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Introduction  
Supplementary material provides details on iterative calculation presented in the manuscript.  

Table S1. The iterative computation used to calculate final pressure in a bubble in a discrete 
brine inclusion. The required input parameters for a numerical solution are the bubble and brine 
volumes. The total number of moles in the system (Nt) is established at the initial temperature of each 
sequence using Eq. 7 & 8 where the bubble inner pressure (PBu in atm) is derived from the Laplace 
relationship using Eq.4. For each successive temperature the number of mole of dissolved gas in brine is 
(NBr sat) computed using Eq. 8. and the number of moles in the bubble (NBu) is deduced from the total 
number of moles of gas in the brine/bubble system (Nt) minus the number of moles of gas in brine at 
saturation (NBr sat). First, we applied Eq. 9 to investigate the effect of bubble volume decrease on the 
bubble pressure. Secondly, because increased pressure in the discrete pocket increases the ability of 
brine to hold dissolved gases (Eq. 8), a fraction of the gas residing in the bubble dissolves in the brine, 
reducing NBu for the given volume and temperature. Therefore, to quantify the fraction of gas 
transferred from the bubble to brine, we recalculated NBr sat (Eq. 8) using the pressure from Eq. 9. Since 
the bubble has lost some of its content to the brine, the lowered NBu slightly decreases the pressure in 
Eq. 9, which in return modifies the ability of brine to hold dissolve gases therefore adjusting NBr sat and 
NBu for a given volume and temperature. Note that the volume of brine used in this computation is 
strictly the volume of liquid brine solution contained in the brine inclusion, computed as the volume of 
brine inclusion minus the volume of the bubble contained in the inclusion. Equilibrium concentration in 
mol L-1 of O2 ([O2]sat ), N2 ([N2]sat ), Ar, ([Ar]sat ), and air ([Air]sat ) as the sum of [O2]sat ,[N2]sat  and [Ar]sat 

in brine solution is computed from Henry’s Law (Eq.1) for atmospheric standard condition (Pair= PAr + 

PO2 + PN2 =1 =0.01+0.21+0.78 in atm) using solubility coefficient (KH(T,S)) in  mol L-1 atm-1 from Garcia 
and Gordon (1992) for O2 and from Hamme and Emerson (2004) for N2 and Ar. The brine freezing (SBr) 
point is calculated after Notz and Wortser (2009). The surface tension of the brine solution (γ in N m-1) 
is computed after Sharquawy et al. (2010) using Eq.6.  
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Table S2 show the Van der Waals constants used in Figure S1. 

Compound a (L2 atm mol-2) b (L mol-1) 

Ar 1.345 0.03219 

O2 1.36 0.03803 

N2 1.39 0.03913 
 

 
  



 
 

6 
 

 

 
 
Figure S1. Final pressure computed with the iterative calculation presented in table S1 using 
(a) the Ideal Gas Law and (b) the Van der Waals Equation 𝑃 = #$%

&'(#
	 − 	 +#

,

-,
, where n is 

number of moles of gas, R = 0.0821 mol atm-1 L-1 K-1, T is the temperature in K, V is the 
volume in L, a and b  are the Van der Waals constants in L2 atm mol-2 and L mol-1, respectively 
(see table S2).  
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