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Introduction: Over 100 liquid water lakes have 
been identified beneath the ice sheets of Antarctica [1]. 
Among them, Lake Vostok lying buried beneath ~4 
kilometers of ice is the largest known subglacial lake 
on Earth. Estimates for the age of this lake range from 
one million years [2] to 15 million years [3]. Because 
Lake Vostok is under a very thick ice sheet, it is un-
likely that gases within the lake water are in equilib-
rium with air. From a biological point of view, the 
study of Lake Vostok is interesting because it provides 
an environment that has been sealed off from light and 
atmosphere for possibly several millions of years. As 
such, the Lake Vostok environment could be analo-
gous to that of the Jovian icy moon Europa, which is 
envisaged to harbor a subsurface ocean with conditions 
compatible with habitability [4,5]. 

Ice overlying the lake is characterized by air bub-
bles trapped at the air/ice interface that are compressed 
with increasing depth. As a consequence, these air 
bubbles transform to clathrates below a certain depth, 
depending on the temperature of the ice sheet. In the 
contact region between the bottom of the ice sheet and 
the lake surface, most of the air in the ice sheet is 
trapped within these clathrates. Melting of these clath-
rates is thus responsible for a transfer of most of the 
atmospheric air to the Lake Vostok water through the 
ice sheet [6]. However, in the contact region, clathrates 
could also be stable in the lake water thus reducing the 
amount of gases in aqueous solution. This might have 
an impact on the oxygen availability for possible life in 
the lake and it is thus very important to thoroughly 
investigate the composition of Lake Vostok.  

Here, motivated by the possibility of comparing 
theoretical predictions of Lake Vostok composition 
with in situ measurements in the near future, we rein-
vestigate the work of [7] by considering a more com-
plete set of species dissolved in the liquid water and by 
using a model that is extensively used in industry and 
science to quantify the amount of volatiles trapped in 
clathrates. The proposed approach is also valid for any 
subglacial lake formed in circumstances similar to 
those of Lake Vostok. 

 
Modeling the lake composition: In order to estab-

lish the best possible correlation between the lake wa-
ter composition with that of air clathrates formed in 
situ, we use a statistical thermodynamic model based 

on the description of the guest-clathrate interaction by 
a spherically averaged Kihara potential with a nominal 
set of potential parameters [8]. We determine the fu-
gacities of the different volatiles present in the lake by 
defining a “pseudo” pure substance dissolved in water 
owning the average properties of the mixture and by 
using the Redlich-Kwong equation of state to mimic its 

thermodynamic behavior. 
 

Figure 1: Mole fractions of N2, O2, Ar, CO2, CH4, Kr, 
CO and Xe dissolved in Lake Vostok calculated in the 
case of structure I clathrate formation and expressed as 
a function of the age of lake, with age expressed in 
units of residence time (hereafter RT, defined as the 
time required for all water of the lake to be renewed 
through the melting-freezing cycle of water flowing 
through the volume of the lake). 
 
Results: Figures 1 and 2 illustrate the evolution of the 
composition of the gas phase dissolved in Lake Vostok 
as a function of its RT in the cases of structures I and II 
clathrates. In both cases, the mole fractions of the dif-

1209.pdf44th Lunar and Planetary Science Conference (2013)



ferent volatiles relative to the sum of all mole fractions 
of dissolved gases and present in the lake linearly in-
crease as long as its lifetime has not exceeded 25 RT. 
After this epoch, these volatiles have reached their 
solubility limit in the lake and clathrate forms from the 
gas supplied in excess by ice melting. The resulting 
volatile content of the lake at a given time is then con-
trolled by the balance between the sequestration of gas 
by the forming clathrate and the air supplied by the 
melting ice. 

 
Figure 2: Mole fractions of N2, O2, Ar, CO2, CH4, Kr, 
CO and Xe dissolved in Lake Vostok calculated in the 
case of structure II clathrate formation and expressed 
as a function of the age of lake, with age expressed in 
units of residence time. 

 
In the two cases, N2 and O2 remain the main gases 

dissolved in water. When considering the formation of 
structure I clathrate, and irrespective of the considered 
epoch, the N2 mole fraction in the lake water decreases 
from its atmospheric value (0.78) down to 0.66 at 
steady state. On the other hand, the O2 mole fraction 
slightly increases with time in water from 0.21 (the 
atmospheric mole fraction) to 0.33 in the lake. Because 
the mole fractions of Xe, Kr, CH4 and CO are all en-
riched in structure I clathrate, they become correspond-
ingly depleted by factors 0.04, 0.3, 0.3 and 0.8 in the 
lake water compared to their atmospheric abundances, 
and irrespective of the considered RT. In contrast, the 

mole fraction of Ar in the lake water remains very 
close (by a factor of 0.95) to its atmospheric value 
while that of CO2 rapidly increases with time up to 1.6 
times its atmospheric mole fraction at 200 RT. 
 

In the case of structure II clathrate formation in 
Lake Vostok, the N2 mole fraction in the lake water 
increases from its atmospheric value (0.78) up to 0.82 
at steady state. Inversely, the O2 mole fraction de-
creases in water from its atmospheric value (0.21) 
down to 0.18 at steady state. The mole fractions of Xe, 
Kr, CH4, and Ar also become rapidly impoverished by 
the factors 0.1, 0.15, 0.5 and 0.5 in the lake water, re-
spectively, compared to the atmospheric values, and 
irrespective of the considered RT. On the other hand, 
CO becomes moderately enriched by a factor 1.3 in the 
water compared to its atmospheric value. Moreover, 
due to its lower propensity to be trapped in structure II 
clathrate, the CO2 mole fraction in the lake water pre-
sents the highest enrichment (up to a factor of 5 at 200 
RT) compared to its atmospheric abundance. 
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