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Introduction: According to modern concepts,
about 15% of asteroids approaching the Earth and,
respectively, with the Moon, have satellites [1]. Approximately 10% of craters on the surface of the Moon
are attributed to the resulting double or triple asteroids.
The study of the traces of such collisions allows us to
draw conclusions about the characteristics of the populations of the impactors colliding with the Moon.
Sequences of three lunar craters located on the
same line: Craters formed as a result of the impact of
the binary asteroid are likely to be located along one
straight line - the corresponding trajectory of the asteroid. The distances between such craters should not
exceed certain values. In addition, such craters will
have the same age and, accordingly, the same degree of
preservation.
To found of craters formed as a result of the fall of
double or triple asteroids, we used the catalog of the
SAI [2] and the Lunar Crater catalog [3] and 1: 1 Million- Scale Maps of the Moon [4]. The age and morphometric parameters of the craters, such as the depth,
the angle of inclination of the walls, were estimated
based on the data of the Geological Atlas of the Moon
[5] and LOLA altimeter data [6].
Relatively fresh craters, whose age does not exceed
3.2 billion years old, that is, belonging to the Eratosthenian and Copernican periods, were studied in this
paper. The areas of the seas on the nearside of the
moon were chosen for the study: Ocean Procellarum,
Mare Imbrium, Mare Tranquillitatis Mare, Mare Serenitatis and others.
A total of 1,747 craters were investigated and 8 sequences of craters, possibly formed as a result of a collision of a double or triple asteroid with the surface of
the Moon were identified. Each sequence contains
three craters, the coordinates and characteristics of
which are presented in the table 1 in [7].
Diameters of impactors which correspond to diameters of craters: Eight sequences consisted of three
craters in the considered region (which area is 19% of
the surface of the Moon) have been found. The minimum value of the largest crater diameter in a sequence
is 5.5 km. The number of craters with a diameter not
less than 5.5 km in the considered area is 752. Therefore, the fraction of sequences among such craters is
8/752≈0.01. If craters of the considered sequences
have been caused by collisions of NEOs having two

satellites with the Moon, then this fraction means that
the number of triples among NEOs could be not less
than 1%. The eight considered sequences are for craters located in one line. The sequences can correspond
to the case when the plane of the triple that collided
with the Moon was perpendicular to the surface of the
Moon or if the three components of the triple were in
one line at the time of their collision with the Moon. In
many cases the plane could be oriented in another way
and the components were not in one line, so a fraction
of triples among NEOs could be much greater than the
estimate obtained for the case when we consider only
three craters located in one line or their plane perpendicular to the Moon surface. For one considered sequence, the depth of the first crater is smaller by a factor 3 or 5 than the depths of two other craters with almost the same diameters. There is some probability
that this sequence was not formed by the collision of a
triple.
We estimated the mean diameters di of corresponding impactors for the mean velocity U of impacts on
the Moon equal to 18.3 km/s [8]. The estimates were
based on the diameters dcr of the craters. We used the
formula dcr = 5.1×di0.78×U0.44, where diameters are in
km and velocity is in km/s. In the derivation of this
formula, we used the well-known formula of Schmidt
and Hausen for transient craters [9, 10], which follows
from the π-theorem for non-porous rocks without friction. We took equal densities of the impactor and the
target. We also took into account that the craters are
relatively small and simple, and therefore the diameter
of a final crater is equal to the diameter of a transient
crater multiplied by 1.25 [9]. We also made averaging
over the impact angles. The size of a crater depends on
the impact angle θ approximately as (sinθ)1/3 [10] and
the impact probability density is proportional to sin2θ.
Integration of the product of these functions over the
angles gives an additional factor equal to 6/7.
We calculated the ratio Dist/di-max of the distance Dist
between craters to the largest diameter di-max of all three
impactors in the sequence. This ratio is in the range
from 38 to 530. The separations Dobs between elements
of the triples that produced the discovered sequences of
three craters could be greater than Dist, because the
equality Dobs=Dist corresponds only to that rare case
when three components of the triple were at the time of
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the collision in one line which was parallel to the surface of the Moon.
We calculated the total mass of the three impactors
and the radius RH3 of the Hill sphere corresponding to
this mass and 1 AU. These calculations were based on
diameters of three impactors (corresponding to three
craters of a considered sequence) and considering their
density to be equal to 2600 kg/m3 [1] The values of RH3
and Dist/RH 3 were calculated. For an object with diameter equal to 1 km and density equal to 2600 kg/m3 the
ratio of the Hill radius to the physical radius is 91.5. If
we suppose that Dist/RH3 should be less than 1 (i.e.,
satellites moved in the Hill sphere at the moment of
collision), then only for three sequences in the table
Dist/RH3 < 1. For two sequences (numbers 1 and 4 in the
table), the sum of two values Dist/RH3 is greater than 1,
and smaller craters are located on one side from the
largest crater in the sequence. For these two cases, one
satellite could move outside the Hill sphere, so may be
these sequences were not caused by impacts of triples.
