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The Apollo 12 site is on a volcanic plain, with the
nearest nonmare outcrops about 25 km away [1].  The
Apollo 12 regolith, nevertheless, contains a high pro-
portion of nonmare material, largely in the form of
glasses of KREEP composition [2–6].  In this and a
companion abstract [1] we examine the nature and ori-
gin of the nonmare material in the Apollo 12 regolith.  
This work deals with compositional aspects based in
part on new data we have obtained for major elements
[this work] and trace elements [7].

On most 2-element plots of lithophile element con-
centrations (e.g., Fig. 1), Apollo 12 soils plot interme-
diate to Apollo 12 mare basalts and any of several litho-
logies of KREEP composition, including KREEP glas-
ses [2–6], some of which have ropy textures [6], from
the Apollo 12 regolith.  On most such plots, the trend
of the soils is essentially linear (not shown).  Observa-
tions like these led early workers to conclude reasona-
bly that Apollo 12 soils were largely binary mixtures of
subequal proportions of mare basalt and KREEP [4,5,
8,9].  It has also been suggested that the KREEP com-
ponent of the regolith was exotic to the site, probably
from Copernicus [2,3,5].  Several observations and ar-
guments lead us to believe that the story is more com-
plicated, however.  

Obs. 1:  Of the nine most mature soil samples, that
is, those with Is/FeO ≥ 40, eight are virtually identical
to each other in composition; the exception, sample
12003, is somewhat richer in FeO and related elements.  
We will refer to these eight samples as the typical soils
(Fig 1, Table 1).  All of the samples most dissimilar to
the typical soils are immature (Is/FeO < 30).  This is the
same pattern observed at Apollo 16 [10].  

Obs. 2:  As we have done at other sites [10,11], we
have modeled the mean composition of the typical soils
(32 elements) in terms of mixtures of a variety of likely
lithologic components, including those depicted in Fig.
1 and others.  Among various KREEP components test-
ed, we observe that Apollo 14 soil provides the best fit.  
Importantly, Apollo 14 soil provides a better fit than do
KREEP glasses found in the Apollo 12 soil.  The mean
composition of the typical soils corresponds well to a
mixture of +57% mare basalt (ol:ilm:pig = 33:22:45),
+46% Apollo 14 soil, –2% feldspathic upper crust [12],
and –1% felsite.  The negative proportions of feldspath-
ic crust and felsite components are reasonable in that
lithologies representing these components occur in the
Apollo 14 regolith [13].    

Obs. 3:  On 2-element plots that include Na or K,
the trend of the soil data is not linear, suggesting that
the system has at least three components (Fig. 1).  
Among Apollo 12 soils, the highly immature soils
12032 and 12033 are enriched compared to typical soils
in a KREEP component, and it appears from the kink

Figure 1. Concentrations of Th, Na2O, and K2O vs. FeO in Apollo 12
soils (black circles) and some likely components of the soil (other
points). For soil data points of this work, each point represents a differ-
ent 120xx soil. For the literature points, each represents an analysis. In
the mare basalt squares, P, I, and O indicate pigeonite, ilmenite, and
olivine varieties. The error bars on KREEP glass points (electron mi-
croprobe analyses of many glasses for Na2O and K2O) represent 95%
confidence limits. The diagonal lines represent mixtures of typical soil
(mean of filled circles) with mean inferred KREEP component (to low
FeO) and mare basalt (to high FeO). The plots suggest that the Apollo
12 regolith is composed of at least two KREEP components.
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KREEP component, and it appears from the kink in the
trends (Fig. 1) that this KREEP component is different
from that of the typical soils in that it is richer in both
Na and K.  Given that ropy glasses of KREEP compo-
sition are particularly abundant in these two soils [2,5,
6], it is reasonable to suspect that the ropy glasses are
the inferred KREEP component of 12032/3.  However,
simple addition of average Apollo 12 ropy glass or
other Apollo 12 KREEP glasses to the typical soil can-
not account for composition of 12032/3 because such
mixtures underestimate Na and Eu and overestimate K
and Rb (Fig. 1; also [7,8]).  We are unable to account
for the mean composition of 12032/3 (Table 1) in terms
of mixtures of available lithologic components.  How-
ever, a mixture of 68% typical soil (Table 1), 30%
Apollo 12 ropy glass [6], and 2–3% alkali anorthosite
provides a reasonable fit for most elements, but under-
estimates the concentration of Na2O by 20%.

