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Introduction:  Recently, there have been a number 
of high precision studies comparing the silicon (Si) iso-
topic compositions of terrestrial  mantle samples with 
those of meteorites (both achondrities and chondrites) 
[1-5].  The majority of these report that Si in the ter-
restrial mantle is heavier and this is thought to reflect 
metallic liquid – silicate liquid partitioning between the 
core and the base of a deep magma ocean. Apart from 
a few samples in the study by Georg et al. [1] however, 
no high precision lunar Si isotope data have been pub-
lished.
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Fig. 1. Plot of the range of previously published lunar δ30Si 
data. The black bar represents the range measured by Epstein 
and Taylor in [6-11]. The terrestrial range from [12] is also 
included for comparision

A comprehensive dataset  for  Si  isotopes  in lunar 
rock samples already exists with the many studies of 
Epstein and Taylor  in the 1970s [6-11].  They found 
that the Si isotope signatures for lunar rocks were very 
similar  to  the  few terrestrial  igneous  rocks  that  had 
been  analyzed  at  that  time. However the δ30Si range 
they reported for lunar samples (>1‰) is much greater 
than has  been obtained  for  terrestrial  peridotites  and 
basalts  using new and  more  precise  techniques  [12]. 
The  more recently published  high  precision data  for 
lunar rocks by Georg et al. [1] finds a much smaller 
range for the four lunar basalts analyzed (~0.08‰). At 
present, it is not clear whether this small range is re-
prsentative of lunar rocks. In this study, we aim to ad-
dress this issue and determine the range and mean iso-
topic composition of Si in lunar rocks with the ultimate 
goal of characterizing the isotopic composition of the 
lunar mantle.

Method:  The method for  measuring Si isotopes 
using multi-collector ICP-MS is similar to that outlined 
in [3, 13]. Approximately 5mg of powdered whole rock 
sample was processed with an alkaline flux with the 
resulting “fusion-cake” made up into an acidic solution 
with HCl. 

The Si isotopic compositons were determined using 
a Nu Plasma HR MC-ICP-MS at high resolution using 
the sample-standard bracketing technique against NBS-
28.The  external  reproducibility  of  a  chemically  pro-
cessed pure Si standard (Diatomite) and rock standard 
(BHVO-2) is shown to be  <0.15‰ (2SD) for δ30Si. All 
three stable Si isotopes (30Si,  29Si,  28Si) were simultan-
eously measured and fractionations from the standard 
were  shown to  be  mass  dependent;  hence  from this 
point onward, only δ30Si will be discussed. The lunar 
samples represented a range of rock types from high-Ti 
basalts, anorthosites and olivine-normative basalts, and 
cover all the Apollo landing sites. 
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Fig. 2. δ30Si values for the lunar samples. The error bars for 
the lunar samples are 2SE. The average lunar, terrestrial and 
meteorite values from this study and [1,  3, 12] are plotted 
with 2SD uncertainties.
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Results:  The average  δ30Si of the lunar  samples 
along with previous data for terrestrial and meteoritic 
samples are plotted in Figure 2. The mean lunar δ30Si = 
-0.29±0.13‰ (2SD) measured in this study is distinctly 
different from the compositon of meteorites, and in ex-
cellent agreement with the published data for four lunar 
basalts (δ30Si = -0.31±0.06‰ (2SD)) [1]. It is clear that 
there is no resolvable difference between the average 
lunar δ30Si = -0.29±0.13‰ (2SD) and terrestrial δ30Si = 
-0.27±0.04‰ (2SD) [12]. As an additional confirma-
tion of this result, one of the samples, 10049, was run 
with  a  terrestrial  basalt  (BHVO-2)  as  a  bracketing 
standard with the resulting Δ30SiMoon-Earth = 0.04±0.04‰ 
(2SE). 

The observed variation is greater for the lunar rocks 
(0.25‰) than terrestrial mantle samples (0.13‰, [12]) 
but is certainly not as large as that observed in [6-11], 
which may reflect the higher precision of our analyses. 
Figure 2 shows the δ30Si for the lunar samples, divided 
into 3 categories based on lithology. The limited vari-
ation seen among the lunar samples does not appear to 
be systematic with lithology.

Discussion:  The smaller range in the new high pre-
cision δ30Si data for the Moon in comparison to that of 
[6-11] is consistent with the history of Si isotope ana-
lyses for the bulk silicate Earth, with a much narrower 
range now observed than in former studies [12].   Lun-
ar mare basalts show a significant range in δ7Li  and 
δ26Mg thought to be related to magmatic differentiation 
in the lunar magma ocean [14, 15]. The limited range 
seen in  Si  isotopes  in lunar  rocks however  indicates 
that on the Moon, as on Earth [12], magmatic differen-
tiation does not fractionate Si isotopes.

Pahlevan and Stevenson have proposed a liquid-va-
pour fractionation model in the aftermath of the giant 
impact to explain the chemical differences between the 
silicate Earth and the Moon [16, 17]. One of the pre-
dictions of this model is that, depending on the exact 
conditions, it might induce a ~0.1‰ offset in Si isotop-
ic compositon between the silicate Earth and Moon (K. 
Pahlevan  pers  comm.  2009).  Our  dataset  does  not 
provide evidence in support of Si isotope fractionation 
by a liquid-vapour mass transfer process.  

Hydrodynamic simulations of the giant impact [18] 
point  to the majority of  the lunar  material  being de-
rived from the Mars-sized impactor.  From our know-
ledge of the Si isotope signatures of Mars and Vesta [1, 
3] it is likely that the impactor would have had a light-
er, chondritic δ30Si.  The identical (within error) aver-
age δ30Si of the terrestrial mantle and the lunar rocks 
points to there being large scale equilibration of Si iso-
topes, similar to O isotopes in the aftermath of the lun-
ar-forming giant impact [19]. 

Partial loss from evaporation and condensation dur-
ing the giant impact is unlikely to have been the cause 
of the fractionated Si isotopes of the Earth-Moon sys-
tem relative to other inner Solar System material. Mg 
and Li have similar half-mass condensation temperat-
ures as Si [20], yet show no variation in isotope ratios 
between  mantle  derived  silicates  from Earth,  Moon, 
Mars or Vesta [14, 15].

The equilibrated δ30Si signature of the Earth-Moon 
system also points to Si having largely fractionated into 
the Earth’s core prior to the giant impact, which would 
in turn imply early core segregation took place under 
conditions 4 log-bar units below the iron-wustite buffer 
[21]) much more reducing than implied by the current 
FeO content of the Earth’s mantle (2 log-bar units be-
low the iron-wustite buffer). 

Conclusions: The new Si isotope results for lunar 
rocks indicate  that  the Si isotope composition of the 
lunar  mantle  is  essentially  indentical  to  that  of  the 
Earth.  This  is  most  readily  explained  by  scenarios 
where Si  isotopes  became homogenized in the after-
math of  the  lunar-forming giant  impact.  There  is  no 
evidence of distinct source regions of lunar rocks with 
respect to Si isotopes or any magmatic differentiation. 
There is no evidence of significant Si isotope fractiona-
tion  during  the  volatilisation  and  condensation  pro-
cesses associated with the giant impact [19]. 
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