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Summary of talk

� Short introduction on Cl and its isotopes
� Equilibrium fractionation
� Diffusion (Kinetic fractionation)

− Theory and experiments
− IJsselmeer, the Netherlands

� Potential applications� Potential applications



Chlorine

• Chlorine is one of the halogen elements

• In nature normally found as Cl-

δ





Chlorine isotopes
• Chlorine has two stable isotopes

• 35Cl (75.77%) and 37Cl (24.23%) • 35Cl (75.77%) and 37Cl (24.23%) 

• Variation between samples are defined as:
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with R = 37Cl/35Cl



Isotope variations

� Standard used is SEAWATER� Standard used is SEAWATER

� Very large reservoir with no isotope variations

� It is called S.M.O.C.

� Standard Mean Ocean Chloride

� In general isotope variations very small� In general isotope variations very small



Chlorine in the hydrological cycle



Equilibrium fractionation:
Cl in evaporites (theory…)

• Small but significant fractionation in evaporites

• NaCl +0.26‰• NaCl +0.26‰

• KCl: -0.09‰

• MgCl2: -0.06‰



(…and observed)



Diffusion as an example of kinetic 
fractionation

� Kinetic fractionation is a non-equilibrium 
process in which molecules with a light isotope 
move faster than those with a heavy isotope.

� Diffusion is a typical example of kinetic 
fractionation, and as Cl is a conservative 
element it is assumed it can be used as a element it is assumed it can be used as a 
typical tracer of this process.

P7; IPGP



Diffusion experiments
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3 to 17 days

3

Gel with no or little
added NaCl/NaBr

Gel with added NaCl/NaBr

3 to 17 days

Break glass

4
5

Slice gel
Equilibrate gel with water



Experimental
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� Experimental relationship between Cl 
isotopes and concentration

� C=C0*erfc(x/2√Dt)



Satellite image Netherlands
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Relationship between Cl and δ37Cl
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� Natural observation; IJsselmeer, the Netherlands

� Sedimentation and changing salinity



Development of model
sedimentation/
increasing salinity

storm/after which
refreshening recent refreshening
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Conclusion

� Measurement of Cl concentration is not
enough to explain historical transportenough to explain historical transport

� δ37Cl is able to produce important additional 
information about historical transport in 
fluids



Applications
� Cl and its isotope composition are useful 

tracers of diffusion as they are conservative 
� Cl isotopes add invaluable information about 

processes that took place in sediment and processes that took place in sediment and 
porewater

� Possible uses include determination of fluid 
transport history of an area

� Potentially also to test for diffusive permeability 
of seals for e.g. CO sequestration or of seals for e.g. CO2 sequestration or 
radioactive waste disposal

� And….. Why not look at Br isotopes??
� To be continued!
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attention!
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