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Abstract-Petrologic investigations of six samples of Luna 24 soil suggest: 
1. Potassium, and by inference all lithophile trace elements, are depleted in the surficial rocks of 

the moon's eastern limb relative to the moon's central nearside. This suggests a similar depletion in 
the underlying crust and mantle. 

2. Basalts in southern Mare Crisium are derived from two K and Ti depleted magmas; one almost 
a factor of two richer in MgO than the other. 

3. The soil throughout the Luna 24 core may be modeled as a mixture of glass poor mare material 
(compositionally dominated by the higher MgO basalts) and glass rich highland material. 

INTRODUCTION 

Samples from the Soviet spacecraft Luna 24 allowed us not only to continue 
the tradition started by the Apollo Soil Survey (for example, Reid et al., 1973) of 
performing electron microprobe analyses of regolith glass fragments and inter-
preting the provenance of those glasses, but also to gain insight about a region of 
the moon not previously investigated. Specifically, the Luna 24 landing site in 
Mare Crisium had the potential to shed light on another mare and another region 
of the moon's mantle. 

By making comparisons between Luna 24 data and the data obtained from all 
other Apollo and Luna missions, we have observed that the entire eastern limb of 
the moon is systematically depleted in lithophile trace elements compared to the 
more central nearside of the moon. We interpret the observed depletion as not 
only a characteristic of the surface material, but also as a characteristic of the 
underlying lunar crust and mantle. Such a systematic lateral compositional 
heterogeneity must surely be related to the largest scale processes that affected 
the moon. 

DATA SETS 

Modal analyses of the 90-150 µm fraction of each of six samples were 
performed by counting every grain in the 11 thin sections of grain mounts 
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Table 1. Luna 24 modal data for 90-150 µm size fraction 

24077, 24109, 24149, 24174, 24182, 24210, 
49&50 44&45 53&54 42&43 41&42 47 

Component Volume Percent 
Glass spheres .71 .54 .32 .19 0 .46 
Glass fragments 3.26 3.90 2.16 1.66 2.47 1.86 
Devitrified glasses 2.34 2.64 1.19 1.07 1.76 3.96 
Heterogeneous glasses 1.53 1.64 1.40 1.17 .70 1.63 
Agglutinates 24.71 17.59 10.17 8.90 6.00 10.72 
Plagioclase 10.62 11.33 9.09 18.88 20.84 12.58 
Pyroxene plus Olivine 21.44 24.93 28.67 26.99 30.14 23.07 
Basalts 11.03 10.94 13.96 14.28 14.13 17.48 
Crystalline matrix breccias 5.40 2.81 3.02 3.51 5.18 5.58 
Vitric matrix breccias 17.97 23.14 28.67 22.99 18.49 22.14 
Others .91 .46 .86 .29 .23 .46 

Total 99.92 99.92 99.51 99.93 99.94 99.94 

Plagioclase/Mafic mineral .50 .45 .32 .70 .69 .55 
Total grains 979 1279 924 1022 849 429 

available to our group; results are presented in Table 1. Each sample was derived 
from a different depth in the Luna 24 core. Modal analyses performed by Basu et 
al. ( 1977b) yield similar results. 

All glass spheres and fragments, and glass in many agglutinate fragments, 
were analyzed for 12 elements using an ARL electron microprobe with a 15 µm 
spot. Analyses were corrected using a Bence-Albee correction procedure. An 
exception is the sulfur data that are not matrix corrected. About 300 analyses 
were attempted. After rejecting analyses with totals under 98.5 or over 101.5 we 
obtained 226 usable analyses that are plotted in Figs. 1-3. Most of the rejected 
analyses are either agglutinates or heterogeneous impact glass. Two cylindrical 
fragments that yield high Si analyses are rejected and are considered contamina-
tion; perhaps they are a fiber-like glass that was introduced during the sampling 
procedure on the lunar surface. A table of the 226 analyses is available from the 
authors. 

