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The major-element composition of the Apollo 16 lunar highlands can larg- 
ely be interpreted as representing plagioclase cumulates plus intercumulus 
basaltic liquid from which the plagioclase had crystallized [1,2]. The compo- 
sition of this parental lunar crustal (PLC) magma, as obtained from experimen- 
tal petrology [l], has been found to be nearly identical to that of a terrest- 
rial oceanic tholeiite, except for strong depletion of Na and limited deple- 
tion of Si [l]. Moreover, the rare earth (REE) abundances of the PLC magma 
are similar to those in primitive oceanic tholeiites [1,3]. These similari- 
ties in major element and REE abundances between the most abundant class of 
terrestrial basalts and the PLC magma are believed to be of considerable gen- 
etic significance. It suggests that, with the exception of the volatile ele- 
ments, the source region of terrestrial basalts in the Earth's upper mantle 
may be similar in composition to the original composition of the moon's outer 
mantle, from which the lunar crust was derived. These similarities have prom- 
pted us to compare the abundances of siderophile elements in the PLC magma and 
terrestrial basalts. 

Calculation of the indigenous siderophile element abundances in the PLC 
magma is complicated by meteoritic contamination of highland samples. Some 
investigators have assumed without adequate justification that the overwhelm- 
ing proportion of siderophile elements occurring in the lunar highlands is of 
meteoritic origin and that the indigenous siderophile abundances are relativ- 
ely insignificant [e.g. 4,5]. This assumption has led to highly complex int- 
erpretations regarding the chemical nature of the meteoritic component that 
has contaminated the lunar highlands. In contrast, we believe that when real- 
istic allowances are made for the limited lunar sampling base and the volatil- 
ity-dominated elemental fractionations which occur when hypervelocity impacts 
occur on the moon, the existing data on the siderophile composition of the 
lunar highlands can be interpreted more plausibly on the basis of a very sim- 
ple model. According to our model, the siderophile elements in the lunar hi- 
ghlands are the sum of two components: (a) an indigenous PLC component having 
strongly fractionated siderophile abundances relative to the solar nebula; and 
(b) a contaminating "chondritic" component derived from the meteoritic projec- 
tiles. Although this latter component possesses chondritic abundances of all 
elements more refractory than Au, we are unable to specify with confidence the 
abundances of elements more volatile than Au. However, the balance of evid- 
ence suggests some depletion of the more volatile elements, perhaps similar to 
ordinary chondrites [6].  h he following discussion will be concerned with the 
indigenous abundances of the relatively refractory siderophiles (Au,P,Ni,Co 
and W) and also S and Se, whichmaybe comparatively refractory under conditi- 
ons of low hydrogen fugacity. Our companion abstract [7] will discuss the ab- 
undance~ of the volatile siderophile elements. 

We have assembled all available chemical data for lunar highland samples 
and subtracted out the meteoritic contamination which we have assumed to be 
similar to H-group chondrites. This subtraction has been performed by assum- 
ing that the indigenous PLC component contained no Ir. Thus, the Ir content 
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of a lunar sample has been taken as a direct measure of the chondritic contam- 
ination. This procedure provides a lower limit for the abundances of the in- 
digenous refractory siderophiles consistent with this simple 2-component mod- 
el. We have applied two criteria in our selection of lunar highlands samples. 
Since our aim has been to define the indigenous siderophile element content in 
the PLC magma, those samples with large degrees of meteorite contamination 
(i.e. Ir>lOppb) were omitted. Secondly, samples with A1203>30 wt.% were om- 
itted due to the large correction factor (>3x), resulting from the effect of 
siderophile dilution by plagioclase accumulation from the PLC magma. Abund- 
ances of the indigenous siderophile elements Ni,Co,Au,S and Se have been det- 
ermined by this method and are compared to the abundances in terrestrial bas- 
a l t ~  (Table 1). The abundances of W and P in the PLC magma have been derived 
through the use of the W/La and P/La ratios [8;9; see Figs.l,2 in ref-101. 
The data clearly demonstrate that W and P occurred as oxidised species in the 
lunar highlands system. The abundances of W and P (Table 1) have been calcul- 
ated using a La abundance in the PLC magma of lox to 15x chondritic, as shown 
by [1,31. 

Nickel and cobalt abundances in highland samples clearly show the effects 
of two-component mixing (Fig. 1). One component containing high Ni and a cho- 
ndritic Ni/Co ratio is the contaminating meteorite component. With decreasing 
Ni content (i.e. smaller percentages of chondritic contamination), the Ni/Co 
ratio steadily drops below the chondritic value as the indigenous component 
becomes dominant. Figures 2 and 3 show the results of subtracting the chond- 
ritic contamination. The overall similarity of the Ni/Co vs. Ni trends of the 
PLC magma and terrestrial basalts is striking. Since the terrestrial trend 
is known to be controlled by olivine fractionation, this factor is probably 
also responsible for the lunar trend. The mean Au abundances (Table 1) and 
dispersions (Fig.4) are similar in both the PLC and terrestrial magmas. This 
is particularly significant in view of the key assumption by some lunar inves- 
tigations [e.g. 4,5] that virtually all Au in highland samples is the result 
of meteoritic contamination. 

We conclude, in agreement with ~anke et al. [ll], that the lunar hiqh- 
lands possess important indigenous abundances of the siderophile elements W, 
Ni,Co,P,Au,S and Se. Moreover, their mean abundances are comparable (within 
a factor of 2) to those in primitive terrestrial basalts. Similar results 
have been reported for primitive, low-Ti mare basalts [I]. It therefore ap- 
pears that the abundances of several siderophile elements in the outer few 
hundred kilometers of the moon are similar to those in the Earth's upper man- 
tle. 

The abundances of many siderophile elements in the Earth's upper mantle 
are far higher (lox to 1000~) than would be expected for low pressure equili- 
bration between silicates and metallic iron. Moreover, many of the sidero- 
phj.le element ratios (i.e. N1/~el *l/~r, Ir/~u) in the upper mantle depart 
grossly from their primordial (chondritic) values. These relationships were 
controlled ultimately by the process of core-formaticn in the Earth, whereby 
the deviations from normal, metal-silicate equilibria were probably caused by 
the extremely high average pressures which prevailed, and by the presence of 
substantial amounts of a light element (probably oxygen) in the metal phase 
[12]. The crucial point is that the siderophile element abundances in the 
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Earth's upper mantle are uniquely terrestrial; there is no way in which they 
can be the product of cosmochemical metal-silicate fractionations in the sol- 
ar nebula prior to accretion. The similarity between lunar and terrestrial 
siderophile element abundance patterns is thus of profound genetic importance, 
clearly implying that the moon was derived from the Earth's upper mantle after 
the Earth's core had segregated. 
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TABLE 1: 

TERRESTRIAL 
MAGMA BASALTS APOLLO 14,15,17 HIGHLANDS 

W %I00 ppb 100-150 ppb 
-Ni Q200 pprn 200-250 pprn 
co 30 PPm 40 PPm 
P 280 ppm 570 ppm 
Au P P ~  'L2 P P ~  
S 700 ppm 900 ppm 
Se 180 ppb 170 ppb 0 50 100 150 200 250 

N i (pprn) PLC 
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