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Introduction: Several studies have shown that in-

teraction of meteorites with cosmic rays can affect the 
isotopic composition of a wide range of elements. 
These cosmogenic effects can superimpose on isotopic 
variations arising from decay of short-lived chronome-
ters and can hamper geochronological interpretations. 
The 182Hf-182W decay system (t1/2= 9 My)  is very im-
portant to constrain the time scales of metal-silicate 
differentiation processes [e.g., 1,2]. Model calculations 
have shown that W isotopic compositions of iron me-
teorites can be affected by neutron capture reactions on 
W isotopes during their exposure to cosmic rays, and 
thus yield inaccurate ages [3,4]. A modulation in 
182W/184W values with distance from the preatmos-
pheric surface has been documented for the magmatic 
iron meteorite Carbo (IID) [5,6]. Thus, one major chal-
lenge in establishing the 182Hf-182W system in iron me-
teorites as a reliable chronometer is to find a way to 
accurately correct for these cosmogenic effects. Iron 
meteorites are deficient in most elements that are 
commonly used to monitor neutron capture effects. A 
recent study found Os isotopic anomalies in IVB me-
teorites [7]. The correlation between ε190Os and ε189Os 
anomalies was consistent with model predictions for 
capture of thermal neutrons (slope ~-0.7). Osmium, a 
highly siderophile element, is present at a relatively 
high abundance in iron meteorites, which ensures a 
precise determination of its isotopic composition. 
Here, we show how Os isotopic variations can be used 
as a neutron dose monitor in iron meteorites to correct 
cosmogenic effects on W isotopes.  

Unlike Os and W, which can be affected by neu-
tron capture reactions, light elements such as Cr can be 
affected by spallation reactions.  In iron meteorites, the 
major target elements are Fe and Ni. Because the 
atomic number of Cr is slightly lower than that of Fe, 
the production rates of Cr isotopes are high [8]. In our 
recent study, we found coupled excesses in ε53Cr and  
ε54Cr in three Carbo samples [9].  

With an exposure age of ~850 Ma, Carbo is ideal 
for studying correlated cosmogenic effects in these 
isotope systems. In addition, the samples we studied 
came from a slab with a well documented exposure 
profile, which provides a good reference point against 
which model predictions can be compared.  

Methods:  Sample digestion was achieved using 
Carius tube. Osmium was purified by CCl4 extraction 
and micro-distillation (e.g. [10]). Chemical separation 
of Cr weas achieved through several steps of ion-
exchange chromatography [9]. Both elements were 
analyzed on a Triton thermal ionization mass spec-
trometer at DTM. The analytical blanks were always 
negligible compared to analyte concentrations. Each 
sample and terrestrial isotopic standard were analyzed 
multiple times for both Os and Cr isotope composi-
tions to achieve better precision. Because the Os iso-
topic compositions were measured as a negatively 
charged trioxide, the Os isotope compositions were 
corrected for contributions by 16O and 17O, and the 
isotope ratios were normalized to the 192Os/188Os ratio.  

 
Fig. 1. Os isotopic compositions of Carbo samples.  
 
Results and discussions:  Os isotopic composition 

Six samples were analyzed for Os, including 4 samples 
from the slab where noble gas data were available, and 
two samples from a bar with unknown noble gas in-
formation. Because 186Os and 187Os are radiogenic, 
only the other two isotope ratios 189Os/188Os and 
190Os/188Os were examined. As shown in Fig. 1, rela-
tive to the Os standard, all Carbo samples show deficts 
from -0.8 to -0.5 in ε189Os and excesses in ε190Os of 
0.3-0.5. The slope in Fig. 1 is similar (~ -0.65) to that 
observed for group IVB irons [7], consistent with 
model calculations on neutron capture effects on Os 
isotopes based on thermal neutron-capture cross sec-
tions. Fig. 2 shows a plot of ε182W against ε189Os. A 
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positive correlation can be observed. At ε189Os=0, 
ε182W=-3.3 ±0.8, which represents the pre-exposure 
value of this sample. We note that this value is less 
unradiogenic than the previously estimated value (-3.9) 
[5, 6]. Although both values agree within uncertainty, 
the new pre-exposure ε182W for Carbo is more in line 
with iron meteorites from other magmatic groups [11, 
12]. Additional pieces will be studied to further con-
strain this correlation and model calculations will be 
carried out to compare those effects with predictions.  

 

 
Fig. 2. Correlation between ε182W and ε189Os in Carbo. 
 
Cr isotopic composition Similar to what has been 

observed previously for three pieces of Carbo [9], the 
10 pieces of Carbo that came from a slab with well 
documented noble gas concentrations show coupled 
excesses in  ε54Cr and ε53Cr with a slope of 3.89±0.02, 
consistent with calculations on cosmogenic production 
rates of Cr isotopes. Compared to [9], larger variations 
in Cr isotopic compositons were found for these sam-
ples, with ε54Cr values ranging from 15 to 735. These 
variations are not correlated with depth from the pre-
atmospheric center. Because only 0.1 g of sample was 
dissolved, this may result from sample heterogeneity. 
in the Fe/Cr ratio. Taenite usually has a higher Ni con-
tent and an order of magnitude higher Cr concentration 
than kamacite, thus the cosmogenic contribution to Cr 
isotopic composition in taenite is much smaller than 
that in kamacite. However, we did not find a correla-
tion between Cr isotopic composition and Fe/Ni ratio. 
This suggests that Cr abundance is very heterogeneous 
in Carbo. This is evidenced by the sample with the 
highest amount of Cr showing the lowest Cr isotopic 
anomalies. Precise determinations of Fe/Cr in these 
samples are needed to correct for sample heterogeneity 
and to examine the depth-dependent effect on Cr iso-
topes.  

 
Fig. 3. Cr isotopic compositions of Carbo samples.  
 
Conclusions: Osmium isotopic anomalies were 

found for Carbo samples, consistent with neutron cap-
ture effects previously reported in IVB irons [7]. A 
potential correlation was found between W and Os 
isotopes suggesting that Os can be used as neutron 
dose monitor in iron meteorites. The new corrected 
pre-exposure ε182W value for Carbo is higher than pre-
vious estimates for this meteorite, but is consistent 
with estimated pre-exposure values for other groups of 
magmatic iron meteorites. Correlated excesses in ε54Cr 
and ε53Cr were found in Carbo. Some of these varia-
tions likely reflect heterogeneity in the Fe/Cr ratio 
rather than depth of shielding from cosmic rays.  
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