
Abstract: 31st Lunar and Planetary Science Conference, March 2000, Houston, Texas.
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Figure 1.   Sc vs. Sm plot showing the study subset superimposed on
the entire sample set. Also shown are the fields of major lithologies at
the Apollo 16 site. MB = mare basalt, GN = gabbronorite, IMB =
impact melt breccia (Gr 1 = group 1 and Gr 2 = group 2 [7]), AN =
anorthosite.

Figure 2.  REE patterns of selected samples from this study. Those
samples not listed are gabbronorites and mare basalts with similar
patterns to those shown here. SFG=sodic ferrogabbro, VG=volcanic
glass, AT=anorthositic troctolite, NO=norite.
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Introduction:  The Apollo 16 mission landed at
the contact between two morphologic units, the Cayley
Plains and the Descartes Mountains. While it is gener-
ally believed that the Descartes Mountains are primar-
ily Nectaris ejecta modified by secondary Imbrium
impacts [1], the origin of the material in the Cayley
Plains is less certain. It has been suggested that they
are Nectaris ejecta [1], Imbrium ejecta [2], a mix of
Nectaris and Imbrium ejecta [3,4], or primarily of lo-
cal origin [4,5].

The purpose of this project is to better understand
the mafic components of the Cayley Plains and to
compare them with mafic lithologies found elsewhere,
such as in the ejecta from North Ray Crater, which
may represent the Descartes Formation [1,6]. Except
for impact-melt breccias, few mafic samples occur
among the rocks collected on the Cayley Plains (sta-
tions other than 11 and 13). In this work we report on
a subset of mafic samples we have identified among a
suite of 506 fragments from the 2–4 mm grain-size
fraction of several regolith samples from the Cayley
Plains for which we have INAA data [7].

Samples and Methods:  The 10 samples described
here were selected largely because they are mafic (i.e.,
high Fe, Sc, Cr; Table 1) and have lower concentra-
tions of incompatible elements (e.g., Sm; Fig. 1) than
is typical of KREEP-bearing impact-melt breccias,
which are abundant at the site. For all of the samples,
half of the irradiated particle was made into a polished
thin section. We obtained the modal mineralogy and
mineral compositions by optical microscopy and elec-
tron microprobe analysis (EMPA). Major element
compositions were obtained for three of the particles
by EMPA of fused beads.

Petrography:  The mafic particles include plutonic
and volcanic varieties. Although most show varying

degrees of impact modification, mainly brecciation, we
consider all of these samples to be monomict based on
mineral assemblages, mineral compositions, and low
siderophile-element concentrations (Ir and Ni). Aver-
age mineral compositions are listed in Table 1.

Because the rock fragments are small and the grain
size of several of them is large relative to size of the
fragment, the modal mineralogy of a fragment may not
represent the rock or formation from which the frag-
ment came. In all cases, however, trace elements (e.g.,
rare earth elements; Fig. 2) support our classifications
in that concentrations are typical of the lithologies
indicated by the modal mineralogy.

On the basis of mineral modes and bulk composi-
tion, the plutonic rocks include norite, gabbronorite,
anorthositic troctolite, and sodic ferrogabbro (SFG).
Gabbronorites 61243,17-13 and 69663,48-20 and nor-
ite 64803,34-20 are highly brecciated, with well equil-
ibrated pyroxenes and constant plagioclase composi-
tions. Sample 62283,7-15 (SFG) has an evolved min-
eralogy (e.g., K-feldspar, An66 plagioclase). Sample
60053,2-12, a ferroan anorthositic troctolite, contains
olivine grains that were altered to form an assemblage
of olivine, orthopyroxene, Fe-metal, and troilite. This
sample is discussed in more detail in another abstract
[8].

