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Abstract-Modal petrography of 7383 photographically documented particles in polished grain 
mounts of fQur sieved size fractions from each of six Luna 24 soils reveals a uniquely high abundance 
(~52%) of monomineralic phases. The soils are obviously immature with only ~19% agglutinates. 
Igneous textured crystalline lithic fragments, if identifiable, are almost exclusively mare basalt clasts. 
Highland materials make up probably <5% of the soil. Such a dominance of mare lithology is also 
seen in low grade vitric breccias as well ~s in the high grade recrystallized breccias and lithics. 
· Electronprobe analyses of the monomineralic silicate phases in the size range of 150-250 µm 

confirm that most of the particles are deri;ed from local mare basalts and gabbros found in the 
coarser sizes (>250 µm). In addition, the existence of a magnesian olivine rich mare cumulate is 
inferred from olivine and pyroxene chemistry. This cumulate must have contributed about 10% of this 
regolith which explains why the bulk soil composition is more magnesian and chromian than the 
average composition of the mare basalt fragments sampled. Although the preponderance of mare 
basalts in this sQil is overwhelming in all other particle types, the homogeneous glass particles, as 
revealed by cluster analysis of their.compositions, show an important (~42%) highland affinity. 

INTRODUCTION 
' I 

We have per.formed detailed petrographic modal analyse~ of polished grain 
mounts of four sieve fractions in the·,size range of 20 µm to 250 µm for each of 
the following samples from Mare Crisium regolith: 24077,9; 24109,13; 24149,15; 
24174,10; 24182,15; 24210,9. We have examined optically 7383 photographi-
cally documented soil particles. Additionally. we have made about 900 electron .. 
probe microanalyses of the monomineralic and homoge.neous glass particles. As 
the returned Luna 24 sample contains no large rock fragments. it is particularly 
important to infer the nature of the parent or source rocks from the core soil 
samples. Based on the regolith particle types. their relative abundances, and their 
chemical compositions, we have attempted to deduce the nature of source rocks 
for this regolith. We also attempt to estimate the relative contributions of the 
major source rocks. 

EXPERIMENTAL PROCEDURE 

Polished grain mounts (thin sections) of aliquots of four grain size fractions viz. 20-45 µm, 45..:_90 
µm, 90-150 µm, and 150-250 µm of the six allocated soils were photographed and numbered 
according to the standard system (e.g., Taylor et al., 1972). Modal analyses of these polished grain 
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mounts were carried out with a Zeiss ultraphot optical microscope. Approximately three hundred 
particles were counted from each thin section. Each particle was examined with a high power (X40) 
objective in both transmitted and reflected light. We believe that both transmitted and reflected light 
optics at high magnification are essential for lunar soil petrography, espc;cially for identification of 
agglutinates, internal textures of breccias and other composite particles. 

Plagioclase was analyzed with the ETEC Autoprobe at Indiana University. A focused electron 
beam of 1 µm-2 µm size was used at 15 kV and approximately 0.22 mA. Counting time was 10 
seconds for each of the 9 elements (Na, Mg, Al, Si, K, Ca, Ti, Mn, Fe) analyzed. All other analyses 
were performed with the ARL electron probe at the Johnson Space Center.with a focused beam at 20 
kV and approximately 0.4 mA. Counting time was 20 seconds for each of the 12 elements (Na, Mg, 
Al, Si, P, K, Ca, Ti, Cr, Mn, Fe, Ni) analyzed. Correction factors of Bepce and Albee (1968) and 
Albee and Ray (1970) were used for data reduction of all analyses. All of our analyses were made on 
l 5~250 µm sized particles. 

CLASSIFICATION AND DESCRIPTION OF PARTICLE TYPES 

A brief description of each of the particle types is given below. For the purpose 
of this paper, "particles" will denote each discrete entity in a soil, and "grain" 
will denote the phases that make up a particle. Thus, a few grains of plagioclase 
and pyroxene occur in a basalt particle of the soil. Similarly, the soil is sieved into 
4 size classes of particles; the grain size of the phases in a mare basalt particle 
(150-250 µm) could be ~40 µm on an average. 

