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Shallow aquifers as a CO2 sink 
 

Carbonate precipitation as a CO2 sink 
 

Can liming create a CO2 sink? 
 



Field site at Voulund Field site 



Glacial meltwater sand 
 

 4-6 m thick unsaturated zone 



Field instrumentation 
 
 
 
 
Suction cups (Water chem.)  
Soil gas samplers (Soil gas CO2 & O2, 

13CO2) 
Decagon sensors (θ, elect. cond., temp.) 
 
Piezometers (hydr. head, water chem.) 
Rain gage (precip. + irrigation) 
 
Cores (CEC, exchanger composition)  
 



Calcite reaction with carbonic acid  

 

 



2012 and 2013 field experiments 

Corn 

Barley + 
Lime 16 t/ha 
Lime 32 t/ha  +plowing 

Barley + 
Lime 4 t/ha 
Lime 32 t/ha −plowing 

Control: 
Barley, no lime 



no plowing 

Control, 
no lime 

+plowing 



Alkalinity-to-Ca2+ ratio 

CaCO3 + CO2(g) + H2O = Ca2+ + 2HCO3
- 

 

If Alk:Ca (mM) = 2:1      CaCO3 is ideal soil gas CO2 sink 
 
 
 

HCO3
- + H+ = CO2(g) + H2O 

 
If Alk:Ca (mM) = 1:1      CaCO3 is neither net sink nor source 
If Alk:Ca (mM) < 1:1      CaCO3 is net soil gas CO2 source  
 
Several possible H+ sources 

(Hamilton et al., 2007) 



Hard to sink CO2!  
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Precious alkalinity removed by… 

Alkalinity (meq/L) 

Ca
 +

 M
g 

(m
M

) 

Depth!   Nitrification! 
Cation exchange + Al(OH)3 equilibria! 



Inorganic carbon speciation & pH 



Cation exchanger composition 
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Cation exchange + Al(OH)3 equilibria 
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Al(OH)3 +        Al3+ 3H+        + 3H2O 

Chemical characteristics of exchanger is unknown at present! 



log KGibbsite  

log KAl(OH) 3(a) 

3 

Al(OH)3 equilibria? 



Fossil acidification? 



Implications 

1) Liming can be a source of CO2 – probably more so in case of a 
thick vadose zone. 
 

2) Any processes increasing alkalinity (DIC) of water leaving the 
top soil will be canceled out at the acidification front – for years 
to come. 
 

3) ”Fossil acidification” decreases sequestration potential 
anywhere downstream. 
 

4) The lost ability to sequester carbon… may be due to the 
burning of fossil carbon creating acid rain. 



Poster today… 
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