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ABSTRACT 

Jouzel and Merlivat developed and used an expression for the kinetic fractionation coefficient ixk> 

and greatly improved the predictions of i5( 180) and d, (the deuterium excess) for East Antarctica. 
The ixk coefficient is re-derived in terms of ambient cloud temperatures and is used to re-calculate 
their single-source East Antarctic simulations. While the "improved" ixk produces virtually no 
change in the J's, there is a small change in predicted d's. However, no matter which ixk is used, 
the simulated d's are very sensitive to the supersaturation history of the precipitating air mass. 
The single-source model is run for a wide range of supersaturation histories. Averaging the 
resulting suite of i5( 180) and d solutions gives reasonable and stable d predictions. The 
temperature Ts at which clouds switch from being supercooled water drops to ice crystals 
depends in part on the microparticle loading of the air. The value of Ts significantly influences 
the d's and even J's predicted. Thus ice-core microparticles, d and i5 might be "process related". 

1. Introduction 

Stable isotope measurements £5( 180) and J(D) 
from ice cores contain a wealth of information 
about the history of water cycle parameters e.g., 
(Dansgaard et al., 1973; Jouzel et al., 1982; Fisher 
and Alt, 1985; Robin, 1983; Langway et al., 1985). 
The deuterium excess d = b(D)- 8£5( 180) has also 
been recognized as a rich mine of information 
about the position of water sources, near surface 
relative humidity h and the wind speeds over these 
sources (Johnsen et al., 1989; Fisher and Alt, 1985; 
Merlivat and Jouzel, 1979 and Jouzel and 
Merli vat, .1984 ). In cold regions where the conden­
sation temperatures T are below some Ts < 0° C, 
the direct water vapour to ice crystal phase change 
becomes predominant in the production of 
precipitation. When this happens, clouds tend to 
become supersaturated with respect to the forming 
ice crystals and the isotopic fractionation process 
is dominated by diffusion of water vapour towards 
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the crystals. This "kinetic" fractionation process in 
cold supersaturated clouds produces £5 's markedly 
different than the vapour to ice fractionation in 
saturated or sub-saturated (wrt ice) environments. 
Jouzel and Merlivat (1984) have examined the 
kinetic fractionation process and developed an 
expression for etk the kinetic fractionation factor 
that must multiply the equilibrium fractionation 
factor et 5 • 

Using plausible (supersaturation-condensation 
temperature) relationships and a single source 
model, they were able to successfully explain the 
high elevation part of the £5 profile along the 
traverse from Dumont d'Urville to Vostok in East 
Antarctica (Jouzel and Merlivat, 1984 ). However, 
the deuterium excess predicted by the model is not 
stable in that even slight changes in the super­
saturation history of the precipitating air mass 
while not effecting £5 much produces large changes 
in d. Efforts to use their model to fit the East 
Antarctic d data have not been fully satisfactory. 
Part of the explanation for these difficulties 
probably lie in the assumption of a single source 
for the precipitating air mass, but this paper will 
examine the fractionation model itself and try to 
suggest improvements within the context of a 














