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SIDEROPHILE EL E M E N T  CONCENTRATIONS IN  TWO METAL FRAGMENTS FROM THE APOLLO 16
REGOLITH .   Randy L. Korotev and Bradley L. Jolliff, Department of Earth and Planetary Sciences, Campus Box
1169, Washington University, Saint Louis, MO  63130  (rlk@levee.wustl.edu)

Among ~500 particles from the 2–4 mm grain-size
fraction of the Apollo 16 regolith we have studied
[1,2] are two fragments consisting entirely of FeNi
metal.  Although such metal is common in Apollo 16
regolith and impact-melt breccias [3–10], there are
only two measurements of which we are aware of con-
centrations of trace siderophile elements made directly
on the metal [6,7].  Thus, we have analyzed our two
metal fragments by INAA (instrumental neutron acti-
vation analysis) and report the results here.

Samples and Analysis:  The two fragments are
from regolith samples 61503 and 66083.  Neither frag-
ment has the strikingly globular morphology of some
other large metal fragments that have been found in
the Apollo 16 regolith [8–10]. Both grains have small
facets on their surfaces and have at least some small
regions of globular texture. Grain 61503,36-04 has a
mm-size, hollow domical construct in one area. These
textures indicate shaping in a molten or malleable
state by impinging silicate crystal faces (faceting) and
elsewhere by melt or trapped vapor (domical to glob-
ular textures). The overall morphology of 61503,36-04
in particular appears to be that of an interstitial mass
shaped within a partially crystalline melt.

We sawed 61503,36-18 into 3 pieces and 66083,8-
02 into 2, yielding 5 subsamples weighing 6–17 mg
each.  We also cut 10 cubes (also 6–17 mg) from a slab
of the IIAB hexahedrite North Chile, which has been
shown to be reasonably homogeneous [11].  All metal
samples were cleaned with 0.1 N HNO3.  

We did three kinds of INAA.  First, nine of the
North Chile subsamples were analyzed against the
tenth, which was designated NC-C.  Second, NC-C
and the five lunar subsamples were analyzed against
the set of standards, mainly synthetic silicate-glass
chips, that we have routinely use for fragmental lunar

material [e.g., 4,12,13].  Results of this analysis are
presented in Table 1 (column 3) and Table 2.  Third,
because our usual standards have low and unknown
concentrations of most siderophile elements, we ana-
lyzed the lunar metal against NC-C for Ga, Re, and Pt
based on the average concentrations of these elements
in North Chile obtained by [11] (Table 2).  We ob-
tained a weak signal for 191Os (129.4 keV), but had no
Os standard, thus we can only provide ratios to NC-C.

Results:  For most elements, precision for the 10
subsamples of North Chile is high, <3% relative stan-
dard deviation (Table 1; column 5).  For the elements
analyzed in common, our results for North Chile sub-
sample NC-C are within 5% of those Wasson et al.

[11], except that our Ir value is 12% greater
(columns 1 and 3).  The disagreement for Ir is
probably the result of a standardization error.

We consistently obtain sums of concentra-
tions (Fe+Ni+Co) that are <100%: 98% for
North Chile and 61503 and 94% for 66083.  The
cause may be phosphide [8] or sulfide phases in
the metal samples, but we cannot eliminate the
possibility of some unknown systematic error as-
sociated with using silicate standards.  We obser-
ved no signals for those lithophile elements that
are highly sensitive by INAA (e.g., Sc, La) in the
lunar metal samples, so the low sums are not due
to silicate contamination.

Table 1.  Comparison of analytical results for a single sample of
North Chile (NC-C, column 3; mass: 17 mg) with mean results of
Wasson et al. [11] (column 1) and relative sample standard deviation
obtained for 10 samples of North Chile (column 5; mean mass: 12
mg).

Wasson et al. this work
mean % s NC-C ± % s

1 2 3 4 5
N 26 1 10
Fe, % n.a. 91.9 0.9 0.9
Co, % 0.454 1. 0.437 0.004 1.0
Ni, % 5.65 1. 5.68 0.08 1.3
  Σ, % 98.0
Cr, µg/g 68 13. 74 2 4.8
Ga, µg/g 58.8 1.9 n.a. 1.3
As, µg/g 4.73 2. 4.8 0.16 3.7
Sb, µg/g <~2 n.a. 13.
W, µg/g 2.562 0.5 2.51 0.15 2.3
Re, µg/g 0.234 6. n.a. 9.
Os n.a. n.a. 12.
Ir, µg/g 3.37 1.5 3.76 0.04 1.0
Pt, µg/g 20.7 3. n.a. 2.0
Au, µg/g 0.612 1.3 0.634 0.019 1.5