Obs. 4:  The de facto ‘official’ Apollo 12 sample
site map [14, p. 114; 15, p. 18] locates the collection
site of soil 12032 on the northwest rim of Bench Crater,
as does [16].  However, there is clearly some question
about the location [14, p. 140–141], with the likely al-
ternate location being the same trench from which
12033 was collected on the north rim of Head Crater,
230 m to the NNE.  We suggest that because (1) ropy
glasses occur mainly in 12032 and 12033 [2,6,5], (2)
both soils are highly immature [16,5] and (3) the two
soils are compositionally very similar to each but dis-
similar to the typical soils, it is highly likely that 12032
was collected at the same location as 12033.

Interpretation:  Prior to the eruption of the Apollo
12 basalts, the region was blanketed by Imbrium ejecta,
e.g., Fra Mauro and Alpes Formations [1].  This mate-
rial is the ultimate source of the KREEP component of
the typical Apollo 12 soils.  How it got mixed with the
basalt in such high proportion is problematic, however.

The high relative abundance of KREEP component
in typical Apollo 12 soils (43%) coupled with the near
constancy of its abundance among mature soils col-
lected up to 0.5 km apart is more easily reconciled with
an origin of the KREEP component by vertical mixing
from beneath the mare basalts than by lateral mixing
from impacts into distant areas where KREEP-rich
material is exposed at the surface [17].  However, the
basalt flows appear to be too thick for such a large pro-
portion of nonmare material to occur presently in the
Apollo 12 surface soils through vertical mixing alone
[1].  Thus, some, if not most, of the KREEP component
of typical soils must derive from lateral mixing of ejecta
from craters such as Reinhold and from impacts into
Alpes material [1].  Subsequent gardening of a signifi-
cant, old, KREEP-rich ejecta deposit such as that from
Reinhold would provide the consistent KREEP enrich-
ment of the “typical” Apollo 12 soils, onto which ray
material (ropy glass) was superposed.

Regardless of the source of the KREEP component
of the typical soils, atypical soils 12032 and 12033 are
enriched in a different KREEP component, largely in
the form of ropy glass.  Although Copernicus has been
the favored source for the ropy glass of 12032/3 [2,3,5,
6], this hypothesis is not supported by the restricted
occurrence of such glass at the site (Head Crater) or the
results of Lunar Prospector [18] in that the Copernicus
target area is not particularly “hot” and Th concentra-
tions do not increase along a traverse from the Apollo
12 site to Copernicus.

For two reasons, we suspect that the Na anomaly in
12032/3 is at least in part attributable to vapor phase
effects.  First, the ropy-glass-rich gray soil of station 4
at Apollo 17 is also distinctly enriched in Na and other
volatile elements compared to mixtures of local litho-
logic components that account well for the concentra-
tions of other elements [11].  Second, ratios of volatile
elements Zn and Ga to siderophile elements Ni, Ir, and
Ge average 70% greater in 12033 than in typical soil
(12070) [19].
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Table 1.  Average compositions of 8 typical Apollo 12
soils* and anomalously KREEPy soils 12032 and 12033.
Values in mass % (oxides and S) and in µg/g (others).

typical 12032/3 typical 12032/3
Is/FeO 55 8 Sr 137 166
SiO2 46.1 47.1 Zr 480 730
TiO2 2.7 2.5 Cs 0.30 0.41
Al2O3 12.6 14.4 Ba 390 600
FeO 16.5 14.5 La 35 49
MnO 0.21 0.19 Ce 89 128
MgO 10.2 9.1 Nd 56 82
CaO 10.3 10.6 Sm 16.4 22.4
Na2O 0.46 0.67 Eu 1.75 2.33
K2O 0.24 0.40 Tb 3.5 4.6
Cr2O3 0.38 0.34 Yb 12.3 17.1
P2O5 0.24 0.40 Lu 1.74 2.39
S 0.08 0.07 Hf 12.6 18.0
Σ 100.0 100.1 Ta 1.5 2.2

Ir 0.007 0.003
Sc 39 36 Au 0.004 0.002
Co 43 32 Th 5.8 9.2
Ni 195 110 U 1.5 2.6
Rb 6 9

Is/FeO from [13] and [6].  Compositional data from this
work and many literature sources.  *120xx, where xx = 23,
29, 41, 42, 44, 57, and 70.
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