Agglutinate fragments range from mare to highland compositions, do not form 
well-defined clusters, and are biased toward mare compositions relative to the 
glass spheres and fragments. The average agglutinate glass composition is given 
in Table 2. This composition is within experimental uncertainty of the average 
agglutinate value given by Hu and Taylor (1977). In fact, our overall distribution 
of agglutinate compositions is similar to that obtained by Hu and Taylor, even to 
the extent that the two populations distinguished by Hu and Taylor are 
observable in our data. 

Glass spheres and fragments (other than agglutinates) were sorted into 3 
major (many members) and 2 minor (few members) compositional clusters 
(Table 2) utilizing a new algorithm that initially considers each data point as a 

© Lunar and Planetary Institute • Provided by the NASA Astrophysics Data System 

http://adsabs.harvard.edu/abs/1978mcvl.conf..229W


1
9
7
8
m
c
v
l
.
c
o
n
f
.
.
2
2
9
W Luna 24: Lateral heterogeneity in the lunar crust 231 

cluster and during each iteration combines the two clusters that are closest 
together in 12 dimensions. This procedure is similar to the dendogram technique 
as used by Higuchi and Morgan (1975). Clusters have been named following the 
terminology of previous soil surveys (Reid et al., 1973). 

Our glass fragment data are significantly different from the equivalent data 
obtained by Norman et al. (1977) and Basu et al. (1977a). Examination of the 
figures and consideration of the populations of each compositional cluster set out 
in Table 2 shows that our glasses are split about half and half between mare and 
highland compositions. This contrasts with Norman et al. who found that 70% of 
their glasses were of mare composition and Basu et al. who found that 58% of 
their glasses were of mare composition. We offer two explanations for this 
discrepancy. First, we performed our analyses on glasses from the 90-150 µm 
fraction whereas both Basu et al. and Norman et al. performed their analyses on 
glasses from the 150-250 µm fraction. Second, we included the brown glasses 
that are commonly heterogeneous with the agglutinates; both Basu et al. and 
Norman et al. considered the brown glasses as glass fragments. We lumped the 
brown glasses with the agglutinates because we wanted to segregate the obviously 
impact-produced glasses early in our data analysis scheme. 

The differences in number and composition of glass clusters between this study 
and the work of Norman et al. and Basu et al. is due to the different methods 
each study used in defining compositional clusters. 
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Fig. 1. MgO-FeO plot for glasses in Luna 24 soil. The two lines represent the trend of 
near surface olivine fractionation for the High and Low Mg basalts. We have used 

olivine compositions as appropriate from the work of Ryder et al. (1977). 
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Preliminary major element analyses of the <250 µm fraction of six Luna 24 
samples were obtained on the MAC automated electron microprobe using the 
fused bead procedure of Brown (1977). Due to experimental difficulties this 
experiment was not completed. Our partial results demonstrated that there is no 
major element chemical stratigraphy in the Luna 24 core. Similar results were 
obtained by Blanchard et al. (1978) who also performed bulk major element 
analyses. For comparison we have included the average bulk analyses of 
Blanchard et al. in Table 2. 

MODAL MAKEUP OF LUNA 24 SOIL 

The Luna 24 soil does not have a simple history of in situ comminution of a 
mare basalt terrain as evidenced by differences among the bulk soil analysis, the 
average agglutinate analysis, and the average glass fragment analysis (Table 2). 
The nature of the differences are such that there is a greater abundance of 
highland materials in the average glass with respect to the average agglutinate, 
and also in the average agglutinate with respect to the bulk soil. The modal data 
presented below is necessary, but not sufficient, to help understand Luna 24 
regolith development. 

Glass Spheres 
These chemically homogeneous spheroidal glasses are free of schlieren, 

inclusions, and phenocrysts: the majority are pale green and define the high MgO 
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Fig. 2. TiOrFeO plot for glasses in Luna 24 soil. 
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constant CaO:Al2O3 ratio in chondritic meteorites. 
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mare basalt cluster. A few spheres are colorless and are part of the Highland 
Basalt cluster. 

