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Introduction:  The possible existence of heavy 

element isotope ratio differences between planets and 
chondritic meteorite parent bodies and whether they 
are due to incomplete mixing of distinct nucleosythetic 
products in the solar nebula is a major question in cos-
mochemistry.  This study compares the barium iso-
topic composition of the Earth, the Moon, Mars, and 
meteorite parent bodies to investigage incomplete mix-
ing of r- and s-process nucelosynthetic components. 
We find robust differences of up to 40 ppm in 
138Ba/136Ba between the Earth and chondrites. 

Isotopic anomalies in the Solar System: Thirty 
years ago no variations in isotopic composition of 
heavy elements between bulk planetary bodies were 
seen, consistent with the early model that our solar 
system formed from a hot, well mixed, gaseous disk. 
Since the mid 1970’s the discovery of oxygen isotope 
anomalies in meteorites [1] and the discovery of heavy 
element anomalies in some CAIs [2] it has been known 
that planets and meteorite parent bodies formed with 
distinct oxygen isotopic characteristics, but is was not 
thought that the heavy element (Ba, Sm, Nd) anoma-
lies existed between meteorite parent bodies and Earth. 
Later, pre-solar materials such as silicon carbide and 
graphite grains representing mainly s-process materials 
have been found in the residues of carbonaceous chon-
drites [3,4]; these exhibit isotopic compositions that 
are extremely different from those in bulk meteorites 
and the Earth. 

Even though isotopically anomalous fractions were 
found in meteorites, it was still believed that on the 
whole the solar system was well mixed.  As mass spec-
trometers become more and more precise this story has 
slowly begun to change. Differences greater than an 
epsilon unit have now been found in isotopes of Mo 
[5, 6] and Zr [7, 8]. The differences in the heavy ele-
ments are all quite small and seem to show an r-
process excess (may also look like an s-process defi-
ciency) in the carbonanceous chondrites compared to 
Earth [6]. 

Early differentiation model of the Earth: It has 
been recently confirmed that there are small variations 
in Nd isotopes between Earth and chondritic meteor-
ites [9]. These differences were first reported over 10 
years ago [10]  but a more comprehensive study has 
now been published. Specifically it was found that the 
142Nd/144Nd ratio is anywhere from 10 to 40 ppm lower 
in chondrites than in the bulk silicate Earth. This dif-
ference was attributed to decay of now extinct 146Sm.  
Their model [9] calls for the formation of an enriched 

liquid (having a low Sm/Nd ratio) at the end of magma 
ocean crystallization which is denser than the overly-
ing mantle  and sinks to the core-mantle boundary and 
thereafter does not interact with the rest of the silicate 
Earth.  In such a scenario, what has become known as 
the bulk silicate Earth measured today is actually one 
that does not have the same Sm/Nd ratio of the bulk 
Earth and chondrites. This process could account for 
the variations in 142Nd if it happened within the first 30 
Million years of Earth’s formation. 

This conclusion assumes that the Earth and the me-
teorite parent bodies had the exact same starting 
142Nd/144Nd ratios. As stated above it is becoming in-
creasingly clear that small differences in isotope ratios 
exist between bulk chondrites and the Earth. If there 
are isotope variations between the Earth and chon-
drites due to incomplete mixing of the solar nebula, 
these would definitely show up in the 142Nd/144Nd ratio 
since 142Nd is a large s-process only nuclide. However, 
it is difficult to discern the cause of the 142Nd/144Nd 
variations without high precision measurements of 
other elements such as Ba and Sm. It is imperative to 
measure the isotopic composition of another heavy 
element having contributions from both the s- and r-
process while not having a significant contribution 
from radioactive decay. This will allow one to better 
infer whether or not the 142Nd/144Nd difference arise 
from nuclear anomalies between planetary bodies or 
whether they are caused by decay of 146Sm. 

Using Barium isotopes as a tracer of Planetary 
Reservoirs: Barium is sufficiently abundant in chon-
drites (~2-4 ppm) to easily obtain ample quantities for 
measurements. It has 7 isotopes: 2 that are p-process 
only (130,132), 2 that are s-process only (134, 136), 
and three that are both s- and r-process (135,137,138).  
It is known that both r-and s-process Ba nuclear 
anomalies exist in leached fractions of carbonaceous 
chondrites [11]. During these studies isotopic differ-
ences between bulk meteorites and the Earth were not 
resolvable.  Since that time, mass spectrometry has 
evolved to a point that differences  in Ba isotopes be-
tween bulk planetary bodies can now be resolved at a 
scale of less than 5 ppm (figure 1). We measured the 
Ba isotopic compositions of six meteorites: Allende 
(CV3), Peace River (L6), Murchison (CM2), Grady 
(H3.7), Guarena (H6), and Bruderheim (L6) with our 
new generation multi-collector Thermal Ionization 
Mass Spectrometer (a GV Isoprobe-T). We also meas-
ured two terrestrial standards to serve as in house stan-
dards: AGV-1, a terrestrial Andesite that was passed 
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through chemistry, and Harvard-Ba, a SPEX ICP stan-
dard. The data was normalized to 134Ba/136Ba in order 
to see enrichments in the r-process nuclides, namely 
137Ba and 138Ba. We are also measuring lunar samples,  
martian samples, and eucrites.  This will allow us to 
make a comparison between the composition of plane-
tary bodies of various sizes. 

Figure 1. Reproducibility of Ba isotope measurements 
 
Results and Discussion: Data for two carbona-

ceous chondrites as well as an ordinary chondrite show 
a resolvable difference in the 138Ba/136Ba and 
137Ba/136Ba ratio between chondrites and the bulk Earth 
(figures 2 and 3). This is consistent with a small r-
process excess in the meteorite parent bodies.  This Ba 
isotopic composition predicts a negative 142Nd differ-
ence in chondrites, consistent with the work of Boyet 
and Carlson. Work is underway to measure the Sm and 
Nd isotopic composition of chondrites in order to in-
vestigate if they exhibit a consistent set of r-process 
enrichments. 

 
Figure 2. Ba isotopic composition of chondrites 
 
Measuring the Ba and Nd isotopic composition of 

lunar materials is extremely useful to constrain early 
planetary processes such as the proposed formation of 
an early enriched reservoir and the subsequent removal 
of this reservoir to the D” layer. Correlating Ba iso-

topic data with Nd isotopic compositions may also 
have implications for the timing of the Moon forming 
impact. Specifically, if the Boyet and Carlson model is 
true, then depending on the results, if Ba isotopes and 
Nd isotopes between the Earth and Moon show a simi-
lar pattern it may be possible to determine if the Moon 
forming impact happened before or after the seques-
teration of the proposed early enriched layer to the 
deep Earth. However, this assumes that the Earth’s 
mantle contributed a significant portion to the Moon, 
and that the Earth and the impactor had similar starting 
Ba and Nd isotopic compositions, both of which 
should not be automatically assumed. 

Figure 3. Resolvable differences in the 138Ba/137 Ba ratio 
 
Measuring the Ba isotopic composition of martian 

meteorites as well as eucrites will add even more to the 
story of isotopic differences between bulk planetary 
reservoirs.  Only when the isotopes of a large number 
of elements for different planetary bodies are measured 
can the cosmochemical community truly understand 
the magnitude of isotopic heterogeneities between 
planetary bodies.  As shown by our initial work in Ba 
isotopes there are resolvable differences between the 
Earth and Carbonaceous Chondrites that is most likely 
caused by incomplete mixing of r- and s-process nu-
cleosynthetic components in the early solar system. 
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