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Seven concentration centers were found on the total area of 146000 km2 of diffuse 
formations - swirls on the lunar surface. These concentrations are located mainly on the back side of 
the Moon and may be considered to be imprints of recent impacts of two and more comets. Swirls on 
the Moon are likely to be a record of cometary shower in the inner part of the Solar system dating 
back to 1 o7 years ago. 

Matter migration in the Solar system is one of the most interesting problems in the theory of 
evolution of individual planetary bodies and of the system as a whole. In particular, discussions are 
going on as to possible perturbations of comets in the Oort cloud caused by Sun's encounters with 
stars. These perturbations might result in some objects penetrating from distances of l o 4  - l o 5  AU 
into the inner part of the Solar system. According to the general scenario, comets that come into 
vicinity of Neptune and Uranus have, as a result of perturbations from these planets, their perihelia 
shifted toward the region of Saturn and then perturbations from Saturn put them into orbits that cross 
the orbit of Jupiter. The subsequent evolution of these comets resembles the evolution of modem 
short-period comets, a certain fraction of them acquiring orbits that cross the orbit of the Earth. 
Wetherhill [ I ]  performed calculations for such a scenario and showed that it takes about l o 7  years for 
a comet that is put into the orbit that crosses the orbit of the Earth to collide with the Earth or Moon, 
and the calculated cumulative falling flux of such bodies during Moon's lifetime turned out to be close 
to the value derived by different authors from crater statistics. Therefore we cannot exclude that it is 
cometary bodies and their inactive nuclei that were the main source of bombardment of planetary 
surfaces during almost the entire history of the Solar system. 

Presently we have no reliable criteria to distinguish impact structures produced by impacts of 
cometary bodies from meteorite or asteroid craters. In this connection, studies of albedo anomalies on 
the Lunar surface that look like diffuse structures, which may be considered to be imprints of relatively 
recent cometary impacts, acquire particular importance 12 - 41. It was discussed the nature of 
cometary impact imprints in detail and derived a tentative estimate of their ages using Reiner-gamma 
diffuse formation as an example 151. The analysis of the entire system of diffuse structures observed 
on the Moon provides additional information on the nature and origin of these formations, which have 
a direct relationship to some global processes going on in the Solar system. 

Refining exposure age of surface matter of swirls (about 8*106 years) [6] makes it possible to 
link the genesis of these formations with some processes in the Solar system and beyond it. 
Assuming, as a most probable model, albedo anomalies to be imprints of cometary matter contact 
with the lunar surface, we can put forth the following scenario describing the emergence of the swirls 
observed on the lunar surface. 

The most prominent concentration centers of swirls are located in two regions: in Mare 
Marginis and on the highland region that is to the East of it and also in Mare lngenii and on the 
highland to the East of it. We analyzed space distribution of swirls using decoding results from [2] 
with further refinement in the region of Western hemisphere using flight-survey photographs 
delivered by Zond-8 spacecraft. The measurement of areas of all fragments identified that are 
considered to belong to the actual lunar surface allowed us to perform statistical analysis of the 
distribution of these formations. Fig. 1 gives a schematic view of the distribution of albedo 
anomalies on the lunar surface. Interval between contours is 2.5*103 km2. A detailed analysis of the 
distribution of swirls on the lunar surface confirms the existence of two main concentration centers 
of albedo anomalies and, moreover, it allows resolving some particular details. We may assume that 
the system of albedo structures in question reflects at least two events: cometary impact in region 1 
and cometary impact in region 3 accompanied by the formation of diffuse structures in regions 2 and 4 
- 7. Associating small formations 4 - 7 with event 1 seems less probable because of the geometry of 
possible encounter between the Moon and the comet. Near the Moon the curvature ratio of the 
comet's heliocentric orbit and lunar surface is such that this segment of the orbit can be considered 
virtually rectilinear compared with lunar sphere. Therefore, almost simultaneous formation of swirls in 
region 1 at a distance of 180° on the lunar surface seems problematic. In the first case (region 1-2) 
a scenario involving impact of a medium-sized comet coming from the South-East direction at high 
an le with respect to the lunar surface seems more realistic. Region 1 - 2 has a diameter of about B 10 km, which corresponds to linear size of the internal coma, i.e. of the region of the 
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densest and most active layers of the comet head. In this case the ensemble of swirls should be an 
imprint on the lunar surface of turbulent pattern of gas and dust flows in the internal coma. Schultz 
and Smka [2] are of the opinion that one of the craters with a diameter of 11 km situated North of 
Mare Marginis could be a result of a cometary core impact. In the second case (region 3 - 4) we may 
consider the trajectory of the encounter of a comet with the Moon to be sloping (almost tangential) 
with respect to the lunar surface and directed from North-East. Assuming the same size of the comet, 
the Moon should have been embedded in the internal coma. Then the regions of albedo structures 5, 
6, and 7 could result from high-density gas and dust flows contacting with the lunar surface and region 
3 - 4 should be the site of the impact or of the maximum contact of the comet head with the Moon. 
Another possible scenario explains the formation of swirls in regions 5, 6, and 7 by individual impacts 
of microcomets. 

However, in any scenario almost simultaneous encounter of two or more comets with such a 
small body as the Moon should require anomalously high frequency of such events. For example, 
according to some estimates [7], intrusion of 10 to 20 comets into the Earth atmosphere (each one the 
size of the Comet Halley) over a period of 3 to 5 million years should cause in planetary environment 
perturbations that would result in a global ecological catastrophe. Raup and Sepkoski in their well- 
known paper [8] date the latest such catastrophe to have occurred 10*106 years ago (peak of events) 
and lasted for about 5*106 years. 

Therefore, according to exposure age of albedo anomalies studied, swirls on the Moon are 
most likely to be a record of a cometaly shower in the inner part of the Solar system dating back to the 
aforesaid period. 
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Figure 1. The map of swirl distribution on the lunar surface. Counters show total areas occupied by 
swirl fragments within each 1 oO*l O0 area. Counter interval is 2.5*1 o3 km2. 
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