Glass Fragments 
These angular, glass fragments are free of inclusions and phenocrysts: pale 

green fragments are schlieren-free, contain sub-µm troilite blebs, are chemically 
homogeneous under our 15 µm probe beam, and are part of the high MgO mare 
basalt cluster. Colorless fragments display some chemical heterogeneities under 
the probe beam although they do not contain optically identifiable schlieren. 
Colorless glasses define the feldspar and Highland Basalt cluster in Table 2. 

Devitri.fied Glasses 
These angular, brownish devitrified fragments have a variolitic texture 

consisting of olivine, oxides, clinopyroxene, and plagioclase in spherulitic to 
dendritic growth forms: these fragments define the tight (low MgO) mare basalt 
cluster. 

Heterogeneous Glasses 
These angular, schlieren-filled fragments have been grouped with the aggluti-

nates in Figs. 1-3 and in the clustering procedures. 

© Lunar and Planetary Institute • Provided by the NASA Astrophysics Data System 

http://adsabs.harvard.edu/abs/1978mcvl.conf..229W


1978mcvl.conf..229W

@ 
t""' = = e; 
= Q. 

::si 
[ 
..... 
.... 
;'" 
• 

0 
< .... 
Q. 
Q. 
C" 

'-< ; 
z > rn > 
> Cll 

0 
"C =-'-< Cll .... 

t") 
Cll 

0 a 
rn 

'-< 
Cll 
;'" s 

Average 
Average Glass Average 

Bulk 226 agglutinate 
Soil* points 71 points 

Si02 45.4 45.46 ± l.73t 45.62 ± 1.44 
Ti02 I.I 0.68 ± 0.39 0.83 ± 0.27 
Al2O3 II.I 18.93 ± 7.55 15.62 ± 5.68 
Cr2O3 0.52 0.24 ± 0.18 0.32 ± 0.16 
FeO 20.5 12.61 ± 7.05 15.87 ± 5.15 
MnO - 0.18 ± 0.11 0.23 ± 0.09 
MgO 10.2 7.96 ± 2.81 8.50 ± 2.07 
CaO 11.0 13.47 ± 2.35 12.53 ± 1.54 
Na20 0.28 0.29 ± 0.22 0.31 ± 0.16 
K20 0.03 0.06 ± 0.04 0.07 ± 0.11 
P20s - 0.03 ± 0.03 0.04 ± 0.03 
s - 0.12 ± 0.13 0.12 ± 0.17 
Total 100.1 100.05 100.13 

*Bulk soil analyses from Blanchard et al. {1978). 
t± uncertainties are 1 sigma. 

Table 2. Luna 24 chemical data. 

Highland LowK 
basalt Feldspar Fra Mauro 
cluster Cluster cluster 

67 points 8 points 5 points 

45.02 ± 1.41 44.44 ± 3.36 48.36 ± 0.71 
0.29 ± 0.15 0.13 ± 0.20 1.38 ± 0.24 

26.44 ± 2.67 34.41 ± 2.17 19.07 ± 0.44 
0.11 ± 0.04 0.00 ± 0.02 0.12 ± 0.05 
5.02 ± 1.67 1.42 ± 2.23 8.66 ± 1.08 
0.06 ± 0.03 0.00 ± 0.02 0.10 ± 0.02 
7.23 ± 2.40 0.61 ± 0.96 8.38 ± 2.49 

15.44 ± 1.43 18.74 ± 1.79 12.58 ± 0.78 
0.24 ± 0.17 0.78 ± 0.53 0.37 ± 0.25 
0.05 ± 0.04 0.06 ± 0.04 0.09 ± 0.02 
0.02 ± 0.03 0.00 ± 0.01 0.03 ± 0.04 
0.04 ± 0.06 0.00 ± 0.02 0.01 ± 0.04 

