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The highly siderophilic elements provide excellent indica-
tors of the presence of extralunar components in lunar samples.
Ve determined four siderophile (Ni, Ge, lr, Au), three volatile
(Zn, Cd, In) and one partially siderophile and volatile element
(Ga) in samples collected at Apollo landing sites. In Table 1
are listed mean concentration data for soils from the Apollo-17
site, and in Table 2 data for rocks from the Apollo-16 site. Ad-
ditional data are listed in a companion abstract (1).

Mean concentrations of Ni, Ge, Ir and Au in mature Apollo 17
soils are 266 pg/g, 462 ng/g, 9.6 ng/g and 3.7 ng/g. The contri-
bution ot lunar components to these concentrations are estimated
to be 40 wg/g, 10 ng/g, 0.1 ng/g and 0.2 ng/g. After correcting
for lunar contributions we obtained the extralunar component (EL()
in the soil by dividing by the composition of the ELC at mare
landing sites of 13500 wg/g Ni, 28300 ng/g Ge, 634 ng/g Ir and
184 ng?g Au, the estimation of which we discussed earlier (2).
(This composition is very similar to that of anhydrous Cl chon-
drites, the chief difterence being that Ni concentration is about
11% higher and Ge concentration about 33% lower.) This procedure
yields ELC estimates in Apollo 17 soils of 1.67, 1.0, 1.51 and
1.90%, respectively, and a mean concentration of 1.67%. As sum-
marized in Table 3, this value is about 20 - 25% higher than that
observed at the Apollo 15 and Apollo 11 sites, consistent with
the relative ages of the regoliths at three sites and the 'con-
tamination'" of the Apollo 15 and 17 regoliths by old regolith ma-
terials from the adjacent highlands.

Relative to mare soils higher concentrations of siderophiles
are observed in highlands soils (3), and the composition of the
ELC changes as well (4). |In Table 3 are listed the variations in
Ni/lr, Ge/lr and Au/lr of the ELC observed in our data for mature
soils (our Apollo-16 soil data are listed elsewhere in this vol-
ume (1)). With minor exceptions, each ot these ratios shows a
progressive increase with increasing ELC concentration. Based on
these ratios the soils from the six Apollo landing sites tall in-
to 3 well detined groups: the younger mare-type soils at Apollo
11 and 12, the older, highlands-type soils at Apollo 14 and 16,
and the mare-type soils with highlands contamination at Apollo
15 and 17. The Au/lr ratio undergoes the largest variation, in-
creasing by about a factor of 2 between the mare-type locations
and the Apollo-lb site. The variations in ELC composition can be
understood in terms of two major populations of extralunar mate-
rials: a population with relatively constant flux which domi-
nates during the most recent 3.7 Gyr of lunar history, and a pop-
ulation with @ rapidly decreasing flux which dominated during
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Mean trace- element concentrations in Apollo 17 soils.

Ni In Ge Cd In Ir Au
(ug/g)(ug/g)(uglg)(ng/g)(ngfg)(ng/gxng/gxng/g)
286 53.0 6.47 Lu46 58+ 4,6 10.7 u.hb
283 19.0 L4.72 493 37.6 3.6 7.8 3.8
302 20.2 4,70 431 L1,5 2,9 9.6t 3.8
317 18.4 4 45 514t 36.3 1.4 10.6 4.0
---125--.39;9,,5:91-_392---§!=§--2:9---§=9--1=5
215 24,7 5,37 L65 72.6 2.5 + 3.2
_.. 19k 23,5 5.21 LOBt _36.8__3.94 ____ $.3.6
254 29,2 4,95 L4442 L5, 5 2.8 9.7 3.4
290 28,8 5.10 k467 38.2 2,5 9,9 3.5
256 28.0 4,96 Lk46 ko,2 2.8 9.0 o3
2625 28.8 5.19 509% 39.2 4.5 10.4§ 3.6%

. 5 cm) 481 (0-1 cm). +tBased on one datum only.
not completed §0ne value only for Ni, Ge,
sample contained about 1.5-2.0 times greater amounts

of these elements.