Monomineralic Particles. Any particle that consists principally (>90%) of 
only one phase belongs to this broad group. The only exception is for anorthositic 
fragments which are polycrystalline and are considered to be crystalline lithic 
fragments. Almost all of the other monomineralic fragments are also monocrys-
talline. Monomineralic fragments were divided into the three principal silicates, 
olivine, pyroxene, and plagioclase; opaques and silica phases ( cristobalite etc.) 
were also recognized as separate classes. The opaques were further subdivided 
into oxides (ilmenite, chromite, etc.), sulfides (troilite), and Fe-metal. 

Crystalline Lithics. All igneous textured lithic particles as well as those 
conforming to the descriptions of the ANT suite of rocks ( e.g., Prinz and Keil, 
1977), unless brecciated or recrystallized, belong to this group. The ANT 
particles were subdivided into two groups, anorthositic (pl~gioclase >67%) and 
gabbroic (plagioclase <67%). Mare basalt particles were recognized on the basis 
of: ( 1) the dominance of Fe-rich pyroxene; and (2) the general paucity of 
mesostasis. Higher mesostasis constitutes a larger part of non-mare basalts and 
has a distinctive texture (Basu and Bower, 197 6, 1977; : Irving, 197 5). Mare 
basalt particles were subdivided into two groups based on the presence or absence 
of olivine as a major phase. The non-mare basalts are either feldspathic (>67% 
plagioclase) and with rare or no silica, K-feldspar, phosphate, and mesostasis, or, 
they are KREEPy with larger areas of high-Si high-K mesostasis (> 10%) having 
phosphate crystals. A large number of lithic fragments are polymineralic, but 
their textures cannot be determined at the size ranges of the soil particles. This is 
commonly due to the presence of large grains in these particles. Such particles 
are considered to be 'indeterminate' in nature, and are further subdivided on the 

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

http://adsabs.harvard.edu/abs/1978mcvl.conf..321B


1
9
7
8
m
c
v
l
.
c
o
n
f
.
.
3
2
1
B Origin and modal petrography of Luna 24 soils 323 

basis of the dominant phase. It is probable that most of these particles are mare 
basalts. 

Breccias and Recrystallized Lithics. These particles were classified into two 
broad groups based on the glass content of the groundmass. Low grade breccias 
contain >5% glass while those with <5% glass are classified as high grade. Thus, 
all the low grade breccias are vitric and are either 'dark matrix' or 'light matrix' 
(cf, Basu and Bower, 1977). All soil breccias belong to this group. High grade 
breccias and recrystallized lithics are poikilitic (including micropoikilitic 
textures), or melt-matrix (usually showing a criss-cross pattern of plagioclase 
laths in the matrix), or other textures. The meta-basalts (e.g., McSween et al., 
1977) were classified in this third category of high grade breccia and recrystal-
lized lithics. An unusual type of melt matrix breccia was found in these soils 
(Basu et al., 1977b). This breccia type is vuggy (up to ~20% vugs) and has a 
matrix which exhibits quench-crystalline texture. Very fine Fe-metal and troilite 
in the form of globules and crystals are dispersed in the matrix. Pyroxene and 
plagioclase in an approximate ratio of 60:40 make up the groundmass. Clasts are 
mostly monomineralic olivine, pyroxene and plagioclase. Lithic clasts are 
extremely rare. A few olivine and pyroxene clasts were analyzed which show that 
they are magnesian· (Mg/Mg+ Fe >0.5). The pyroxene is not Ca-poor. We 
infer a mare source for these particles which could be the disintegration product 
of a gas rich melt sheet generated by a medium size impact on a well irradiated 
mare regolith. 

Agglutinates. Petrographic descriptions by Heiken (1975) and Basu and 
Bower (1977) were used to identify the agglutinates which are characterized by 
the inhomogeneous nature of their glassy groundmass. 

Glass. Homogeneous glass, usually in the form of droplets or fragments 
thereof, belong to this class. Glass particles have been classified on the basis of 
their color in thin sections. 

REsULTS 

In order to best represent the composition of the analyzed soils, we have 
combined our modal analysis data of the size fractions into a single set for each 
of the samples. We have taken the sieve data from McKay et al. (1978) and have 
weighted the individual size-class modal data accordingly (Table 1). Thus, our 
average modal analysis of 7383 particles represents about 80% by weight of the 
<250 µm size fraction of the Luna 24 soil. The most remarkable feature -about 
the modal data is the'. very high abundance of monomineralic particles (~52%). 
No other set of soils i.n any of the other sample return missions contains such a 
high proportion of monomineralic particles. In this respect alone the Luna 24 
regolith is unique. 

