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Introduction:  The Earth and Moon exhibit a sur-

prising isotopic similarity for several elements that 
otherwise show large variations among solar system 
objects [1]. This isotopic similarity is surprising, be-
cause the giant impact model typically predicts a sig-
nificant fraction of impactor material in the Moon. 
Thus, if the isotopic heterogeneity seen among meteor-
ites extends to the Moon-forming impactor, then the 
Moon should not be isotopically identical to the Earth. 
Several solutions to this problem have been proposed: 
(i) post-giant impact Earth-Moon equilibration [2]; (ii) 
'new' giant impact models in which the Moon largely 
consists of proto-Earth material [3, 4]; (iii) formation 
of Earth and impactor from the same homogeneous 
inner disk reservoir [1]. In this case no isotopic anoma-
ly is expected for the Moon, regardless of how much 
impactor material was incorporated into the Moon.     

While all these models provide potential solutions 
for the isotopic similarity of the Earth and Moon for 
most elements, they cannot easily account for the simi-
lar 182W compositions of the Earth and Moon [5, 6]. 
This is because, unlike genetically relevant isotope 
variations in elements like O or Ti, 182W compositions 
reflect the distinct accretion and core formation histo-
ries of the Earth and the impactor. As such, the proto-
Earth's mantle as well as the impactor mantle and core 
must have had different 182W compositions. Because 
during the giant impact, these components were mixed, 
the Moon should exhibit a 182W anomaly compared to 
Earth's mantle.  
Expected ε182W of the Moon:  We calculated the 

expected 182W composition of the Moon in various 
giant impact scenarios. The main purpose of these cal-
culations is to assess the likelihood of producing nearly 
identical 182W compositions for the Earth's mantle and 
the Moon. The results of these calculations show that 
the  probability to obtain nearly identical 182W compo-
sitions of the Earth and Moon is only ~5% if the Moon 
predominantly consists of proto-Earth material, and is 
reduced to ~1% if the Moon largely derives from the 
impactor (Fig. 1). 

Implications for the origin of the Moon:  Alt-
bough the nearly identical 182W compositions of the 
Moon and the Earth's mantle could be coincidence, the 
probability of this is uncomfortably low. Thus, addi-
tional processes might have been important. It has re-
cently been proposed that the Procellarum basin on the 
Moon formed by a giant impact [7]. Mass balance cal-
culations show that this impact might have lowered the 
182W composition of a significant portion of the lunar 

mantle by up to ~1 ε182W. If the lunar samples ana-
lyzed to date would all derive from this modified area, 
then the Moon might initially have had a larger 182W 
anomaly, as predicted by our calculations. 

Fig. 1: Histogram showing the expected ε182W differ-
ence between the Moon and Earth's mantle. h = mass 
fraction of impactor material in the Moon. 
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