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XPS STUDIES OF THE SURFACE CHEMISTRY OF LUNAR HIGHLANDS 
REGOLITH: R. M. Housley, Rockwell International Science Center, P. 0. Box 1085, Thousand 
Oaks, California 9 1360. 

We have published XPS surface analyses of mare regolith sample 10084 and Apenienne 
front sample 15301 [I-31 and of impact melt glasses on basalt 12054 and from coarse fines 
14161 [4]. Here we round out this initial survey of lunar regolith surface chemistry by 
presenting previously unpublished results on two highlands samples of different maturity. We 
then discuss the implications of this data set toward understanding lunar regolith processes. 
This brings some important remaining questions into focus. 

Before proceeding, however, we briefly review our analytical procedure and present some 
new data on mineral standards that justifies reasonable confidence in it. First we note that the 
exciting X-rays penetrate all minerals much more deeply than typical photoelectron mean free 
paths. Thus we can to a good approximation ignore matrix corrections. The photoelectron 
mean free paths in turn depend mainly on valence electron densities and are very similar for 
most rock forming minerals [5]. This justifies ignoring absorption corrections even for a 
powder sample of irregular grains. 

We used a synthetic glass powder of an Apollo 11 basalt composition as our primary 
standard. We performed an analysis by first ratioing peak heights between unknown and 
standard for lines of all major elements falling in the energy range 0-200 eV. We then 
normalized to loo%, obtaining oxygen by assuming all elements have their normal oxidation 
states. The use of closely spaced low binding energy lines minimized possible errors due to 
scattering of photoelectrons by the every present carbon contamination on surfaces. It does, 
however results in weak line overlaps, and limit statistical accuracy. Finally the fact that line 
shifts for the major elements, in their normal oxidation and coordination states, between 
different rock forming minerals are small compared to their widths allowed us to use peak 
heights, rather than areas in our analyses. Results on three mineral standards obtained during 
the same period of time and by the same methods as our highland samples are shown in Table 1. 
In the laboradorite analysis the NdSi ratio was constrained to the published value since Na is 
not present on our standard. The agreements are very satisfactory. 

The new data on submature 67701 and mature 65701 [6] regolith samples are shown in 
Table 2. Reduced Fe metal which could clearly be seen in the spectra has not been included in 
the calculations and could increase the reported Fe contents by about 20%. In addition to the 
data shown we determined the surface AVSi ratio in a nonmagnetic 45-75 pm fraction of 61281 
to be 0.72, whereas it was 0.88 in a finely crushed sample of this same fraction. 

Discussios. The first thing that can be noticed from the data in Table 2 and the previously 
published data on 10084 and 15301 is that the surface compositions are very different from site 
to site and are closely related to the local bulk compositions. Thus either global atmospheric 
transport does m homogenize exposed surfaces even to a depth of a few atomic layers pf most 
of the grain surfaces in fine fractions of even mature regolith were never directly exposed on the 
very lunar surface. We tend to favor the former possibility since at least most larger grains 
show other direct evidence of surface exposure. 
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Table 1. Standard Mineral Analyses (Atomic Percent) 

Forstente 13.1 
Mg2S104 (14.31 Ii8:d 1 
Fayalite Fe2Siqii4.31 13.9 1 

Laboradorite 17. 13.2 
8 .  1 I z:: 

1 Na / 0 1 Comments 

Union Carbide crystal 

Lake County, OR 
Microprobe standard 

Table 2. Highlands Regolith Surface Compositions (Atomic Percent) 

67701 17.0 11.0 2.2 2.0 6.5 61.2 Surface ( 4 0  pm grain size) 1 16.2 12.2 1 2.7 1 1.3 6.1 61.2 1 Bulk [7] 

Next we note that all regolith samples show moderate, but systematic surface enrichments 
in Si and Fe and depletions of A1 and Mg with respect to the bulk. One plausible source of Fe 
enrichment on grain surfaces is the concentration of metal balls in agglutinate surfaces, related 
to reduction occurring during the agglutinate formation. We have strongly enriched Fe in the 

65701 

surface of our synthetic glass standard by heating in hydrogen at at 6000C. It is not obvious, 
however, how agglutinate formation could lead to surface Si enrichments. 

The most obvious mechanism for Si enrichment is the deposition of micrometeorite impact 
generated Si-rich vapor. We have analyzed vapor deposited on catcher foils during electron 
beam evaporation of material from lunar rock 77135. It consists primarily of Si and Fe oxides 
as expected and hence is consistent with such a vapor deposition mechanism. 

We have however previously argued against the importance of vapor deposits [9] 
primarily on the basis of Auger analyses which showed low Fe concentrations on the surfaces of 
three large anorthite grains from 76501. It now seems like a good time to reopen this question. 
Much more definitive results could now be obtained by employing a modern high resolution 
scanning Auger microprobe on a more complete selection of sample grains. For example Si- 
rich deposits would show up more easily on metal or ilmenite grains. 
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