DISCUSSION 

Our petrographic survey of Luna 24 soils has been restricted to the sub-250 µm 
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Table 1. Weighted modal analysis of 20 µm-250 µm grain siie fractions 
of Luna 24 drill core soils. 

Sample No. -077,9 -109,13 -149,15 -174,10 -182,15 -210,9 Average 

wt.% of <250 µm fraction 73.52% 80.22% 82.95% 79.50% 77.01% 84.47% 79.61 ± 3.98 

Monomineralic fragments 47.53 48.42 51.22 56.34 58.24 50.04 51.97 ± 4,.36 
Plagioclase 9.78 9.95 9.95 12.05 15.82 12.71 11.71 ± 2.36 
Pyroxene 32.49 33.64 36.14 · 38.87 36.20 31.87 34,87 ± 2.67 
Olivine 4.44 3.81 3.42 3.92 5.03 4.49 4.19'± 0.58 
Opaques 0.68 0.82 1.00 1.19 0.69 0.45 0.81 ± 0.26 

Ilmenite, Chromite, etc. 0.00 0.50 0.40 0.79 0.06 0.07 0.30 ± 0.31 
Troilite 0.05 0.17 0.08 0.10 0.06 0.00 0.08 ± 0.06 
Fe metal 0.63 0.17 0.80 0.38 0.55 0.38 0.49 ± 0.22 

SiO2 phases 0.14 0.21 0.45 0.40 0.56 0.52 0.38 ± 0.17 
Xlline Litj:lics 10.99 11.52 11.43 14.68 13.57 13.24 12.57 ± 1.47 

ANT 0.45 0.36 0.47 1.14 0.53 0.94 0.65 ± 0.31 
Anorthositic 0.31 0.36 0.16 0.73 0.40 0.63 0.43 ± 0.21 
Gabbroic 0.14 0.00 0.31 0.42 0.14 0.31 0.22 ± 0.15 

Mare basalts 5.52 5.78 5.30 6.04 5.71 4.76 5.52 ± 0.45 
Olivine-bearing 1.56 1.57 1.82 1.21 1.45 1.10 1.45 ± 0.26 
Olivine-free 3.97 4.25 3.48 4.83 4.26 3.66 4.08 ± 0.48 

Non-mare basalts 0.0 0.06 0.00 0.0 0.00 0.13 0.03 ± 0.05 
Feldspathic 0.0 0.06 0.00 0.0 0.00 0.13 0.C!3 ± 0.05 
KREEPy 0.0 0.00 0.00 0.0 0.00 0.00 0.0± -

Indeterminate 5.02 5.31 5.64 7.50 7.31 7.41 6.37 ± 1.16 
Plagioclase rich 0.53 1.75 1.27 2.59 2.39 1.82 1.73 ± 0.75 
Pyroxene rich 3.52 2.78 3.81 4.42 4.10 4.91 3.92 ± 0.74 
Olivine rich 0.24 0.52 0.34 0.24 0.64 0.53 0.43 ± 0.16 
Opaque rich 0.10 0.09 0.24 0.28 0.17 0.08 0.16 ± 0.08 
SiO2 rich 0.04 0.17 0.00 0.00 0.06 0.09 0.06 ± 0.06 

Breccia & Rexllzd Lithics 10.32 9.94 17.43 9.72 9.19 13.32 11.65 ± 3.18 
Low grade, vitric 8.43 7.03 15.19 8.26 6.64 11.33 9.48 ± 3:25 

Dark matrix 7.86 6.83 14.80 8.10 6.09 10.57 9.04 ± 3.21 
Light matrix 0.57 0.20 0.40 0.15 0.60 0.63 0.43 ± 0.21 

High grade, rexllzed 1.89 2.89 2.24 2.13 2.53 2.14 2.30 ± 0.35 
Poikilitic 0.20 0.62 0.42 0.63 0.29 0.08 0.37 ± 0.22 
Melt-matri_x 0.97 1.00 0.84 0.28 1.04 0.97 0.85 ± 0.29 
Other 0.72 1.27 0.96 0.57 1.23 0.73 0.91 ± 0.29 

