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The pétanque game consists of launching metal balls as close as possible to a small wooden ball (the “cochonnet”). 

 

 

Historical Data 

 

Figure S-1 presents an overview of the potential RAIR variations estimated over distinct periods of time by several authors. 

 

Global Helium Production Database 

 

In this study, we have estimated the potential amount of He released in the air from the global He production database of the U.S. 

Geological Survey (2014). Figure S-2 presents the apparent consumption of He in the U.S. as well as the U.S. and worldwide He 

production from 1935 to 2015, provided by this database. During the space race and the nuclear weapons tests period, He 

applications begin to be attractive enough to increase the helium production and its storage in the United States Federal Reserve. It 

should be noted that the crustal 3He/4He ratio is about 0.02 × RAIR (Aldrich and Nier, 1948; Mamyrin and Tolstikhin, 1984). 
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He Isotopic Analyses and Results 
 

The He isotopic ratio of each purified air sample aliquot is normalised with those averaging for the internal standard measured 

before and after this aliquot (Mabry et al., 2013): 
 1 

                                               Ra,n=
( He3 / He4 )sample aliquot

 ( He3 / He4 )standard before+( He3 / He4 )standard after /2
                                           2   Eq. S-1 

 

 The average of the normalised He isotopic ratios was computed as R= , where n is the number of measured 

aliquots for the sample. The related error is calculated at the 95 % confidence interval (95 % CI) according to the Student 

distribution (tα/2, N-1 × s/√n, where s = standard deviation of the normalised He isotopic ratios). We assumed that data follows a 

student’s t-distribution linked to the number of aliquots analysed by multi-aliquot analysis, which is lower than 30. Table S-1 

presents the normalised ratio RBB, equivalent to R/RBB2014. 

 

 The uncertainties obtained in this study are slightly higher than those of the Mabry et al.’s (2015) study conducted in the 

same laboratory (CRPG). There are several reasons for this. One of our two cryogenic pumps, directly linked to the mass 

spectrometer, failed. Therefore, in contrast to Mabry et al. (2015), we used only one cryogenic pump linked to the purification line. 

This change resulted in a slight decrease in the stability of the He isotopic measurements. Furthermore, the He content in one 

pipette of our internal standard has decreased as a result of its consumption. In order to maintain a high signal to noise ratio, we 

decided to analyse a smaller number of the sample’s aliquots during the sample-standard bracketing analysis (about 5 instead of 

10). In this study and in the one of Mabry et al. (2015), the uncertainties are related partly to the number of individual 

measurements carried out during a sample-standard bracketing analysis (also called a multi-aliquot analysis or referred to here as 

a complete analysis). Our results therefore appear relatively less precise than those reported by Mabry et al. (2015). 

 

Sample Quality 

 

We do not think that helium trapped in containers might have diffused and exchanged with the exterior air for three main reasons. 

First, the material of our air containers (stainless steel) is thought to be one of the best materials in which helium can be collected 

and stored for long periods of time. Indeed, diffusion of noble gases in stainless steel is negligible at room temperature (Zhang et al., 

2000; Mamyrin and Tolstikhin, 2013). Secondly, despite He being stored in completely different containers during a similar period 

of time (e.g., the CGAA and the pétanque balls), their measured RAIR values are comparable. This is consistent with trapping of a 

common He component not affected by secondary process. Thirdly, we measured the blanks of the experimental chambers with 

and without our samples (i.e. pétanque ball; carburettor) and found similar blank levels after 10–20 minutes in static mode, 

suggesting negligible leakage of helium from the containers. We also measured the 4He/20Ne ratios of some of the ancient air 

samples (i.e. B1965, CAR1910), using a small amount of subsampled purified air. The 4He/20Ne ratios of these air samples are 

consistent within the error with those of BB (4He/20NeB1965/4He/20NeBB2014= 1.76 ± 0.89; 4He/20NeCAR/4He/20NeBB2014= 1.09 ± 0.18; 95 % CI), 

thus suggesting no loss or gain of helium since air entrapment, but admittedly with a low precision.  

 

 The pétanque balls and the carburettor float were carefully scrutinised for possible leaks before analysis. In order to check 

the tightness of the B1965, we used a Nanotom Phoenix X tomograph (Fig. S-3). We were not able to detect any porosity with the 

resolution of the analyser. Given the thickness of the pétanque balls walls (6 mm), we assume that helium leakage is negligible. In 

the thin welded zone, we did not find any evidence of manufacturing defaults (Fig. S-3). However, in order to estimate potential 

diffusion from the welded object (i.e. pétanque balls), further studies could (i) load the experimental chamber with He-free gas 

and/or (ii) increase the time of the static mode for the blank measurement. Furthermore, it is possible that contamination of 

atmospheric helium by isotopically fractionated He could have happened during manufacturing. In order to ensure that air 

trapped during manufacturing is representative of ambient air at the time of manufacturing, further works could measure the 
4He/20Ne ratio of the trapped air with a high precision. 
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Supplementary Table 

 

Table S-1  RBB ratios (R/RBB2014) of each multi-aliquot analysis (Cape Grim tanks = CG; Pétanque balls = B; Carburettor = CAR). For each sample, the weighted 
means of the RBB ratios (x)̅ are reported with their uncertainties (  at 95 % CI, equivalent to 2σ). 

 

Air samples Sampling Date RBB  

CG1978  1978 0.9974 0.0045 

(UAN 780002)  0.9986 0.0041 

  1.0021 0.0039 

  0.9953 0.0066 

  1.0000 0.0078 

  1.0023 0.0037 

  1.0023 0.0185 

x̅  1.0000 0.0018 

CG1988  1988 0.9778 0.0058 

(UAN 880003)  0.9828 0.0041 

  0.9769 0.0077 

  0.9777 0.0085 

x̅  0.9802 0.0028 

B1965  1965 1.0069 0.0213 

  1.0068 0.0094 

  0.9949 0.0090 

  1.0084 0.0052 

  1.0078 0.0072 

x̅  1.0060 0.0065 

B1990  1990 0.9932 0.0063 

  0.9975 0.0054 

  0.9982 0.0064 

  1.0061 0.0080 

  0.9936 0.0076 

  0.9999 0.0055 

x̅  0.9979 0.0043 
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Table S-1 Cont.    

Air samples Sampling Date RBB  

B2010 2010 0.9977 0.0115 

  1.0028 0.0133 

x̅  0.9999 0.0085 

B2013 2013 0.9995 0.0041 

  0.9992 0.0102 

x̅  0.9994 0.0038 

CAR1910 1910 0.9945 0.0148 

  0.9948 0.0127 

  0.9978 0.0039 

x̅  0.9974 0.0036 
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Supplementary Figures 

 

 

 

 

 

 

 

Figure S-1  Overview of the proposed variations of the RAIR from several studies. Reference number: (1) Sano et al. (1988); (2) Sano et al. (1989); (3-5) Lupton 
and Graham (1991); (6) Sano et al. (1991); (7) Sano (1998); (8-9) Lupton and Evans (2004); (10) Matsuda et al. (2010); (11-12) Sano et al. (2010); (13-14) 
Brennwald et al. (2013); (15) Lupton and Evans (2013); (16) Mabry et al. (2015). 
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Figure S-2  Helium production and consumption by year reported in the world and in the United States from recent USGS data (U.S. Geological Survey, 2014). 
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Figure S-3  Image obtained by a Tomograph X nanotom Phoenix of the B1965. The resolution is not enough to observe features at 65 µm/pixel. However, we 
observed the thin welded zone with a resolution of 21 µm/pixel. 
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