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Introduction: The morphological features of 
the multiring lunar basins are considered. The 
common characteristics of the multiring basins and 
South Pole –Aitken basin were researched. The 
nature and origin of a unique formation, which is 
still conditionally called the South Pole--Aitken 
basin, remain one of the most important problems 
in recent studies of the Moon. The basin, which 
apparently belongs to the pre-Imbrian Period, is the 
largest ring formation not only on the lunar surface, 
but also in the entire Solar System. Not only the 
basin dimensions on an absolute scale but also the 
fact that the basin diameter almost coincides with 
the lunar diameter are of interest. A similar 
relationship is not observed on other silicate or icy 
bodies in the Solar System. 

Morphology of the multiring lunar basins. 
The morphology of the multiring structures 
discover the some general laws. The study of the 
morphological features of the ring structures 
showed that the ring structures more than 300 km in 
diameter have outer and inner rings. The relation of 
diameter of the outer and inner concentric rings in 
structures close to 2 of independent from a site and 
age of structure. The correlation of the excavation 
depth (H) on the depression diameter (D) from the 
data in Wieczorek and Phillips [1] may be written 
in the general form 

H=0.078*D+11.833, 
for the ring structures 200-500 km in diameter. The 
surface of the inner ring structure is a little differ 
from a typical lunar highlands. The bottom of many 
circular structures is filled in full or in part the 
substance of the dark lava. Multiring formations are 
typical structures of the shock origin for the surface 
of the planets of the terrestrial type and satellites. 
Table shows some multiring structures with 
diameter of the outer rings more than 300. 

Multiring structure of the South Pole-Aitken 
Basin. A comparison of the considered 
characteristics on the absolute scale of magnitudes 
quite definitively indicates that the South Pole-
Aitken basin structure is unique. A uniquely small 
depth-diameter ratio for the SPA basin is confirmed 
by comparing it to similar characteristics of the 
largest ring formations on the Moon. Wieczorek 
and Phillips indicated that the depth-diameter ratio 
for the SPA basin is an order of magnitude as small 
as the value determined by extrapolating a similar 
dependence for ring structures large than 200 km. 

To analyse propreties of the concentric system 
we have compiled a variety altitude data sets to 
construct general hypsographic map of the lunar far 
side included the ring basin structure: Clementine 
laser altimetry results [2], Zond catalog of the 

absolute heights [3], catalog of the lunar limb 
heights [4]. 

Based on the analysis of the hypsometric data 
were constructed ellipses corresponding to the 
boundary height (Fig.1). Using the Monte-Carlo 
method were determined the height boundaries and 
were distinguished four height ring. It was 
established that the height zones have the shape of 
ellipses. Circular scattering was observed for a 
small area (H less than –5 km). The major semiaxis 
of the elliptic ring is given in the table. 

Outmost ring size of the basin. General size of 
the SPA basin is defined by outermost ring of the 
structure that has been extensively modified by 
post-SPA impact events. According to [5] multiple 
craters are superposed on the SPA basin. This 
process brings forward extensive destruction of the 
initial form of the outmost basin ring. So, we 
generalized structure of the SPA basin we conclude 
that can observe a relic relief in this area now. It’s 
reason of the large range of estimations of initial 
SPA basin size.  

We tried to trace relic features of the possible 
initial outermost basin rim. Fig. 2 shows 3-D 
model of relief corresponding outmost basin ring. 
This model shares out relief, which has height 
more than 0 km. As usually, this level is in 
agreement with lunar sphere of radius equal 1738.0 
km. However, the model shown in Fig. 2 is “flat”, 
i.e. it is constructed on the plain without 
considering spherical effect.  

On the basis of our ring reconstruction we 
concluded that original size of the SPA basin 
(outermost ring diameter) is approximately 3300 
km. Then we find the basin outermost ring center 
at roughly 180o and 40oS.  
 
 
 

Name of the 
multiring Lunar 

Basin 

Coordinates 
of the center 

outer ring 
(λo /ϕo) 

Diameter of 
the rings, km 
(outer / inner 

rings) 
Poincare +163.6/-56.7 140/319 
Schrodinger +133.7/-75.6 140/324 
Korolev -157.4/-4.4 215/453 
Mare Nectaris +35.0/-15.0 413/729 
Mare Orientale -95.0/-20.0 300/480/642/ 

961 
Mare Imbrium -15.0/+35.0 610/1104 

180.0/-40.0 210/640/970/ 
3500  

South Pole-
Aitken Basin 
(SPA) (the major semiaxis of the 

elliptic ring) 
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Inner structure of the South Pole-Aitken 

basin. As following from Fig. 1 the border of the 
depression with values of heights H < 0 km has 
form of the near right ellipse. Dimensions of the 
oval formation are approximately 2200 km x 1800 
km. Center of the ellipse displaces from center of 
the outermost rim to the south on ~ 300 km. The 
next depression has oval form too (Fig. 3). The 
elevation level of the its border is H < - 4 km. The 
transversal is about 1400 km, and ratio of the axes 
is equal to 1,2. Center of the depression displaces 
from center of the outermost ring to the south-east 
on ~ 500 km. The deepest inner depression has 
nearly circular form with diameter of 600 km. Its 
height level is H < - 6 km. Its center displaces from 
the basin center to the south-east on more than 700 
km. This sketch-map of the ring structure is shown 
in Fig. 3.  

Conclusions. On the basis of our  study of the 
generalized structure of the SPA basin we conclude 
that giant impact which formed this basin unit was 
oblique or trajectory of the impactor was tangent to 
the surface of the lunar sphere. Because of very 
small value of ratio “deep – diameter” (~ 0.004) 
and small possibility of the long-term viscous 
relaxation [6, 7] we propose that impactor had a 
small density of its matter. The impactor was not a 
planetesimal or large asteroid because direction of 
its supposed traectory was nearly perpendicular to 
the ecliptic plane. In the case we can assume it was 
a giant hyperbolic or long-period comet body.  

 

 
 

Figure 1. The hypsometric map of the lunar 
hemisphere including the Spa basin. The map was 
constructed in the perspective azimuthal 
orthographic projection. The initial data and 
construction method are described in the text. 

 
 
 
 
 
 
 

 
 

  
 
Figure 2. The structure of the SPA basin outer 

ring (the 3D projection). The relief is shown 
relative to the daturence surface corresponding to a 
sphere with a radius of 1738 km. The contour lines 
are drawn at an interval of 0.5 km. The vertical 
scale is increased compared to the liner scale. The 
hypsometric structure of the SPA inner depression 
is not indicated. 

 

 
Figure 3 The distinguished rings of the lunar 

South-Pole Aitken basin structure is marked. 
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