Agglutinates 26.05 23.68 14.64 15.64 12.70 18.02 18.71 ± 5.18 
Glass 5.03 6.27 5.66 3.26 6.05 6.06 5.39 ± 1.13 

Black, brown, etc. 2.90 2.76 2.20 1.56 3.00 1.93 2.39 ± 0.58 
Green, yellow, etc. 1.18 1.12 1.41 0.55 0.56 1.40 1.04 ± 0.39 
Colorless, grey, etc. 0.97 2.39 2.05 1.13 2.55 2.77 1.98 ± 0.76 

Miscellaneous 0.00 0.09 0.24 0.14 0.00 0.00 0.08 ± 0.10 

Total% 99.92 99.92 100.62 . 99.78 99.75 100.68 100.37 

Total # of grains 1229 1219 1245 1233 1236 1221 7383 : 

size fraction. Detailed petrography and chemistry of the lithic fragments in large 
sizes (>250 µm) have been carried out by other groups (Albee et al., 1977; Bence 
and Grove, 1977; Bence et al., 1977; Ma et al., 1977; Marvin et al., 1977; 
McSween et al., 1977; Ryder et al., 1977a, 1977b; Taylor et al., 1977a,b; 
Vaniman and Papike, 1977a,b). In addition, lithic fragments from the sub-250 
µm fraction have also been studied by Coish and Taylor (1977), Nielson and 
Drake {1977) and Papp et al. (1977). The principal rock types reported by these 
other workers are: Ferrobasalts and ferrogabbros of various grain sizes (hereafter 
called local mare basalts), VLT basalts (which are a part of the local mare 
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basalts), one fragment of a low Ti (2.3%) mare basalt with 0.55% Na20, melt 
rocks of highland composition, and metabasalts. In this discussion we shall 
examine our da,ta in the light of the above rock types. 

Crystalline Lithics. More than 90% of the identifiable rock fragments that we 
have examined are mare basalts. If the same proportion is also extended to the 
'indeterminate' lithic fragments, as has been done by McKay et al. (1977), then 
about 11 % of the Luna 24 soil consists of crystalline mare basalts. It is not 
possible to assign these particles to the various basalt categories of Luna 24 on 
the basis of optical petrography alone with<>ut fairly extensive electronprobe 
analyses of the individual phases, especially the pyroxene. We have not attempted 
these analyses because there are about 750 such particles in our thin sections 
requiring a total of at least 5000 analyses within a short time frame. However, 
the fact remains that we, as well as others, are unable to quantitatively classify 
the mare basalt fragments. It is, therefore, possible that mare basalt types not y~t 
identified in the larger size fractions are represented in the <250 µm fraction. 

Optical identification of ANT suite of rocks and non-mare basalts is always 
difficult in the particle size range that we have studied. However, these types do 
not make up more than 4% of the lithic fragments. 

Breccias. The soil breccias (vitric, dark matrix) are immature in internal 
texture consisting mainly of detrital grains from local mare basalts. Nearly 10% 
of the soil is made up of these particles. The abundance of high grade breccias is 
low (2.3%) in these soils. More than 80% of these breccias are metabasalts 
and/or vuggy melt matrix breccias related to mare sources. Thus, "the breccia 
population indicates a very low highland component, perhaps not more than 0.5% 
in the total soil. We have not seen any K-feldspar or phosphate-mineral in these 
breccias. KREEP, if present at all in this soil, is probably not in the breccias. 

