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The chemical constraints on the origin of the Moon indicate two possible solutions: a) lunar origin 
from the Earth's (or planetary) mantle followed by loss of volatiles, or b) derivation from the mantle of an 
impactor planet, already depleted in volatiles more severely than the Earth. We present K isotopic results 
that can distinguish between these hypotheses. The loss of volatiles by the distillation of condensed matter 
necessarily occurs in a mass-dependent manner. We have obtained a "bulk lunar" A ~ ~ K ~ ~ ~ ~ - ~ ~ ~ ~ ~  = + 0.2 
* 0.4 % that indicates no evidence of mass-dependent fractionation, and argue that this constitutes prima 
facie evidence for the derivation of lunar material from the impactor mantle, with little or no subsequent 
chemical modification. The distinct lunar volatile element abundances provide an independent chemical 
argument for a non-terrestrial origin of the Moon, supporting the giant impact theo~y [ l ,  21. 

Two significant observations on the chemistry of lunar material returned by the Apollo missions have 
been made: the severe depletion of the lunar composition in volatile elements [3, 4, 51 relative to C1 
chondrites (e.g. K about 30x) or to Earth's mantle (e.g. K about 4-5x), and the low siderophile element 
concentrations of mare basalts and pristine highlands rocks [4, 5, 61. Most discussion of the volatile 
element depletion is non-unique, in that every lunar formation scenario involves intense heating and 
vaporization of protolunar material. Thus, it is uncertain as to whether volatile elements were lost prior to 
Moon formation (by mechanisms responsible for the depletion of volatiles in the Earth, SNC parent body, 
and eucrite parent bodies [4]), or during Moon formation by volatile loss from a hot, protolunar disk of 
largely vaporized silicate material [e.g. 51. We have proposed a simple test for the determination of loss of 
volatiles during evaporative processes, by measuring changes in the isotopic composition of potassium [7] 
brought about by distillation of the vapor as it escapes to space. We report here the results of our 
investigations on 18 lunar samples. The analytical methods are slightly modified from [7], with the 
addition of oxalic acid to complex Ti, Al, Fe, etc. We still obtain impurities of Cr and A1 in some glasses, 
for which small corrections are applied. We report our individual analyses relative to an in-house 
laboratory standard, suprapur@' K N Q ,  and we report the lunar mean relative to the mean of 17 
representative terrestrial samples, as follows: 
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R = 4 1 ~ 3 % .  Our analyses are shown in the attached figures. Replicate measurements on two new 
aliquots of vesicular basalt 15556 show no evidence of isotopic fractionation [cf. 73, and we take this to 
represent the true value of the sample. Anorthosite 60015 is apparently light, and this is not easy to 
understand. No obvious source of laboratory error can be discerned, but the sample has a-low K content, 
and we consider the analysis suspect until redetermined. All other rock samples (excluding lithified soil 
15505) are unfractionated relative to the terrestrial mean. No dependence of isotopic composition on 
vesicularity, or chemical properties, can be discerned. We include only pristine [8] lunar samples in our 
calculation of the mean, even though the three impact melted glassy coatings on A16 anorthosites are 
unfractionated. We have analyzed four samples previously analyzed for K isotopic composition by Garner 
et al. [9] and two soils analyzed by Church et al. [lo]. We obtain good agreement with data on rocks, 
including fractionated sample 15505, while data on soils show several permil differences, probably due to 
sample heterogeneity. In general, we confirm their findings, indicating accuracy of the previous studies. 
Our analyses allow the definition of a "bulk lunar" = + 0.2 * 0.4 %, in agreement with the data of 
[9], but do not support the findings of Hinton et al. [ l l ]  of an isotopically light Moon. Doubtlessly, the 
potassium in the feldspars analyzed by [ l  11 was derived from highly evolved KREEP melts, and if such 
melts are isotopically distinct from pristine KREEP 15386, this is a local effect with no consequences for 
lunar origin. 
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Implications for Lunar Origin: The low lunar abundances of elements more volatile than MglSi can 
be considered to be either 1) a primordial abundance acquired during condensation of the solar nebula, or 
2) a measure of the volatile loss during intense heating of protolunar matter (presumably) during lunar 
formation. In the earlier case, the depletion in volatile elements is an inherited feature, and its origin must 
be considered within the context of the formation of terrestrial planets and differentiated meteorites. 
Cameron's [12] suggestion that the volatiles are added from a few unvaporized "parhcles" mechanically 
transported to several Earth radii, is indistinguishable. In the second case, the volatile loss is from the 
protolunar disk, and takes place in a mass-dependent manner with striking isotopic effects in the affected 
elements. We find no evidence for a resolved isotopic effect in potassium at the 3 o confidence limit. Loss 
of material during peak temperatures in the disk should result in large fractionations of light vs. heavy 
species, and the most sensitive measure of this is the LilYb ratio which is similar between Earth, Moon, 
and C3 chondrites [13]. In their treatment of early disk evolution, Thompson and Stevenson [14] find 
mass loss of vapor to be negligible. As emphasized by Taylor [15], the lunar chemical data require loss of 
volatiles progressively as a function of condensation temperature, after condensation of refractory 
elements and MglFe silicates. Conceivably, in the later stages of condensation of the protolunar disk or 
after disk fragmentation into small, largely molten, moonlets (a stage in need of physical modelling), 
some loss of K and other volatile elements may take place. Our data constrain this to be in the form of 
bulk loss of (volatile-rich) gas, but this scenario does not explain the progressive depletion of the Moon. 
From this, we conclude that loss of potassium from a vaporized protolunar disk as the result of a giant 
impact is excluded, unless a mechanism of volatile loss can be found that does not induce isotopic 
fractionation. We, therefore, conclude that the volatile element abundances of the Moon were inherited 
from the impactor, and that vapor fractionation during the impact process was negligible. This 
corroborates the impact theory, which derives the bulk of lunar material from the impactor [ l ,2] .  
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