Only for one sequence the sum of two values Dist/RH3 is
smaller than 1. In these case, components of the triple
could move in their Hill sphere at the moment of collision with the Moon. For seven other sequences presented in the table, some components of the corresponding triples should move outside the Hill sphere at
1 AU. The Hill radius is proportional to the distance
from the Sun, and earlier the three components could
be located inside their Hill sphere when the triple was
more far from the Sun. However, it is a question
whether three components located in their Hill sphere
at a distance of several AU from the Sun still will be
close to one another when they reach the Moon. One
sequence among 752 craters of a diameter greater than
5.5 km corresponds to 0.13%.
Discovered near-Earth object triples and binaries: Among more than 18,000 NEOs, three triples
have been found. These three triples have [11] the following values of diameters and separation distances (in
km): (3122 Florence; 4.4, 0.2, 0.2; 4.7, 9.8), (136617,
1994 CC; 0.62, 0.113, 0.08; 1.7, 6.1), (153591, 2001
SN263; 2.6. 0.46, 1.06; 3.8, 16.6). For these three
triples, the ratios of the largest component diameter to
the diameters of two smaller components (equaled to
22, 22, 5.5, 7.8, 5.6, 2.4) were typically greater than
the similar ratios of diameters of impactors corresponding to the same sequence presented in the table. The
ratios of the separation distances Dobs in discovered
triples to the diameters of greater components of the
triples (1.1, 2.2, 2.8, 9.9, 1.5, 6.4) were smaller than
our calculated values of Dist/di-max. For discovered NEO
binaries, the values of ratio of the distance Dobs between two components to the diameter of more massive
component of the binary were mainly about 2 or 3, and
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were smaller than 4 for all binaries, except for one, for
which the ratio is equal to 13.
Close components of binaries and triples could
form the same crater. Typically, the diameter of a lunar
crater could be greater by an order of magnitude than
the diameter of an impactor. The collisions of triples,
consisting of close components, with the Moon could
produce craters which were not identified by us as the
sequences of three craters. Our above estimates of the
fraction of triples among NEOs are only for the triples
with large enough separation distances (greater than 30
radii of the largest components) which have not yet
been discovered. Such triples have not been discovered
in space because it is easier to discover components
with closer separation distance.
Conclusions: We found eight sequences consisted
of three craters of close ages located in one line in the
area which is 19% of the surface of the Moon. The
maximum crater diameter in each sequence exceeds 5.5
km. A diameter of a crater equal to 5.5 km corresponds
to an impactor diameter of about 0.2 km. The fraction
of triples with separation distances greater than 30 diameters of greater components of triples could exceed
0.13% of near-Earth objects. This fraction can be much
larger if we take into account that three components of
a triple usually were not located in one plane, which
was perpendicular to the surface of the Moon, or the
three components were not in one line at the time of
their collision with the Moon.
References: [1] Bottke W.F. and Melosh H.J.
(1996) Icarus, 124, 372–391. [2] Rodionova J.F. et al.
(1987) Morphological catalogue of the craters of the
Moon,173 [3] http://planetarynames.wr.usgs.gov [4]
http://planetarynames.wr.usgs.gov/Page/Moon1to1MAt
las [5] http://atlasofplaces.com/Geologic-Atlas-of-theMoon-USGS. [6] http://ode.rsl.wustl.edu/moon [7]
Feoktistova E.A., Ipatov S.I., Svetsov V.V. The Ninth
Moscow Solar System Symposium 9M-S3 (Space Research Institute, Moscow, Russia, October 8-12, 2018).
https://ms2018.cosmos.ru/, 9MS3-PS-79, p. 352-355.
[8] Minton D.A., Richardson J.E., Fassett C.I. (2015)
Icarus, 247, 172-190. [9] Werner S.C., Ivanov B.A.
(2015) Treatise on Geophysics (Second Edition), 10,
327–365. [10] Melosh H.J. (1989) Impact cratering: A
geologic process. Oxford Univ. Press, New York, 245
p.
[11]
https://en.wikipedia.org/wiki/Minorplanet_moon#List_of_minor_planets_with_moons