Glass. Homogeneous glass droplets in lunar soils are either impact derived or 
were formed in a volcanic fire fountain (Heiken et al., 1974; Heiken and McKay, 
1977). Examination of the surfaces of 200 glass droplets with a high resolution 
scanning electron microscope (Basu et al., 1977a) failed to reveal any feature 
similar to those on Apollo 15 and Apollo 17 spherules which Heiken and McKay 
(1977) ,ascribe to fire fountaining. We have performed a limited number (about 
180) of 12 element electron probe analyses on Luna 24 homogeneous glass 
particles. We ran the data through a cluster analysis program (Davis, 1973). Our 
data show that there are three principal clusters .which conform to anorthosite 
(~15%), anorthositic gabbro (~27%), and mare basalts (~58%). Two subsidiary 
classes can be recognized in the mare basalt (Basu et al., 1977a). We found no 
statistically significant KREEP cluster; only one KREEPy glass (LKFM with 
high alumina) particle occurs in the population we have analyzed. Simonds et al. 
(1977) carrying out a similar study, in the 90-150 µm sized fraction and with a 
different cluster analysis program, identified all the five components mentioned 
above. While we infer about 42% highland component with no KREEP in our 
data set, Simonds et al. (1977) estimate about 55% highland component 
including a distinct KREEP cluster (~3%). In part, because Simonds et al. 
(1977) included devitrified nearly holocrystalline "glass" in their data base and 
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also used a very different clustering technique, our results are not identical to 
theirs, although the two results are simiiar. Norman et al. (I 977) also note a 
significant highland basalt component in their glass analyses. The high ( ~42%) 
abundance of the highland component in the glass means that nearly 2.5% of the 
bulk soil is highland glass. This could be contrasted to the very low highland 
breccia component (~0.5%) in these soils. Perhaps glass can survive longer 
distances of transport than highland breccias which presumably are reduced to 
the individual constituents, and thus lose their identity. But glass once formed 
remains as glass despite all mechanical fragmentation. 

Monomineralic Particles. More than half of the <250 µ.m Luna 24 soils are 
composed of monomineralic particles. Monomineralic particles are also the most 
abundant in the size range of 250 µ.m-500 µ.m (Taylor et al., 1977a; and our 
unpublished modal data). They are also common (~22%) in the 0.5 to 1.00 mm 
size range (Nagle and Walton, 1977). However, of the twelve >I.0 mm particles 
only one is a monomineralic but polycrystalline (anorthosite?) particle (Nagle 
and Walton, 1977). The high abundance of monomineralic particles in the soil 
suggests that the coarse grained parent rocks of many of these particles are not 
present in the bulk samples. Finer grained equivalents of all of these coarse 
grained parent rocks may be present but that has not been shown. It may be that 
at least some of the coarse grained parent rocks have no fine grained equiva-
lent. 

Pyroxene is by far the most abundant nionomineralic particle in Luna 24 soils 
making up about 35% of the total. Chemical zoning in pyroxene is the best 
indicator of its origin (Bence and Papike, 1972). Chemical zoning of pyroxene in 
lithic fragments has been used extensively to characterize Luna 24 rock types 
(e.g., Vaniman and Papike, 1977a; Taylor et al., 1977b; Bence and Grove, 1977). 
In monomineralic fragments, however, chemical zoning trends have to be 
interpreted with caution because it cannot be known how a grain has broken off, 
or if it has gone through an agglutination cycle (Basu and Bower, 1976). 
Therefore, unless a large number of grains are analyzed, the data may not be 
representative. Furthermore, data of pyroxene from various parent rocks may 
have overlapping fields so it may not be possible to assign individual pyroxene 
crystals to specific rock types. 

We have plotted 265 analyses of monomineralic pyroxene in the four common 
display modes (Fig. la-d). Most of the plots fall within the fields of pyroxene 
from the ferrobasalts and ferrogabbros of Luna 24 (Albee et al., 1977; Nielson 
and Drake, 1977; Ryder et al., 1977a, 1977b; Taylor et al., 1977a; Vaniman and 
Papike 1977a,b). This is true not only for the major element variation (Fig. la,b) 
but also for the trends shown by the minor elements (Fig. lc,d). Note that 
the arrows in these figures represent the approximate iron enrichment 
(Fe/Fe+ Mg) trend. Most monomineralic pyroxene appears to have come from 
the local basalts represented in the lithic fragments. Surprisingly, pyroxferroite 
compositions are totally lacking in our analyses. However, some analyses plot 
outside the fields of local basalts. For example, there is a small cluster of low-Ca 
Mg-rich pyroxene and two high-Ca Mg-rich pyroxenes (Fig. la) which are 
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obviously derived from other sources. These pyroxene crystals also contain very 
low Ti and plot almost at the base of the Alv1-Ti-Cr triangle (Fig. le). These 
fragments individually show very little zoning, suggesting slow equilibrated 
growth. It is possible that all of these are of non-mare origin and represent a 
highland component (Bence and Grove, 1977). However, typical plots of 
highland pyroxene usually show equally weighted clusters of both bronzites plus 
pigeonites and diopsidic augites (Irving, 1975). In our data, collected entirely 
from the 150-250 µm fraction, there is a paucity of diopsidic augites and of the 
low-Ca clusters; only one is a bronzite (Wo <5) and the rest are pigeonites. We 
believe that it is equally possible that some of these "non-mare" pyroxene crystals 
come from a cumulate ( therefore slowly cooled) unit of the local mare basalts. 
The very low abundance of highland lithic fragments supports the interpretation 
that some of these pyroxene crystals do not come from highland sources. We 
conclude that only a part of this exotic component is highland derived and the 
rest are from a mare cumulate, not represented in the larger crystalline lithics 
because of its coarse grain size. Coish and Taylor ( 1977) report a cumulate 
textured particle which may well be a fragment from the proposed cumulate 
body. 