*portion
spherule

Table 3.

and ratios of Ni, Ge and Au to Ir, normalized by dividing ratios

Table 2, Mean trace-element concentrations in Apollo 16 rocks.
Ni in Ga Ge Cd In Ir Au
| (ug/g)(ug/gXug/gXng/g)(ng/g) (ng/g) (ng/g) (ng/g)
60255,38 391 21,0 5.23 912 60.8 15 12.2 5.6
61016-1ight* 3.4 1.8 3, h6 23 180 256 0.25 0.94
61016-darkt 569 0.52 3.6 641 7.8 4,0 15.0 9.7
ETER LR R
»83-spht .2 7800 <94 — - 90 _ 1070
36075.32 1%.2 ~4.43 <1650 97 % 28_ 3 6.0 zu
68L415,68 IkO 1.47 2. 99 98 <1.1 12 5.6 2.8

161 + portion 183,

$wr = whole rock; sph = metallic
(one determination,

all elements). g§+factor of 3.

Concentration of extralunar component in lunar soils

in Cl carbonaceous chondrites (1).
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ELC (%) Ni/lr Ge/Ir Au/lr

12070 1.18 0.76 0.61 0.84
10084 1.32 0.80 0.60 0.88
15 soils 1.37 0.95 0,71 1,20
17 soils 1.67 1.05 0,68 1,19
14 soils 2,44 0,99 0,77 1.35
16 soils 3.69 1.24 0,98 1.72

78421 (15-25 cm); 78441 (ca. 10 cm);

Ir and Au;
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the earlier period ot lunar history. The composition of the lat-
ter is poorly defined for several reasons. Even in a regolith as
old as that at the Apollo 16 site an appreciable portion of the
ELC results from the recent long-lived population. We can at-
tempt to correct for this by substracting siderophile concentra-
tions observed at Apollo 11 from those in mature soils at Apollo
16 (the 10% younger age at the Apollo-1l site is more-cr-less
compensated by the greater mixing depth in the unconsol idated
curficial materials at the Apollo-1b site). This exercise yields
net concentrations of the short-lived extralunar materials at
Apollo 16 of 312 pg/g Ni, 726 ng/g Ge, 7.18 ng/g Ir and 6.57 ng/g
Au, and Cl-normalized Ni/lr, Ge/lr and Au/lr ratios of 1.78, 1.45
and 2.97, respectively. The simplest interpretation appears to
be that the short-1lived population was depleted in |Ir; primordial
meteorite groups with similar ratios include the E4 (enstatite)
chondrites (5) and the group IA irons (6). The Au/Ni ratios are
slightly higher than observed in these groups, which lends sup-
port to the idea that a portion of the Au in highlands soil sam-
ples is of lunar origin.

Each of our Apollo 16 rocks (with the exception of the anor-
thositic portion of 61016), has a high ELC concentration, indi-
cating that they include large amounts of regolith materials.

The rocks are marked by large variations in siderophile ratios,
though the range is not appreciably greater than observed in
known groups of primordial meteorites. Rock 66075 has a Cl nor-
malized Ge/Ni ratio of 2.3, higher than those in primordial me-
teorites with the exception of the low=Ni portion of the |A-irons
(6) . Rock 68415 has siderophile ratios roughly comparable to
those in ordinary chondrites. We isolated an 8-mg metal spherule
from our sample ot the metal=-rich breccia 65015 (7) which had si-
derophile ratios similar to those observed in the high-Ni portion
ot iron-meteorite group |IIA; the absolute concentrations suggest
a dilution of about 20% relative to such irons. |In addition to
the remarkably low siderophilic content of the light portion of
61016, it has incongruously high enrichments of Cd and In whereas
the content of a third volatile, Zn, is quite low.
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