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Apollo 16 soils 63500,ll and 61220,28 were separated into 
size fractions and analyzed for major, minor and trace elements 
via instrumental and radiochemical activation analysis. In or- 
der to avoid problems of contamination, the soils were sieved in 
acetone after neutron irradiation. A sample of bulk soil (<500 
pm) was also analyzed and compared with a mass weighted average 
of the size fractions. 

The data for 63500 are plotted in Fig. 1. Concentrations 
of Zn, Cd, and In are much higher in the finer size fractions. 
Data on Fe, Ni, Ca, and the rare earths indicate no appreciable 
changes in the abundances of the main soil components in the 
finer fractions, and we conclude that the volatiles are surface 
correlated. 

The fraction of Cd on grain surfaces is particularly note- 
worthy. If the surface residence time is independent of parti- 
cle size, one would expect an increase of a factor of 10 in abun- 
dance with each factor of 10 decrease in size; the finer frac- 
tions show such a dependence (Fig. 1). Concentrations in the 
coarser fractions (to 500 um) also show the same size dependence 
if corrected for a volume-correlated Cd concentration of 30 ng/g. 
Since the bulk soil contains 92 ng/g, over two-thirds of the Cd 
is surface correlated. These data confirm the Cd enrichments 
seen in the finer fractions of soil 65500,4 by Chou et al. (1974) 
Preliminary data on 61220 shows an enrichment of Cd a n d n  of 
over a factor of 10 in the finer fractions. 

The surface correlation of Zn, Cd and In, elements which 
were volatile in the solar nebula and are depleted in ordinary 
chondrites, may indicate an atmophile nature of these elements 
in the lunar environment as suggested by Chou et al. (1973). 
The amount of surface correlated Cd is over five ti-mes that 
expected from the extralunar component of the soil if the extra- 
lunar Cd/Ni ratio is the same as that in CI chondrites; we con- 
clude that most is of lunar origin. The original source of this 
excess Cd may be early volcanic exhalations. The vesicular na- 
ture of mare basalts and the high surface concentrations of Zn, 
Cd, In and Pb on the orange and green glass spherules (Ganapathy 
et al., 1973; Tatsumoto et al., 1973; Silver, 1974; Chou et al., 

suggests the presence of volatiles in lunar magmas. 
The formation of the maria probably released large amounts 

of volatile elements into the early lunar atmosphere. Although 
some of these early volatiles may have been removed by the solar 
wind, the bulk of Zn, Cd and In probably recondensed and entered 
the regolith. Younger lava flows buried some of the material 
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which fell out in the mare basins. As the regoliths evolved, the 
volatile metals were vaporized by local heating events and recon- 
densed on the regolith maintaining the surface correlation. 

It is not absolutely necessary that these elements be pre- 
sently volatile on the moon. All elements on the surface of 
grains can be sputtered off by solar wind protons. Even if the 
probability of removing Cd is no greater than removing other ele- 
ments, e.g. Ti, and the probability of sticking to a new surface 
is the same for Cd and Ti, the original surface correlation would 
still be preserved if there were no mechanism for removing sur- 
face Cd into grain interiors and if the amount of interior mate- 
rial removed from soil grains were negligible. In a strict sense 
both processes are occurring since agglutinate formation must be 
removing some Cd from surfaces and occasionally fresh fractured 
rock surfaces must be exposed and eroded. If these processes 
are not contributing to a significant extent or if Cd has only a 
slightly higher probability of being removed from the surface or 
slightly lower probability of being captured, then the surface 
correlation could be a relict of the initial surface deposition 
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Fig. 1. Elemental concentrations in size fractions of soil 
63500 compared with bulk ( ~ 5 0 0  um) and mass weighted averages. 
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Table 1. Mean trace element concentrations in Apollo-14 
breccias, Apollo-16 soils, and Apollo-17 rocks. 

Sample Ni Zn Ga Ge Cd In Ir Au 
(ug/g) (ug/g) (ug/g) (ng/g) (ng/g) (ng/g) (ng/g) Cng/g) 

14047,19 351 25.0 6.26" 656" 90 52.9" 11.7" 4.3 
14313,16 338 35.1 7. 55" 7OOA 283 108" 10.7" 5.1 
14321,49 314 3.8 5.37" 428" 66+ 7.03" 5.75" 5.9 
63501,ll 245 17.4 5.40" 583" 90 8.73"' 5.28" 5.0 
67941,12 271 11.6 5.08" 572" 7 5 5.37" 6.15" 7.4 
71055,31 3.4 2.2 4.22 5.7 (2 4.2 0.14 0.21 
72155,31 1.5 ' 2.2 5.08 ~ 1 4 . 3  1.8 0.79 <0.2 0.039 
75055,37 1.5 1.7 4.58" 3.5? 1.9 0.55" 0.018" 0.029 
79155,34 3.6 2.4 4.22 2.0 <7.3 0.43 0.069 0.26 
77035,84 307 2.3 5.08 439 2.7 0.15 5.95 4.8 
* Duplicate analysis in progress. + Geometric mean. 

~ 3 . 3 - 4 . 0  Gyr ago. 
If, on the other hand, these elements are currently labile 

on the moon, shadowed soils should have significantly higher con- 
centrations than exposed soils. Chou et al. (1973) found such an 
enrichment only for Cd, not for Zn and In. Thus neither mecha- 
nism is without problems in explaining the surface correlation of 
these elements; it seems likely that both are involved. 

The siderophile elements Au, Ge and Ni show no strong ten- 
dency to be associated with any particular size fraction with the 
exception of a curious enrichment of Au in the finest fraction. 
The siderophile elements are intercorrelated only in the coarser 
fractions. The absence of surface correlations among the extra- 
lunar siderophiles may reflect their extraction into metallic 
grains during the continuing evolution of the regolith. Diffu- 
sion of siderophiles into metal should be considerably more rapid 
than diffusion of cations into silicate minerals. 

In Table 1 we report recent data on a number Apollo 14, 16 
and 17 samples. 
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