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Introduction:  Primitive chondrites have key in-

formation regarding the timing and processes of the 
solar system formation. Nucleosynthetic isotope 
anomalies found in primitive chondrites give clues for 
understanding the origin of materials formed in the 
early stage of the Solar System. Precise determination 
of isotopic compositions for various trace elements in 
meteorites suggests heterogeneous isotopic distribution 
in the protosolar nebula (e.g. Cr, Ti, Mo, Ru, Sm [1-3]). 
In contrast, some limited elements support isotopic 
homogeneity in the early solar system (e.g. Zr, Te, Os 
[4-6]). The inconsistency would be caused by incom-
plete mixing and/or destruction of some selected preso-
lar materials in the solar nebula. However, the reason 
for such distinct isotopic signatures is not well under-
stood. To understand this, it is important to identify 
presolar phases for individual elements as isotopically 
anomalous carriers that contributed to the Solar System. 
For detecting internal isotope anomalies in meteorites, 
sequential acid leaching method, a chemical mineral 
separation, is quite useful especially for trace elements. 

Tellurium is one of the intriguing elements for the 
study of nucleosynthetic isotope anomalies in meteor-
ites. Tellurium has eight stable isotopes produced by 
stellar nucleosynthesis of the p-process (120Te), s-
process (122, 123, 124, 125, 126Te) and r-process (125, 126, 128, 

130 Te). The isotopic composition of Te is also affected 
by the extinct nuclide of 126Sn that decays to 126Te with 
a half-life of 234.5 kyr [7]. However, no resolvable Te 
isotope anomalies are reported for bulk chondrites, 
sulfide and metal fractions of iron meteorites, and acid 
leachates of carbonaceous chondrites [5]. Small poten-
tial nucleosynthetic Te isotope anomalies are found in 
Allende CAIs, although further verification is needed 
to exclude the possibility of analytical artifact [8]. The 
largest nucleosynthetic Te isotopic anomalies hitherto 
obtained are in presolar nanodiamonds from the Al-
lende meteorite [9, 10].  

In our preliminary study, we have reported the Te 
isotope compositions in acid leachates from the Mur-
chison meteorite (CM2) [11]. In this study, we present 
additional Te isotope data in sequential acid leachates 
of two carbonaceous chondrites, Allende (CV3) and 
Tagish Lake (C2-ung). In addition, we measured the 
Te isotope compositions in the residue that survived in 
the acid leaching procedure. 

Experimental:  Sample preparation and chemical 
separation.  We conducted the 6-step sequential acid 

leaching experiments on ~1 g powdered samples of 
Allende (CV3) and Tagish Lake (C2-ung.), following 
the technique of [11]. The remaining acid residues for 
these meteorites and that from Murchison [12] were 
completely decomposed by combustion in a quartz 
Carius tube at 1000 oC over 40 hours (step 7). After the 
combustion, the tube was opened while chilling the 
tube bottom with liquid N2, followed by the addition of 
1:2 mixture of conc. HCl and conc. HNO3. Then, the 
tube was sealed and heated at 200 oC over 40 hours. 
Finally, the solution was dried in a Teflon beaker and 
dissolved in a pressure digestion system, DAB-2 
(Berghof, Germany) using HF-HNO3 mixed acid at 
220 oC over 40 hours.   

Tellurium was separated using three steps column 
chemistry used in [12], which was modified after [13]. 
The purified Te fraction was re-dissolved in 1 M HCl 
and dedicated to the subsequent Te isotope analyses.  

Mass spectrometry.  Tellurium isotope measure-
ments were carried out by using a thermal ionization 
mass spectrometry in negative mode (TRITON plus at 
Tokyo Institute of Technology, Thermo-Fisher Sci.). 
The separated sample was loaded on a zone-refined 
single Re filament, and covered by saturated Ba(OH)2 
solution containing NaOH. Isotope ratios were ac-
quired by using nine Faraday cups (FCs) when the 
beam intensity of 126Te exceeded ~0.3 V. Our instru-
ment has nine Faraday Cup collectors, however, all 
eight Te isotopes cannot be simultaneously collected 
because of the limitation of the collector geometry. 
Therefore, we used the zoom optics option, and the 
isotope measurements were performed by a two-line 
analytical setting. When the 126Te beam intensity was 
lower than 0.3 V, all isotopes were measured by a sin-
gle secondary electron multiplier (SEM) in jumping 
mode. The Te isotope ratios obtained were corrected 
for mass fractionation by normalizing the measured 
128Te/130Te ratio to be 0.92941 [14] using the exponen-
tial law. 

Results and Discussion:  Tellurium isotope ratios 
in leachate samples from Tagish Lake and Murchison 
are indistinguishable from those of the terrestrial stan-
dard within analytical uncertainties (Fig. 1). For Al-
lende, step 1-6 are also indistinguishable from those of 
the terrestrial standard. The only exception is the 
leaching step 7 of Allende, which presented negative 
isotope anomalies in δ122Te and δ124Te (Fig. 2). Be-
cause 122Te and 124Te are pure s-process isotopes while 
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128Te and 130Te are pure r-process nuclide, the negative 
isotope anomalies observed in the Allende step-7 are 
either due to the deficit of s-process (or excess of r-
process) component in the sample, or to that the sam-
ple has a 128Te/130Te ratio different from the terrestrial 
value. Fig. 2 shows some mixing trends between ter-
restrial composition and previously reported Te isotope 
compositions in nanodiamonds from Allende, and 
those estimated by nucleosynthesis theories, respec-
tively [9, 10, 15]. Interestingly, the Allende step-7 is 
plotted on the mixing line of the terrestrial component 
and the r-process compositions calculated by Meyer 
[10].   

Tellurium isotope anomalies in nanodiamonds from 
Allende meteorite are reported in [9] and [10]. Those 
anomalies point to the excess of r-process nuclei (128Te 
and 130Te) in nanodiamonds. Our results also indicate 
the excess of r-process component of Te in the step 7 
of Allende. It is likely that nanodiamonds exist in the 
Allende residue that survived in the six leaching steps 
performed in this study. Therefore, isotope signature of 
step 7 of Allende is a mixture of nanodiamonds and 
other acid resistant component. Allende meteorite un-
derwent intensive thermal metamorphism on the parent 
body and thus rarely contains presolar grains except 
for nanodiamonds. Therefore, the negative isotope 
anomalies obtained in this study can be caused solely 
by nanodiamonds, which are the source of excess r-
process Te. This result is consistent with previous stud-
ies [9, 10]. The absence of isotope anomalies in the 
step 7 of Murchison and Tagish Lake would be the 
results of the low abundance of nanodiamonds, which 
are carrier of Te isotope anomalies.   
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Fig. 1. Tellurium isotope ratios in sample solutions 
from Tagish Lake measured by N-TIMS in this study. 
All isotope ratios were normalized to 122Te/124Te = 
0.53594 [14].  
 
 
 

 
 
Fig. 2. Tellurium isotope ratios in sample solutions 
from Allende measured by N-TIMS in this study. The 
Te ratios are reported in delta-notations relative to ter-
restrial standard solution (Kanto Chemical, Japan). All 
isotope ratios were normalized to 128Te/130Te = 
0.92941 [14] 
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