We estimate that about 85%-90% of the pyroxene particles are derived from 
local mare units, about 5%-8% are from the proposed cumulate and probably less 
than 3% are from highland rock types. Additional evidence for the proposed 
cumulate body comes from the compositional variation of monomineralic olivine 
particles discussed below. 

Olivine shows three distinct populations in terms of its Fe/Fe+ Mg ratios 
which vary from about Fo78 to Fo0.5 (Fig. 2a; 181 analyses). The highest mode 
occurs in the range of Fo73_78, followed by a subsidiary mode at about Fo65, and a 
smaller mode at Fo45_50• The olivine crystals, particularly the Mg-rich varieties, 
are virtually unzoned indicating that they probably had slow growth, and if they 
are magmatic, cooling must have been fairly slow during olivine crystallization. 
The three populations, seen in the frequency bar diagrams (Fig. 2a) can also be 
seen in a plot of CaO% vs. Fo content (Fig. 2b). In general, CaO increases with 
increasing Fe. The clusters at Fo,5 and Fo65 have a mode of 0.18% CaO (varying 
from 0.04% to 0.29%) and appear to belong to a CaO-Fe enrichment trend 
different from that shown by the more Fe-rich olivine. 

Olivine in the analyzed local basalts and gabbros are almost never more 
magnesian than Fo65, and more frequently than not they are much more Fe-rich 
(Bence et al., 1977; Nielson and Drake, 1977; Ryder et al., 1977a, 1977b; Taylor 
et al., 1977a; Albee et al., 1977). Bence et al. (1977) report a high-Mg gabbro 
(24109,51, #34) with an Fo68 olivine and high-Mg pigeonite and augite. They 
also report Mg-olivine, from Luna 24 soils, up to Fo81-presumably monominer-
alic fragments-which they suspect to be of highland origin. Coish and Taylor 
(1977) report an Fo75 olivine from a cumulate textured lithic fragment ( 150-250 
µm) which they interpret to be of mare origin. 

We interpret our olivine data (Fig. 2b) to in9icate at least three, if not four, 
source rocks. All of the monomineralic olivine particles which are more Fe rich 
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Luna 24 
Monomineralic Pyroxene 
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Fig. la. Trends of major element zoning in monomineralic pyroxene particles. 

than Fo65 and have >0.22% CaO are from the local mare basalts. The olivine 
cluster at ~Fo70-Fo65 and with CaO between approximately 0.1% to 0.25% are 
from a high-Mg gabbro similar (but not identical) to 24109,51 #34 (Bence et al., 
1977). The compositions of these olivine particles are somewhat similar to those 
from the olivine vitrophyre in the Luna 24 site (Ryder et al., 1977a; Coish -and 
Taylor, 1977; Basu et al., 1977b). However, the olivine grains in vitrophyre are 
usually much smaller, skeletal, zoned, and with a slightly higher Fo content. If 
the olivine vitrophyres are impact melts (Basu et al., 1978), then this high-Mg 
gabbro body could have been the target. The third and the most abundant cluster 
of olivine is also the most Mg-rich (Fo74_78) and the CaO% varies from 0.04 to 
0.29. We believe that all the olivine particles in this cluster containing <0.15% 
CaO probably have a highland origin. But those with >0.15% CaO and making 
up the bulk of the cluster, in our opinion, are mare related and are most probably 
derived from a mafic cumulate of a mare basalt suite. We suggest that this 
cumulate body was layered. The lower layer may have consisted of mostly olivine 
(~Fo77) and the upper layer may have been Mg-rich noritic olivine (Fo65) 

