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Introduction: The Moon is widely considered to 

have formed during a collision between the proto-
Earth and a Mars-sized planet (named Theia). Assum-
ing this model to be correct the Moon was formed 
from materials from the proto-Earth, Theia and any 
additional material added later. Oxygen isotope varia-
tions in differentiated planetary bodies like the Earth, 
Mars or the HED parent body are largely mass-
dependent, i.e. the data define a characteristic line with 
a slope of ~0.52 in a graph of  17O vs.  18O. In gen-
eral, different parent bodies define distinct parallel 
trends reflecting different bulk compositions for the 
parent bodies. The differences are usually expressed as 
 17O, which is the deviation from the mass-dependent 
fractionation trend defined by terrestrial samples in per 
mil 17O. The first oxygen isotope data for lunar sam-
ples published by Clayton and Mayeda [1] fell along a 
linear array overlapping with the terrestrial samples. 
However, these early oxygen isotope data for the 
Moon have a large range of ~0.3‰ which may reflect 
some isotopic heterogeneity of the Moon. Therefore, 
lunar samples have been re-investigated with a high 
precision CO2 laser fluorination method [2].   

Results: With this method the oxygen isotopic 
composition of 31 lunar samples averaged  17O=0 
±0.005‰ (3 sigma standard error of the mean). Even 
at this very high precision no resolvable difference 
between the Earth and Moon is detectable despite the 
fact that oxygen isotopes are very heterogeneous in the 
solar system. The simplest explanation for an identical 
oxygen isotope composition would be that the propor-
tions of material from the impactor and the proto-Earth 
were identical in the Earth and Moon. Most giant im-
pact simulations indicate that the majority of the mate-
rial hat formed the Moon originated from Theia rather 
than the proto-Earth. Given that the most of the Earth 
was already built by the time of the Giant Impact the 
proportions cannot be the same.  The only explanation 
that is conistent with Giant Impact simulations is that 
Theia and the proto-Earth had identical or very similar 
oxygen isotope compositions.  

Discussion: If Theia and the Earth formed from 
raw materials that were identical in oxygen isotopes, 
why then are they so different in terms of their chemi-
cal composition?  For example the Moon and Earth 
have very different depletion in volatiles and the lunar 
mantle has a high FeO content. Some of this could 
result from the giant impact or differentiation of the 

proto-Earth, Theia, the Moon, or the present Earth. 
Comparing the Moon with other planetary bodies such 
as Mars or the HED parent body indicates that the Fe 
content of the lunar mantle is “normal” and the Fe con-
tent of the terrestrial mantle is unusually low. There-
fore, the difference might be completely related to 
more protracted and extensive terrestrial core forma-
tion, but this is far from settled. 

Another striking difference between the Earth and 
Moon is the strong depletion of the Moon in volatile 
elements compared with the Earth. Potassium isotopes 
have been used to argue that the depletion of alkalis 
and other volatiles in the inner solar system must have 
occurred during the condensation of precursor dust 
from a hot stage of the solar nebula [3]. This seems to 
favor an origin of Theia from material with a higher 
degree of depletion in volatiles. However, recently it 
has been argued that the Moon lost volatiles during its 
accretion [4]. The latter is supported by the timing of 
the moderate volatile element loss for the Moon >10 
Myrs after cooling of the solar nebula [5]. This is in-
consistent with models that assume a very early vola-
tile loss.  In fact, it supports the view that moderately 
volatile elements have been lost during accretion. 
Therefore, the oxygen isotope composition of the 
Moon provide evidence that objects as different as the 
Moon and Earth have been made out of an identical 
mix of material. The mechanism of volatile element 
loss without corresponding mass-dependent fractiona-
tion is the subject of ongoing research. 
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