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Three authors (UK,RG,JWM) analysed 2 Apollo 14 and 41 Apollo 15 samples 
by radiochemical neutron activation analysis for Ag, Au, Bi, Br, Cd, Co, Cs, 
Ge, In, Ir, Ni, Sb, Se, Rb, Re, Te, TI, U and Zn. One of us (UBM) handpicked 
and described petrologically distinct fragments from coarse Apollo 14 and 15 
soil fractions. 

Micrometeorite component. The integrated flux at the Apollo 15 site 
resembles that of other mare sites. Mature soil (15081,36) has a meteoritic 
enrichment equivalent to ~1.7% C1 material, in agreement with that observed 
at other mare sites (Fig. 1; numbers above bars indicate the ratio of net 
abundances to indigenous correction). This is mainly due to micrometeorites 
(perhaps 1% to 1.5% C1 equivalent), but with improved C1 data there is a 
slight departure from a true C1 pattern since some volatile elements 
(shaded bars) are slightly depleted relative to siderophile elements (black 
bars). Apparently, a significant contribution from highland material, 
containing a fractionated meteoritic component, is present in most mare soil. 

The Ancient Meteoritic Component. Highland soils are dominated by an 
ancient meteoritic component dating from the intense bombardment in the first 
0.5 AE of the Moon's history. This component is characterized by a low ratio 
of volatile to siderophile elements, and frequently by an Ir/Au ratio unlike 
that seen in most meteorites. It is seen most clearly in handpicked coarse 
soil fractions and especially in breccias, where micrometeorite interference 
is minimized (Figure 2). The initial discovery in Apollo 14 samples (2) is 
confirmed by its presence in 10 more breccias and 12 more soil separates from 
Apollo 15 and 16. Noritic separates from Apollo 15 coarse'(1-2 mm) soil 
fractions (15102, 15302) closely resemble Apollo 14 norites in meteoritic 
element content. A brecciated anorthosite (15472) is enriched in siderophiles 
but is extremely low in volatiles. The presence of free metal in this anor- 
thosite may indicate contamination by relatively pure meteoritic nickel iron. 
Similar anorthositic particles (15102) which do not contain metal show no 
siderophile enrichment. 

The ancient meteorite material, which was previously found exclusively 
associated with KREEP-rich noritic material, has now been found in samples of 
low-alkali content from Apollo 15 and 16 sites. In the striking "black and 
white" rock 15455 (L.T.Silver consortium), the dark parts (15455,38 and 
15455,183) are low in alkalis, yet contain substantial amounts of the same 
meteoritic pattern seen previously in KREEP. Interestingly, the light parts 
of 15455 (15455,70A, leucogabbro; 15455,179 anorthosite) are unusually 
depleted in trace elements (>lo2 lower in siderophiles than the dark parts) 
and show no evidence of meteorLtic contamination. The Apollo 16 data given 
in our companion paper (3) indicate that the ancient component at that site 
is associated mainly with anorthositic rather than KREEP material. Ultra- 
basic green glass spheres (15426,3'5,1) which are thought to represent the 
composition of the upper lunar mantle have only a small meteoritic component 
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(Au ~0.1% Cl). This is poorly characterized, however the Ir/Au and Re/Au 
ratios differ from meteorites and are similar to the ancient component in 
15455, 14321 and other noritic samples. Presumably the green glasses were 
ejected by a major, basin-forming event; however the siderophile element 
data suggest that the green glass parent rock was very poorly mixed with the 
projectile material. 

Variation of Ir/Au in the ancient component. The ancient component is 
characterized by strong depletion of volatiles relative to siderophiles (Fig. 
2). In addition, many samples show ratios of refractory siderophiles (Ir, 
Re) to Au outside the meteorite range. Previously, on the basis of limited 
Apollo 14 data, it appeared that there were two subgroups; an LN (=light 
norite) component, characterized by a C1 normalized Ir/Au between 0.25 and 
0.5 and a DN (=dark norite) component where I~/AU > 0.5. In Figure 3 (top) 
is shown a histogram of Ir/Au of all our data for highland breccias and soil 
separates. Most fall into the LN region, where the distribution appears 
negatively skewed; a more normal distribution peaking near the C1 value is 
seen in the DN region. The hiatus between the two groups is not pronounced, 
and the LN-DN dichotomy may be an oversimplification. The LN component is 
apparent in many lunar soils, especially those from the highlands (Figure 3). 
Most have C1 normalized Ir/Au ratios lower than 1.0 which indicates the 
admixture of ancient component material with its predominantly low Ir/Au 
ratio. Even many mature mare soils appear to contain singificant amounts of 
such material, which is reflected in small depletions of volatile (particular- 
ly Ge) relative to siderophile elements. 

The ancient component is too poor in volatile relative to siderophile 
elements to resemble any known class of chondrites (*I. In order to compare 
the lunar meteoritic enrichment directly with iron meteorite groups, we have 
plotted C1-normalized Ge/Au versus Ir/Au (Figure 4). It is clear that the 
lunar points generally avoid the iron meteorite fields. Twelve samples 
apparently group about the E4 field, but E4 chondrites are too volatile-rich 
to match the ancient component. In principle, an iron meteorite with the 
composition of E4 metal appears to satisfy the chemical criteria. Since 10 
of the remaining 14 points lie outside known meteorite fields, it appears 
that the ancient component contains two (and possibly more) types of 
meteoritic material not represented in contemporary meteorite falls. 
(1) U-ENBUHL U., MORGAN J.W., GANAPATHY F.. and ANDERS E. (1973a) Geochim. 
Cosmochim. Acta, in press. 
(2) MORGAN J.W., KRAHENBUHL U., GANAPATHY R. and ANDERS E. (1972) Geochim. 
Cosmochim. Acta, Suppl 3, vol. 2, 1361-1376. 
(3) KRAHENBUHL U., GANAPATHY R., MORGAN J.W., KIMURA K. and ANDERS E. (1973b) 
In "Lunar Science IVY" Ed. J.W. Chamberlain and C. Watkins (Houston: Lunar 
Science Institute). 
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Fig l.M+re soils are richer than Fig 2. Highland soils (top) have a 
igneous rocks in "meteoritic" elements. fractionated pattern due to an 
Net meteoritic component obtained by ancient meteoritic component. This 
subtracting the contribution from rocks is seen more clear.1~ in breccias and 
(Numbers over bars are ratio of net coarse soil separates, which are 
compared to correction). Flat abundance free from micrometeorites (bottom). 
pattern indicates primitive composition. 

Comparison of Ancient Components with Iron Meteorites 
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types of ancient meteoritic material. 
The larger LN group has very low Ir/Au 
relative to C1 chondrites. (Bottom) 
Most lunar soils have Ir/Au below C1 
value, reflecting admixture of the 
ancient component with its character- 
istically low Ir/Au ratio. 

Figures courtesy of T h e  Moon.  

Fig 4. Most highland samples fall 
outside the fields of iron meteor- 
ites (dotted) or chondrites (stip- 
pled). Since lunar Ge values are 
upper limits, IIIA and IVA are 
possible matches, but require an 
unrealistically large indigenous Ge 
correction. 
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