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Introduction:  Over the past 10 years, the appli-

cation of short-lived radionuclides has lead to new 
models bearing on the earliest evolution of terrestrial 
bodies, particularly Earth, Mars, and the Moon [1-5].  
These now-extinct nuclides are excellent tracers of the 
timing of early differentiation events, because the be-
havior of parent and daughter elements are generally 
different, and thus may be fractionated by physical 
and geochemical processes [1,3,6].  Most recently, for 
example, Sm-Nd decay systems were used to constrain 
silicate differentiation timescales of the bulk silicate 
earth (BSE) [1,2].  The Sm-Nd systems are useful 
because small chemical fractionations between Sm 
and Nd are traceable by two separate decay schemes: 
(i) the long-lived 147Sm-143Nd (t1/2 =106 Gyr) system 
used to model crustal extraction and mantle evolution; 
and (ii) the now extinct 146Sm-142Nd (t1/2 = 103 Myr) 
used to constrain the timing of BSE differentiation.   

It was discovered that all terrestrial rocks were 
elevated by 0.2 ε142Nd units (~20 ppm) relative to 
chondrite [1].  When the magnitude of ε142Nd 
enrichment in the upper mantle was combined with 
constraints derived from the 147Sm-143Nd chronometer, 
it was proposed that the mantle is segregated into a 
super-chondritic 142Nd/144Nd region and a sub-
chondritic 142Nd/144Nd region, representing the lower 
mantle (i.e., ε142NdUPPER_MANTLE > ε142NdCHONDRITE > 
ε142NdLOWER_MANTLE) which formed ~30 Ma after solar 
system formation. Since crustal sub-chondritic 
142Nd/144Nd values have not been observed, it was 
concluded that the lower mantle has not participated in 
crustal formation of these rocks. 

If the bulk Earth rather than the BSE has 
chondritic 142Nd/144Nd, an alternative possibility is that 
the complementary sub-chondritic 142Nd/144Nd 
reservoir resides in the core.  Under this scenario three 
conditions must be met: (i) Nd would have to show a 
slightly higher preference than Sm for the metal phase 
during metal-silicate partitioning; (ii) Sm-Nd 
partitioning would need to occur within the lifetime of 
146Sm (~300 Ma); and (iii) applied Sm and Nd 
partition coefficients must to be consistent with our 
knowledge of the 147Sm-143Nd BSE evolution line.  
Here, available partitioning data are combined with 
modeling results to show that the core is a viable 
location for some of the sub-chondritic 142Nd/144Nd 
reservoir. 
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silicate partition coefficients decrease from light to 
heavy rare earth elements (REEs) [7] meaning that for 
all experiments performed, Nd always showed a slight 
preference for the metal relative to Sm.  

Epsilon-142,143Nd time-integrated deviations from 
chondrite caused by >  were characterized 
in order to simulate preferential uptake of Nd during 
core formation.  New concentrations and isotopic ra-
tios (i.e., 147Sm/144Nd and 146Sm/144Nd) were recalcu-
lated at the time of partitioning, broadly constrained 
with core formation estimates [3].  Based on new BSE 
ratios, present-day chondrite deviations were then 
computed. 
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Results and discussion:  The results depend 
strongly on the magnitude of the partition coefficients, 
and the factor by which  and are different.  
These two features are reflected in a contour plot 
demonstrating the present-day ε143Nd deviations from 
chondrite for different  vs.  values (Fig. 
1a). For comparison, all five experimental data points 
from Lodders [7] are superimposed. 
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Changes in the terrestrial Nd isotope evolution 
line (ε143Nd vs. time) due to an early silicate fractiona-
tion have been previously discussed [1,2], and conclu-
sions reached are broadly analogous to deviations re-
sulting from partitioning.  For example, it was postu-
lated that the upper mantle could evolve ~8.5-11.5 
ε143Nd units above chondrite because of early mantle 
fractionation, a range proposed because of agreement 
with present-day MORB values.  A consequence of 
this model is that extraction of continental crust 
throughout Earth history from the upper (depleted) 
mantle cannot have lead to a substantial increase in the 
mantle Sm/Nd ratio, otherwise MORB values would 
exceed the ε143Nd value ascribed to the upper limit.  
By mass balance arguments, this result was interpreted 
to mean that ~80-100% of the mantle has been de-
pleted during continental crust formation [1,2].  By 
comparison, if  and  producing present-
day ε143Nd values of ~8.5-11.5 are considered realis-
tic, then the whole mantle must have participated in 
the extraction of the continental crust, and the sub-
chondritic ε142Nd component resides in the core.   
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To correlate ε142Nd and ε143Nd deviations men-
tioned above, a similar ε142Nd plot was produced, also 
with an assumed core formation time of 30 Ma (Fig. 
1b).  Earlier average fractionation times (not shown) 
mean that the same partition coefficients produce lar-
ger ε142Nd deviations.  For example, if =0.14 

