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The fine fraction (< 74p) of a Luna-16 soil sample was examined by x-ray photo-electron spectroscopy 
( d s )  in connection with Ar-etclung. We found that the surface layers show three chemically dstinct zones. 
The middle zone, about 2500 - 3000 A below the surface, is the most interesting. It contains up to 60 at% 
carbon, and in addtion noticeable amounts of Zn (up to 4 at%). The remaining elements of this zone show a 
silicate composition. It is probable that this chemical zoning in the fine regolith particles is connected with a 
condensation process, and that the impact of a carbon-rich projectile was responsible for the carbon-enriched 
layer. The projectile could be a carbonaceous chondrite or, more likely, a comet. 

Among the lunar samples wluch we investigated at Merent  times, Luna-16 sample 1635 attracted our 
attention as a most interesting object for a detailed reconstruction of the surface of its particles [1, 21. We 
selected 40 mg of the fine fraction (<74 pm) of this sample and examined it by x-ray photoelectron spectros- 
COPY (XPS). 

An ES2401 spectrometer was used with Mg Kcc radiation for exitation, the accuracy of electron bond 
energy determination was h0.1 eV. We prepared the sample as a thin coating on an indlum-plate, wluch was 
completely covered by the sample. The sample was etched after the first analysis, in order to uncover the 
internal structure layer by layer. Tlus etclung was done by Ar ions of 0.7 eV with a current of 6 pA. The 
etching step was about 200 A. After each step a complete analysis was carried out for all elements > 0.1 to 0.5 
atom%. The results are presented in Fig. 1. 

One can see that the surface of particles in the fine fraction of sample 1635 are chemically zoned, three 
Merent zones can be distinguished: 

1. The drect surface zone (about 1000 A) is high in Si, relatively high in Fe (Fe/Mg > I), with clear 
indcation of reduction: siO and F ~ O  are present. 

2. The middle zone, about 2500 - 3000 & has an usually lugh concentration of carbon (up to 60 at% 
maximum). The outer part of tlus middle zone shows in addition noticeable amounts of Zn (up to 4 at%). The 
remaining elements of tlus zone have a silicate composition. The upper part, before the carbon maximum, is 
characterized by relatively high silica (Si/AI > 3 to 4) and high iron (Fe/Mg > I), whereas the lower part has 
low silica (Si/AI < 2 to 3) and low iron (Fe/Mg <I), similar to high-alumina lunar basalts. 

3. The inner zone represents the silicate core of the soil particles and the composition is close to the 
silicate portion of the lower middle zone (without C and Zn). 

Zone 1 and 2 have a sharp boundary, marked by the appearance of C and Zn. The boundary between zone 2 
and 3 is more m s e ,  as C and Zn fall off more slowly (Fig. 1). But this boundary can be defined more sharply 
by the appearance of lines in the C 1s spectrum which show the presence of C=O and C - 0  bonds, in a&tion 
to the C=C and C-C bonds wluch dominated in zone 2. This is evidence of a hot contact between the silicate 
substrate and the hlgh-carbon material, wluch led to chemical reactions between them. 

Such a heterogenous structure of the surface layers of fine regolith particles is undoubtedly connected with 
a condensation process. The main question is the origin and nature of the carbon and zinc condensate and the 
outer film of high silica and high iron. Several alternative possibilities exist: 1) both layers originated from the 
same impact event, carbon stemming from the impactor, the silicate layer from evaporated target rocks or from 
a fumarolic activity triggered by the impact. 2) The condensate films are the result of differentiation inside an 
impact cloud, which was formed at some distance and after some time of movement deposited these layers one 
after the other on the regolith particles. However, the evidence for hot contact of the silicate particles with the 
carbon-rich condensate contradcts a prolonged lustory of the impact cloud. 3) Each layer had its own history, 
they formed from different impacts at different times. In any case, it seems clear that a carbon-rich projectile 
was responsible for the carbon-enriched layer. Tlus could be a carbonaceous chondrite or a comet. We think a 
comet to be more likely, because the silicate compositon of the C-enriched zone does not change much com- 
pared to the substrate. An impact of a carbonaceous chondrite or similar material should also deposit Si, Mg, 
and Fe, whlch are the most abundant elements in this material. These questions remain to be studied in more 
detail in our feture work. 
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Fig. 1.  Composition of surface layers of LUNA-16 soil sample 1635. 
The chemical proi3e was measured after stepwise etching of the fine fraction; 
one step is about 200 A 
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