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Evolution of the Biological Pump
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Evolution of the Biological Pump
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Exploring the evolution of the biological pump in silico

! 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(lcc k))**2 + &

& 4. 0*(dum_carbconst(1cc k) - 4.0)*loc_ ALK DIC**2 &

& )**0.5 loc_conc_HCO3 = (dum DIC*dum carbconst(lcc k) -
loc zed)/(dum carbconst(lcc k) - 4.0)

loc_conc_CO3 = &

s (&

& 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)) i‘
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 Hl = dum carbconst(icc_kl)*loc _conc_CO2/loc_conc_ HCO3 tq‘T
loc H2 = dum_carbconst(icc_k2)*loc_conc_HCO3/loc_conc_CO3
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https://svn.ggy.bris.ac.uk/subversion/
genie/tags/cgenie.Harvard2014

! calculate carbonate alkalinity

loc ALK DIC = dum_ALK &
& - loc H4BO4 - loc _OH - loc HPO4 - 2.0*loc_PO4 -
& + loc_H + loc HSO4 + loc HF + loc_H3PO4

loc_H3SiO4 - loc NH3 - loc_HS &

! 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(lcc k))**2 + &

& 0*(dum carbconst (icc_k) - 4.0)*loc_ ALK DIC**2 &

& )**0.5 loc_conc_HCO3 = (dum DIC*dum carbconst(lcc k) -
loc zed)/(dum carbconst(lcc 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 &
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&

/(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 Hl = dum carbconst(icc_kl)*loc _conc_CO2/loc_conc_ HCO3

loc_H2 = dum carbconst(icc_k2) *loc_conc_HCO3/loc_conc_CO3
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Exploring the evolution of the biological pump in silico
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Exploring the evolution of the biological pump in silico

3 Climate simulator @
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Evolution of the Biological Pump in silico #]1
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Evolution of the Biological Pump in silico #]1
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Evolution of the Biological Pump in silico
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Evolution of the Biological Pump in silico #]1

modern observations (Pacific mean)
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Evolution of the Biological Pump in silico #]1

Ocean depth (km)

model vs. modern observations

O I I | I | ]l. I | { 1 1 | | | | | I | | I |
------------------ .IIIIIIIIIIIIIIIIIIIIII
1 e (Oooooaoonnooooaooon.
R PO W
---------- .Illl LLLLLLLLE
2 i
--------- .- sEmmmmEs
R oX.-..
3 .
4 .
5 T I L I 1T I 1T I T I L I L
-0.5 0.0 0.5 1.0 1.5 2.0 2.5

60

| MMM AN
3

Ocean depth (km)



Evolution of the Biological Pump in silico #]1 A

Ocean depth (km)

model (choosing: 8°C,,. = -4.5%0) Vs. latest Maastrichtian proxies
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Evolution of the Biological Pump in silico #]1

model vs. early Poleogene
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Evolution of the Biological Pump in silico #]1

0% biological activity
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Evolution of the Biological Pump in silico #]1
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Evolution of the Biological Pump in silico #]1

Shallow (150 m) organic matter remineralization
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Evolution of the Biological Pump in silico #2
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Evolution of the Biological Pump in silico #2

(warm == stratified) && (stratified == anoxic) == .true.
?°7°?
( ‘stratified’ || ‘sluggish’ || ‘stagnant’ )




Evolution of the Biological Pump in silico #2
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Evolution of the Biological Pump in silico #2
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Evolution of the Biological Pump in silico #2
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Evolution of the Biological Pump in silico #2

Depth (km)

N O) N =

, O

-180

-120

-60

x16 CO, @ 2,000 yrs

transient state
(incomplete adjustment to
increased radiative forcing)

180

250

200

150

100

50

JAN

Dissolved oxygen (umol kg™



Ocean depth (km)
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Ocean depth (km)
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Evolution of the Biological Pump:
Planktic carbonate production and ‘ballasting’

Compilation of sediment frap observations:

depths >= 2000 m (to exclude hydrodynamically distorted
fluxes and relationships) and differentiated by basin:
cyan == Atl, yellow == Ind, green == Pac,

[Wlison et al., 2012; GBC 26, doi:10.1029/2012GB004398]
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Evolution of the Biological Pump:
Planktic carbonate production and ‘ballasting’
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