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Introduction:  It has become increasingly clear 

that isotopic variations do exist between the Earth and 
other Solar System bodies.   These variations were first 
seen in O isotopes [1] and their specific cause is not 
widely accepted though CO self shielding and other 
photo-chemical effects rather than nucleosynthetic 
anomalies is preferred by many.  There are also well 
established variations in 26Mg, 53Cr, 129Xe, 182W and 
142Nd between various components of meteorites and 
Earth due to the decay of extinct radionuclides. The 
discovery of pre-solar grains led to the identification of 
many more isotope anomalies. Some pre-solar silicon 
carbide grains have extensive stable isotope anomalies 
resembling almost pure s-process material [2] while 
other grains (X-grains) show large anomalies in neu-
tron rich isotopes [3]. Refractory FUN inclusions in 
carbonaceous chondrites (CC) had r-process excesses 
in some heavy elements such as Nd and Ba [4].  Even 
with the discovery of stable isotope anomalies on a 
mineral grain scale it was still believed that all bulk 
objects in the Solar System had a homogenous heavy 
element isotopic composition. 

Recent developments in multi-collector mass spec-
trometers has allowed for the possible identification of 
isotopic differences of less than 10 ppm.  Isotopic dif-
ferences between bulk meteorites and the Earth have 
now been extended to: 40Ca [5], 54Cr [6], 50Ti [7], 
95,97Mo [8], 96Zr [9],  135,138Ba [10,11], 142Nd [10,12] 
and 144Sm [13].  We present new Ba isotopic meas-
urements as well as Nd and Sm measurements in pro-
gress for a forsterite bearing Allende CAI, SJ101 [14].  
We also show how 142Nd differences in various mete-
orites correlate with other isotopes in a similar fashion 
as has been reported for 54Cr and 50Ti [6,7].  We show 
how the new results are consistent with [11].  We 
found a negative correlation between 142Nd and 138Ba 
due to incomplete mixing of nucleosynthetic products 
rather than fractionation and decay on Earth. Our ear-
lier data are now renormalized to take into account 
improved understanding of the fractionation in our 
TIMS [15].  This results in a more pronounced correla-
tion with 135Ba rather than 138Ba.   

Previous Correlations:  Recently a negative cor-
relation of 54Cr with Δ17O was established [6]. This is 
surprising since 17O anomalies are thought to be pho-
tochemical unlike 54Cr which is most likely a nucleo-
synthetic anomaly.  Here all CC lie on a mixing line 
separate from the ordinary chondrites (OC) and all 
differentiated meteorites.  Adding individual CAIs to 

the graph creates a three component mixing diagram 
with CAIs and OC making up two end-members and 
CI meteorites as the third apex.  Trinquier [7] also 
found mixing of at least three components in a plot of 
ε50Ti

 versus ε54Cr.  Again, bulk CAIs are the most 
anomalous with urelites now encompassing the second 
end-member and again with a CC as the third end-
member.  Trinquier claims that the anomalies in CC in 
Ti-Cr space are due to incorporation of various 
amounts of CAI material. However, a similar correla-
tion is found between Δ17O and ε54Cr  and these cannot 
be explained by simple two- component mixing since 
CI chondrites, having the least amount of CAIs do not 
lie directly on a CAI-differentiated meteorite mixing 
line.   

 
Figure 1.  Δ17O and ε54Cr correlations with ε142Nd.  

Data from [6, 10, 12, 16] and present study. 
 
Both 50Ti as well as 54Cr are isotopes naturally pro-

duced in neutron rich environments such as in massive 
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stars just prior to supernovae.  The carrier of these 
anomalies is possibly a non-refractory silicate phase 
[7].  The correlation with Δ17O makes identification of 
a specific carrier more challenging since Δ17O anoma-
lies are not thought to be nucleosynthetic.  It is not 
clear whether this heterogeneity is related to an injec-
tion of 26Al near the formation of the Solar System or 
whether this a long lived feature of the ISM.   

New Correlations:  Figure 1 plots ε142Nd vs. Δ17O 
and ε54Cr.  The CAI measurement for Nd is the average 
of two Allende CAI measurements from [16]. Figure 1 
shows that ε142Nd

 has a similar correlation to both ε54Cr 
and Δ17O as they do with each other. Carbonaceous 
chondrites also form an apex of the three component 
mixing while the Earth is most similar to enstatite and 
OC (though still statistically different from both).  
Again we see a similar correlation as with Δ17O sug-
gesting that the carrier for anomalous 54Cr (if one ex-
ists) may also be a carrier for anomalous 142Nd.      

Figure 2.  ε135Ba correlations with ε142Nd.  Data  
from [8, 9,10, 12] and present study. 
 

Figure 2 presents new 135Ba data for a large, 
forsterite bearing CAI SJ101 [14] and plots it along 
with other 135Ba data.    This measurement was per-
formed using sample-standard bracketing with our 
terrestrial Ba standard to correct for instrumental drift.  
This CAI has ε135Ba of 0.48 ± 0.10 within the range of 
other CAIs previously measured [17].  Note that for 
the 135Ba and 142Nd correlation diagram, there is a 
negative linear correlation that passes through the 
Earth.  We do not see evidence of three component 
mixing here with CC that lie outside a CAI-OC mixing 
line.  Also, for Figures 1a and 1b the Earth is outside 
of the field.  Figure 2 experimentally matches the pre-
diction made in Figure 3 of [11] that differences in 
142Nd between the Earth and chondrites are caused by 

incomplete mixing of s- and r-process material rather 
than by fractionation processes in the Early Earth.  

  Identifying the carrier of these anomalies is non-
trivial.  Some correlations make sense such as the 
negative Ba-Nd correlation since 135Ba is an r-process 
nuclides while 142Nd is an s-only nuclide.  There is 
also an overall positive correlation between 135Ba and 
95Mo and the neutron rich isotopes including 54Cr and 
50Ti.  A neutron rich environment just before a super-
nova could be a possible source for this heterogeneity. 

No matter where these anomalies are created they 
still must survive accretion of the Solar System.  The 
largest anomalies (compared to Earth) in bulk objects 
are usually seen in carbonaceous chondrites while less 
primitive objects such as ordinary and enstatite chon-
drites as well as all differentiated meteorites have 
anomalies more similar to Earth.    

 Conclusions: Stable isotope anomalies do exist in 
a variety of elements throughout different Solar Sys-
tem objects.   At least three distinct components are 
identifiable in cross-plots between elements where 
“end-members” are non-FUN CAIs, a variety of car-
bonaceous chondrites, and differentiated planetary 
bodies.  The r-process nuclides and neutron rich iso-
topes of a particular element are positively correlated 
with each other and negatively correlated with 142Nd, a 
s-process nuclide.  These anomalies are most likely 
nucleosynthetic in nature.  This work also cautions the 
interpretation of any isotopic differences between the 
Earth and meteorites as fractionation processes on 
Earth such as Sm/Nd fractionation in the early Earth 
being responsible for the 142Nd/144Nd differences be-
tween Earth and carbonaceous chondrites.   
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