gabbro. 
We estimate that 50% of the monomineralic olivine was contributed by the 

local ferrobasalts and ferrograbbros while ~25%-30% came from the olivine-rich 
part of the proposed cumulate body and ~20% came from the high-Mg gabbro 
part of the cumulate body. Perhaps <5% of the monomineralic olivine particles 
are highland derived. We believe that lithic fragments of the proposed cumulate 
body have not been found because its texture is too coarse grained. Judging from 
the size of the monomineralic olivine and pyroxene crystals and their abundances, 
we infer that the grain size of the cumulate body is likely to be on the order of 1-2 
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Fig. 2a. Frequency distribution of monomineralic olivine compositions. 
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Fig. 2b. Plot of CaO percent vs. Fo content in monomineralic olivine particles. 

mm. Unless the bulk composition of this cumulate body is similar to the bulk 
composition of the local basalts there is no reason to expect that the bulk 
composition of the soil would be similar to the bulk composition of local basalts 
found as lithic fragments. In fact, as discussed by Morris (1977), the composi-
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tions are not similar; the soil has excess magnesia. We shall discuss this problem 
later. 

Plagioclase makes up nearly 12% of the bulk soil. We have performed 292 
analyses and find a range of composition from An98 to An75 • Zoning in individual 
fragments is commonly absent or restricted to less than 5 mole percent anorthite. 
Potash content is extremely low and in the calcic varieties (> An85) K20 is mostly 
below the detection limits of our electron probe. All the plagioclase particles 

. show the typical Al-depletion from ideal stoichiometry with increasing Ab 
content (Fig. 3a). Storey (1974) has observed similar trends. A plot of cation 
percent iron and the An content (Fig. 3b) of these monomineralic plagioclase 
particles shows that most cluster in the range of ~An8rAn97 with ~0.1--0.6% Fe 
(cation percent). This range is similar to the plagioclase in the local ferrobasalt 
and ferrogabbro lithic fragments (Bence et al., 1977; Ryder et al., 1977a; 
Vaniman and Papike, 1977a). All of the particles represented in this cluster could 
have come from the local mare basalts. Papp et al. ( 1977) also come to a similar 
conclusion in their studies of monomineralic plagioclase (90-150 µm) on the 
basis of a similar plot. However, it is also possible that some of these plagioclases 
came from the high-Mg gabbro part of the proposed mare related cumulate body. 
At this time we are unable to differentiate any subpopulation of the plagioclase 
which could be assigned to the cumulate. Only 11 (3.8%) analyses in the range of 
An93_97 have less than 0.1 % Fe and are probably derived from highland rocks. An 
even smaller group of 8 analyses in the range of An1s-8o with >0.3% Fe is rather 
unusual because they have not been reported from larger lithic fragments. They 
plot in the field of Apollo 15 KREEP of Steele et al. (1977). Only Coish and 
Taylor (1977) report one plagioclase from small mare basalt fragments (90-150 
µm) as sodic as An78 and Nielson and Drake ( 1977) report An1s• Plagioclase in 
larger lithic fragments of mare basalts and gabbros have been reported to have a 
maximum Ab content of An80 (Ryder et al., 1977a) and of An88 (Bence et al., 
1977; Vaniman and Papike, 1977b). We believe that just as the more magnesian 
cumulate member of the local mare basalts is not represented in the larger lithic 
fragments, so are the more sodic plagioclase absent from the collection of larger 
lithic fragments. Although minor, these do form a separate cluster in our plots 
(Figs. 3a,b). It ri:ia:r, 

1
be that _ the more fraptionated mare basalt member 

containing these mqr~ 's9_dic feldspars occurs as a separate geologic unit in this . ' \ 

area. . ... , · 
Only 3 analyses show-ari10r 0content > 1 %, and given the very low K20 content 

of the local mare basalts (e.g,, Ma et al., 1977), these could have been derived 
from another minor source of high-K mare basalt or from a minor KREEP 
component. Such a source did not contribute more than a fraction of a percent of 
the regolithic material at this site. 