% s = relative sample standard deviation, in percent. ± = estimated
analytical uncertainty (1s) for data of column 3.  n.a. = not analyzed.
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Table 2.  INAA results for two large metal fragments from
the Apollo 16 regolith and comparison to a metal sphere
from Apollo 16 melt breccia 65015 and a composite of
many small metal grains from soil 60601.

this work [6] [7]
61503,
36-04

66083,
18-02

± 65015 60601

Fe, % 92.4 87.6 0.9 93.5
Co, % 0.336 0.382 0.004 0.37
Ni, % 5.29 6.47 0.09 5.67 6.1
  Σ, % 98.1 94.4 99.9
Cr, µg/g 6 11 2
Ga*, µg/g 1.4 40.5 0.7 1.15
As, µg/g 16.1 17.6 0.3 18
Sb, µg/g 0.59 0.37 0.06
W, µg/g 29.7 26.8 0.5 48
Re*, µg/g 0.18 0.25 0.05
Os** (rel.) 1.2 1.7 20%
Ir, µg/g 1.68 2.22 0.02 0.99 1.58
Pt*, µg/g 7.7 8.4 0.6
Au, µg/g 1.27 1.45 0.04 1.07 1.27
Ir/Au (CI) 0.38 0.45 0.01 0.27 0.36
Au/Ni (CI) 1.88 1.77 0.07 1.48 1.64
Ir/Ni (CI) 0.71 0.79 0.02 0.40 0.59
mass, mg 36.3 21.7 8 0.3

* For these elements, North Chile was the analytical stan-
dard using the values from column 1 of Table 2.  ** There
was no analytical standard for Os; the values listed are the
ratios to the concentration in North Chile.  For the other
elements, our usual standards were used.  ± = estimated
analytical uncertainty (1s) for a single measurement.

Discussion:  The two Apollo 16 metal fragments
are similar in bulk composition to metal typically ob-
served in polymict samples from Apollo 16, that is,
~6% Ni and Ni/Co ≈ 16 [3–7, 8–10; Table 2].  Sidero-
phile-element concentrations are consistent with the
metal being ultimately of meteoritic origin.  However,
as has been shown for FeNi metal from several Apollo
sites [7,14], both grains are strongly enriched in W (30
and 27 µg/g) compared to metal in meteorites (e.g.,
North Chile at 2.5 µg/g; Table 1), which strongly sug-
gests that both grains crystallized from a melt of
KREEP composition [7,14], probably a melt formed by
impact of an iron meteorite [4].  The high W concen-
trations, as well as their morphologies, argue that
these particles are not molten metal droplets formed
upon impact of an iron meteorite or by condensation of
Fe vapor following an impact, as suggested by Gold-
stein et al. [8] for the Apollo 16 “grape cluster parti-
cle” they studied (for which, unfortunately, there is no
W data).

The 61503 metal fragment is the first demonstrated
sample of the carrier of the signature of “ancient me-
teorite group” 1H of Hertogen et al. [15] in Apollo 16

breccias (Fig. 1).  Unexpectedly, however, the 66083
metal fragment has a considerably greater CI-normal-
ized Ir/Au ratio, 0.45 (both subsamples), than the ratio
of ~one-third typically observed in Apollo 16 polymict
samples assigned to ancient meteorite group 1H (Fig.
1).  For two reasons, the relatively high Ir/Au ratio of
66083 is not likely to be the result of loss of Au
through volatilization [e.g., 16].  First, the Au/Ni ra-
tios of the two samples are relatively more similar to
each other than are the Ir/Ni ratios (Table 2); that is,
the Ir/Au ratio of 66083,18-02 is high because Ir is
high, not because Au is low. Second, the 66083 metal
is significantly enriched in Ga, which is more volatile
than Au, compared to the 61503 metal or the metal
sphere from group-1H melt breccia 65015 [11] (Table
2).  Considering that we only analyzed two metal sam-
ples, it is curious that one is as compositionally differ-
ent as it is from the metal composition inferred from
bulk analysis of breccias to be typical of Apollo 16
polymict samples.
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Figure 2. Comparison of the composition (Ir, Au, and Re) of the two
metal fragments studied in this work (filled squares) to the field for
Apollo 16 breccias with the signature of ancient meteorite group 1H
(filled circles) of Hertogen et al. [15]. The values along the bottom axis
calibrate the dashed lines, which indicate the CI-normalized Ir/Au
ratios. The unfilled points represent samples classified by [15] as “hy-
brids,” that is, “samples displaced from their original group [1H] by
slight contamination with material of a different Ir/Au ratio.” Clearly,
this is not the case for the 66083 metal fragment, however. (Compare
with Fig. 2 of [15]. The absolute position of points of [15] differs
slightly between the two plots because the CI values of [17] were used
here for normalization.)
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