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Abstract — The high content of anorthositic rocks and their metamorphosed varieties, as
well as related basaltic rocks of non-mare type, that predominate among particles of primary
magmatic rocks is an important peculiarity of the highland regolith sample returned by the
automatic station, Luna-20, from the region of Apollonium-C crater (3°32'N and 56°33'E).
The significantly higher content of particles of primary magmatic rocks (50–70% of the total
number of particles of coarse fractions), in comparison with breccias, sintered and slagged particles,
is also typical for the Luna-20 regolith sample. On the contrary, a predominance (up to 70%) of
strongly reworked particles, generated as a result of considerable, or total, exogenous
transformation on the lunar surface, was observed in the Luna-16 regolith sample delivered from
Mare Fecunditatis. This and other characteristics of highland regolith (coarser-grained materials,
lower density of surface defects, etc.) indicate a noticeably lower degree of reworking of surface
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materials in the region of the Luna-20 landing site as compared to the mare region of the Luna-16
landing site.
The observed peculiarities of the Luna-20 regolith sample may have a local character
associated with the nearby Apollonium-C crater. However, these peculiarities may also reflect the
general character of regolith forming processes in different structural regions of the moon. The
difference in relief may result in the formation of a thick but relatively slightly transformed regolith
layer in lunar highland depressions but a more highly transformed, more homogeneous one in lunar
maria.

INTRODUCTION
THE LUNAR SOIL (regolith) returned by the automatic station Luna-20, is the first sample of
material of a lunar highland region (Vinogradov, 1972). It is extremely important that the Luna-20
landing site (3°32'N and 56°33'E) is located in the highland region just north of Mare Fecunditatis
from which a soil sample was earlier returned by the automatic station Luna-16 (0°41'N and
56°18'E) (Vinogradov, 1971). Thus, the Luna-20 mission allows not only the comparison of mare
and highland samples in general, but also to estimate the differences between their parameters as
well, since the distance between the two landing sites is not large (about 120 km Fig. 1). Thorough
comparison of properties of regolith samples from adjoining lunar regions with sharply different
geological features provides information on processes of formation of the basic types of lunar
terraines (maria and highlands) as well as on the peculiarities of exogenous reworking processes of
original lunar rocks in the regions with different geological and geomorphological setting.
The relief of the Luna-20 landing site is typical for lunar highland (Florensky et al., 1972).
Its main components are hilly areas combined with ridged uplifts, benches, and depressions of
irregular shape. These features are complicated by numerous craters up to dozens of kilometers in
diameter. Density of craters with diameters exceeding 3 km in the landing site vicinity is about 15
craters per 1000 km2, that is about 50 times that of craters with similar diameters in the northern
part of Mare Fecunditatis. The combination of the above mentioned relief features results in rather
sharp dissection of the surface with average 1 km altitude above the level of the Mare Fecunditatis
fill.
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Not far from the Luna-20 landing site is the edge of the rim of the impact crater
Apollonius С (10 km in diameter). Sharpness of the crater with a depth of about 1 km allows us to
consider it as a comparatively young event, perhaps of Copernican age. There are convincing
reasons to suppose that ejecta from this crater may contribute significantly to the regolith in the
sampling area.
Analysis of photopanoramas shows that the Station landed on a gentle (~8°) slope some
