
Stable Isotopes & Marine 
Geochemistry

• Do not decay (not radioactive)
• Used for purposeful tracer experiments in 

the laboratory and the field
• Small, natural variations in isotopic 

abundance use to study geochemical 
processes on large temporal/spatial scales 
(up to global spatial scale/as long as origin 
of earth temporal scale)
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Harold Clayton Urey 1893 — 1981
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N2O (44, 45, 46)

(32, 33, 34)



Composition Mass Percent oftotal
CO2in sample

12C 16O 16O 44 98.43
12C 16O 17O 45 0.04
12C 16O 18O 46 0.20

12C 17O 16O 45 0.04
12C 17O 17O 46 0.00
12C 17O 18O 47 0.00

12C 18O 16O 46 0.20
12C 18O 17O 47 0.00
12C 18O 18O 48 0.00

13C 16O 16O 45 1.09
13C 16O 17O 46 0.00
13C 16O 18O 47 0.00

13C 17O 16O 46 0.00
13C 17O 17O 47 0.00
13C 17O 18O 48 0.00

13C 18O 16O 47 0.00
13C 18O 17O 48 0.00
13C 18O 18O 49 0.00

Relative Proportions of CO2 Isotopomers





Isotopic fractionation (discrimination):

1) Physical processes (e.g. evaporation, condensation, diffusion 
dependent on physical properties of molecular species - H2O 
example)

2) Chemical and biochemical processes (chemical bond making and 
breaking - heavier isotope almost always has a lower specific 
reaction rate

3) Kinetic isotope effects occur when 1 & 2 occur as net 
unidirectional processes

4) Equilibrium isotope effects occur when 1 & 2 take place in steady 
state.

B  ⇒ A



B  ⇒ A

B* ⇒ A*  (* denotes heavier isotope)

k

k*

A*/A = B*/B x k*/k  (instantaneous product)

α = k*/k  (usually < 1)

α x B*/B = A*/A

ε (‰) =  - (α -1) x1000

Kinetic Fractionation Factor



P= 1-f

Rayleigh Fractionation
(Closed System)

∆δ(reactant) = -ε x ln f

∆δ(product) = ε x f/ (1-f) x ln f

f = reactant(t)/reactant(i)

Rayleigh Fractionation
(Open System)

∆δ(reactant) = ε x (1-f)

∆δ(product) = - ε x f

P= 1-f





CO2 + H2O ⇔ H2CO3

H2CO3 ⇔ HCO3
- + H+

HCO3
- ⇔ CO3

= + H+

Ca+2 + CO3
=
⇒ CaCO3

Through chemical 
equilibrium, biogenic CaCO3
records the δ18O of water and 
the δ13C of DIC offset by the 
sum of the equilibrium 
fractionation factors. The 
magnitude of the latter is 
temperature dependent.
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Rainout and Rayleigh 
Distillation
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The δ18O – T
Correlation

in Precipitation
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1) N’ decreases

2)2)2)2) 
  

 δδδδ15N increases, εεεε ~ 20 to 30 ‰

Water Column Denitrification Effects
N’ = NO3

- + NO2
- - 16 x PO4

-3
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Preservation of δ15N Signature
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