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Infroduction: This paper reports results in a continuing study of siderophile and volatile elements in lunar 
rocks. The study is a reexamination of previously published radiochemical neutron activation analysis data to 
reevaluate the relations among meteorite-contaminated rocks and to determine compositions of the impacting 
bodies. This paper extends the analysis of Apollo 17 melt rock compositions reported by  [ll and discusses the 
compositions of melt rocks from the Apollo 14-1 6 sites. 

Method: Compositional data are plotted as normalized abundance patterns (like those used for rare earth 
elements), and the patterns are compared; normalizing compositions used herein are average CI chondrites [21 and 
average EH chondrites 131. Most of the lunar-sample and chondritic-meteorite data used are from the laboratory 
headed by Edward Anders, so that interlaboratory bias is minimized. 

Geochemical bhavior and source of dements: In the normalized abundance patterns (figs. 1.2). the 
elements Ir-TI are arranged, from left to right, roughly in order of increasing volatility. The elements Ir-Pd are 
siderophile, but Ni can also be chalcophile and lithophile. The elements Sb-TI ("volatiles") are primarily chalcophile, 
except that Sb and particularly Ge can also be siderophile, Br is lithophile, and Zn, Cd, and TI can also be lithophile. 
The elements Rb-U are lithophile. In lunar impact melts, the siderophiles are derived mostly from meteoritic 
contaminants, Sb and Ge are derived from meteoritic and (or) lunar endogenous sources, and the other volatiles 
and the lithophiles are derived mostly from lunar endogenous sources [ I ] .  

Apollo 77 m& rocks: Most Apollo 17 impact melt rocks fall into two  groups, (1) poikilitic and (2) 
aphanitic. The poikilitic rocks are clast poor, are fairly homogeneous, and have fine- t o  medium-grained melt- 
derived groundmasses. Most of the aphanitic rocks are clast rich; are heterogeneous in texture, clast population, 
and siderophile-element ratios; and have very finegrained meltderived groundmasses. The poikilitic rocks are 
thought to  represent Serenitatis impact melt [4-61. Some authors 17-91 have proposed that the aphanitic rocks 
represent a different facies of Serenitatis melt; others 14,101 have suggested that the aphanitic rocks are melt 
formed in a different impact, a hypothesis partly based on variations in siderophile-element ratios in these samples. 

The previous study [ l l  demonstrated that the impactor which formed one type of aphanitic melt rock 
(7321 5-55 black aphanite) was an EH chondrite. This study has identified an additional 1 0  Apollo 17 melt rock 
samples that contain a clear EH chondrite component (fig. la) .  These are both aphanitic and poikilitic and are from 
all highlands stations at the site. In all these rocks, the EH-chondrite-normalized patterns of the elements Ir-Ge are 
flat; these flat patterns indicate that the rocks contain a siderophile-element component identical to  that in EH 
chondrites (and unlike that in any other meteorite group). The patterns of the volatiles Se-TI, however, are not like 
those of EH chondrites and in many samples are like those that typify lunar endogenous components (relatively 
enriched in Br, Zn, and Cd and depleted in Te and Bi 111). This observation suggests that most of the volatile- 
element contents of the melts are derived from lunar endogenous components and that the volatile elements in the 
meteoritic component were lost during melt formation and cooling. 