hundred meters or more in length. The surface of regolith has cellular-cloddy structure and small
rocks 0.5–2 cm. During drilling the casing of the drilling machine was in a slanted position and
partially rested on the soil, leaving a depression about 3 cm in depth under the pressure 0.1–
0.3 kg/cm2. This value can be used for estimation of the bearing capacity of the upper soil layer.
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During the drilling, the soil material filled the core tube only partially, hence, the total
weight of regolith sample is 52 g. According to some indications, in particular, the bulk density of
the material, the total regolith depth sampled by the core tube is about 15–20 cm. There appears
also the possibility that due to incomplete filling of the core tube, the material could be strongly
mixed during the transportation of the sample. However, further investigation of grain size and
morphology of the material from the different zones of the core showed that the degree of mixing
was insignificant, and that principal regolith stratification was maintained. The Luna-20 soil sample
was delivered to the laboratory and transferred to a reception tray in a helium atmosphere; there,
smaller samples were allocated for further investigations, that were carried out in a special box
having a nitrogen atmosphere.
Morphological characteristics of the regolith samples have been determined according to the
procedure used for the investigation of the Luna-16 sample (Florensky et al, 1973), making
comparison more meaningful.
SOIL DESCRIPTION
The Luna-20 regolith sample, as a whole, is a loose-grained, light gray material with grains
of various sizes; it is much lighter in color than the sample from Mare Fecunditatis. The normal
albedo of the lunar surface at the landing site varies from 0.13 to 0.15, but laboratory measurements
of a diffused reflection index of the fines (less than 83 μm fraction) in the visible part of the
spectrum gave the value 0.2, while for mare regolith it was equal to 0.105 (Vinogradov, 1971,
1972).
Preliminary visual examination of the sample showed that it has a lower content of melted
and glazed particles than the Luna-16 material.
The cohesive properties of the samples from both lunar regions are quite similar. This is
evidenced in the formation of loose clods, in distinct scratch marks of any tools, touching the
surface of the samples, and so on. For the Luna-20 regolith sample the natural angle of repose
approaches 50–55° in free pouring. The highland regolith, as well as the soil from Mare
Fecunditatis, is easily subjected to electrization. The bulk density of the Luna-20 regolith was
determined for an unsieved sample weighing about 6 g. The bulk density of freely poured material
was 1.1–1.15 g/cm3, i.e., it was almost equal to the value obtained for the Luna-16 sample. After
shaking, however, its density increased to 1.7–1.8 g/cm3. This value is slightly smaller than the one
obtained for the sample from Mare Fecunditatis. It may be explained by lower density of highland
regolith particles.
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The sample on the reception tray has no visible layers. It was subdivided into four almost
equal zones wherefrom smaller samples L2001, L2002, L2003, L2004 were taken with increasing
depth in the core.
Grain size analysis by sieving (Table 1) shows that the individual layers are somewhat
heterogeneous, and that coarseness is greater than that of the Luna-16 sample (Stakheev et al.,
1972) and appreciably increases with depth. Thus, in the upper half of the core the weight
percentage of fractions > 0.45 mm in diameter is 11.5%, while in the lower half their percentage is
27.3%. In the upper half of the core particles less than 0.083 mm make up 56.6% and 48.4% in the
lower one.
Table 1. Grain size analysis of mare and highland regolith samples
in different core zones; sieve analysis (wt. %).
Fraction, mm

