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(what can we learn about Earth system function and 
the interpretation of paleoenvironmental proxies?)
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OR: Not the PETM
(almost)
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There will be a 1 EUR fine for saying ‘PETM’ out loud

Mesoproterozoic
Neoproterozoic

Phanerozoic

Cm

Era
Eon Proterozoic Archean

Paleoproterozoic

Phanerozoic

Cenozoic Mesozoic Paleozoic

KPgNg J T PPeriod

200015001000500 2500 3000 35004003002001000
Time (Ma)

C D OS



pCO2(g) m
e

ta
m

o
rp

h
is

m
,

v
o

lc
a

n
is

m
 (

0
.1

)

s
il

ic
a

te
w

e
a

th
e

ri
n

g
 (

0
.1

)

carbonate (0.1),  
kerogen (0.1)

weathering

terrestrial biosphere [2000]

Ocean carbon cycling

atmosphere [550]

ocean [38000]



+ - + 2-CO +H O «  H +HCO  «  2H +CO2(aq) 2 3 3

pCO2(g) m
e

ta
m

o
rp

h
is

m
,

v
o

lc
a

n
is

m
 (

0
.1

)

s
il

ic
a

te
w

e
a

th
e

ri
n

g
 (

0
.1

)

s
h

a
ll

o
w

 w
a

te
r

C
 b

u
ri

a
l 

(0
.1

)
o

rg

carbonate (0.1),  
kerogen (0.1)

weathering

calcification (1.1)net CO  fixation2

(10)

CaCO  dissolution (0.4)3

C  oxidation (9.9)org

C  oxidation (0.1)org

      deep sea 
CaCO  burial (0.1)3

v
o

lc
a

n
is

m

low-temperature
basaltic alteration

atmosphere [550]

ocean [38000]

terrestrial biosphere [2000]

CaCO  dissolution (0.6)3

s
h

a
ll

o
w

 w
a

te
r

C
a

C
O

 b
u

ri
a

l 
(0

.1
)

3

Ocean carbon cycling



Mesoproterozoic
Neoproterozoic

Phanerozoic

Cm

Era
Eon Proterozoic Archean

Paleoproterozoic

Phanerozoic

Cenozoic Mesozoic Paleozoic

KPgNg J T PPeriod

200015001000500 2500 3000 35004003002001000
Time (Ma)

C D OS

What are the ocean carbon ‘pumps’?
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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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! 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

https://svn.ggy.bris.ac.uk/subversion/
genie/tags/cgenie.Harvard2014
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:CaCO  cycling through time3

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]

cyan == Atl yellow == Ind green == Pac magenta == SO



Spatial distribution of carrying capacity (ballasting) coefficients 
calculated using geographically weighted regression

analysis for CaCO .3

Wilson et al. [2012]

:CaCO  cycling through time3

Planktic carbonate production and ‘ballasting’



Ocean Carbon Cycling and Oxygenation in Warm Climates
(Not necessarily the PETM)
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tropics poles

?

Ocean Carbon Cycling and Oxygenation in Warm Climates
(Not necessarily the PETM)



(warm == stratified) && (stratified == anoxic) == .true. 

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

Ocean Carbon Cycling and Oxygenation in Warm Climates
(Not necessarily the PETM)
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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

models ...
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/tags7642

./cgenie.EC4.2012

7912

7691

7693

./cgenie.muffin.Li
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7705

/cgenie.muffin-0.4

/tags

8261

8312

./cgenie.cheesecake
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/tags
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/tags

8765

/cgenie.UCSC2014

/tags
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8768

/cgenie.UCR2014

/tags

8843
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./cgenie.MADGATE

8845

8846

/cgenie.Harvard2014

/tags

7269

7315

./cgenie.makewinds
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7935

5899

5902

/rel-2-7-4

/tags

5975

/DESIRE_CC

/branches

6000

5903

/rel-2-7-4-tuning

/branches

6085

! 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

https://svn.ggy.bris.ac.uk/subversion/
genie/tags/cgenie.Harvard2014
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