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We have developed a model for production of ba-

sin ejecta deposits to address provenances of materials 
collected at the Apollo and Luna landing sites and for 
consideration in interpreting remote sensing data [1].  

Model Steps: 1) We take the cumulative mass 
(m) distribution of primary ejecta fragments (“Pri-
Frags”) to vary as m–0.85 everywhere, with a maximum 
PriFrag mass (which can vary with ejection velocity) 
[e.g., 2, p. 91]. 2) Ejecta mass is distributed according 
to [3]. We map their results, for a flat surface, onto a 
spherical one using ejecta velocities and an assumed 
launch angle. 3) Given the surface density of PriFrags 
of each size falling in the vicinity of the site of interest, 
we use Schmidt-Holsapple scaling to obtain the sizes 
of secondary craters. We assume excavated volumes of 
those craters have a depth/diameter ratio of 0.1. 4) We 
calculate the probable range of ejecta deposit thickness 
and % of PriFrags in the deposits, and express them as 
the fraction of the area at the site of interest. We define 
“Coverage Level” (CL) as the fraction of that area ex-
cavated by craters of a specific size or larger. 5) Be-
ginning with the cavity produced by the largest PriFrag 
to excavate at a location, we consider how much addi-
tional substrate is excavated by the smaller PriFrags 
that land on or near that spot. We calibrate to deposit 
thicknesses surrounding Orientale [4] and the Ries [5]. 
Results suggest that the total excavation by all secon-
dary craters at a specific position corresponds roughly 
to a right cylinder with the same diameter and 3 times 
the depth of the largest crater to affect that position.  
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General Model Results: Ejecta deposit thickness 
decreases with distance to ~3500 km followed by a 
modest increase on the anti-basin hemisphere due to 
ejecta convergence. The fraction of PriFrags in the 
ejecta deposits shows a similar pattern. Differences due 
to varying ejection angle from 35° to 55° (to the hori-
zontal) are not substantial. 

Apollo 16 Landing Site: Fig. 1a shows the range 
of deposit thicknesses expected in the vicinity of the 
Apollo 16 site ~1600 km from the center of Imbrium. 
Thickest deposits are produced where the largest Pri-

smaller PriFrags have excavated. Locations where dif-
ferent deposit thicknesses occur are not known, as the 
impact points of all PriFrags are random. Thus, some 
half of the vicinity of the site has ejecta deposits ≥1 km 
or so. From Fig. 1b, the fraction of PriFrags in the de-
posits is not sensitive to coverage level. 
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are reasonable as determined by criteria such as 
crater fill and fraction of Th-rich ejecta presumed de-
livered to the site by the Imbrium event from the Pro-
cellarum KREEP Terrane [6]. In contrast to conclu-
sions of other studies [7,8], our modeling suggests that 
all materials sampled at the site, including North Ray 
Crater ejecta, are more likely part of the Imbrium de-
posit than part of a primary Nectaris deposit. The Im-
brium deposit is estimated to consist of 18% Imbrium 
ejecta, 21% Serenitatis ejecta, 19% Nectaris ejecta, and 
40% pre-Nectarian substrate, with only minor contribu-
tions from Humorum, Crisium, and later, Orientale. 
These materials may not be well mixed; large blocks 
from different provenances could presumably survive 
in some locations. The presence of significant Serenita-
tis materials at the Apollo 16 site has been discounted 
owing to lack of compelling photogeologic evidence 
[9, Fig. 10.39; 10, Fig. 10.25].  

Concerns: Our model do
d densities of secondary craters (it predicts too 

many) or the largest ones at Copernicus, Orientale, or 
Imbrium. Mutual obliteration and contributions from 
“spall” fragments may be responsible, respectively [cf. 
11]. Nevertheless, thick deposits should have been 
produced at great distances from basin impact sites, 
and these deposits should consist of mixtures of pri-
mary ejecta and megaregolith produced by previous 
large impact events. How thick, however, depends on 
scaling parameters and factors that are still poorly 
known. These will be discussed. This work supported 
by NASA grant NAG5-10458.  
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