Luna-16

Luna-20

А

Б

В

Г

1

2

3

4

+0.9

0.8

1.6

10.0

12.8

2.1

7.5

19.2

17.0

-0.9 +0.45

4.8

5.5

7.2

6.6

6.0

7.4

8.8

9.5

–0.45 +0.20

12.2

12.6

9.1

13.6

11.8

11.7

8.5

8.7

–0.20 + 0.127

4.9

13.1

8.0

9.4

12.2

10.2

8.1

8.5

–0.127 +0,083

12.8

15.8

19.1

15.8

9.5

8.8

6.2

9.2

–0.083

64.5

51.4

46.6

41.7

58.7

54.5

49.2

47.5

Before describing lithologic types of Luna-20 regolith particles the following should be
mentioned. Luna-16 mare regolith particles of primary and secondary rocks, formed and reworked
at the lunar surface, could be distinctly differentiated. Gabbro, basalts, particles of anorthosite
composition and grains of igneous minerals were attributed to the former; breccias, slags, sinters,
and glassy particles to the latter.
Particles of «Luna-20» highland regolith could be subdivided into the same main groups:
fragments of primary igneous rock types and their minerals, and secondary particles which were
significantly changed and reworked under the influence of processes at the lunar surface. However,
there are occasionally certain difficulties in discriminating particles of proper igneous origin from
those of metamorphic origin. This difficulty stems from the fact that there are relatively few
particles of good crystallized medium-grained rocks. Mainly there are fine to very fine-grained
crystallized fragments, and their reliable identification appears difficult without micromethods. On
the whole, character and quantitative relations between various groups and types of particles from
the Luna-20 sample differ significantly from the similar characteristics of regoliths in Mare
Fecunditatis and other lunar mare regions. There are many types of particles varying in color from
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white, through light gray to gray and dark gray and in macroscopic texture from completely
crystallized and porphyraceous to porphyritic and aphantic varieties. Wide variations of both
parameters, together with fine-grained structure, do not provide reliable classification of all the
particles without microscopic investigation. However, inspection of the particles under the
binocular microscope makes it possible to determine the degree of reworking or recrystallization
among the secondary rocks.
Original, or primary, particles are mainly anorthositic rocks (Fig. 2) which includes a range
of textures and mineral compositions. Their main constituent is calcium plagioclase with lesser
amounts of orthopyroxene (rarely clinopyroxene), olivine, and spinel. Ilmenite, so often found in
the rocks of Mare Fecunditatis, is considerably less frequent in highland rocks. According to
mineral composition these rocks range from anorthosite proper (completely crystallized rocks, with
90–95% content of anorthite) to gabbroic anorthosites, norites, and related varieties. However, in
most cases the textures of these rocks leads to ambiguity in assignment to one of the above
mentioned types, since their porphyraceous, porphyritic, and breccia-like textures plus indications
of their near-surface formation and sometimes appreciable metamorphism are indicated by
cataclasis, recrystallization and so on. Some samples contain numerous gas-pockets and pores
(Fig. 3). Due to the above mentioned features many of these samples look like effusive or
hypabyssal rocks. During these morphological investigations, all specimens of the above types
received the name «rocks of anorthositic type». More comprehensive classification needs more
detailed petrographic investigations, and these results will be given in a special paper.
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Basaltic rocks constitute a significant part among primary particles. In addition to a few
dark-gray, almost black basalts similar to those found in Mare Fecunditatis, there are other basaltic
rocks with wide variations in color and mineral content. These latter basalts differ from the
anorthositic rocks by darker coloring with gray, grayish and brownish tones. Rocks of
porphyraceous type, occasionally brecciated, with light colored impregnations of plagioclase up to
0.5 mm in size and dark aphanitic ground mass, may be included in the same group. The absence of
such rocks in typical mare regolith possibly indicates that they are characteristic of non-mare
basaltic rocks (Fig. 4).

It should be noted that particles of anorthositic rocks and of non-mare basalts, according to
the data of morphological analysis, form a whole spectrum of transitional varieties, and in some
cases it is necessary to distinguish anorthositic basalts as an intermediate group of particles.
The metallic iron inclusions, ranging in size from microns to hundreds of microns (Fig. 5),
present in both non-mare basalts and anorthositic rocks may be important in the genesis of these
rock types.
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An important peculiarity of some fragments of basaltic and anorthositic types is a
considerable brecciation and partial remelting without, however, appreciable foreign inclusions,
thus sharply distinguishing fragments of such rocks from secondary particles of breccia. This may
indicate that these changes result from powerful impact effects on crystalline rocks.
Highland regolith contains coarser-grained igneous rocks of microgabbro type in a very
limited number. Such rocks constitute a considerable part of primary rocks in the Luna-16 sample
(Fig. 6). It is interesting that together with fragments of typical mare gabbro consisting of
plagioclase, pyroxene, ilmenite and olivine, pieces of olivine-plagioclase rocks (troctolite) also
occur.

