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Elements with a first ionisation potential (FIP) below lOeV are enriched in the solar corona and solar 
energetic particles relative to photospheric abundances by a factor of -4 [l-31. We concluded earlier that Xe 
(FIP=12. leV) is also enriched relative to Kr (14.0eV) and Ar (1 5.8 eV) and that the mean KrRe hctionation is only 
halfas high today as it was 1-3 Ga ago [4,5]. This conclusion was based on the inference - provided by noble gas data 
obtained with closed-system etching - that the lunar regolith conserves the relative abundances of Ar, Kr, and Xe 
unaltered. Here we provide finb.ler evidence for this with analyses of all five noble gases in single grains of two lunar 
soil samples. 

We report data on ilmenite fiom soil 71501 (antiquity, i. e. time of solar wind implantation < 100 Ma B.P.) 
and ilmenite, plagioclase, and pyroxene ftom regolith breccia 79035 ( antiquity -1Ga B. P.). Grain size range was 
175-250 p.m. Data are comcted for blanks and a small cosmogenic contribution. Elemental and isotopic ratios of He, 
Ne, and Ar in ilmenites are very similar to those reported earlier for smaller grains of the same samples [6]. The ratio 
4-Hel20-Ne decreases with increasing gas concentration, indicating a dose related diffusive loss of He. The solar 
20-Nd22-Ne ratio also decxeases with increasing gas loading, whereby gas-poor grains show nearly solar wind (SW) 
isotopic composition. This indicates that the proportion of the isotopically heavy SEP component is higher in gas-rich 
grains because the SW component is preferentially removed [6]. 

KrtXe ratios are shown in Fig. 1. Nearly all 71501 ilmenite grains (I71501) have a constant W e  ratio 
within 20 enw limits (the low value of the least gas-rich gmh may be compromised by an imprecise blank correction). 
Particularly striking are the uniform values of the 8 most gas-rich grains, i, e. the most precisely measured ones. 
Earlier, constant KrtXe ratios were also 
observed throughout closed system stepped 
etch runs [4, 51. The average of the I71501 10 
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the average relative Kr and Xe abundances in 
the SW in the past -100 Ma. 

Kr/Xe ratios of ilmenites from 
breccia 79035 (I79035) are roughly two 
times lower than the I7 150 1 average (Fig. l), 
as was expected fiom large-sample runs [5]. 
However, individual KrlXe values in I7903 5 
scatter more than those of 171501. Many 
I79035 data points in Fig. 1 are more than 20 
away from the mean, and many of the 
precisely measured grains deviate by some 
*20% from the mean (with one data point 
being even lower). Irreversible adsorption of 
atmospheric Xe [q cannot explain such a 
large scatter for solar-gas-rich grains as 
studied here. Other explanations to be 
discussed are: a) Kr and Xe in I79035 are 

Fig. 1: 84-Krl132-Xe vs. 36-Ar of the solar component in 
individual mineral grains from two lunar regolith samples. 
Horizontal lines show the weighted mean ratios for both ilmenite 
populations. These values agree excellently with average ratios of 
closed system etch runs and total fusion analyses ("large sample", 
ref. 5). KrtXe values in 7 150 1 ilmenites are constant within 20 
but 2.3 times below the solar value of ref. [3], indicating that the 
grains conserve the true KrIXe ratio in the SW and provide thus 
a record of a Xe-Kr fractionation in the solar corona. 79035 data 
are explained in the text. 
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elementally hctionated - relative to the true abundances in the SW as recorded by 171501- due to noble gas loss on 
the moon. b) individual 79035 grains have seen a variable Kr/Xe ratio in the SW: 

a) Ifthe Kr/Xe ratios were to scatter because of gas loss, pyroxene and plagioclase grains might be expected 
to show different KrKe values compared to ilmenites, because HdAr ratios in plagioclase and pyroxene are roughly 
10-100 times and Ne/Ar ratios roughly 2-20 times lower than in ilrnenite. Fig. 1 shows that plagioclase and pyroxene 
have very similar (on average even somewhat higher) KrKe values than ilmenites. Furthermore, gas loss that 
fractionates Kr and Xe should also lead to variable A r k  ratios. Fig. 2 shows that this is not the case. Most ilmenite 
data points from both samples plot within k8% and the majority also within the 20 errors of the respective average. 
In fact, these data quite convincingly indicate that the more ancient sample 79035 recorded a slightly higher A r k  
ratio in the SW than soil 71 501. Hints for such a temporal trend were found earlier in the etch data [4,5]. This trend 
runs opposite to that for Kr/Xe! 

b) A temporally variable KrKe ratio in the SW might be expected to show up in a correlation with the 
40-Am6-Ar ratio of trapped Ar, but no such correlation is observed for 179035. This is not surprising, however, since 
40-Ar/36-Ar is no reliable antiquity parameter on a grain-by-grain basis, at least not for the relativley large mineral 
grains studied here. 40-Am6-Ar ratios vary between -2 and 3 in grains with 36-Ar > 2.5E-10 cc-STP, but are as high 
as -15 in some of the least gas-rich grains. We believe that this indicates relatively large amounts of in-situ radiogenic 
40-Ar (fiom K-rich contaminants?) rather than improper blank corrections or adsorbed atmospheric Ar. 

In summary, A r k  ratios of trapped solar noble gases are essentially constant in single mineral grains of 
two lunar soils samples. The KrKe ratio is also constant in one of these samples, but varies by about *20% in the 
other one. These data reiterate earlier conclusions that mineral grains in the lunar regolith conserve the relative Ar, Kr, 
and Xe abundances in the solar corpuscular radiation Therefore, lunar soils allow us to deduce that Xe, and to a lesser 
extent also Kr, is miched in the solar wind relative to photospheric abundances, similar to the well known enrichment 
observed for elements with a low first ionisation potential. The single grain data also provide M e r  evidence for a 
temporal variation of the Xe-Kr-Ar fhctionation. A r k  has decreased (i. e. the hctionation has become larger) on 
average by some 10% in the past -1 Ga, whereas Kr/Xe increased by a factor of -2. The somewhat variable KrlXe 
d o s  79035 possibly show that individual 
grains recorded a KrKe variation in the SW, 
although this cannot be substantiated by a 2250 
correlation between Kr/Xe and the antiquity $ 
parameter 40-Am6-Ar. $ 2000 
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Fig. 2: 36-Ar/84-Kr ratio for the same grain populations as in Fig. 
1 (see Fig. 1 for explanations of symbols). Contrary to KrlXe, the 
A r k  ratios do not show a larger spread in 7903 5 than in 7 150 1. 
This ratio is about 10% higher in the former sample, which 
trapped more ancient solar wind than 7 150 1. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


