loc_conc_CO2 = dum_DIC - loc_ALK_DIC + &            
& ( &            
&   loc_ALK_DIC*dum_carbconst(icc_k) - dum_DIC*dum_carbconst(icc_k) - &            
&   4.0*loc_ALK_DIC + loc_zed &            
& ) &            
& /(2.0*(dum_carbconst(icc_k) - 4.0))               

loc_H1 = dum_carbconst(icc_k1)*loc_conc_CO2/loc_conc_HCO3       

loc_H2 = dum_carbconst(icc_k2)*loc_conc_HCO3/loc_conc_CO3
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Evolution of the Biological Pump: In the beginning ...

The stability of CaCO  3

(or thermodynamic favourability of precipitation)
is defined by its ‘saturation state’:

2+ 2-  W = [Ca ]´[CO ] /k3

Precipitation rate 
(proportional to global burial) 
goes as:

where n ~ 1.5-2.0 
for abiotic precipitation

n
r = f ´ (W-1)
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Evolution of the Biological Pump:
Planktic carbonate production and ‘ballasting’
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Compilation of sediment trap observations: 
depths >= 2000 m (to exclude hydrodynamically distorted 
fluxes and relationships) and differentiated by basin:

, , , .

[Wlison et al., 2012; GBC 26, doi:10.1029/2012GB004398]
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‘Suess Effect’
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Evolution of the Biological Pump:
Planktic carbonate production and ‘ballasting’
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Compilation of sediment trap observations: 
depths >= 2000 m to exclude hydrodynamically distorted 
fluxes and relationships, and differentiated by basin:

, , , .

[Wlison et al., 2012; GBC 26, doi:10.1029/2012GB004398]
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Spatial distribution of carrying capacity (ballasting) coefficients 
calculated using geographically weighted regression

analysis for CaCO .3

Wilson et al. [2012]
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Planktic carbonate production and ‘ballasting’



Evolution of the Biological Pump:
Ocean Carbon Cycling and Oxygenation in Warm Climates
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(warm == stratified) && (stratified == anoxic) == .true. 

???
( ‘stratified’ || ‘sluggish’ || ‘stagnant’  )

Evolution of the Biological Pump:
Ocean Carbon Cycling and Oxygenation in Warm Climates
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Ocean Carbon Cycling and Oxygenation in Warm Climates
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