Monomineralic grains should also be classed as primary particles. Plagioclases obviously
prevail among them. In coarser fractions (more than 0.5 mm across) they are usually represented by
transparent and very pure plates and splinters (Fig. 7). Twin striations are clearly seen at the surface
of plates; and outer surfaces themselves often appear to be cleavage planes. Similar grains are
seldom found in mare regolith. There are also many turbid grains, with less pronounced cleavage
planes and wholly opaque, dull-white grains. These grains formed as a result of fracturing of larger,
coarse-crystalline rocks.
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In the finer fractions there occur an appreciable number of olivine grains as well as grains of
pyroxenes and accessory minerals, spinels and ilmenite being among them. Clinopyroxenes are
presented as sparse, reddish-brown grains similar to those of Luna-16 mare regolith pyroxene.
Orthopyroxenes occur more often than in Luna-16 soil as transparent grains, weakly colored and of
yellowish and greenish tones. They often look like olivines, especially since cleavage planes and
twinning are not always present. Olivine grains occur commonly and, as in the Luna-16 sample,
they are transparent and sometimes colored in yellowish and brownish tones. A characteristic
feature of Luna-20 samples is the presence of pink spinel grains in fine soil fractions. These were
not found in the sample from Mare Fecunditatis, but were discovered by American investigators in
the samples collected by Apollo 14 and, more rarely, by Apollo 12. Ilmenites are extremely sparse,
and spinels with dark coloring are also seldom found.
Secondary particles are present in the highland as the same principal types found in the
regolith sample from Mare Fecunditatis: i.e., breccia, sinters, and slags, and glass particles of
different morphology.
A special type, although relatively few in number, are friable anorthosite particles. They
appear as fine-crystalline anorthositic rock, but are easily destroyed under very low stress similar to
friable breccias. The fact that there are no splinters of foreign rocks in these anorthosites suggests
that they are particles of fractured, anorthositic rocks, not affected by additional vitrification,
lithification, or addition of foreign material.
Lithified microbreccias are characterized by appreciable diversity (Fig. 8). In most cases
they have dark cement and light inclusions; reverse relations are seldom observed. Some breccias
do not contain visible inclusions. The color of breccia particles varies from light to dark gray; and,
in general, it is considerably lighter than for particles of the same type in the Luna-16 sample. It has
already been mentioned in the description of mare regolith that rounded shapes and friable structure
are characteristic features of most particles. For breccias of highland regolith, friable textures and
rounded shapes are also typical, though to a smaller degree.
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Sintered aggregates of complicated shape do not differ, in general, from sinters of the mare
regolith sample (Fig. 9); but, like most Luna-20 particles they have lighter coloring.

Scarcity of both glass and glazed particles is a peculiarity of the Luna-20 regolith sample.
Normally, sintered particles become glazed, while particles of breccias and crystalline rocks are
seldom subjected to surficial melting. Enamellike glasses which partially coat these particles have a
lighter coloring than similar glasses from the Luna-16 sample. There are practically no black tones
in the Luna 20 sample. Usually glass colors vary from dark brownish to brownish and yellowish
tones.
Coarser fractions of regolith sometimes contain splinters of wholly remelted glasses of dark
and greenish color. It is interesting to note that glasses of red and brown color have not been found
while many of them were present in the Luna-16 soil.
Glassy spherules are also present in the highland regolith sample, however, their content, as
for other types of secondary glasses, is significantly lower than in the sample from Mare
Fecunditatis. Thus, their content in the 0.45–0.9 mm fraction of the Luna-20 sample is only about
0.3–0.4% and increases up to about 0.7% in fraction 0.8–0.12 mm. This is several times lower than
the content of such particles in the corresponding fractions of the Luna-16 sample. Like glass

Proceedings of the Fourth Lunar Science Conference 1973

с.10

splinters of irregular shape, the spherules are also characterized by dark or greenish coloring and
absence of red and brown tones.
Among other types of particles there are pieces of metallic iron, usually of irregular shape
(Fig. 10). As already mentioned, a metallic phase also is often present in fragments of crystalline
rocks. Distribution of metallic phases between various types of particles in the Luna-20 sample
manifests itself in a qualitative study of total magnetic susceptibility: marked magnetization is a
property of many particles of anorthositic rocks, basalts, and some sintered particles, while
magnetization of breccias is usually lower. In this respect, the Luna-20 regolith sample obviously
differs from the Mare Fecunditatis sample; metallic inclusions in the latter were often found in
breccia particles and rather seldom in the particles of basaltic rocks.

