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Introduction:  The current isotopic composition of 

U in solar system materials is the result of actinide 
production during late stage (r-process) nucleosynthe-
sis, timescale(s) of actinide integration into the solar 
nebula, and the presence or absence of actinide frac-
tionation during formation and early evolution of these 
solar system components. To date, aside from one 
suggestive anomaly within a Kohar (L3) chondrule [1], 
all reliable searches for isotopic anomalies in extrater-
restrial U have shown no statistically significant devia-
tions from the normal value of 238U/235U = 137.88 [1-
4]. Deviations in 238U/235U ratios could likely be 
caused by the incorporation of the r-process nuclide 
247Cm and its decay to 235U (247Cm → 243Pu → 243Am 
→ 239Np → 239Pu → 235U, T½ ≈ 1.56 ×107 y) within 
meteoritic components. The absence or presence (and 
magnitude) of isotopic anomalies in 238U/235U ratios 
are important for models of late stage nucleosynthesis, 
cosmochronology, and Pb-Pb dating. We have begun 
U isotope measurements to (re)examine extraterrestrial 
materials and the possibility of statistically significant 
variations of 238U/235U ratios. 

Theoretical considerations:  If live 247Cm was in-
corporated into the solar nebula, what magnitude of 
238U/235U anomaly might be expected? Using modern 
predictions for r-process production ratios [5], we can 
calculate [6,7] a steady state 247Cm/235U abundance 
ratio of 0.012 for the interstellar medium. If the time 
for incorporation of 247Cm occurred within one mean 
life of 247Cm and we make the ad hoc assumption of 
homogeneity within the solar nebula, this provides a 
247Cm/235U solar system ratio of ∼0.005 at the time of 
formation. Fractionation of Cm and U during nebular 
(condensation) and geochemical (solid/liquid partition-
ing) evolution is likely and assuming a factor of 10 is 
not unreasonable [8]. If these hypothetical factors are 
correct, we might expect a ±5‰ difference from the 
normal U ratio. Additionally, according to r-process 
production ratios, the maximum observable 235U deple-
tion would be ∼1%, while the maximum 235U enrich-
ment in a sample would depend on the actual Cm-U 
fractionation factors between meteoritic components.   

Analytical methods: We use a 233U-236U double 
spike to compensate for mass fractionation during our 
multi-collector inductively coupled plasma mass spec-
trometry (MC-ICPMS) measurements. For method 
optimization and validation, we selected several terres-
trial geochemical standard reference materials and bulk 

meteorites. We selected these samples because previ-
ous studies indicate that we would not expect these 
samples to contain any U isotopic anomalies.   

We dissolved all samples using only ultra-pure re-
agents under clean-room conditions, and removed a 
small aliquot (~5%) for U quantification by ICPMS.  
We optimally spiked the balance of the dissolved ma-
terial so that the 238U/236U ratio was ~10.  After ensur-
ing sample-spike equilibration, we used well-tested 
and clean column chromatography separation tech-
niques to isolate U for isotopic analysis. Blank contri-
bution during sample processing was ∼1010 U atoms (4 
pg).   

For isotopic analysis, we use a double-focusing Nu 
Plasma MC-ICPMS equipped with a desolvating nebu-
lizer.  Although our 233,236U spike was of high purity, 
slight 235U and 238U was present within the spike solu-
tion. To eliminate any possibility of 235U contamina-
tion within our laboratory and other sample handling 
areas, instead of performing the common practice of 
calibrating the nearly-equal atom 233U-236U spike with 
an equal-atom U500 standard, we calibrated our spike 
using the natural U standard U960.  Corrections for 
spike-contributed 235U were on the order of 40% of 
total m/z = 235 signal.  During analysis, we use the 
unique ability of the Nu Plasma zoom optics to place 
two ion beams into two collectors with a beam disper-
sion of 1.5.  In the first sequence of the multi-dynamic 
cycle, we monitor m/z 235 and 238, and during the 
second, we observe m/z 233 and 236.  This scheme 
corrects for not only mass fractionation, but also for 
nearly all of the variation between the counters’ sensi-
tivity.  The abundance sensitivity, measured at m/z 237 
from 238U, was ≤ 10 ppm.   