99.96 100.59 99.15 

Low Mg 
mare 

cluster 
23 points 

46.26 ± 0.71 
0.98 ± 0.09 

12.98 ± 0.73 
0.23 ± 0.05 

20.00 ± 1.03 
0.28 ± 0.01 
6.47 ± 0.32 

12.73 ± 0.29 
0.29 ± 0.06 
0.04 ± 0.01 
0.03 ± 0.01 
0.19 ± 0.05 

100.48 

High Mg 
mare 

cluster 
42 points 

45.08 ± 1.85 
0.96 ± 0.26 

12.60 ± 2.23 
0.40 ± 0.08 

18.36 ± 1.87 
0.26 ± 0.02 

10.21 ± 1.08 
11.43 ± 1.44 
0.18 ± 0.10 
0.04 ± 0.01 
0.02 ± 0.01 
0.11 ± 0.08 

99.65 
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Agglutinates 
These compound fragments consist of mineral and lithic clasts bonded by a 

vesicular, flow-banded glass: the flow banding is defined by schlieren and sub-µm 
blebs of Fe-metal. Agglutinates display the largest variations among the six 
samples and are more abundant in the shallower samples. 

Plagioclase 
These are single mineral fragments of calcic plagioclase. 

Pyroxene and Olivine 
These are single mineral fragments: core and rim pairs have been analyzed for 

112 grains and the results plotted Fig. 4. The average molar FeO/FeO + MgO is 
.50. About 13% of the pyroxenes and 26% of the olivines are more magnesian 
than the ranges for these minerals in the low MgO mare basalts as determined by 
Ryder et al. (1977) and indicated on Fig. 4. These magnesian grains may 
represent either the high MgO basalt series or highland materials. We note that 
the olivine histogram contains a significant peak at Fo75 which corresponds to 
Ryder et al.'s olivine vitrophyre and our high MgO basalt. 

90 80 70 60 50 40 30 20 10 
Fig. 4. Pyroxene and olivine mineral chemistry for mineral fragments from Luna 24 
soil. The plotted points represent one core and one rim analysis from about 40 separate 
mineral grains in each of three samples. The line in the pyroxene diagram represents the 
most.Mg-rich pyroxenes, and the arrow in the olivine diagram represents the most Mg-

rich olivine found by Ryder et al. ( 1977) in the low MgO mare basalts of Luna 24. 
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Basalts 
These lithic fragments have a "basaltic" texture. 

Crystalline Matrix Breccias 
These are polycrystalline, holocrystalline fragments with a clast-matrix struc-

ture and a range of matrix textures: these fragments are typical of the lunar 
highlands. 

Vitric Matrix Breccias 
These polymict fragments contain mineral, lithic, and glass fragments and 

irregularly shaped, µm-sized pores: these are the "soil breccias" typical of all 
lunar sites. Unlike the agglutinates, the abundance of these fragments does not 
vary systematically with depth in the Luna 24 core. 

Implications for Luna 24 Regolith Development 
Three modal observations help explain the differences among the average soil, 

the average glass, and the average agglutinate analyses: (1) the glasses, including 
the agglutinates, do not constitute a major portion of the soil, thus they could be 
a transported component; (2) the modal abundance of the glasses has a positive 
correlation with the modal abundance of agglutinates suggesting that the bulk of 
the glasses are impact-produced and may be considered as a subset of the 
agglutinates; and (3) the differences among the average analyses is such that the 
agglutinates are more highland-rich than the bulk soil, and the glasses are more 
highland-rich than the agglutinates. If the soil is modeled as a two-component 
mixture of glass-poor mare soil and glass-rich highland soil, the average analyses 
of glass and agglutinate will pe biased toward highland compositions as is 
observed. Recent work by DeHon and Waskom (1976) and Horz (1978) shows 
that the mare basalt flows in the Crisium basin are on the order of 1 kilometer 
thick at the Luna 24 site. With such thin basalt flows the mixing process which 
forms the sampled regolith may be dominated by vertical movements. 