Distribution of main types of particles larger than 0.45 mm across are given in Table 2. A
characteristic feature of Luna-20 regolith is the prevalence of particles of primary igneous rocks and
their metamorphosed equivalents over breccias, slags, and sinters. The content of the former in
various fractions ranges from 50% to 70% of the total number of particles in a given fraction. In the
regolith sample from Mare Fecunditatis, on the contrary, there is a sharp prevalence (up to 70%) of
the secondary particles resulting from exogenous transformation at the surface of the moon.
DISCUSSION
Luna-20 core zones are characterized by measurable variations in the proportion of various
particle types with the main trend being prevalence of primary particles of original rocks over
secondary particles of metamorphosed rocks. Some of the core zones contain rock varieties which
are absent in others. Thus, about half the number of basalts from the coarse fraction in the upper
part of the core (zone I) is represented by specific porphyraceous (breccia-like) varieties of basalts,
only rarely found in other zones. Anorthositic particles, with an appreciable amount of metallic
phase, are confined to the lower part of the core.
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It should also be noted that there is no regular variation in relative abundance of the main
types of particles along the core downwards or upwards, except for plagioclase monograms, the
number of which gradually increases with depth in the core. Such particle distribution apparently
reflects a complex layered structure of the regolith at the Luna-20 landing site and suggests the
absence of significant mixing and averaging in the sample. Apparently the same is proved by the
variation of the average weight of particles with depth of the two coarsest size fractions (Table 3).
Table 2. Abundance of various particle types of coarse fractions of mare and highland
regolith in core zones (numerical %).
Luna-16
А+Б

Particle Type

Luna-20
В+Г

1+2

3+4

+0.9

–0.9
+0.45

+0.9

–0.9
+0.45

0.9

–0.9
+0.45

–0.9
+0.9

+0.45

13

14

18

12.5

2.7

1

3

1.5

Basalt
Anorthosite-basalt

8

7.5

9.5

7

22.6

14.2

21

10.7

–

–

–

–

9.9

9

18.7

Anorthosite-type rock

0

2

1

3.5

27.2

23.1

27.5

17.7

0

5.9

2.2

8.2

0

2.5

0

2.6

Holocrystalline rock of
microgabbro type

Plagioclase monograins
Glasses and monomineral
grains (except
plagioclase)

5

Friable anorthosite grains

–

–

–

–

5.2

4.3

2.8

6.8

Breccias

50

35

39

32

20.5

16.2

19.5

18.4

20.5

34

26

34

15.5

22

13.8

14.2

0

1

1

1.5

0

0.4

0

0.4

Sinters and Slags
Spherules

2.5

2.5

5.5

Table 3. Average weight of particles from coarse fractions of mare and highland regolith
in core zones (nig).
Luna-16

Luna-20

Core zone,
downwards

+0.9

–0.9 +0.45

+0.9

–0.9 +0.45

1 (А)

2.0

0.274

2.8

0.219

2 (Б)

1.9

0.294

4.7

0.270

3 (В)

3.1

0.302

6.3

0.437

4 (Г)

3.2

0.344

4.7

0.390
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When the overall coarse particle population of the lunar highland regolith sample is
considered with respect to that from Mare Fecunditatis, the evidence of surficial exogenous erosion
is much lower. In fact, rock surfaces with shallow pits containing the traces of melting typical for
Luna-16 sample particles are quite rare in the Luna-20 sample. It is also interesting to note that at
the surface of glassy particles there were no thin metal films as found on similar particles from mare
regolith.
Accordingly the main characteristics of Luna-20 soil demonstrate that the highland regolith
from the area around crater Apollonium С differs appreciably from the regolith of Mare
Fecunditatis (Florensky et al., 1973) as well as other mare regions at the lunar surface. Peculiarities
of this highland regolith are the following: (1) sharp prevalence of anorthositic-type rocks and their
metamorphosed varieties; (2) relatively lower content of products of effective secondary rock
transformation: i.e., breccias, slags and glassy particles. The relative frequencies of various types of
particles are given in Table 4, normalized to a content of basalt and gabbro particles equal to 10.
The content of these types of particles in coarse fractions of both samples is almost equal, so that
this normalization is still more justified. The relative particle content in finer fractions, in principle,
does not change. Indeed, it is necessary to point out that there are few gabbro and mare basalt
particles and many non-mare basalts present in the highland regolith sample. (The relation between
the particles of various basaltic types in highland regolith may be estimated as follows: mare
basalts: microgabbro: non-mare basalts = 1:1.5:5). Predominance of particles of anorthositic rocks
in highland regolith is confirmed by the coefficient 25 (Table 4). Thus, the content of these particles
in Luna-20 regolith is 25 times their content in Luna-16 regolith.
The ratio for contents of breccia to various melted and glassy fragments (slags, sinters,
glasses) is very important for understanding regolith genesis. This relation is almost the same for
both samples from Luna-16 and Luna-20: it is 1.2 and 1.05, respectively. Both breccias, the product
of diverse material lithification, and slags, sinters and glasses, the product of glazing and remelting
are often confined to rather limited areas and occur as a result of various exogenous processes at the
surface of the moon, with meteorite and micrometeorite bombardment apparently being the most
effective.

