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Introduction: The Roscosmos Corporation 

considers the South Pole region of the Moon as the 

primary target of the Russian program for the study of 

the Moon. Significant interest in this region is 

associated with increased hydrogen concentration and 

the possible presence of ejecta of the SPA basin, the 

largest [1] and probably the oldest [2] lunar basin.  

Ejecta from the SPA has the highest scientific 

interest because they represent the oldest lunar crust and 

possibly mantle materials. Studies of the younger large 

craters are also crucial because their ejecta may contain 

even older materials predating the SPA event. 

On the Moon, the primary process of material 

redistribution is impact cratering; each crater forms 

zones of continuous ejecta, rays and secondary craters. 

Here we present model estimates of ejecta thicknesses 

in the South Pole region (poleward of 70 ̊S) for 

Nectarian, Imbrian, Eratosthenian and Copernican 

craters. Our estimates are based on the new geological 

map of the southern polar region of the Moon compiled 

at a 1:300,000 scale [3]. Pre-Nectarian craters have not 

been considered in our research because the younger 

deposits significantly obscure them. 

Estimations of crater ejecta thicknesses: The 

geological map [3] is based on LOLA DTMs (20 - 60 

m/px resolution) and LROC WAC images (100 m/px 

resolution). The map allows the identification of impact 

craters and their ejecta belonging to different epochs of 

the geological history of the Moon. Along with the 

geological map, we used the catalogue of lunar craters 

with a diameter > 20 km [4]. The diameters of smaller 

craters were determined directly from the geological 

map.  

To date, the following five basic models have been 

developed to estimate the thickness of crater ejecta: 

McGetchin et al. [5], Pike [6], Housen et al. [7], Fassett 

et al. [8], and Sharpton [9]. 

The McGetchin et al. model [5] was based on ejecta 

thickness's statistics for small-scale impact craters and 

craters formed by nuclear tests. The results of these 

measurements were extrapolated to impact structures of 

larger diameter. McGetchin et al. proposed the 

following formula for the ejecta thickness decay (T): 

T=0.14*R0.74*(r/R)-3. Hereafter, R is the crater radius, r 

is the distance from the crater centre, all values are in 

meters. In his paper, Pike [6] severely critiqued the 

McGetchin et al. approach and proposed an alternative 

formula: T=0.033*R*(r/R)-3. The Housen et al. model 

[7] was developed based on theoretical modelling of a 

projectile's impact with specific velocity, diameter, and 

density. Their resulting formula is T=0.0078*R*(r/R)-

2.61. Using new topographic data collected by the LOLA 

instrument [10], Fassett et al. [8] developed a model that 

describes the variation of the ejecta thicknesses for the 

Orientale basin. Their formula is T=2900(±300)*(r/R)-

2.8(±0.5), where R is the radius of the Cordillera rim. 

Finally, in the work of Sharpton [9], newly available 

topographic data were used to describe the topography 

of relatively small craters (2-45 km diameter). The 

formula proposed by Sharpton is 

T=3.95(±1.19)*R0.399*(r/R)-3. 

Ejecta mixing factor: The described models 

represent the ejecta thickness deposits, but do not 

consider mixing ejecta material with the underlying 

regolith. Oberbeck et al. (1975) [11] proposed a solution 

to the mixing problem. That work describes a complex 

study to determine the ratio of primary ejecta and 

material excavated by the emplacement process, 

represented by the value of μ. Using the data obtained 

during similar experiments and from the study of 

Copernicus secondaries, they managed to relate the 

value of μ and the distance from the crater. They derived 

the following formula: μ = 0.0183 * R0.87, where R is the 

distance from the middle of the radius of the crater to 

the place where its ejecta thickness is calculated. 

Oberbeck et al. (1975) [11] considered that this ratio 

could be applied not only to determine the mixing of 

Copernican ejecta, but also to other large craters.  

However, some authors [12, 13] think that in his 

calculations, Oberbeck overestimated the μ parameter. 

In the work of modelling the origin of regolith at the 

Apollo 16 landing site, Petro et al. [13] suggest that the 

value of μ should be half as large. The researchers came 

to these conclusions based on the modelling data of 

Schulz et al. [11] and the composition of the regolith 

presented in [14]. 

Estimates of the ejecta thicknesses in the South 

polar region of the Moon: In order to estimate the 

thickness of the recognizable ejecta in the study region, 

we have selected the models of Hausen et al. [7] and 

Sharpton [9] because the formulae of McGutchin [5] 

and Pike [6] may either underestimate or overestimate 

the actual thickneses. The formula by Fassett et al. [8] 

is likely applicable for the largest impact structures such 

as basins (in our study, it is the Orientale basin). We 

applied the Housen et al. formula to craters larger than 
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45 km. For the smaller craters, we used the formula of 

Sharpton. 

Using data on the diameter and position of craters 

from the South Polar Crater Catalog database [3], with 

a specific increment from the craters' rim, ejecta 

thicknesses were calculated using the selected models 

[7, 8, 9]. The increment width depended on the crater 

diameter and increased as the crater size increased. The 

width was 2.5 km for craters less than 25 km diameter, 

5 km for craters with diameters of 26-80 km, 10 km for 

craters with diameters of 81-130 km, and 20 km for  

larger craters. The calculation of ejecta deposition from 

the Orientale basin was carried out with a step of 60 km. 

At the next step of the investigation, the obtained data 

were transferred to the map in the form of annular zones 

extending from the rim, where the outer boundary 

indicates the value of the model thickness. The outer 

boundaries of the annular zones correspond to the edges 

of ejecta shown in the geological map [3]. 

Here we present the map (Fig. 1) that takes into 

account the μ factor (Oberbeck et al., 1975)[11]. All 

zones with μ ≥ 1 were removed because beyond this 

point, the local and foreign materials are thoroughly 

intermixed, according to the model. In the zones with 

the value of μ < 1, the ejecta thicknesses (T) were 

calculated using the Hausen, Sharpton and Fassett 

models and divided by μ+1 to obtain the actual 

thickness value of the contiguous ejecta from craters of 

different stratigraphic ages.  
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Fig. 1. The maps of the model thicknesses of contiguous ejecta for craters of Nectarian - Copernican ages in the South 

Polar region of the Moon, including the  μ  factor [11]. 
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