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Samples and Sample 
Preparation 

 
• A total of 13 Apollo basalts were 

chosen for analysis, representing 
a range of crystallisation ages, 
cosmic ray exposure ages, and 
compositional characteristics  
 

• These samples cover all of the US 
sample return missions, apart 
from Apollo 16 
 

• ~250 mg chips of each sample 
were crushed using an agate 
pestle and mortar to produce an 
homogenous powder, necessary 
for subsampling 

 

• For each analysis, ~5 mg of 
powdered basalt was measured 
out into a clean Pt foil ‘bucket’ 
(approx. 4 x 4 mm) within a Class 
100 clean room, and sealed by 
folding into a 2 mm diameter 
sphere for ease of introduction 
into the sample furnace 

About this Study 
 

• Timely opportunity to utilise 
advances in analytical techniques 
to reassess volatiles in lunar 
samples, in the context of recent 
findings and the geochemical 
evolution of the Earth-Moon 
system [e.g. 1-8]  
 

• With the custom-built ‘Finesse’ 
mass spectrometer system at the 
Open University, simultaneous 
isotopic and abundance analyses of 
multiple elements are possible, all 
from the same aliquot of sample 
 

• Smaller sample sizes required for 
analyses- isotopic analysis can be 
carried out on smaller amounts of 
released gases 

 

• Stepped heating carried out at 
higher resolution than previous 
studies [e.g. 9] , providing a 
comprehensive, detailed inventory 
of volatiles in lunar basalts 

Trapped Noble Gases 
 

• In some samples, trapped 20Ne is 
released at low temperatures, 
alongside radiogenic 4He.  In other 
samples, 20Ne is released at higher 
temperatures, alongside cosmogenic 
21Ne (Fig. 3) 
 

• Variation in 20Ne release temperatures 
may be due to weakly-bound 
terrestrial neon introduced during 
sample preparation, which would be 
released at low temperatures. 
 

• Or terrestrial neon may be trapped 
within pseudo-inclusions generated via 
frictional heating and annealing of 
grain surfaces during crushing, 
resulting in a higher release 
temperature for 20Ne 
 

• Most samples display binary mixing 
between a cosmogenic neon 
component and a terrestrial 
atmospheric component, a trend 
which disappears when the system 
blank is removed.  One sample (12064) 
still shows mixing between cosmogenic 
and terrestrial-like Ne even after blank 
correction (Fig. 4) 

Radiogenic Noble Gases 
 

• 4He and 40Ar both released from all mare basalt samples analysed 
 

• 4He peak release at 500 °C; 40Ar peak releases at 600-700 °C (Fig. 1) 
 

• Abundances differ between samples as a function of varying basalt U 
& Th and K contents, and crystallisation age 
 

• Close agreement between these data and previously published values 
[11] demonstrates the effectiveness of the stepped heating extraction 
technique 

Figure 1: Example of typical 4He and 40Ar release 
profiles for 5 mare basalts 

Isotope 12064 

4He 
1.66E-4 cc g-1 (This Study) [10] 

1.81E-4 cc g-1 [11] 

40Ar 
1.60E-5 cc g-1 (This Study) [10] 

1.65E-5 cc g-1 [11] 

Cosmogenic Noble Gases 
 

• 21Ne is produced via spallogenic processes at the lunar surface 
and is found in all mare basalts analysed 
 

• Released abundances are well-correlated with published cosmic 
ray exposure (CRE) ages, as are released abundances of 
cosmogenic N (also from this study) (Fig. 2) 
 

• Good general agreement with previously published 21Ne 
abundances for the same samples 

Figure 2: Correlation of cosmogenic gas 
abundances with CRE age of several samples 

Isotope 10017 12040 12064 14053 
21Ne 3.48E-7 cc g-1 (This Study)  

4.66E-7 cc g-1  [11] 
5.31E-7 cc g-1 (This Study) [10] 
4.11E-7 cc g-1 [12] 

3.32E-7 cc g-1 (This Study) [10] 
3.13E-7 cc g-1  [11] 

2.59E-8 cc g-1 (This Study) [10] 
2.21E-8 cc g-1  [13] 

• Trapping of terrestrial Ne 
cannot explain the observed 
mixing trend for several 
reasons: 
 All samples processed in 

same way, yet terrestrial-like 
Ne only seen in 12064 

 Other co-collected trapped 
components from the same 
aliquot do not show evidence 
for addition of terrestrial 
atmospheric gases (134000 
times less N measured in 
same aliquot of 12064 than 
might be expected based on 
measured 21Ne abundance 
and terrestrial atmospheric 
N/Ne ratio); 36Ar abundances 
agree well with previous 
studies of uncrushed 
samples, so no additional 
trapping of terrestrial 36Ar 
possible 
 

• Suggests that the source region 
for this particular mare basalt 
may have had indigenous Ne 
with a similar composition to 
the present-day terrestrial 
atmosphere 

Figure 3: Trapped 20Ne releases at different 
temperatures in two separate samples 

(14053 at low temperatures, 12040 at high 
temperatures) 
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Figure 4:  Neon components in sample 12064, displaying mixing 
between cosmogenic Ne and terrestrial-like trapped Ne 

components  
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High Al basalt 14053 in XPL. Field of view = 6 mm. 
(Image taken from The Virtual Microscope 

(www.virtualmicroscope.org). Credit: JISC/The Open 
University/The OpenScience Laboratory/NASA) 

Transferring ~5 mg mare basalt subsamples into 
clean Pt foil buckets in the Class 100 clean room 