Four of the ten rock particles described here are
volcanic, with mare-basalt-like composition and a
range of textures and crystallinity. For example,
60503,22-7 has olivine grains of compositions Fo74

and Fo63, both rimmed by more magnesian olivine
(Fo78) in a matrix of glass and ilmenite laths. Sample
67503,9-13 is more ferroan, with a range of olivine
(Fo62-38) and pyroxene compositions (Wo22-33En1-38).
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Sample 60503,2-9 contains relatively coarse pyroxene,
plagioclase, and ilmenite (one grain), plus a silica-
fayalite-hedenbergite assemblage. Sample 62243,10-
22 is mostly glassy and one area displays a graphic
texture of rapidly crystallized high alumina (6–7 wt
%) pyroxene. The volcanic glass sample 60603,10-16
contains feathery ilmenite laths and small olivine
grains (Fo79) in orange glass.

Comparison:  The plutonic mafic particles have
diverse compositions. Norite sample 64803, 34-20 is
the only Mg-suite particle (An86, Mg´ 67.4). It is
similar to Apollo 17 norites, although it has slightly
higher FeO and TiO2 concentrations. Samples 61243,
17-13 and 69963,48-20 are gabbronorites with affinity
to the ferroan-anorthositic suite (An96.5, pyroxene Mg´
~60). These particles are geochemically very similar
(e.g., FeO, CaO, REE, Sc) to several “ferroan mafic-
rich anorthosite clasts” in sample 67016 [9]. Sample
62283, 7-15 is a SFG petrographically, and is compo-
sitionally similar to the SFG clasts found in sample
67915 and 67016 [10,11]. Finally, sample 60503,2-12,
a ferroan, olivine-rich assemblage altered by sulfide
replacement and Fe reduction, is unusual, with the
closest analog being a clast in North Ray Crater brec-
cia 67016 [12].

The volcanic fragments also show a range of com-
positions. Samples 62243,10-22 and 65703,9-13 are
most similar to Luna 24 very-low-Ti (VLT) basalts
based on their low Ti, Sc, and incompatible-trace-
element (ITE) concentrations. Volcanic glass sample
60603,10-16 has a composition similar to Apollo 12
and 14 red glasses (34.8% SiO2 and 14.5% TiO2) [13].
Sample 60503,22-7 has Sc, Fe, Ca, and ITE concen-
trations similar to high-Ti basalts like those found at
the Apollo 11 and 17 sites [13]. Sample 60503,2-9 has
Fe, Ca, and ITE (especially Ba, Rb, and Sr) concen-
trations most similar to Apollo 14 aluminous basalts.

Discussion:  As we might expect for a site domi-
nated by material of the Feldspathic Highlands Ter-
rane [14], three (or four [next paragraph]) of the five
nonmare samples studied here appear to derive from
the ferroan-anorthositic suite of plutonic rocks. The
occurrence of only one high-Mg´ sample in our suite
(and the scarcity of such rocks among all Apollo 16

samples) is consistent with the suggestion that such
lithologies are not products of intrusions into feld-
spathic crust but are special products of the Procel-
larum KREEP Terrane [15].

The origin of sodic ferrogabbro remains enigmatic.
Its occurrence is restricted to the Apollo 16 site. Al-
though our sample is from the Cayley Plains, other
reported samples have been found in the ejecta of
North Ray Crater. This distribution is more consistent
with local origin of SFG (i.e., Descartes Formation)
than as material delivered to the site as Imbrium
ejecta. In other words, sodic ferrogabbro is probably a
lithology of the Feldspathic Highlands Terrane, not the
Procellarum KREEP Terrane. Thus, although regarded
as an evolved Mg-suite rock [16], it may instead be an
extreme differentiate of ferroan-anorthositic suite.

Among the rock fragments from Apollo 16 soils,
Delano [17] found two types of mare basalts: alumi-
nous basalts similar to those from Luna 16 and high-
Ti basalts similar to Apollo 17. We have found three
different compositions of volcanic material: VLT
similar to Luna 24, high-Ti similar to Apollo 17, and
aluminous, similar to Apollo 14. Delano [17] proposed
that the Apollo 16 mare basalts came from Mare Nec-
taris (emplaced by Theophilus). Global TiO2 data from
Clementine, however, show that only the low-Ti ba-
salts likely derive from Mare Nectaris and that Mare
Tranquillitatis remains the most likely source of the
high-TiO2 basalts.

Acknowledgements:  This work was supported by
NASA through grant NAG5-4172.