Figure 1 depicts the 235U/238U ratio as permil (‰) 
deviations from the standard value in delta notation for 
6 separate analyses of processed Allende solutions 
over 3 different measurement days. Typical standard 
errors for a single measurement using ∼350 pg of U 
are < ±1‰ (Figure 1).  Intraday replicate sample 
measurement precision is ≤ 1.5‰. Due to slight varia-
tions in our interday accuracy, probably because of 
minor variations of the quadrupole optic settings and 
slight changes in beam alignment, we use the method 
of standard-sample bracketing where we correct the 
intermediate sample to the two bracketing standard 
runs. With a typical run only consuming about 350 pg 
of U, we could perform multiple measurements on all 
but the smallest samples. 
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Results:  In Figure 2 we illustrate 2σM results for 3 
terrestrial samples, 5 meteoritic samples, and the 95% 
confidence interval for replicate measurements of our 
U960 standard.  All of the 6 Allende data in Figure 1 
are incorporated into the mean Allende value in Figure 
2. No sample shows statistically significant deviations 
from the normal 238U/235U value.   
 
Figure 1: Replicate U isotopic analyses of bulk Al-
lende (CV3) material with standard errors. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Conclusions:  We have measured the 238U/235U ra-
tios of 5 meteoritic samples and 3 terrestrial samples 
with typical 2σM precisions of 2‰.  We will continue 
to use our techniques to investigate U ratios in meteor-
ites and their components including refractory inclu-
sions, matrix phases, chondrules, and mineral separates 
of chondritic and achondritic meteorites to maximize 
our chances of measuring a sample where fractionation 
between Cm and U may have occurred.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2:  95% confidence interval results of U iso-
topic analyses in meteoritic and terrestrial samples. 

-6 -4 -2 0 2 4 6

Juvinas phospate leach (EUC) n=2

bulk Allende (CV3) n=6

bulk Murchison (CM2) n=8

bulk Dimmitt (H3.7) n=8

bulk ALHA 81032 (L3.4) n=3

GS-N (ANRT granite SRM) n=4

MA-N (CRPG granite SRM) n=4

MICA-Fe (CRPG biotite mica SRM) n=4

U960 (natural standard) n=15

 

Meteoritic U

Terrestrial U

 

δ235U (‰)

 

 

 

 

 
 

References: [1] Shimamura T. and Lugmair G. W. 
(1981) LPSC XII, 976-978. [2] Chen J. H. and Wasser-
burg G. J. (1980) Geophys. Res. Let., 7, 275-278. [3] 
Chen J. H. and Wasserburg G. J. (1981) Anal. Chem., 
53, 2060-2067. [4] Chen J. H. and Wasserburg G. J. 
(1981) Earth Planet. Sci. Lett., 52, 1-15. [5] Lingenfel-
ter R. E. et al. (2003) Astrophys. J., 591, 228-237.  [6] 
Wasserburg G. J. et al. (1996) Astrophys. J., 466, 
L109-L113.  [7] Meyer B. S. and Clayton D. D. (2000) 
Space. Sci. Rev., 92, 133-152. [8] Boynton W. V. 
(1978) Earth Planet Sci. Lett., 40, 63-70.   
 
 

-6 -4 -2 0 2 4 6

δ235U (‰)

-6 -4 -2 0 2 4 6

δ235U (‰)

-6 -4 -2 0 2 4 6

δ235U (‰)

-6 -4 -2 0 2 4 6

δ235U (‰)

-6 -4 -2 0 2 4 6

δ235U (‰)

-6 -4 -2 0 2 4 6

δ235U (‰)

day 1

day 2

day 3

-6 -4 -2 0 2 4 6

δ235U (‰)

-6 -4 -2 0 2 4 6

δ235U (‰)

-6 -4 -2 0 2 4 6

δ235U (‰)

-6 -4 -2 0 2 4 6

δ235U (‰)

-6 -4 -2 0 2 4 6

δ235U (‰)

-6 -4 -2 0 2 4 6

δ235U (‰)

day 1

day 2

day 3

Lunar and Planetary Science XXXV (2004) 1575.pdf