A secondary effect which biases the average analyses of glass and agglutinate 
toward highland compositions is that highly aluminous highland material will 
remain as glass under cooling rates that yield crystalline rocks for the high iron 
mare material (Handwerker et al., 1977). Note that many of our "glasses" are in 
fact devitrified fragments that are nearly holocrystalline. 

Our results do not yield a satisfactory understanding of the make-up of Luna 
24 soil. Perhaps future workers will gain a better understanding by utilizing the 
results obtained in this and other studies. 

SIGNIFICANCE OF THE COMPOSITIONAL CLUSTERS 

Compositional clusters among the glasses in a lunar soil may form from one of 
two processes: primary volcanic activity or impact fusion. Heiken et al. ( 197 4) 
have set out the criteria for the recognition of primary volcanic glasses as having 
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homogeneous compositions, no inclusions, spherical shapes (at least for low 
viscosity mafic compositions), and low trace siderophile element contents. 
Simonds et al. (1976) have set out the criteria for the recognition of impact-fused 
glasses as being schlieren and clast-bearing, compositionally heterogeneous on 
the µm to mm scale, and enriched in trace siderophile elements. However, on the 
scale of a few grams or centimeters, impact melts are quite homogeneous. 

The small compositional scatter among the devitrified glasses and the internal 
homogeneity and regular shapes of the pale green-glass spheres suggest that these 
two groups represent primary volcanic liquids. To the contrary, Basu et al. 
(1977a) in a SEM study of these spheres do not find surface features character-
istic of lava fire fountaining, and do find iron droplets and trains that they 
suggest are indicative of an impact-produced origin. The bulk of the green glass 
fragments, however, display a wider compositional range and are probably 
impact-produced. Preservation of the compositional cluster probably results from 
impacts into the local terrane which must have provided a fairly compositionally 
pure target. 

The highland basalt cluster has been observed in samples collected at every 
landing site (Warner et al., 1972). Its schlieren and other compositional 
heterogeneities suggest that the Highland Basalt glasses are impact-fused. The 
ubiquity of the Highland Basalt cluster and its similarity to the highland 
composition measured from orbit suggest that it is the grand compositional 
average of the lunar highland crust surrounding each landing site. The small 
differences in Highland Basalt composition among landing sites are a measure of 
the differences in the composition of the lunar crust at each site. 

MARE BASALTS 

Two different mare basalt compositional clusters, low MgO and high MgO, 
have been defined from among the Luna 24 glass spheres and fragments. Both 
groups contain less TiO2 (ca. 1.0 wt.%) than has been reported from individual 
mare basalt rock samples collected at Apollo landing sites, although the Apollo 
15 green glasses have even lower TiO2 contents (ca. 0.4 wt.%, Reid et al., 1973). 
The Luna 24 basalt clusters are compositionally similar, but not identical, to the 
"very low TiO2" basalts discovered at Apollo 17 by Vaniman and Papike (1977a) 
and Taylor et al. (1977). The low MgO (6.5 wt.%) group is compositionally well 
defined and consists of spherulitic to dendritic-textured devitrified glass frag-
ments. The high MgO (ca. 10 wt.%) group is compositionally more diffuse and 
consists of pale green glass spheres and fragments. The low MgO group is 
identified with the bulk of the basaltic lithic fragments discovered in the Luna 24 
soil by Vaniman and Papike (1977b), Taylor et al. (1977), and Ryder et al. 
(1977). The high MgO group is not correlated with any lithic fragments thus far 
identified in the Luna 24 soil, but its composition does approach the very MgO-
enriched olivine vitrophyre fragments described by Ryder et al. ( 1977). Both 
mare basalt groups are believed to represent, at least in part, volcanic magmas 
rather than impact-formed melts (see preceding discussion). 