References:  [1] Spudis (1984) PLPSC 15, C95–C107. [2]
Hodges & Muehlberger (1981) USGS Prof. Paper 1048, 215–230.
[3] Wilhelms (1981) Workshop on Apollo 16, 150–154. [4] Haskin et
al. (1998) M&PS 33, 959–975. [5] Head (1974) Moon 11, 77–99.
[6] Korotev (1996) M&PS 32, 447–478. [7] Korotev et al. (1997)
L&PS 28, 753–754. [8]  Zeigler et al. (2000) this volume. [9]  Norman
& Taylor (1992) GCA 56, 1013–1024. [10] Weiblen (1980) PLPSC
11, 591–610. [11] Lindstrom & Salpas (1983) PLPSC 13, A671–
A683. [12] Norman (1981) PLPSC 12B, 235–252. [13] Papike et al.
(1998) Planetary Materials. [14] Korotev (1997) M&PS 32, 447–478.
[15] Korotev (1999) L&PS30, no. 1305. [16] James & Flohr (1983)
PLPSC 13, A603–A614. [17]  Delano (1975) PLPSC 6, 15–47.
[18] Giguere et al. (1999) L&PS 30, no. 1465.

Table 1: Selected INAA data for the mafic particles from the Cayley Plains.

Sample # Type Mass FeO CaO Na2O Sc Cr Ni Ba La Ce Sm Eu Tb Yb Lu Hf Ir Th An LC-Px HC-Px Fo
60053,2-9 MB 23.8 17.9 14.3 0.34 60.3 900 <190 97 4.70 13.0 3.54 1.02 0.91 5.17 0.76 2.79 <5 0.41 94 22:38 35:6 5
60503,22-7 MB 56.8 18.6 10.7 0.30 74.4 3750 130 <90 3.85 11.9 5.47 1.14 1.55 5.93 0.90 5.14  <15 0.21 NF NF NF 78:63
62243,10-22 MB 15.3 18.7 11.8 0.19 59.8 3830 110 <50 1.97 5.60 1.34 0.39 0.34 1.84 0.28 0.96  <10 0.12 NF NF NF NF
65703,9-13 MB 20.4 21.4 12.1 0.22 56.4 2150 <190 <30 1.19 3.90 1.10 0.47 0.32 1.90 0.28 0.84 <4 0.07 94.5 NF 32:6 62:38
60603,10-16 VG 33.9 23.2 7.20 0.43 46.0 6160 <130 222 14.5 39.6 11.4 2.56 2.38 5.79 0.78 11.1 <6 1.55 NF NF NF 79
61243,17-13 GN 27.6 7.19 16.3 0.26 18.5 852 108 13 0.89 2.51 0.82 0.68 0.24 1.07 0.16 0.81 2.1 0.13 96.5 4:56 40:41 NF
69963,48-20 GN 18.7 8.10 16.0 0.29 18.6 1012 34 19 1.04 2.76 0.54 0.74 0.14 0.69 0.10 0.32 <2.1 0.07 96.5 18:46 NF NF
64803,34-20 NO 28.2 11.3 10.7 0.48 29.2 3090  <60 80 7.41 18.5 3.58 0.91 0.77 2.69 0.38 3.14 <5 0.96 86 4:65 12:60 NF
60053,2-12 TA 30.8 11.6 14.7 0.20 9.39 1055  <60 9 0.46 1.06 0.25 0.58 0.06 0.35 0.05 0.25 <1.8 0.07 96.5 1:68 39:42 66
62283,7-15 SFG 23.7 9.01 10.6 1.69 21.4 657  <40 2220 21.8 53.7 10.1 4.40 2.58 16.2 2.36 19.8 <3 15.9 65:78 5:36 36:31 35
CaO, FeO, and Na2O values are in wt %, Ir is ng/g, all other concentrations are in µg/g, and all masses are in mg. The columns An and Fo contain the
An number of the plagioclase and Fo number of the olivine respectively. If there are two numbers in the field, there are multiple compositions of that
mineral, or a range of compositions. LC-Px and HC-Px give the Wo:En values for the low-Ca and high-Ca pyroxenes respectively. NF = not found.
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