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HEAVY XENON ISOTOPES ON THE MOON AND IN THE SOLAR WIND. R. 0. Pepin, 
School of Physics and Astronomy, University of Minnesota, Minneapolis, MN 55455. 

Evidence for two types of implanted solar particles in noble gases evolved from lunar ilmenites by acid-etch 
techniques has been presented by the Ziirich group [l and references therein]. Gases initially etched from grain 
surfaces are identified as shallowly implanted solar wind (SW) species. Later releases from presumably deeper sites 
are interpreted to represent a higher energy solar particle component (SEP), isotopically related to solar wind by a 
nonlunar fractionation process favoring the heavier isotopes [I]. However, for at least the heavy Xe isotopes, an 
alternate interpretation that accounts reasonably well for lunar data trends is mixing of SW-Xe with a U4Pu fission- 
Xe component known to exist on the moon [2-51. Analysis of the present data base also suggests that SW-Xe is a 
mixture of U-Xe [6] with a nucleogenetic Xe component (Dm-Xe) containing only the two heaviest isotopes. 

A proposed heavy isotope structure for meteoritic Xe [6] is shown in Fig. 1. The U-Xe "parent" composition, 
originally defmed by the intersection of the basaltic achondrite U-Pu and carbonaceous chondrite U-H correlations [71 
(data fields indicated by dashed boxes) and later by assumption of a mass-fractionation relationship between U-Xe and 
nonfiiogenic Earth-Xe [6,8], has since been observationally supported by the measured "NZ and "ME" data points 
[9,10]. The presence of an additional component, DME-Xe, containing little or no 132Xe (or 131Xe) was inferred from 
derived heavy Xe compositions in oxidized residues from three carbonaceous chondrites (open triangles) [q. On this 
diagram, the Xe data field for lunar fines and the Pu-Xe-rich [2-51 lunar breccia (open squares) plots near the apex of 
the U-Pu-DME triangle, and at higher resolution is seen to be bounded by the U-Pu and U-DME lines. This pattern 
suggests that heavy-isotope lunar Xe could be a mixture of the meteoritic U-Xe, Pu-Xe, and DME-Xe components. 

Subtracting the dominant U-Xe component (assuming IMXe = 100% U-Xe) projects the lunar data field into the 
Dh4E-Pu region of Fig. 1. Applied to individual temperature and acid-etch fractions of the listed samples [I ,11-131, 
this yields the Fig. 2 pattern, where subtraction residuals at 132Xe and laXe have been divided by the 13%e residual. 
Spallation corrections, relatively small for these isotopes, assume the U-Xe ratio for nonspallogenic 124Xd1%e [141. 
About 70% of the 89 total data points appear in Fig. 2; the rest scatter beyond the plot boundaries (20%) or cluster 
around "Air" (lo%), denoting contamination. This data re-mapping inflates analytic error, particularly for A132Xe 
where the measured and U-Xe 132XePMXe ratios are similar. Resulting uncertainties are large enough --on average - 
f0.2 and 3 . 1  in the horizontal and vertical respectively- that within them most of the points could lie on either 
the DME-Pu line or the locus ("mr') of linearly mass-fractionated SW-Xe. However the nominal data do appear to 
trend more closely along a DME-Pu correlation, and to truncate more or less abruptly near Pu-Xe on one end and 
DME-Xe on the other. The fuzzy ball of 14 -"Pu-free" points within about f0.25 of A132Xe = 0 (all are within error 
of 0, and include at least one data point from each of the six samples) averages to the composition labeled SW in 
Figs. 2 and 3. In this representation it is indistinguishable from DME-Xe; consequently SW-Xe = U-Xe + DME-Xe. 

Fig. 3 is a similar A-plot of spallation-corrected UtaI Xe from the Fig. 2 samples and others (data references: 
#1,3 [I]; #2,4 1111; #5 [13]; #6 [15]; #7 [12]; #8 [14]; #9 [2-51; #10 [16]). The trend along the DME-Pu mixing line 
is now more apparent (although the eye is strongly influenced by the #9 breccia samples, not included in Fig. 2 but 
added here because their Pu-Xe component is directly documented [2-51). Nominal single-sample uncertainties are 
again large enough to permit #1 and #3-7 to lie on the "mf' curve between SEP[frSW-Xe and DME-Xe. However 
given the collective grouping of all these data around the DME-Pu line, even excluding the breccia samples, this 
does not seem very likely. The SEP[frSW] point in Figs. 2 and 3 was derived by fractionating SW-Xe by the square 
of the SW isotope mass ratios, as postulated for SEP-Xe by [I]. One problem with this SEP-Xe hypothesis is the 
separation in Fig. 3 between the calculated SEP[frSW] point and SEP compositions (I79 SEP and I71 SEP) deduced 
directly from acid-etch step data [I]. The I79 SEP datum could be understood within error as a mixture of SEP[frSWl 
with Pu-Xe --although it could also lie on the DME-Pu line- but the position of I71 SEP is harder to explain. At 
the pure solar-wind end of Fig. 3, one finds agreement, within emr,  of the proposed U-Xe + DME-Xe composition 
with those deduced from Fig. 2 (SW) and calculated by [I] from 71501 ilmenite data 071 SW), and, interestingly, 
with &tal Xe in the one mineralogically unique sample in Fig. 3 --#8, the lunar metal. In summary: I propose that 
pure SW-Xe is a superposition of U and DME components, and that addition of lunar Pu-Xe dominates departures 
from this composition in lunar soils -without, however, necessarily requiring that SEP-Xe be completely absent. 
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