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We report first Xe data on the cross-calibration 

of 129I – 129Xen ages with conventional CRE ages, a 
method which is expected to provide information on 
the long-term constancy of the galactic cosmic ray 
(GCR) flux. We studied isotopic signatures of Xe 
released in stepwise heating, decomposition and 
melting of troilites in the Cape York iron meteorite to 
identify isotopic shifts in 129Xe and 131Xe due to 
neutron capture in 128Te and 130Te.  We also resolve 
components due to extinct 129I, spallation and fission 
Xe. There has recently been much speculation on the 
constancy of GCR over long time scales, as may be 
inferred from iron meteorites. If GCRs originate from 
supernova events, this provides the basis for 
postulating increased fluxes at locations with higher 
than average densities of supernovae, specifically in 
OB-associations.  The solar system at present appears 
to be inside a local bubble between spiral arms and 
may experience an increased GCR flux. 

Introduction: It has long been recognized that 
iron meteorites are useful detectors of GCR radiation 
[1,2] and recent measurements of 10Be, 26Al, 36Cl and 
noble gases do provide high precision 36Cl-36Ar, 
10Be-21Ne, and 26Al-21Ne exposure ages [3].  These 
ages, however, disagree in a systematic way with 
calibrations based on 40K-41K isotopic data which are 
based on the radionuclide 40K with 1.26 Ga half-life.  
The average production rates of 36Cl  over the time 
interval of calibration by [3] are lower by 28% when 
compared to production rates commonly used for the 
recent cosmic-ray flux. This evidence suggests a 
recent (≤100 Ma) cosmic ray flux increase, consistent 
with the astronomical evidence for a low-density 
local bubble with high cosmic ray flux for the present 
solar environment. This prediction is testable by the 
GCR-produced nuclide of appropriate half-life, 129I 
with t1/2 = 16 Ma, which should permit a calibration 
of “recent” changes in the cosmic ray flux (10-100 
Ma time scale).  The 129I-129Xer method [4] uses “live 
129I”  produced by cosmic rays rather than “extinct 
129I”.  The chronometer is the pair 129I and129Xe, the 
stable decay product.   

The method is especially suitable if low-energy 
secondary particles are predominant.  The reactions 
128Te(n, γ) 129Te,  β-  → 129I and 130Te(n, 2n) 129Te, β- 
→ 129I are both important [5]. In these reactions, 
129Xe is produced via its precursor 129I, and this 
presents an ideal parent-daughter relationship. GCR 
secondary neutron reactions on Te provide a system 
which is independent of shielding, as long as the 

exposure geometry remains constant, because the 
fractional isobaric production ratio P(129I)/P129 ~ 1.  
The “live 129I” – 129Xe method is expected to provide 
a suitable monitor for cosmic ray flux variations on 
the 10–100 Ma time-scale.  Te is enriched in troilite 
of iron meteorites and troilite is suitable for this 
purpose.  
The neutron capture reaction with 128Te can be 
monitored using131Xen from  130Te (n,2β-) 131Xen 
which helps to  distinguish between thermal and 
epithermal neutrons.  Exposure ages are determined 
from  
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Samples of the Cape York meteorite with substantial 
and variable shielding and large epithermal neutron 
fluxes are useful to establish the method.  

Experimental:  The experiments described here 
were carried out in a double-walled quartz system 
that was heated with an external heater. We note that 
published Xe data on troilite reveal isotopic signa-
tures close to atmospheric values [6], but may 
indicate also air contamination. Therefore, we first 
had to develop an extraction technique which 
removes sulfur vapors as produced in decomposing 
troilite. Any reactions with extraction system glass 
were shown to produce high Xe blanks. This was 
achieved by reacting sulfur vapors with a hot pre-
degassed iron wire coil, one end of which was  
heated together with the troilite and produced a steep 
temperature gradient. The formation of FeS on this 
catcher wire surface eliminated the problem of sulfur 
deposition, and low blanks of 1.5 x 10 –15 cm3STP of 
132Xe were achieved. In the first measurement troilite 
chips (0.5 g) were placed in Pt boats and loaded into 
the purification system. During sample transfer one 
troilite chip fell out of the boat and was in contact 
with quartz glass. To monitor the gas release the 
heating was continued, but at 900oC we observed that 
the sample reacted with the quartz, which released 
Xe of atmospheric composition. The observed Xe 
concentration was higher than measured in the troilite 
sample by a factor of ~20. Another troilite was 
wrapped in Pt foil, but heating at temperatures 
>1000oC produced sulfur vapor which reacted with 
the glass surface of the extraction system and the 
(atmospheric) Xe released exceeded that from troilite 
(factor of ~7) and neutron effects at 129Xe and 131Xe 
were diluted. Troilites were then placed in Pt boats 
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and a quartz spool was wrapped with Pt foil onto 
which Fe wire was wound. The shape of the spool 
prevented the Fe wire from making contact with the 
glass system. This assembly was moved into the 
sample heating system together with the sample and 
was left at temperatures of ~400o to <900oC while the 
troilite was heated at >900oC. In this set of experi-
ments the S reacted with the hot Fe wire and only 
troilite Xe was released. 

Results and Discussion: The Xe concentration in 
troilites from Cape York is 1.5 x 10-12 cm3STP/g. 

 

Figure 1. Correlation of the 128Xe/132Xe vs. 
129Xe/132Xe ratios. Figure 1 shows that the 128Xe/132Xe 
ratios in the troilite measurements are consistent 
with OC-Xe and that terrestrial Xe components are 
due to reactions with the quartz. Shifts due to the 
GCR-produced component are indicated by an 
arrow. Extinct 129I can be monitored by 128Xe 
excesses. (Temperatures are given in hundreds of 
degrees). 

 
The isotopic composition of the indigenous Xe in 

troilite is consistent with Xe in chondrites (OC-Xe) 
[7] (Fig.1). The measured light Xe isotopic ratios are 
also consistent with OC-Xe indicating that the 
spallation component is very small. Figure 1  shows 
that the temperature fractions 950o to 1050oC show 
excesses of 128Xe, coupled to radiogenic 129Xe, and 
document neutron capture reactions on 127I, a monitor 
of extinct 129I. It is important to resolve the radio-
genic 129Xe fraction from GCR-produced nucleo-

genic shifts, and a differential temperature release 
facilitates this separation. The temperature steps 
>1050oC do not show shifts in 128Xe. Note that 
literature data on troilite Xe [6, 8] are consistent with 
the terrestrial atmospheric Xe signature. The GCR-
produced 129Xe excesses in the >1050oC steps are 
correlated with the 131Xe excesses (Fig. 2) and show 
that, since both are produced by neutron-reactions, 
131Xen excesses serve as a monitor of neutron 
reactions on Te. Figure 2 also shows that epithermal 
neutron reactions are well documented. 
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Figure 2. Correlated excesses of GCR-produced 

129Xe and 131Xe observed in individual temperature 
fractions of Cape York troilite compared to expected 
shifts [5] due to thermal and epithermal neutron 
reactions on Te. Expected shifts due to extinct 129I are  
indicated, and affect the 950o, 1000o and 1050oC 
data. 
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