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Noble gases are widely used as natural tracers to 

characterize migration and origin of fluids in geological 

environments. As they are chemically inert, they are only 

fractionated by physical phenomena. Molecular diffusion is 

one of these phenomena. To quantify such a fractionation, the 

“square root relationship”, i.e. a fractionation proportional to 

the reciprocal of the square root of the atomic masses, is 

mostly used [1]. However, such an approximation derived 

from kinetic gas theory should be valid only for isotopes in 

cosmic environments or in the limit of ultra-tight porous 

medium, i.e. in the free-molecule diffusion regime [2]. Thus, 

the applicability of this relationship is questionable when 

dealing with noble gases and their isotopes in geofluids [3, 4] 

such as those in petroleum reservoirs. 

To adress this point we performed extensive classical 

molecular dynamics computations of diffusion coefficients of 

some noble gases (Ne, Ar, Kr, Xe) and their isotopes in 

various hydrocarbons fluids (gas and oil) under reservoirs 

conditions. Molecular simulations results showed that the 

“square root relationship” is inadequate and tends to 

overestimate the isotopic fractionation in all cases 

consistently with what is obtained in water [4]. Interestingly, 

it was found that it is possible to generalize a relationship 

based on the gas mutual diffusion formulation [2] to decribe 

all results. Concerning elemental fractionation by molecular 

diffusion, rather surprisingly simulations showed that the 

“square root relationship” correlates well the results for a 

large class of fluids and thermodynamic conditions. 
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