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LUNAR ORIGIN : SINGLE GIANT IMPACT OR MULTIPLE 
LARGE IMPACTS? 

A.E. Ringwood, Research School of Earth Sciences, Australian National University, 
Canberra, 260 1. 

Wetherill (1) has developed an elegant model of planetary accretion in a gas-free 
nebula which implies that accretion was a hierarchical process and that a terrestrial-sized 
planet was probably struck by one or more Mars-sized planetesimals during its accretion. 
The perceived high probability of these catastrophic events has contributed substantially to 
the current popularity of the "giant impact" hypothesis of lunar origin. Nevertheless, 
some apparent weaknesses should not be ignored. For example, a giant impact by a 
Mars-sized planetesimal would cause complete melting of the Earth (2). However recent 
studies of the geochemistry of the lower mantle and scenarios involving differentiation of 
a molten Earth indicate that the mantle was not extensively melted during formation of 
the Earth (3). 

According to Wetherill's model (1,4), about 60% of the Earth accreted within 10 m.y. 
and the accretion rate declined with a half-life of -17 m.y. About 98% of the Earth 
had accreted in 100 m.y. After this interval, the rate of accretion of the remaining 2% 
of planetesimals declined sharply. Although the accretion timescale of the Earth on this 
model is taken to be 100 m.y., the fate of the remaining 2% of unaccreted planetesimals 
deserves further consideration. 

Iridium contents of lunar highland breccias show that the uppermost layer of the 
lunar crust contains about 1% of "meteoritic" (= planetesimal) material. The concentration 
of this component doubtless decreases with depth. If we make the generous assumption 
that the entire crust contains 0.5% of planetesimal component, it follows that the amount 
of this material which fell on the Moon after formation of the crust was about 0.05% of 
a lunar mass. (The low rhenium abundances of mare basalts indicate that the lunar 
mantle contains only a minute amount, in the vicinity of 0.00546, of a primary 
planetesimal component.) 

Differentiation of' the lunar crust seems to have been completed by about 4.45 b.y., 
i.e., -100 m.y. after commencement of accretion. of the earth (5,6,7). At this stage, 
according to Wetherill's model, about 2% of planetesimals still remained to be accreted by 
the terrestrial planets. This is 40 times higher than the late planetesimal veneer which 
was actually accreted by the Moon. It seems doubtful whether this discrepancy can be 
explained adequately by a much higher capture cross-section of the Earth for late 
planetesimals as compared to the Moon. More probably, it points to a weakness in the 
accretion model. 

More generally, the small contents of planetesimal-derived siderophiles in the lunar 
crust and upper mantle indicate that if formation of the Moon had been caused by a 
giant impact, this must have occurred at a late stage in the accretion of the Earth. 
Wetherill's models show that giant impacts are more likely to occur at an early stage in 
the accretion of the Earth, so that the giant impact which is believed to have produced 
the Moon was something of a special case. This fortuitously-timed planetesimal is also 
believed to have produced the observed angular momentum (and obliquity) of the 
Earth-Moon system. Boss and Peale (8) estimated the probability of this occurring via a 
single giant impact as about 1 in 20. 

The accretion timescale problems discussed above might be alleviated if most of the 
growth of terrestrial planets and the Moon had occurred prior to dissipation of the 
gaseous solar nebula, as advocated for example, in the "Kyoto" model (9). Accretion of 
the Earth may then have been completed within 10 m.y. and the size distribution of 
planetesimals may have been quite different, with a larger proportion of smaller 
planetesimals being swept up much more rapidly (9,lO). 

I have proposed (11) that protolunar material was ejected from Earth's mantle by 
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multiple impacts from a series of medium-sized planetesimals (e.g. 0.01 - 1.0 lunar mass). 
Accretion of the Earth occurred in the presence of gases and the Earth captured a 
co-rotating primitive atmosphere from the nebula which played an important role in 
trapping ejected material into circular coplanar orbits. In this way, a disc of 
Earth-orbiting planetesimals or moonlets was formed, which subsequently coagulated to 
form the Moon. The model permits a larger proportion of material derived from the 
terrestrial mantle to be incorporated into the Moon (e.g. 70-80°h) than is provided in 
current versions of the single giant impact model, and this is more compatible with the 
siderophile evidence discussed in the accompanying abstract (12). Moreover it does not 
require extensive melting of the Earth's mantle. 

Boss and Peale (8) have dismissed the above model because of its perceived inability 
to account for the angular momentum of the Earth-Moon system. They note that the 
requisite angular momentum density could be supplied if most impacting planetesimals 
possessed very low eccentricities, but regard this as being dynamically implausible. 
However, this condition could indeed be realized if a large proportion of the planetesimal 
swarm were in the form of relatively small bodies (10,13) which developed near-circular, 
radially-contracting orbits through gas drag in the nebula (10). Hayashi et al. (9) note 
that such planetesimals will be captured by the Earth in prograde circumterrestrial orbits. 
The presence of a co-rotating primitive atmosphere around the Earth, extending to about 
3 Earth-Radii (9 , l l )  would extend the radius of capture by the Earth for this class of 
planetesimals. Their orbits would contract via gas-friction and ultimately they would fall 
upon the Earth, contributing prograde angular momentum. It is important that these 
processes should be studied in greater detail. If it can be shown that they have the 
capacity to provide the angular momentum of the Earth-Moon system, an attractive 
alternative scenario to the single giant impact hypothesis would emerge. 
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