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The composition of samples of lunar regolith col-
lected on the Apollo and Luna missions are highly
variable; the lunar meteorites, most of which are brec-
cias of lithified regolith from unknown locations on
the Moon, extend the compositional range (Fig. 1).
Here I discuss some aspects of regolith composition as
inferred from studies of samples that are relevant for
interpretation of data obtained remotely.

Database:  During the Apollo and Luna missions,
regolith samples were obtained with scoops and coring
equipment. Apollo scoop samples were taken from
near the surface (<10 cm depth) as well as from the
bottom of trenches dug as deep as 30 cm. Some nomi-
nal “soil” samples are fines derived largely from a
single rock (e.g., 12057, 67700, 73130, 76320) [1].

Most Apollo scoop samples were passed through
sieves of 10 mm, 4 mm, 2 mm, and 1 mm mesh size in
the curatorial facility at the NASA Johnson Space
Center. Most chemical and physical measurements on
samples of “lunar soil” have been made only on bulk
samples of material that passed through a 1-mm sieve,
i.e., the “<1-mm fines.” For the Luna samples and
some Apollo cores, compositional data are for <0.25-
mm fines. With a few important exceptions, material
in the 1–2 mm and 2–4 mm grain-size fractions has
been largely unstudied.

The number of samples of surface and trench soils
ranges from 7 at Apollo 11 to 68 at Apollo 17. Re-
markably, a number samples of Apollo surface and
trench soils are not well characterized composition-
ally. The dataset is poorest for the Apollo 12 samples.

Classes of Lithologic Material:  From the compo-
sitional perspective, regolith samples are composed
mainly of three classes of material each representing a
distinct geologic environment (Fig. 1a):

1) mare basalt and volcanic glass
2) mostly-feldspathic rocks of the lunar highlands
3) mafic, KREEP-bearing impact-melt breccias

and KREEP basalt
Each of these classes of material encompasses a vari-
ety of lithologies. For example, there are many compo-
sitionally distinct types of mare basalt and volcanic
glass; the distinction between soils dominated by low-
Ti and high-Ti mare basalts is evident on Fig. 1b.

A few regolith samples consist predominantly
(>90%) of a single class of material. For example,
some soils from Apollos 15 (Hadley Rille) and 17
(Taurus-Littrow, Central Valley) and that from Luna
24 (Mare Crisium) contain mainly mare basalt or vol-
canic glass. The most feldspathic of the lunar meteor-
ites consist almost entirely of feldspathic highlands

material with a bulk composition that correspond to
that of noritic anorthosite although the meteorite re-
golith breccias are mixtures of a variety of rock types
(granulitic and impact-melt breccias, plutonic anortho-
site, noritic and troctolitic anorthosite, rare mafic lith-
ologies). It is likely that these meteorites best represent
typical feldspathic upper crust distant from the near-
side basins [e.g., 2]. Presumably because all the Apollo
missions landed near the High-Th Oval Region [3]
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Figure 1.  Concentrations of FeO, TiO2, and Th in samples of 
lunar regolith.  For the Apollo missions, each point represents the 
composition of a numbered (e.g., 64221) surface or trench soil (<1 
mm).  For the Luna missions, a single point for each mission is 
plotted.  "Meteorite" points each represent one of the rego- 
lith-breccia lunar meteorites (e.g., MAC88105).
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surrounding the Imbrium basin, all nonmare Apollo
regoliths contain a substantial component of Th-rich,
mafic impact-melt breccias (a component often mis-
leadingly designated “LKFM.”). The Apollo 14 rego-
lith (Fra Mauro) is derived mainly from such material.
The mafic melt breccias are the principal carrier of
incompatible elements like Th in Apollo highlands
regoliths, although igneous KREEP basalt is probably
an important component of the Apollo 15 regolith.
With ~10% FeO, the mafic melt breccias are also the
principal carrier of Fe in those Apollo regoliths that
contain little mare material (e.g., 44% of the Fe at
Apollo 16 [4]).

