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Mesophylls 
Bundle sheath cells 

veins 
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Collister et al., 1994; Hobbie &Werner, 2004; Bi et al., 2005  15.17 



Is the isotopic value of POM related to atmospheric CO2? 

CO2 (ext)         CO2(int)           POC (fixed)         POC(biomass)      

                                                                     CO2 (resp) 

In this case the isotopic value of CO2 (internal) is impacted by the diffusion  
of CO2 back out of the cell 

δCO2(int) = δ CO2(ext) – ε1 + f ε-1 + (1-f ) ε2 

Where f = k-1/k1 or [CO2]int/[CO2]ext 

Substituting this expression back into the equation for the relationship between 
POC and CO2: 

δPOC - δCO2(ext) =  -  ε1 + [CO2]int/[CO2]ext (ε-1 – ε2)

or

[δPOC - δCO2(ext) +  ε1 ]/(ε-1 – ε2)= [CO2]int/[CO2]ext

Therefore, the isotopic difference between POC and CO2 reflects changes
in [CO2]ext. suggesting that  can be used as a paleobarometer of CO2. 

ε1 

ε-1 

ε2 

ε3 



Rau et al, 1992 





Is the isotopic value of POM related to growth rate? 

Substrate          Product 

δsubstrate – δproduct = ε

In algae, total carbon production is the sum of growth and respiration:

P = µ+v  where µ = specific growth rate, v = specific respiration.

The flow of carbon from CO2 to can be expressed as:

      CO2            POC(fixed)          CO2(resp)        

For isotopic mass balance:

 δ C(fixed) (µ+v)   =    δPOCµ + (δPOC– ε3)v

If  δCO2 -  ε1 = δ C(fixed) and rearranging for δPOC:

 δPOC =  δCO2 -  ε1 + ε3(v/µ+v)

growth 

ε1 ε3 



For C3 plants, the situation is a bit more complex because the cells are leaky 

CO2 (ext)         CO2(int)           POC (fixed)         POC(biomass)      

                                                                     CO2 (resp) 

In this case the isotopic value of CO2 (internal) is impacted by the diffusion  
of CO2 back out of the cell 

δCO2(int) = δ CO2(ext) – ε1 + f ε-1 + (1-f ) ε2 

Where f = k-1/k1 or [CO2]ext/[CO2]int 

Substituting this expression back into the equation for the relationship between 
POC and CO2: 

δPOC =  δCO2(ext) -  ε1 + f(ε-1 – ε2) + ε3(v/µ+v)

We can relate the isotopic value of POC with external CO2 through
fractionations associated with diffusion into and out of the cell, fixation and respiration. 

ε1 

ε-1 

ε2 

ε3 
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Typically, ε1 < ε2 
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Isotopic fractionation within different functional classes of organic matter 
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MVA pathway 

MEP pathway 

Isotopic distribution within biomarkers 
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Carbon Stable Isotopes: Summary 

Carbon isotope values are measured my mass spectrometry relative to a carbonate standard 

Most organic carbon values are depleted or more negative than the standard 

Carbon isotopic values are effected by thermodynamic and kinetic isotope fractionation effects. 

In photautotrophs, the CO2 fixation pathway has a large impact on the isotopic value, and 
Allows us to distinguish C3 and C4 plants. 

C3 biomass has an δ13C value of about -26‰ while C4 biomass is -13‰  

In marine algae the relationship is more complex, due to C concentration mechanisms, 
Uptake of CO2 and bicarbonate, etc., but marine organic matter is generally about -21‰ 

For heterotrophs, “you are what you eat +1”.  Loss of light carbon 

At the biomarker level, isotopic values depend on a multitude of factors, but 
Generally lipids are depleted relative to biomass. 

There are isotopic variations within molecules 

Stable isotopes in biomarkers are useful for discerning sources, and may be 
useful in reconstructing paleoenvironments 
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