Coish and Taylor (1977) suggested that the two mare basalt clusters are 
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derivable one from the other by near surface crystal fractionation. The experi-
mental petrology of Grove and Vaniman (1977) shows that plagioclase is the 
liquidus phase for these basalts, but the normative feldspar content of the two 
basalt types is the same (34.7 vs. 35.2 wt.%) which suggests that fractionation of 
feldspar is not important. The major normative difference between the two 
basalts is the olivine content (6.9 wt.% for the low Mg type vs. 15.7 wt.% for the 
high Mg type) which suggests that perhaps olivine is the critical phase in a 
fractionation scheme. On Fig. 1 we have sketched olivine fractionation lines using 
olivine compositions determined by Ryder et al. (Fo75 for the high MgO group 
and Fo61 for the low MgO group). It is apparent in Fig. 1 that simple olivine 
fractionation cannot derive one basalt type from the other. 

POTASSIUM DEPLETION 

Low lithophile element contents (specifically Th) on the moon's eastern limb 
have been measured by the Apollo orbital gamma-ray experiment (Parker et al., 
1977; Bielefeld et al., 197 6). This and similar orbital data have led Hubbard and 
Woloszyn (1977) to suggest that the eastern limb of the moon is compositionally 
distinct from the moon's central nearside. Note that the Th contents measured 
for Luna 24 soil (about 0.4 ppm, Blanchard et al., 1977) are well below the Th 
contents calculated from the orbital data (about 1.8 ppm for Mare Crisium). 

Whereas the orbital and bulk soil analyses show that the surface soils are 
potassium depleted, the Luna 24 glass data demonstrates that this depletion is a 
characteristic feature of both highland and mare constituents of the soil. The 
most K-rich cluster (Low-K Fra Mauro cluster in Table 2) which accounts for 
only 5 of the 226 glasses is similar in composition to many impact-melt rocks of 
Apollo 16 and 17, except that K2O in the Luna 24 glasses is depleted by a factor 
of 3. The three major clusters (Highland Basalt and low and high MgO mare 
basalt) all contain less than 0.05 wt.% K20. It may be argued that the low 
lithophile trace element abundance in Luna 24 basaltic materials is due to a high 
degree of partial melting of the source material when the basalts were generated. 
Such a process would produce Mg-enriched basalts, but not even the high Mg 
basalts of Luna 24 are particularly Mg-enriched. Rather, Luna 24 basalts are Fe-
enriched (and lithophile element poor at the same time) which indicates that they 
were produced by small amounts of partial melting. Some other explanation must 
therefore be sought for the low lithophile trace element abundances. 

Figure 5, a series of histograms of the K2O content of glasses in all Luna and 
Apollo soil samples, demonstrates that the potassium depletion displayed by 
Luna 24 is shared by Luna 16 and 20 and to a lesser extent by Apollo 11, 16, and 
17. Not only are the Luna soils depleted in K 20, but Fig. 5 suggests that a K-rich 
constituent is missing-there is essentially no KREEP contained in the Luna 
soils. This depletion in trace elements in the basaltic constituents of the Luna 24 
soil is supported by trace element data of Blanchard et al. (1978) and by the Rb-
Sr data of Nyquist et al. (1977). The lack of a KREEP component is supported 
by plagioclase mineral analyses as pointed out by Papp et al. (1977). 
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Fig. 5. Histograms of the K20 content in individual glasses analyzed from the soil at 
various landing sites. The data are from work performed by the Apollo Soil Survey in 
the early l 970's. Each histogram is normalized so that the shaded area is equal within 

each histogram. 
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SPECULATIONS CONCERNING THE EASTERN LIMB TRACE ELEMENT DEPLETION 

A key question to consider is the significance of the lithophile trace element 
depletion in bulk Luna 24 soil analyses and in analyses of individual Luna 24 
glass fragments. Because both mare and highland glasses are depleted in 
potassium and by inference all trace lithophile elements, and because the sources 
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of mare and highland materials are genetically linked in models of lunar 
petrogenesis (e.g., Taylor and Jakes, 1974), we suggest that the entire crust and 
at least some of the mantle must likewise be depleted in potassium and other 
trace lithophile elements. It is especially important that this lithophile element 
depletion observed in Luna 24 samples is also observed in Luna 16 and Luna 20 
samples, because that suggests that the lithophile element depletion is character-
istic of the entire eastern limb of the moon. 

