
THE TERRESTRIAL ACCRETION OF LUNAR MATERIAL 
D.E. Gault, Murphys Center of Planetology, Murphys, CA 95247 

It is well established by both experiment and computer 
modeling that an impact of a meteoritic projectile on the lunar 
surface will eject lunar material free of the Moon's gravitation 
into cis-lunar and heliocentric space(1,2,3). In order to assess 
the amount of lunar material arriving on Earth and its probable 
origin on the Moon, two series of ejecta-trajectory caPculations 
have been performed, 1)three-body calculations to determine the 
conditions for direct (i.e., first perigee) encounter with Earth, 
and 2)four-body calculations to determine the mass and equilib- 
rium conditions (i.e., life times) of lunar material ejected into 
geocentric orbits. All calculations assume the Moon is in a cir- 
cular orbit about Earth at its mean distance ( 84405 km) with an 
orbital period of 27.32 days (0.22997 radians 7 day). Co-planar 
orbits were used for the four-body series with starting condi- 
tions corresponding to a full-Moon phase. Capture radius of Earth 
was included a 100 km deep atmosphere and taken to be 6478 km. 
With these assumptions there remain five independent variables: 
latitude 8 and longitude 6 of the point of impact, ejection angle 
with respect to surface 0 and azimuth ejection angle A ,  and the 
ejection velocity Ve. The latter was restricted to values less 
than 5 km/s as the physical limit for ejection of material in the 
vaporous state. 

With 0 = 45O, a good representative value for ejection 
direct Moon-Earth trajectories can originate from almost 

2 3 of s the lunar surface, an area extending from 340 W. along the 
equator in an easterly direction past the sub-terrestrial and 
anti-terrestrial points to 160° W. and extending to the 80° lati- 
tudes. Ejection velocities of Ve = 2.55- to 2.7 km/s make the the 
greatest contribution for direct trajectories; lower velocities 
produce mostly geocentric orbits and higher velocities lead to 
mostly heliocentric orbits. Steeper ejection angles move the area 
for direct trajectories eastward and in the limit for vertical 
ejection reduce the area to about 2-percent of the near-side sur- 
face. Conversely, more shallow ejection angles move the area west- 
ward and in the limit for tangential trajectories encompasses the 
entire lunar surface. 

For the four-body calculations the northern hemisphere 
was divided into 12 equal areas (effectively 24 for the entire 
Moon with the mirror symetry of the co-planar orbits) with a 
centered point for ejection. Eight trajectories spaced 45O apart 
in azimuth were calculated for each point for eight ejection vel- 
ocities Ve = 2.4- to 3.2 M s .  The trajectories were traced until 
either impact occurred on the Earth or Moon, until the traject- 
ories were modified into heliocentric orbits, or until the time 
exceeded 30 years. Of the original 768 starting trajectories, 523 
made direct entry into heliocentric orbits, 9 made direct impact 
on Earth, and the remainder (236)entered geocentric orbits that 
were subsequently modified to produce 55 Earth impacts, 7 lunar 
impacts, and 172 injected into heliocentric space. Only two of 
the trajectories remained in geocentric orbits at the end of 30 
years. 
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These four-body results, together with a model of the 
mass-velocity distribution of high-velocity ejecta derived from 
experimental results (I), indicate that with an isotropic flux of 
impactors approximately 0.5-percent of the mass escaping the Moon 
arrives at Earth on direct trajectories. The bulk of the ejected 
mass lost from the Moon, 85-percent, passes directby into helio- 
centric space, 13-pepcent enters geocentric orbits, and the re- 
maining 1-percent is returned to the Moon. The subsequent modifi- 
cation of the geocentric orbits brings the final mass distribu- 
tion to 94-percent into heliocentric space, 4-percent Earth 
accretion, and 2-percent swept back up by the Moon. It is intest- 
in$ to note that the geocentric population of orbits appears to 
consist of two families of trajectories having 3- and 5-year 
half-lifes. Despite their relatively short life times in geo- 
centric orbits, in the real environment ~f a steady, isotropic 
flux of impactors a small concentration or "cloudm of lunar 
material must be accumulated around Earth, and it is from this 
"cloud" that Earth accretes most of its lunar material, 

With the present met oriti influx rate on the Moon S taken to be of the order of lo8 - 10 grams& (4,5) for masses 
greater than a few milligrams, which are capable of producing 
fusion material larger than a fgw m&ons, it is estimated that 
the Moon is currently losing 10 -10 grams/yrg Of this total 
mass lose, it appears that no more than 107-10 grams/yr are 
accreted by Earth, the total derived from both direct traject- 
ories and the loudn in geocentric orbits(estimated to be of " E  the order of 10 0-10~~~rams). 

Although this estimated mass of lunar material arriving 
on Earth is small in comparison to other sources of extra-terres- 
trial matter (0.1 - 1.0-percent??), it is an inescapable con- 
clusion that lunar material is ejected from the Moon and that 
some of that material ultimately arrives on Earth. Composition 
of the material favors a source from the large areas of highland 
units (anorthositfc?) relative to the smaller areas of mare unit8 
(basic?). It is a tantalizing challenge for the geosciences for 
indentification of this lunar material. 
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