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1. Abstract 
 
Primordial noble gases were incorporated into meteoritic 
material early in the solar system history and many 
primordial noble gas components are carried by presolar 
grains. Other primordial noble gas components are less well 
understood, such as Q (also known as P1), which holds the  

bulk of the heavy trapped noble gases. Phase Q was 
analyzed in a HF-HCl-resistant residue of Krymka (LL3.2) 
using the Closed System Step Etching (CSSE) technique and 
HNO3 as etchant [1]. The elemental ratios as well as isotopic 
ratios in Ar, Kr and Xe are in good agreement with Q, as 
determined by others [2,3,4,5]. The Ne isotopic ratios of the 
first 17 etch steps are also in good agreement with Q. 

However, the Ne in etch step 18-28, and also the total Ne, is in 
better agreement with the presolar nanodiamond component 
HL. This is unexpected since Q is analyzed per definition with 
the CSSE technique. The Ne signature could be due to 
simultaneous release of, and mixing with, Ne-E from presolar 
graphite. However, a true HL signal cannot be excluded 
based on our dataset. 

3. Methods 
 

• With CSSE we analyse Q per definition 
 

Q: The noble gases released from HF-            
HCl-resistant residues of meteorites 
when treated with an oxidising acid [6]. 
 
• The sample was etched in steps online, 

the released gas was then cleaned in a 
series of getters and analysed in a mass 
spectrometer built in-house.  

• The degree of etching was controlled by 
exposing the sample to HNO3 under 
different temperatures (25 to 90°C) and 
for different times (15 min to 96 h).  
 
 
 
 
 
 
 
 
 
 
 

 
 

• The oxidised residue was analysed 
using stepwise pyrolysis. 

4. Results  and discussion 
 

• Elemental ratios, as well as isotopic ratios of Ar, Kr, Xe, are in good 
agreement with  previously determined values for Q.  

• In some etch steps there is a large contribution of cosmogenic He and Ne. 
• The Ne isotopic ratios measured with CSSE here did not follow previously 

measured values and are discussed further below. 

4.1 Results and discussion neon 
 

• The first 17 etch steps, relased with acid vapor in room temperature, all plot 
around Q. 

• Etch step 18-28, etched under more harsh conditions, do not have Q-like 
isotopic ratios, but rather plot around the presolar nanodiamond component 
HL, with contributions of cosmogenic Ne in the last steps. 

• Total CSSE released Ne plot close to HL.  
 

Three possible explanations to Ne isotopic ratios in CSSE analysis: 
1. Simultaneous release of Ne-E (pure 22Ne) and Q. Ne-E has previously 

been detected in similar CSSE analyses [4].  
2. Ne-HL was retrapped into Q from its carrier phase. Small variations in 

Q have previously been attributed to retrapping during alteration [5].  
3. Ne-HL was released form its carrier phase during the harsh etching 

conditions in the last ten steps.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
• Stepwise pyrolysis of the oxidized residue is mainly HL-like, with the first 

low temperature step having a strong cosmogenic component. 

5. Conclusions 
•Elemental ratios, as well as isotopic ratios of Ar, Kr and Xe in Krymka analysed 
with CSSE are in good agreement with previously measured values for Q. 

•Ne in individual CSSE steps show a dichotomy, with the early steps being Q-
like and the late steps being HL-like. Total CSSE Ne is HL-like.  

•Ne isotopic ratios can be an effect of mixing between Ne-E and Q, or be a true 
HL signal.  

•The Xe allows for a maximum contribution of 1% 132Xe-HL, which would 
correspond to the concentration of “HL” seen in Ne. 

•Small variations in Q have previously been attributed to retrapping of HL into 
phase Q during alteration [5], the HL-like Ne released with CSSE here can 
possibly be an extreme case of such retrapping. Another possibility is that Ne-
HL was released from its carrier phase.   

4.2 Results and discussion xenon 
 

• The Xe isotopic ratios released by CSSE are in agreement with previously determined values 
for Q [4].  

• If the HL signature in Ne is Ne-HL and not a mixture of Ne-E and Q then it could be expected 
that also  Xe-HL would be present in the noble gases released by CSSE. 

• The CSSE Xe allows for a maximum contribution of 1% Xe-HL, which would correspond to the 
concentrations of  “HL” in Ne. 

• Stepwise pyrolysis of the oxidized residue gave Xe isotopic ratios that fall more or less on a 
mixing line between Q and HL.  
 

 
 
 
 
 
 
 
 
 
 
 
 

2. Objective 
 
To characterise the trapped Q noble 
gases in the unquilibrated ordinary 
chondrite Krymka (LL3.2) using the 
Closed System Step Etching 
technique. 
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