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Introduction:  A variety of isotope anomalies have 

been discovered in bulk chondrites and differentiated 
meteorites (e.g., Cr, Sr, Mo [1-3]). These results point 
to the existence of planetary-scale isotope heterogenei-
ties for refractory heavy elements, which are most like-
ly due to the heterogeneous distribution of presolar 
grains (e.g., SiC, graphite) in the protosolar nebula 
before the onset of planetesimal formation. In contrast, 
some elements exhibit uniform isotope compositions 
across different meteorite groups (e.g., Te, Os, Hf [4-
6]). Such inconsistencies regarding the isotope distri-
bution are critical to understanding the processes oc-
curred in the solar nebula and/or in planetary bodies. 

High precision Nd isotope analyses in meteorites 
have been the center of interest in recent cosmochem-
istry community [7-10]. One of the most remarkable 
results is that chondrites possess 142Nd/144Nd ratios ~20 
ppm lower than those in terrestrial rocks [7]. The 
anomaly was interpreted to be caused by the Sm-Nd 
fractionation via early differentiation of the terrestrial 
mantle. On the other hand, variations in stable Nd iso-
topes (e.g., 148,150Nd/144Nd) have been documented in 
chondrites [9]. Although the authors concluded that the 
observed variation was due to incomplete digestion of 
presolar grain-bearing samples, the existence of Nd 
isotope anomalies in bulk aliquots of chondrites re-
mains unclear unless high precision Nd isotope data 
with complete sample digestion become available. 

In this study, we revisit high precision Nd isotope 
analysis of chondrites coupled with a new sample di-
gestion technique that confirms complete dissolution 
of acid resistant presolar grains. We also develop a 
modified dynamic multicollection method using TIMS 
to improve the analytical reproducibilities. Finally, we 
discuss the extent of Nd isotopic heterogeneities across 
different types of chondrites. 

Experimental:  We investigated two carbonaceous 
chondrites (Murchison, CM2; Allende, CV3), three 
ordinary chondrites (Chergach, H5; Saratov, L4; 
St. Severin, LL6), and a Rumuruti chondrite (NWA 
4814, R4). The meteorite chips were cleaned with ace-
tone and H2O, then powdered using an agate mortar 
and pestle. The ordinary and Rumuruti chondrites with 
a petrologic grade greater than 3 were dissolved by a 
conventional acid digestion method using HNO3 + HF 
+ HClO4 [11]. For carbonaceous chondrites, each sam-
ple was digested using a high-pressure digestion sys-
tem (DAB-2, Berghof) with HF + HNO3 + H2SO4 to 
completely dissolve acid resistant presolar grains [12]. 

After sample digestion, the sample solution was 
loaded on a cation exchange resin to remove major 
elements and, for carbonaceous chondrites, SO4

2− ions, 
followed by eluting 6M HCl to collect Sr and REEs. 
From this fraction, Sr was separated from REEs using 
Sr spec resin (Eichrom) and saved for the study of Sr 
isotope analysis. Subsequently, Ce was removed from 
the rest of REEs by passing through the LN resin (Ei-
chrom), during which Ce3+ in the sample solution 
(10M HNO3) was oxidized into Ce4+ using KBrO3 
[13,14]. Finally, Nd was separated from Sm using the 
LN resin in HCl media. We achieved Ce/Nd = ~3×10-5 
and Sm/Nd = ~4×10-5 with >91% Nd recovery. 

The Nd isotope compositions were measured by 
TIMS (Triton-plus, Tokyo Tech). Approximately 500 
ng Nd dissolved in 1 µL HCl was loaded on a zone 
refined Re (H. Cross). After dryness, 4 µL 0.01% 
H3PO4 was loaded onto the sample as an activator. In 
previous studies, Nd isotope compositions of bulk me-
teorites have been commonly measured in the “static-
multicollection” mode with TIMS, which may be af-
fected by the time-related deterioration of Faraday 
cups [15]. In contrast, the “multi-static” [16] or “dy-
namic-multicollection” methods can reduce the effect 
of cup deterioration by acquiring Nd isotopes with 
multiple lines of different cup configurations within a 
single analytical cycle. In this study, we developed a 
modified “dynamic-multicollection” method in which 
142,148,150Nd/144Nd ratios were obtained with 2-line cup 
settings. In addition, we corrected the effect of the time 
difference between two lines within a cycle. The re-
sults were obtained by averaging 360 ratios with 2σ 
rejection.  

