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Traditional stable isotope geochemistry studies geochemical 

and geological processes by partitioning isotopes into various 

phases or chemical species. Isotopes are atoms of the same 

substance with the same number of protons but a different 

number of neutrons, resulting in atomic mass variations. 

 

 

In comparison to unstable or radioactive isotopes, stable 

isotopes have nuclei that do not decay over time. Thus, stable 

isotope abundances in geologic samples are constant over time 

unless they are affected by physical factors. Biological and 

chemical processes.The ratio of two stable isotopes of the 

same element can be used to determine the relative amounts 

of light and heavy isotopes in a phase or chemical species.  

 

 

The degree to which the light or heavy isotope is preferentially 

introduced into a product during a phase transition or chemical 

reaction can be calculated by comparing isotope ratios of 

materials.Temperature, reaction kinetics, and mass can all 

affect the degree of this preferential incorporation. Stable 

isotope ratio measurements will disclose reaction mechanisms, 

formation temperatures, and a wealth of other knowledge to 

earth and planetary scientists. The physicochemical properties 

of various isotopes of the same element vary greatly due to 

variations in atomic mass. Isotope effects are the term for these 

behavioural variations. Isotope effects are the term for these 

behavioural variations. The vast majority of isotope effects are 

mass dependent and result largely from variations in isotope 

vibrational energies; light isotope bonds are weaker and easier 

to sever than heavy isotope bonds, making lighter molecules 

more reactive. 

 

 

 

 

 

 

 

 

 
 

 

 

 
Equilibrium and Kinetic Fractionation of Isotopes 

 

In certain cases, isotope fractionations are listed as either 

equilibrium or kinetic processes. The terms kinetic fractionation 

and non-equilibrium fractionation cover themajority of 

fractionations, with kinetic fractionation applying to a wide variety 

of non-equilibrium processes including evaporation. Equilibrium 

isotope fractionation is a function of temperature and occurs 

mainly due to variations in vibrational frequencies of 

isotopologues. As a result, heavier isotopes form stronger bonds 

than lighter isotopes, and the heavier isotope will partition into 

the phase with the stronger bond at equilibrium. 

 

 

As a result, the heavier isotope will partition into the phase with 

the stronger bond. At Earth's surface temperatures, isotope 

fractionation is high, but it decreases with increasing temperature 

until it reaches 1 at igneous temperatures. This is a good 

example.Stable isotope geothermometry and paleothermometry 

are based on temperature dependence.Fractionation in 

equilibrium Quaternary variables can be expected. But, in stable 

isotope geochemistry, the majority of fractionation factors have 

also been determined experimentally. 

 

Uni-directional reactions including distillation, evaporation, 

diffusion, crystallisation, and redox reactions cause kinetic 

isotope fractionation. Since lighter isotopes form weaker bonds 

that are more easily broken, they react faster than heavier 

isotopes in these reactions. Wide kinetic fractionation effects can 

be observed in biological reactions, and these large 

fractionations can be used as tracers of biological activity and 

particular metabolic processes. 
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