As evident from Fig. 1, however, most regolith
samples are mixtures containing two or more classes
of material. In part this is an artifact of having delib-
erately chosen sample locations at major geologic
boundaries (Apollos 15 and 17) where mare-highlands
mixing trends are clearly evident in regolith composi-
tions. However, geologically important mixtures also
occur where not necessarily expected. Samples of
Apollo 12 (Oceanus Procellarum) regolith reflect bi-
nary mixing between low-Ti mare basalt and some
type of KREEP component (Fig. 1a,b). The low FeO
concentrations of regoliths from Apollo 11 (Mare
Tranquillitatis) and Luna 16 (Mare Fecunditatis) (Fig.
1b) compared to mare basalt (~20% FeO) result be-
cause the regoliths consist of only ~75% mare basalt;
the rest is highlands material. Some soils from Apollos
15 and 17 as well as the Calcalong Creek lunar mete-
orite (a regolith breccia; CC in Fig. 1b) contain sube-
qual amounts of all three classes of material, and three
other meteorite regolith breccias (9–15% FeO, Fig. 1)
are mixtures of mare and highland material. On aver-
age, the Apollo 16 regolith (Cayley Plains) is largely a
mixture of feldspathic highland material similar to
that of the feldspathic lunar meteorites (~64%, from
chemical mass balance [4]) and Th-rich mafic melt
breccias (29%); variation in the proportions of these
components about the mean causes the trend of Fig.
1a. The Apollo 16 regolith is atypical of highlands
distant from the Imbrium basin in containing such a
high abundance of Th-rich melt breccias. Although
not evident in Fig. 1, the Apollo 16 regolith also con-
tains mare-derived (6%) and, like all mature regolith,
meteoritic material (1%) [4].

Variations in Composition with Grain Size:
Several studies have shown that the lunar regolith
varies in composition and mineralogy with grain size.
In soil dominated by mare basalt, the finest material
(<10 µm or <20 µm grain-size fraction) is consistently
more feldspathic and, therefore, richer in Al and
poorer in Fe than the coarser fractions [5–7]. FeO con-
centrations in the <10-µm material are typically 70–
95% of that in <1-mm material [6]. This effect has

% of that in <1-mm material [6]. This effect has been
largely attributed to preferential comminution of pla-
gioclase compared to pyroxene during formation of the
regolith by meteorite impact [5–7]. Thus the plagio-
clase/pyroxene ratio of the finest regolith is probably
greater than that of the basalt from which it forms.

Also, in regolith composed of several lithologies, it
is unlikely that all of them will have the same grain-
size distribution. If the various lithologies have differ-
ent compositions, then the composition of the regolith
will vary with grain size. Older (mature) regolith is
generally finer grained than younger (immature) rego-
lith [8]. At Apollo 16, for example, the mature surface
soil has a high proportion (29%) of Th-rich mafic melt
breccia. Impacts that punched through this surface
layer encountered anorthositic rocks and ejected coarse
fragments onto the surface. Thus the ejecta of North
Ray crater is a mixture of (1) mature, fine-grained Fe-
and Th-rich material and (2) immature, coarse-grained
Fe- and Th-poor material. Consequently, finer grain-
size fractions are richer in Fe and Th than coarser
fractions [4,6]. At the Apollo 17 South Massif, the 2–
4-mm fines are richer in Fe and Th than the <1-mm
fines because they contain a greater ratio of mafic melt
breccia to feldspathic highland material (~12:1) com-
pared to the <1-mm fines (~1:1), probably because the
feldspathic material is more friable [9,10].

Implications for Remote Sensing:  Lunar regolith
is a mixture of several lithologies that are typically
petrogenetically unrelated. Many to most mare sur-
faces are contaminated with some nonmare material.
Although the bulk composition of Apollo 16 soil, for
example, corresponds to anorthositic norite, the rego-
lith is, in fact, composed mostly of unrelated noritic
(melt breccias) and anorthositic lithologies. Systematic
variation in composition across an interface may lead
to correlations that extrapolate toward the composition
of a rock type, as with the Apollo 17 samples in Fig. 1
[4]. Techniques sensitive to grain size may find lit-
erature data on <1-mm fines inadequate for establish-
ing ground truth.
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