and  = 0.22 ( =1.57), then this will lead to 
average mantle values of ε142Nd = 0.09, 0.08, 0.05, 
above chondrite for core formation times of 15, 30, 
and 100 Ma, respectively.   
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Taking into consideration the data of Lodders [7] 
and trends of other metal-silicate lithophile element 
partitioning data performed at various pressures and 
temperatures [8], Sm and Nd partition coefficients can 
be broadly constrained to lie between ~0.05 and 0.2, 
and  values give a range of 1.2-1.9 [7].  This 
range would imply that core-mantle partitioning could 
potentially account for as much 50% of the 20 ppm 
ε142Nd deviation.   

SM
SmNdR /

/

Other terrestrial bodies:  Mars also contains su-
per-chondritic ε142Nd values in many of the samples 
analyzed [5].  Mars has a smaller relative core size 
than Earth, meaning smaller ε142Nd values would be 
expected for the same partition coefficients.  However, 
Mars may have a higher S content in the core [9] than 
predicted for Earth, which may compensate somewhat 
for a smaller relative core size, implying larger  
and values for Mars.  This reasoning relies on 
the expectation that a higher S content will lead to lar-
ger partition coefficients [7,8]. 
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In addition, the Moon contains high 142Nd/144Nd 
relative to chondrite [4].  If the impact models for the 
origin of the Moon are correct [11], and models pro-
posed above are correct, a core formed prior to impact 
would leave the mantle of the impactor (i.e., the pre-
sent-day Moon) with high 142Nd/144Nd.  It has also 
been shown that the evaporation rate for Nd was 
nearly twice that of Sm at 2500 K [10].  While the 
importance of this process (and in particular subse-
quent loss of Nd relative to Sm) on a planetary scale is 
unknown, this would also lead to super-chondritic 
142Nd/144Nd values, if loss occurred within the lifetime 
of 146Sm.  It may be worth exploring this process fur-
ther given the proposed paradigm for the origin of the 
Moon [11]. 

Summary: If the ε142Nd value of the bulk Earth is 
similar to ordinary chondrites [6], and >1, then 
some of the sub-chondritic ε142Nd may reside in the 
core.  These results help explain why no sub-
chondritic 142Nd/144Nd values have yet to be 
discovered from ocean island basalts, MORBs, 
kimberlites, carbonatites, komatiites, Deccan Traps, 

and Iceland plumes, [e.g., 2,6] which have been 
proposed to be from deep mantle sources, although it 
is unlikely that that core could account for the entire 
complementary portion of the mantle.  These 
conclusions may be further explored with new metal-
silicate partitioning data, and Sm/Nd concentration 
measurements of Fe-meteorites; that is, irons would be 
expected to yield sub-chondritic ε142Nd due to prefer-
ential uptake of Nd. 
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Fig 1. Contour plots of ε143Nd (a) and ε142Nd (b) deviations 
caused by unequal partitioning of Sm and Nd into the core.  
Here, core formation is assumed to occur at 30 Ma.  Ex-
perimental data are superimposed [7].   
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