Proceedings of the Fourth Lunar Science Conference 1973

с.13

Table 4. Relations of various types of particles in mare and highland regolith samples (conventional
units, fractions more than 0.45 mm).
Rock types and their
relation

Luna-16

Luna-20

basalts,
gabbro

4
6

8
2

anorthositic type,
including anorthositic
basalts

0.9

Ratio
Luna-16
Luna-20

Primary igneous
10

10

22.3

2.0
0.3

1

25

Secondary
breccias,
slags, sinters, glasses

17.8
15

32.8

9.8
9.3

19.1

0.5
0.6

0.6

Ratio
1.

basalts
gabbro

0.7

4.0

2.

breccias
slags and others

1.2

1.05

3.

anorthosite rocks
gabbro and basalts

0.09

2.23

It should be expected that the efficiency of these processes for various lunar surface areas is,
in general, the same. Uniformity of exogenetic lithogenesis in various regions of the moon is
confirmed, in particular, by the above mentioned constant relation of breccias and glazed rocks in
both the lunar mare and highland regoliths.
At the same time, abundance of various particle types in two samples from different areas,
their petrographic character, surface effects, and so on, are indicative of a different total intensity of
exogenous processes affecting the soil components. More coarse-grained substances, significantly
larger relative content of original rock fragments, lower abundance of breccias and glassy and
slaggy particles, lower density of surface defects, and so forth; all this, doubtlessly, indicates much
less reworking of the surface layer in the area of the Luna-20 landing site as compared to the mare
area of the Luna-16 landing site. Diversity of rocks composing regolith, no doubt, demonstrates that
it cannot be forming as local alluvium but is an averaged sample of rocks developed over a large
area. It is important, at the same time, that both in Mare Fecunditatis and the highland, regolith was
derived mainly from the local primary material: mare basalts in the first case and anorthositic rocks
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and non-mare basalts in the second. This is supported by the composition of secondary particles and
by the whole range of colors of glasses and slags as mentioned above.
These results do not agree with the common concept, that lunar highlands are much older
than maria, a conclusion based on many facts. As a consequence, more efficient reworking of
highland regolith should be expected.
However, the extent of exogenous reworking of regolith is a function of the absolute length
of exposure time and not of the absolute crystallization age of the parent rocks.
The observed peculiarities of the highland regolith sample could be only local in character
and associated with the Luna-20 station landing not far from Apollonium С crater. This crater,
dated as Copernican, is younger than lunar mare regions which belong to the Imbrium period. It is
possible that rocks ejected during the impact formation of this crater are important in determining
the characteristics of the regolith sample taken by the Luna-20 station and responsible for less
reworked regolith in this region than at the Luna-16 site resulting from lesser exposure time of
ejected material.
However, we also assume that these peculiarities may reflect the general regularity, inherent
to the processes of formation of regolith in various structural regions on the lunar surface.
Directional transfer of fragmented material from hills to local depressions may be expected in
highlands with complex mountains and steep relief. Regolith formation at the slope surfaces should
be followed by its successive burial in the lower parts of the slopes and renewal of source material
on its upper part which reduces exposure time in both cases. At the same time the probability of
deposition of fragmented material over flat lunar maria is in general equal at any point.
Thus, differences in relief may give rise to formation of thick though relatively weakly
reworked regolith in the depressions of lunar highlands and of more intensively reworked and
therefore more homogeneous layers of regolith in lunar maria.
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