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about half as large as 1-3 Ga ago. A r k  in all 
samples is also about 30-40% below the Anders and 
Grevesse value. Relative to Ar, Xe in SW and SEP 
is thus enhanced similarly to low-FIP (<lOeV) 
elements, despite that the FIP of Xe is 12.leV. It has 
been argued [6, 71 that the fractionation in the 
chromosphere should be governed by the time it 
takes to ionize an atom rather than the FIP. Fig. 2 
shows on the abscissa this first ionisation time (FIT) 
[7]. The Xe:Kr:Ar fractionation in the solar wind 
source region deduced here is in very good 
agreement with the FIT-hypothesis. The secular 
variation of the KrIXe ratio may suggest that FIT 
increased in the past few Ga. 
We now review work by others, discussing in 
particular reservations expressed about whether the 
lunar regolith does preserve the abundances of the 
heavy solar noble gases. One in-vacuo etch run of a 
mineral separate that includes Kr and Xe data has 
been published (pyroxene of low-antiquity soil 
75081, [9]). KrIXe ratios in the major etch and 

Element abundances in solar energetic particles differ from bulk solar or photospheric values as a function of 
the first ionisation potential (FIP) or a related parameter, elements with FIP< lOeV being 4-5 times overabundant 
[I-31. Elements close to the lOeV step are particularly important to learn more about this separation. We concluded 
[4, 51 that lunar samples retain solar Xe (FIP=12.leV), Kr (14.0eV) and Ar (15.8eV) unaltered relative to the 
abundances in the solar corpuscular radiation, a conclusion based mainly on ilmenites' analysed by the closed system 
etch technique. We deduced that Xe in the solar corpuscular radiation is enhanced relative to Kr and Ar and that the 
Xe-Kr fractionation varied with time. Here we present additional experiments confirming the ilmenite results and 
discuss other studies in the light of our new data. Geiss and coworkers [6, 71 showed that the Xe overabundance 
deduced here is expected, if the first ionisation time governs the fractionation at the source. 
Fig. 1 shows NdAr and KrKe release patterns of samples from two recently irradiated soils (71501 ilmenite, 67601 
bulk; antiquities s 100Ma) and two early irradiated soil breccias (79035 ilmenite, antiquity -lGa; 14301 pyroxene, 
23Ga). Like in the ilmenites, NdAr (and HeIAr, not shown) in 14301 start considerably below present-day solar wind 
ratios (SWC, ref. 8) but later approach these reference values. Thus, ilmenite and pyroxene lost part of the He and 
Ne from the very shallowly sited SW, but retained (nearly) unfractionated He, Ne, and Ar in the more deeply 
implanted SEP component (cf. 4, 5). The plagioclase-rich bulk sample 67601 does not show SWC-like NeIAr (or 
HdAr) ratios at any depth. In contrast to NeIAr, Kr/Xe ratios (as well as ArJKr) are nearly constant, in the pyroxene 
separate and - particularly remarkably - the bulk sample as well as the ilmenites discussed previously. These flat 
patterns, together with the conclusion that the relatively mobile light noble gases are unfractionated relative to SWC 
in later steps, indicate that Ar/Kr/Xe ratios reflect the true relative abundances of the heavy noble gases in both SW 
and SEP. We conclude that lunar samples allow us L I I I I . a . / / I ' I . I .  I /  
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to rule on possible fractionations of Ar, Kr, and Xe 20 

in the SW source region. We use solar abundances 18 

by Anders and Grevesse [2], which are based on the - 16 
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most recent values for neighbouring elements. l4 

KrIXe ratios are all considerably below the solar 
m i E  

value, and the two soils have nearly twice as high 2 
mean ratios than the two soil breccia~. We conclude 2- 
a) that Kr-Xe fractionate in the SW source region 
and b) that the fractionation factor today is only 2 
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Fig. 1: NeIAr ratios are variable, but approach solar wind values 
(SWC, ref. 8) in the last etch steps of the 3 mineral separates. In 
contrast, Kr/Xe is essentially constant in all 4 runs and the average 
values are grouped according to antiquity. The figure shows that 
SEP-He-Ne-Ar - and thus solar Kr and Xe - is not fractionated on 
the Moon. The KrKe ratios are lower than the solar value [2], 
indicating fractionation in the SW source region. 
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