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Introduction: Isotopic studies have demonstrated 

that the Earth and Moon are remarkably similar in their 
isotopic compositions for many elements (e.g., O, Ti, 
Cr and W isotopic anomalies and Mg and Si stable 
isotopes). This similarity between the Earth and Moon 
is unique in our Solar System when compared to other 
planetary bodies (such as Mars, Vesta 4 and other as-
teroids represented by the various classes of meteor-
ites). However, in contrast to the isotopic composition 
of many elements, the Fe isotopic compositions of all 
lunar samples are significantly different from those of 
the bulk silicate Earth. This difference is well resolved 
within the current analytical uncertainties and has been 
repeatedly reported in samples ranging from mare bas-
alts, highland anorthosites, Mg-suite plutonic rocks, to 
lunar regolith [1–7]. It has been debated whether such 
a global Fe isotopic difference represents a primary 
signature of the Giant Impact due to the evaporative Fe 
loss [1], or of an unidentified mechanism during mag-
ma differentiation on the Moon [2–3, 6]. To better un-
derstand the significance of Fe isotopes in the origin of 
the Moon, we analyzed a variety of lunar materials for 
Fe isotopes. 

Sample and Method:  In previous studies, no Fe 
isotopic composition of lunar dunite and other Mg-
suite rocks (except of one norite) has been reported. In 
addition, nearly all the literature data are from analysis 
of Apollo samples and none from the lunar meteorite 
collection. Hence, here we analyzed Fe isotopic com-
positions of additional Apollo lunar samples (dunite 
72415, troctolite 76535, basalt 15555), and lunar me-
teorites (one basalt, two gabbros and five feldspathic 
breccias). 

To ensure the reliability of our data, we used two 
different mass spectrometers for our measurements, a 
Neptune Plus and an Isoprobe P. The Neptune Plus 
measurements were done in the medium-resolution 
mode to resolve molecular interferences while the Iso-
probe P measurements were done in the low-resolution 
mode and relying on a hexapole collision cell to re-
move molecular interferences. The δ56Fe values 
([(56Fe/54Fe)sample/(56Fe/54Fe)standard – 1]×1000) for the 
standards BHVO-1 and San Carlos olivine show excel-
lent agreement for both instruments. 

Result:  All the lunar data acquired in this and pre-
vious studies are shown in Fig.1. Data of lunar meteor-
ites are similar to those from Apollo samples which 

both continue to display ~+0.1‰ higher than the bulk 
silicate Earth value [8] and confirm previous studies. 
However, the most surprising result from this study is 
that the dunite 72415 shows a significant light Fe iso-
tope enrichment (−0.35 ± 0.02‰). Such negative δ56Fe 
values have not been observed in any other lunar sam-
ples except of one measurement for an orange pyro-
clastic glass. 

Fig. 1. Iron isotope compositions of all lunar samples 
from this study and the literature [1–6]. The dunite 
72415 data measured with the Isoprobe P are plotted 
with red open squares while the Neptune Plus meas-
urements are shown as solid symbols. 
 

Discussion: The fact that the lowest δ56Fe value 
(−0.35‰) among all lunar rocks is observed in the old 
lunar dunite is very important. Terrestrial peridotites 
averaging in δ56Fe~0‰, have been argued to define the 
bulk silicate Earth value [8] and thus the bulk Moon is 
expected to have this value as shown in many isotopic 
systems. Light Fe isotope compositions in some terres-
trial dunites have also been reported (down to −0.38‰) 
[9]. These low values have been argued to be the result 
of the kinetic isotopic fractionation due to high-degree 
mantle metasomatic activities (exchanging Fe with 
H2O or CO2 rich-fluids or silicate melts) [10, 11]. The 
light δ56Fe value of lunar dunite 72415 is unlikely 
caused by the metasomatism on the Moon as no petro-
logical and mineralogical evidences for such metaso-
matism have been reported. Alternatively, the light Fe 
isotope enrichment in dunite 72415 could be explained 
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by the chemical diffusion-driven kinetic disequilibrium 
fractionation between olivine and melt [12]. However, 
this mechanism cannot single-handedly create the ob-
served fractionation in dunite 72415 according to the 
quantitative modeling of the Fe isotopic fractionation 
during the Fe-Mg inter-diffusion in olivine (contrib-
uting up to ~0.21‰) due to 72415 olivine's larger grain 
size, weaker zoning and lower oxygen fugacity in the 
Moon relative to the Earth. Also while it is easy to 
understand how such an effect may apply to olivines in 
lava lakes; it is not clear that this mechanism would be 
important in the dunite formation in the Lunar Magma 
Ocean (LMO). After removing the maximum possible 
imprint by this effect, dunite 72415 is still significantly 
different from all other lunar samples and is at least 
~0.14‰ lower than the bulk silicate Earth in term of 
δ56Fe.  

Therefore, this light Fe isotope enrichment of dun-
ite 72415, likely represents a primary signature of the 
earliest differentiation event in the LMO. Mg-rich oli-
vines were the first minerals to crystallize and cumu-
late from the LMO. After 50% crystallization of the 
LMO, the cumulates are composed primarily of a dun-
itic composition with ~90% olivine and smaller 
amounts of orthopyroxene, and/or garnet and spinel 
[13]. If these dunitic cumulates were enriched in light 
Fe isotopes as recorded in dunite 72415, the residual 
melt after this first accumulation, which later formed 
the anorthosite flotation crust and a leftover KREEP-
rich intermediate layer, would have been enriched in 
heavy Fe isotopes. This model is demonstrated with a 
simple mass-balance calculation in Fig. 2 and Fig. 3 
illustrates the model of the Fe isotopic fractionation 
during dunitic accumulation shortly after the formation 
of the Moon. 

Conclusion: We show through high-precision Fe 
isotopic measurements of one of the oldest lunar rocks 
(dunite 72415), that the Fe isotopic composition of the 
bulk silicate Moon is likely identical to that of the bulk 
silicate Earth, by balancing light Fe in the deep Moon 
with heavy Fe in the shallow Moon rather than the 
Moon having a heavier Fe isotope composition than 
the Earth as a result of Giant Impact vaporization. 

 
Fig. 2. Modeled iron isotope compositions of the cu-
mulates and residual melt after the 50% Lunar Magma 
Ocean crystallization. The dark grey line on x axis is 
the measured dunite range and the red line is the 
range after correction of the maximum diffusion effect 
(up to ~0.21‰). The histogram (total N=66) on the y 
axis is all measured lunar samples except of lunar dun-
ite 72415, one orange glass 74220 and all soils. The 
50% crystallization model is from literature [13]. Two 
additional models (20% and 30% crystallization) are 
also plotted. 
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Fig. 3. Conceptual model of the Fe isotopic fractionation during dunitic accumulation rapidly after the formation 
of the Moon. The Modeled values are from Fig. 2 (red line; correction of diffusion effect; 50% crystallization).  
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