The previous study [I I also suggested that the variations of siderophile-element ratios among the aphanitic 
melt rocks could be attributed largely to  variations in proportions of siderophile-rich clasts (for example, granulitic 
breccias) included within the analyzed subsamples. Because the melts and clasts are compositionally varied, 
selection of end members to use for mixing calculations to test this hypothesis has proved difficult. A calculation 
presented by [ll for the most common aphanitic melt-rock composition (Group I[11) achieved a good f i t  but was 
unsatisfactory because the proportion of clasts required was far greater than that suggested by the major-element 
composition of the aphanites. Calculations of the Group I aphanite composition made in this study have achieved 
a better f i t  using more satisfactory components (fig. lb).  Only two  components have been used, melt and 
granulitic breccia, and their proportions were derived from the major-element data. The melt component is 
assumed to  have the minimum contents of the elements Ir-Cd observed in the 15 EH-contaminated melt rocks (see 
fig. la).  Calculations using a melt having low lithophiles did not yield a good fit, however. This poor f i t  indicates 
that either the melt was richer in lithophiles or the bulk samples contained a few percent granitic clasts. Either of 
these alternatives is consistent with sample petrology, and so, in the interest of simplicity, the melt is assumed 
to be relatively lithophile rich (fig. la).  The granulitic breccia composition osed is a slightly siderophiledepleted 
version of a Type A [I] granulitic breccia clast (72235,371 extracted from a Group I aphanite. This composition 
is within the range shown by Type A granulitic breccias [I]. 

Mett rocks from the Apollo 14, 15, and 16 sites: Many impact melt rocks from the Apollo 14, 15, and 
16 sites have similar siderophile-element patterns, patterns that are very much like those of some type IAB iron 
meteorites (figs. 2a.b). (The iron meteorite data are, unfortunately, not from the Anders laboratory, and single 
subsamples were generally analyzed for only a few of the elements of interest. Thus, interlaboratory bias and 
sample heterogeneity are potential problems in comparisons with these samples.) The Apollo 1 4  and 1 5  melt rocks 
are most like a group of IB irons (fig. 2a), and the Apollo 16 melt rocks are most like a group of IA irons (fig. 2b). 
but the lunar-rock patterns do not match the meteorite patterns exactly. Average compositions have been 
calculated for each of these two  groups of irons, and the averages have been combined in the proportions 
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necessary to match the lunar melt-rock compositions. The Apollo 1 4  and 15  compositions are matched by a 
meteorite composition at the high-Ge end of the range of the IB irons, and the Apollo 16  compositions are matched 
by a meteorite composition intermediate between the IA and IB irons (fig. 2c). Although these compositions are 
not identical to those of any analyzed irons, they are plausible meteorite compositions. 

Conclusions: The results of this work reinforce the conclusions presented previously concerning the 
Apollo 17 melt rocks: (1) both aphanitic and poikilitic melt rocks contain a similar, EH-chondrite, meteoritic 
contaminant, and (2) the variations in the siderophile-element patterns of the aphanitic melt rocks can be explained 
by mixing of siderophile-element-rich clasts with the same EH-chondrite-contaminated melt as in the other melt 
rocks. Thus, both the poikilitic and aphanitic melt rocks could be products of the same impact. The impacting 
body was an EH chondrite, and its volatiles appear to  have been largely lost. Many melt rocks from the Apollo 14, 
15, and 16 sites show siderophile-element patterns indicating that the bodies whose impacts formed these melts 
were probably type IAB irons. 
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Figure 1. Compositions of Apollo 17  melt rocks, 
normalized to EH chondrites. a) Range and average 
of compositions of EH-chondrite-contaminated melt 
r o c k s  ( 7 3 2 1  5 , 3 8 , 5 7 & 4 6 , 1 0 & 4 6 , 1 9 ;  
73255,255&124&27,46; 73235; 73275; 7601 5; 
7631 5,74; 77075; 723 15; 72395; 77  1 15,38&74) 
and composition of melt component in mixing 
calculation (b). b) Calculated and actual composition 
of Group I aphanite 72235.48. The granulitic breccia 
component has 70% of the elements Ir-Ge and 
100% of the elements Se-U in 72235.37. 
Figure 2. Apollo 14-1 6 melt rocks compared to  IAB 
iron meteorites. a) Apollo 1 4  and 15  melt rocks and 
selected IB irons normalized to CI chondrites. b) 
Apollo 16 melt rocks and selected IA irons 
normalized to  CI chondrites. c) Log Ge vs. Ni in: IAB 
irons; averages of selected groups of irons; and 
meteoritic contaminants in the melt rocks. 
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