Cristobalite (or some other Si02 phase) is present in a very minor quantity 
(0.38%) in this soil. Some. of the grains are large and present in the 150-250 µm 
fraction. Although Barsukov et al. ( 1977) and Tarasov et al. ( 1977) report 
cristobalite gabbros, the cristobalite grain reported by Albee et al. (1977) in a 
gabbro is only ~50 µm in size. Large cristobalite grains are known only from 
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KREEP basalts (e.g., Basu and Bower, 1976). Even if the KREEP component of 
this soil is <0.5% (our estimate) one or two particles of cristobalite may still have 
survived attrition. Alternatively, and more likely, these grains are from a coarse 
cristobalite gabbro which has not been sampled in the larger particle size 
fractions. 
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The Excess Magnesia Problem. Morris (1977) focused attention on the 
problem of excess MgO in the Luna 24 soil over that of the local mare basalts, 
although discussion on this problem was quite active during the Luna i4 
Conference (LSI, Houston, 1977). The problem is obvious if one compares the 
average composition of the soils and that of the basalts (Table 2). It is seen that 
there is an excess of MgO, Cr2O3, a minor excess of FeO, and a slight depletion 
of CaO and Al2O3 in the Luna 24 soil. Contribution from a source more mafj.c 
and less felsic than the available "local" mare basalts must account for t~is 
difference. We suggest that the proposed mafic cumulate, rich in magiiesi~:h 
olivine, magnesian pyroxene and depleted in plagioclase is this source. Aluininiari 
chromite inclusions are common in magnesian olivine and pyroxene; magnesiari 
pyroxene also contains more Cr2O3 than iron-rich pyroxene. The cumulate is thus 
also much more enriched in Cr2O3 compared to the "local" mare basalts. ' 

Relative Contributions of the Source Rocks. Based on modal analyses da!a 
and simple mass balance calculations for MgO and Cr2O3, we can estimate t~e 
relative contributions of the proposed cumulate and of other source rocks to t~e 
Luna 24 soils. · ·. 

1. Early high magnesian cumulates of local mare basalt magma (no 
confirmed sample analyzed). 10% 

SiO2 
TiO2 
AiiOJ 
CaO 
FeO 
MgO 
Cr2O3 
MnO 
Na2O 
K2O 

Table 2. Average compositions of Luna 24 soils 
and mare basalt fragments. 

Soil• 

45.4 
1.1 

11.1 
11.0 
20.5 
10.2 
0.52 
n.d. 
0.28 
0.03 

•Blanchard et al. (1977) 
bMa et al. {1977); our average 
cnot determined; obtained by difference 

Basaltb 

45.7c 
1.2 

13.0 
12.2 
19.5 
7.6 
0.23 
0.24 
0.31 
n.d. 

2. Local mare basalts, ·gabbros, etc. (samples petrographically studied 
and analyzed). 85% 

3. Residual fractionation products of local mare basalt magma 
containing sodic plagioclase (An75) (no confirmed sample analyzed). 1 % 

4. Undifferentiated highland rocks, mostly glass and ANT. 3% 
5. KREEP 0.5% 
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It is likely that all the mare related source rocks identified above (#1-3) are 
geneticaily related to each other. We have a strong support for this conclusion 
frqm the opaque mineral studies of Haggerty (1977) who writes "The Luna 24 
samples have provided what may be the first suite of lunar samples for which 
there is reasonably good evidence that an intrusive rock is genetically and 
ch~mically linked to an extrusive suite." 

CONCLUSIONS 

The Luna 24 regolith contains a very high proportion ( ~52%) of monominer-
alic fragments and is, therefore, unique among the lunar regoliths sampled so far. 
T4e chemistry of the monomineralic fragments shows that the large (>250 µm) 
mare basalt fragments in Luna 24 soils do not represent all the local rock types. 
We infer the existence of a magnesian-olivine-rich _ mare related cumulate body 
w4ich has not been detected by the petrological studies of the >250 µm fraction 
ofthe soil. We infer that 85% of this regolith is derived from local mare basalts, 
gabbros, etc. and about 10% is derived from the cumulate. Highland sources did 
not contribute more than 3% of this regolith. 
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