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GEOCHEMICAL CONSTRAINTS ON THE ORIGIN OF THE MOON; HE. Newsom 
and T.B. Beserra, Institute of Meteoritics and Dept. of Geology, Univ. of New Mexico, Albuquerque, NM 87131. 

An important constraint on the origin of the Moon is the composition of the Moon compared to the 
Earth. There is now significant agreement among geochemists regarding the composition of the Moon, although 
a few topics remain controversid Compared to the Earth, the Moon is depleted in volatile elements and highly 
siderophile elements. Ringwood (1) has emphasized the similarity in the depletions of many moderately 
siderophile elements between the Earth and the Moon. To better compare lunar and terrestrial abundances, 
we are acquiring new data and evaluating literature data. Extensive analyses of terrestrial samples by Sims et 
al. (2) have resulted in good data for the primitive mantle abundances of the elements W, Mo, As and Sb Figs. 
1-3). We have also evaluated the literature data for the lunar abundances of As and Sb (3,4). Arsenic, Sb and 
Ce are well correlated during terrestrial igneous fractionation (2), and the As and Ce data (Fi 1) indicate a 
similar correlation (constant As/Ce) for lunar samples. Sb and Ce are not as well correlated in the lunar data 
(Fig. 2), however the Sb and Ce analyses are from different aliquots of the same samples, and Sb is very sensitive 
to contamination The siderophile element depletion patterns and uncertainties in the Earth and the Moon are 
compared in Flg. 3, where the elements are plotted roughly in order of their siderophile nature. The depletions 
of the volatile siderophile elements have been corrected to allow comparison of the depletions due only to their 
siderophile nature. The correction was made by subtrading the observed depletions of lithophile elements that 
have the same volatility as the siderophile elements. This correction inaeases the uncertainties of the siderophile 
depletions for the more volatile siderophile elements, such as Sb and G a  As expected, the terrestrial depletion 
pattern is stepped, and the lunar pattern is continuously decreasing, with increasing siderophile nature. 

Several details of the composition of the Moon compared to the Earth remain controversial. The lunar 
mantle has a lower MgO/(MgO + FeO) ratio than the t e r r d  mantle, although a value as high as the Earth's 
mantle is possi'ble (5). The ratio of the volatile element Cs to the more refractory element Rb is apparently 
greater in the Moon than the Earth, which is not consistent with the more volatile depleted nature of the Moon, 
however, there is some controversy about the terrestrial Cs/Rb ratio (5). The existence of a lunar core is now 
accepted on the basis of both geophysical data (paleomagnetism and moment of inertia), and geochemical data 
(depletion of siderophile elements). The Ni content of the lunar core, however is a point of controversy (6,7). 
Newsom (6) has argued that a large Ni content (38-44 wt%) calculated by Seifert et aL (7) is highly dependent 
on petrogenetic models for the origin of the source regions for the green glass used in the cdculation. 

Current models for the origin of the Moon fall into two categories, the first involving the impact of a 
Mars-sized object with the Earth. This theory is dynamically plausible, and numerical simulations suggest that 
roughly 20% to W o  of the resulting Moon would come from the Earth's mantle (8). In this model the 
depletions of siderophile elements could come from the impactor and the Earth's mantle material, as well as 
from additional core formation within the Moon (8). Ringwood (9) has argued that the depletions of Mn, V and 
Cr in the Moon require a large fraction of the Moon to be derived from the Earth's mantle, but the data in Fig. 
3, suggests that roughly equal amounts of terrestrial mantle and an impactor with chondritic Mn, V and Cr would 
be consistent with the data. A more serious problem (9,lO) is the geochemical evidence against differentiation 
of the Earth, because complete melting of the Earth would be expected due to a large impact. A possible way 
out of this problem is that c o n d o n  would be too rapid to allow differentiation to occur (11). To avoid melting 
the Earth, Ringwood (1) has suggested that the Moon could form by multiple impacts, coupled with the 
involvement of a dense terrestrial atmosphere that is spun out into an equatorial bulge. This process, however, 
has not been evaluated quantitatively. Fthgwood (1) further argues that this process will result in a Moon 
derived almost entirely from the Earth's mantle, however, this leaves unexplained the FeO content and the 
Cs/Rb ratio of the lunar mantle. Jones and Hood (12) also showed that a terrestrial mantle composition for 
the Moon requires a large core (> 500 km), which is not consistent with the observed siderophile element 
depletions. The co-acaetion theory of lunar origin has problems with angular momentum, the low metal content 
.of the Moon and the low abundance of V (9). A large Ni content for the lunar core (if true) would be another 
difficulty. The siderophile element depletions in the Moon could theoretically be explained by separation of a 
small core in the Moon, even perhaps if the core is Ni-rich (12). However, segregation at very low degrees of 
partial melting (< 10%) is required, contrary to recent investigations of the physics of core formation (13). 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



876  LPSC XYI 

ORIGIN OF THE MOON: HOE. Newsom a d  T.B. Bessera 

The origin of the Moon is a p d e  requiring studies of both the Earth and the Moon, In p d d a r ,  
the question of whether the Earth was ever molten is critical. Understanding the comparative chemistry of the 
Earth and Moon may provide constraints on the fraction of the Earth's mantle incorporated into the Moon. 
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