Results and Discussion:  The reproducibilities 
(2SD) of repeated analyses for a standard (JNdi-1) 
with the conventional static mode were 4.0 ppm, 11 
ppm, and 24 ppm for 142Nd/144Nd, 148Nd/144Nd, and 
150Nd/144Nd ratios, respectively, when the Faraday cups 
were all fresh. The reproducibilities were getting worse 
by several times as the deterioration of Faraday cups 
progressed. In contrast to the static mode, the dynamic 
method achieved improved reproducibilities; 
142Nd/144Nd: 2.8 ppm (Fig. 1), 148Nd/144Nd: 4.5 ppm, 
and 150Nd/144Nd: 9.2 ppm. It should be noted that im-
provements of reproducibilities are evident for 
148Nd/144Nd and 150Nd/144Nd ratios even compared to 
those obtained in the multi-static method (6 ppm and 
19 ppm, respectively) conducted in [16].  

Fig. 2 shows the µ142Nd and µ148Nd values in mete-
orite samples analyzed in this study (the µNd values 
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indicate 106 relative deviation from the isotope ratios 
of the standard, JNdi-1). Two data points (Allende, St. 
Severin) were obtained by the dynamic mode, while 
the rests were obtained by the static mode. All samples 
have µ142Nd values 20–30 ppm lower than the terres-
trial value. In contrast, all but one sample (Allende) 
have µ148Nd values indistinguishable from the terres-
trial value. Likewise, µ150Nd values in chondrites are 
generally within the range of the terrestrial component.  

Previous studies [9-10] reported that some chon-
drites had isotopic anomalies both in µ142Nd and 
µ148Nd values with a negative correlation in the µ142Nd 
vs µ148Nd diagram, which can be explained by the mix-
ing of the terrestrial component and the putative s-
process endmember component (Fig. 2). Such a corre-
lation was most likely caused by incomplete digestion 
of s-process-enriched presolar components (e.g., SiC) 
present in chondritic samples. As opposed to previous 
studies, we observed nearly uniform µ142Nd, µ148Nd, 
and µ150Nd values irrespective of the chondrite group. 

Although the data points are limited, this study 
suggests that stable Nd isotopes were homogenously 
distributed in the protosolar nebula, at least for carbo-
naceous, ordinary, and Rumuruti chondrites. The small 
isotopic deviation of Allende could be due to the in-
corporation of CAIs enriched in the r-process nuclides 
[9] to the component represented by the other chon-
drite. As discussed in [10], enstatite chondrites would 
have elevated µ142Nd values relative to carbonaceous 
and ordinary chondrites, ranging from -20 to 0 ppm. 
However, no previous studies performed complete 
sample digestion for enstatite chondrites, whereas pre-
solar grains reside in type 3 and in even type 4 enstatite 
chondrites [17]. Therefore, further investigations for 
the determination of precise Nd isotope compositions 
by applying the dynamic multicollection method cou-
pled with a complete sample digestion technique 
should be crucial especially for enstatite chondrites. 

Fig.1 142Nd/144Nd ratios of repeated analyses for a 
standard (JNdi-1; n = 12) by the dynamic method. 
Those obtained by the static mode during the same 
sample run are shown for comparison. 
 

Fig.2 Plot of µ142Nd and µ148Nd values in chondrites. 
Error bars of individual data points are 2SE. The gray 
zones are uncertainties (2SD) of the standard analyzed 
by the dynamic mode, and dotted lines are those of the 
static mode when all Faraday cups were fresh. Filled 
circles indicate the data obtained by the dynamic mode 
while open circles indicated the static method. Data 
obtained in previous studies [7-10] are also plotted for 
comparison.  
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