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We present new Xe isotopic signatures of Pe-
syanoe regolith samples which document ex-
cesses of 126Xe and we explore the possibility 
that it formed by low-energy reactions on 
transient Te-rich coatings. 
 
 
Introduction:  Lunar and asteroidal regoliths 
provide important information on the compo-
sition of solar wind (SW) gases. Pesyanoe is 
uniquely suited for a study of SW Xe in an 
asteroidal regolith, since its signatures are not 
masked by indigenous components. Possible 
excesses on 126Xe were first recognized in 
Pesyanoe when the Xe composition was com-
pared to implanted solar wind Xe in lunar re-
golith samples [1, 2]. These excesses, in prin-
ciple, could be explained by solar proton irra-
diation of surface-correlated iodine or tellu-
rium [3, 4], but also, (�,n)-reactions on 123Sb, 
followed by �-decay may contribute to the 
excesses. 

The new Pesyanoe data with larger 
126Xe isotopic excesses show an increase with 
increasing SW concentrations, indicating that 
126Xe excesses together with solar Xe are ac-
quired during residence on the topmost layer 
of the regolith and thus give a measure of the 
residence time in the top SW loading zone of 
the lunar/asteroidal regoliths. An approximate 
correlation with lunar grain-size data is 
suggestive of a surface enrichment of 
responsible target elements and also rules out 
the possibility that the 126Xe excesses are due 
to an underestimation of the spallation Xe 
corrections, since in this case low SW Xe 
abundances would show larger anomalies, 
contrary to observed trends. 

For the lunar grain size separates of 
10084 [5] the spallation contribution to 124Xe, 
which is used for the calculation of spallation 
yields at other Xe isotopes, are ~25% for 
<100 �m size fractions (also bulk) and only 
~3% for several small grain size fractions. 
126Xe excesses are also observed in the first 
etch steps of lunar ilmenites [6] and in the 
intermediate (~800o - 1000oC) pyrolysis steps 
(only minor spallation Xe components are 
released in these steps) of Pesyanoe as well as 
in lunar soils and breccias [2, 7]. Further-
more, there are grain populations which carry 
no 126Xe excesses. Pesyanoe regolith samples 
have two orders of magnitude lower solar Xe 
abundances than lunar soils and breccias of 
different antiquities [2, 3], and in lunar re-
golith samples 126Xe excesses are often en-
riched in mineral separates and in grain size 
separates. The 126Xe excesses can not be ex-
plained by observed Te or I abundances, 
which would produce only percent effects of 
the observed excesses. In order to establish 
whether 126Xe excesses are in fact monoiso-
topic or if co-produced effects on other iso-
topes can not been recognized, we investigate 
the option of correlated effects, such as due to 
a temporary coating of Te, onto regolith mate-
rials from volcanic vents, or from re-
implantation of volatile Te-compounds (e.g. 
TeH2, a product of SW reactions). Reactions 
of low-energy protons on Te would cogener-
ate anomalies on 128Xe and 130Xe and 46% of 
the produced 126I will �--decay into 126Xe. 

Considering the production of 126Xe ex-
cesses by the proton reaction 126Te(p,n)126I 
(t1/2 = 13 d) followed by �- decay to 126Xe, we 
note that proton reactions could be limited to 
timescales of retention of Te on grain sur-
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faces. It is not clear whether the Pesyanoe re-
golith during its early history had higher Te 
abundances, since the observed Te abundance 
in enstatite achondrites is only ~1% of Te in 
the enstatite chondrites [8]. 

Figure 1. The Figure shows the spal-
lation-corrected ratios 130Xe/132Xe vs. 
126Xe/132Xe for studied Pesyanoe samples 
(UCSD and St. Petersburg samples). Only the 
Pesyanoe,90 measurements were made on an 
uncrushed fragment of the dark lithology. 
Pes-S represents an average for the solar 
wind Xe signature in Pesyanoe (UCSD data). 
The UCSD data below 600oC (<5% of the 
total Xe in the sample) are not shown, be-
cause of atmospheric contamination. Data 
collected at 1100oC (all St. Petersburg sam-
ples) are shifted below the Pes-S 130Xe/132Xe 

reference line due to the presence of either 
terrestrial contamination or of fission Xe. 
Temperatures (in hundreds of degrees) are 
given for the UCSD data only. Note that all 
samples show 126Xe excesses . 

The low-energy 126Xe production 
cross-sections from Te relative to those of the 
co-produced isotopes, 128Xe/126Xe and 
130Xe/126Xe were studied by [4]. For protons 
with a differential rigidity spectrum corre-
sponding to SW protons, as recorded in lunar 
samples [9], a 130Xe/126Xe production rate 
ratio of 0.33 �0.05 was determined [4]. Since 
current uncertainties in spallation corrected 
130Xe data are �1%, excesses at 126Xe from 
such reactions would have to be �100% in 
order to be recognized as anomalies at 130Xe. 
Such excesses are at the limit of currently 
available data, as shown in Figure 1. The 
presence of either fission components or of 
terrestrial atmospheric Xe components further 
complicates this search since the reference Xe 
isotopes are affected. 
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