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Thirty-one crystalline rocks from the Apollo 15 mission were analyzed
for REE, and, in some cases, for major and other trace elements. We were
seeking genetic relationships among these rocks similar to those found for
terrestrial igneous rocks (e.g., Steens Mountain basalts, Helmke and Haskin,
[1], submarine basalts, Kay et al., [2] ). All materials analyzed have
typical depletions of Eu (except for plagioclase separated from sample
15085). The basalts do not appear to be simply related to each other by
ordinary processes of igneous fractionation.

Four samples have concentrations of trace elements that are
characteristic of KREEP. Their average trace element concentrations are
given in Table 1. The range of concentrations extends to about 20% above
and below the mean for REE (except Eu) and most of the other trace elements.
Unless otherwise specified, these four basalts are excluded from the
discussions below.

The samples of mare basalt from Apollo 15 have higher concentrations
of Fe0, Mg0, Mn, and Cr and lower concentrations of Ca0, Na,0, K20, and
rare-earth elements (REE) than samples of mare basalt from Apollos 11, 12,
and 14. The Apollo 15 mare basalts can be divided into two groups on
the basis of their normative compositions. One group is quartz normative
and has a low concentration of Fe0. The other is olivine normative and
has a high concentration of Fe0. The average major and trace element
concentrations for the two groups are given in Table 1. The overall range
in REE concentrations for all 27 basalts is just over a factor of 2. The
range for the individual groups is about the same. There is a systematic
difference in concentrations of Fe0 between the quartz normative (5912)
and olivine normative (_>22%) groups.

The trace element data allow that the samples of olivine normative
basalt could be from different portions of a single lava flow. At least
two, and possibly three, parent magmas are required to account for the
samples of the quartz normative group, on the basis of their concentration
ratios of Sm to Eu. Within each group, the compositions of the samples
appear to be related by crystallization of olivine or pyroxene.

Considering ordinary processes of igneous fractionation only, the
variation of the concentration ratio of Sm to Eu for the samples of mare
basalt can be produced only by plagioclase-liquid equilibrium. However,
the liquids that produced these basalts are not saturated with plagioclase
(Humphries et al., [3]).

Some variation of the concentration ratio of Sm to Eu may be the
result of sampling. Four of the samples were pyroxene vitrophyres in
which crystallization of plagioclase never started (Albeeet al., [4],
Wiegand, [5] ); therefore, selective sampling would be expected to have

little or no effect upon the concentration ratio of Sm to Eu in those samples.
The range of values of the concentration ratio of Sm to Eu for the samples of
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pyroxene vitrophyres is similar to that for the other samples of mare basalt.
Thus, the four vitrophyres alone require more than one parent magma. The
variation of the concentration ratio of Sm to Eu is greater than can
reasonably be expected if only olivine and pyroxene-liquid equilibria are
considered.

A mechanism that would produce variations in the concentration ratios
of Sm to Eu like those observed would be the assimilation of relatively
small amounts of a material with high concentrations of REE except for Eu
into the liquid that produced the basalts. KREEP is an example of such a
material. |In order for KREEP to be the assimilated constituent, its
relative enrichment in the light REE would have to be compensated by a
light REE depletion in the other constituents of the magma. Such a
depletion is characteristic of Apollo 11 B basalts, and would be an
expected product of melting of a mafic cumulate.

Table 1. Mean compositions of Apollo 15 crystalline rocks.

Olivine normative basalts Quartz normative basalts
sio, 4L5.8 Quartz - sio, 49.2  Quartz 2.6
A]203 8.35 Ilmenite 3.8 A]ZO3 9.62 Illmenite 2.8
TiO2 2.65 Orthoclase 0.5 TiO2 2.0 Orthoclase 0.5
MnO 0.283 Albite 2.5 MnO 0.269 Albite 3.0
Fe0 22.9 Anorthite 22.4 FeO 20.4  Anorthite 25.8
Mg0 10.3 Diopside 22.4 Mg0 8.62 Diopside 20.2
Cal 9.74 Hypersthene 38.2 Ca0 9.86 Hypersthene L44.8
Nazﬂ 0.271 Olivine 10.1 Na20 0.334 Olivine -
K20 0.049 K20 0.065
Sum 100.3 100.4
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Table 1 (Continued)

[2]

(3]

(4]

(5]

Olivine Quartz KREEP
basalts basalts basalts
L.87 6.11 81.5
13.5 16.8 198
10.4 11:6 132
3.53 L. 38.4
0.893 1.02 2.81
5.1 5.5 43.5
0.80 0.90 7.3
5.38 6.03 49.8
1.0 1.2 10.6
3.1 3.5 27
2,27 2.73 24.9
0.319 0.394 3.82
52.6 Le.7 27
45,2 43. 4 29
2.6 2.8 29
443 348 -
2190 2130 -
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