Apparently the moon displays lateral heterogeneities in the chemical composi-
tion of its crust and upper mantle, and these chemical differences have survived 
for 4.6 A.E. Besides the null hypothesis that trace element-rich materials are 
present but were not sampled, there are three other hypotheses worth consider-
mg: 

1. The lateral heterogeneity is characteristic of the moon. It may be formed 
and preserved if a chemically-different planetesimal impacted the moon at 
a low enough velocity that it did not "mix" with the remainder of the lunar 
material (such impacts have been proposed by Safronov, 1969). 

2. The moon is laterally homogeneous, but the crust of the moon is thicker 
under the eastern limb; this added crustal thickness has kept KREEP 
material from being brought to the surface. 

3. The moon is laterally homogeneous, but its differentiation has been 
laterally heterogeneous in such a manner that in the region of the eastern 
limb lithophile trace element enriched material has not found its way to 
the surface. 

There are tantalizing hints of laterally heterogeneous accretion on the moon 
from several data sets. For example, the orbital data of Bielefeld et al. (1976) 
demonstrate that there are differences in the K:Th ratio for different regions of 
the moon. This ratio is especially interesting because it contrasts a volatile 
element (K) with a less volatile one (Th), and heterogeneous accretion would be 
expected to yield different values when the ratio of a volatile element with a less 
volatile element is considered. 

Another data set that suggests lateral heterogeneous accretion is the potassium 
and Sr-isotopic data from Apollo and Luna soils (Murthy, 1975). Murthy was 
concerned with demonstrating that the K- and Sr-isotopic contents of each soil 
are dominated by a Fra Mauro component that was dispersed about the moon. 
The logical extension of Murthy's arguments is that parts of the moon are 
lithophile trace element poor and thus the moon's crust is laterally chemically 
heterogeneous. 

We have evaluated the viability of a laterally heterogeneous accretion model 
by means of a K/Sm vs. Sm plot shown in Fig. 6. This is equivalent to the K:Th 
ratio in the context of a volatile-less volatile element comparison. In addition to 
the Luna 24 data on Fig. 6 we have plotted a broad spectrum of lunar samples 
(including both rocks and soils) from all Apollo missions, a selection of terrestrial 
basalts, and the average composition of chondritic meteorites. Note that the 
Luna 24 data have the same K:Sm ratio as is typical for other lunar samples, 
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Fig. 6. K:Sm vs. Sm diagram for Luna 24 bulk soil analyses (data from the Luna 24 
Conference abstracts), a broad range of lunar soils and rocks from all Apollo landing 
sites, a selection of terrestrial basalts from Kay, Hubbard and Gast {1969), and the 

average of chondritic meteorites. 
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although the absolute amounts are lower than other basalts, but higher than 
plutonic rocks. This similarity in the K:Sm ratio argues against laterally 
heterogeneous accretion. 

The second hypothesis is based on the inference that KREEP is derived in 
some manner from a sub-crustal shell of material (see discussions in Warner et 
al., 1977; McKay and Weill, 1977). It has been suggested that if such a situation 
exists, then only the largest impacts would have been capable of excavating 
KREEP. In an area with a thicker crust and none of the largest impacts, a lack of 
KREEP would be predicted. This is related to the potassium depletion since 
KREEP is the lunar component that carries most of the potassium and other 
lithophile trace elements. Such a lack of KREEP would dictate a lack of 
potassium and other trace lithophile elements in the surface materials. 

There is no evidence that the third hypothesis is correct. The eastern limb 
displays basalts that probably originate at depths similar to the depths of origin 
of other lunar basalts. At least some of the eastern limb basalts should be 
enriched in lithophile trace elements. 
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