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Introduction: The investigation of Os isotope 

anomalies can help constrain the possible scale of nuc-
leosynthetic heterogeneities in the early solar nebula. 
To date, results for one group of meteorites, chon-
drites, have been negative in the sense that resolvable 
Os isotopic heterogeneities have only been detected in 
chemical fractions separated from chondrites, not in 
bulk samples [1-3]. Three lines of evidence suggest 
that irons and pallasites may be richer hunting grounds 
for Os isotopic anomalies in bulk materials. First, the 
application of the Hf-W isotope system has demon-
strated that the segregation of some metallic bodies, 
generated as asteroidal cores or melt pools, occurred 
very early in solar system history, in some cases within 
1 Ma of CAI formation [e.g., 4]. Hence, the assembly 
of the parent bodies of some irons and pallasites may 
predate that of chondrites, when nebular heterogenei-
ties may have been greater. Second, isotopic anomalies 
have been reported in several other elements with side-
rophile characteristics (e.g., W, Ni, Mo and Ru) in 
some iron meteorites and pallasites. Some of these 
anomalies may be nucleosynthetic in origin [e.g., 5-9].  
Finally, Os isotopic anomalies have already been re-
ported for some Group IVB irons [10]. In that study, 
the cause of the observed effects was interpreted to be 
long-term cosmic ray exposure (CRE).   

Here we further examine Os isotopes in iron mete-
orites and pallasites, with an initial emphasis on as-
sessing CRE effects. Isotopic effects resulting from 
CRE vary with depth from the surface over relatively 
short distances (i.e., tens of cm). Thus, the effects of 
CRE on isotopic ratios can vary considerably within an 
individual iron or pallasite meteorite [e.g., 11]. In or-
der to monitor and possibly even correct for these ef-
fects, it is necessary to measure neutron fluences ap-
propriate for the specific sample analyzed for Os (or 
other elements). Towards that end, we have begun 
measurements of 59Ni (t½ = 0.076 Ma) and light noble 
gas concentration for pieces of irons and pallasites 
sampled directly adjacent to pieces analyzed for Os. 
The 59Ni (corrected for terrestrial residence ages) will 
be used to measure the recent neutron flux. When 
combined with total exposure ages derived from the 
noble gases, the total neutron fluence experienced by 
an individual sample can be determined. Here we re-
port primarily the initial results for Os measurements. 

Analytical Methods: Both nucleosynthetic and 
CRE effects upon Os isotopes in irons and pallasites 
are likely to be small, where they exist at all. Conse-
quently, we have refined our chemistry and mass spec-

trometric methods to obtain high precision measure-
ments of most Os isotopes. Osmium is extracted from 
metal using conventional techniques and subsequently 
highly purified by microdistillation [12]. Osmium is 
analyzed as OsO3

- via negative thermal ionization, 
using a Thermo-Fisher Triton at the UMd. Neutron 
capture cross sections for isotopes of Os are as follow 
(in descending order): 184Os (3000 b), 187Os (320 b), 
186Os (80 b), 189Os (25 b), 190Os (13 b), 188Os (5 b), 
192Os (2 b) [13]. Consequently, for this study 
192Os/188Os is used for fractionation correction, as op-
posed to 192Os/189Os used in prior studies of nucleosyn-
thetic effects (188Os can be produced from 187Os, but 
187Os is a much lower abundance isotope of Os in 
irons).  

There are several significant impediments to ob-
taining high precision data for Os via thermal ioniza-
tion [14]. First, most Os isotope intensities must be 
corrected for contributions from 17O- and 18O-
substituted oxides. As part of a dynamic peak hopping 
routine, we monitored oxygen isotopic compositions 
for many of the samples analyzed. In brief, oxygen 
compositions have remained stable within the level of 
measurement resolution over the period of our four 
month analytical campaign. Second, to correct for iso-
baric interferences to 184OsO3

- due to 198Pt18O16O-, and 
183W17O16O2

- , we use the central electron multiplier on 
the Triton to monitor Pt and W signals at masses 230 
and 231, respectively, during each block of data col-
lection (consisting of 20 ratio measurements). Osmium 
is ionized from Pt filaments, so a Pt background signal 
is present for all analyses. Typical Pt background cor-
rections to 184Os/188Os were ~0.1%, but as much as 
0.5%. For our Os laboratory standard, interference 
corrected 184Os/188Os, 186Os/188Os, 189Os/188Os and 
190Os/188Os ratios are measured to 2σ external preci-
sions of approximately ±50, ±0.40, ±0.10 and ±0.08 
ε units (parts per 10,000 deviations from chondritic 
averages), respectively. Measurements for individual 
samples consisted of multiple measurements using the 
same filament loading, as well as at least two separate 
loadings of all samples and give comparable or better 
reproducibility, with 2σ of mean precisions as low as 3 
ppm for repeated measurements of some ratios for 
some samples.  

Results: Results of Os isotope analyses for 13 iron 
meteorites and the Eagle Station pallasite are shown in 
Fig. 1. There are resolvable Os isotopic anomalies for 

1324.pdf41st Lunar and Planetary Science Conference (2010)



186Os, corrected here for ingrowth from 190Pt (190Pt 
→186Os+4He; t1/2 = 488 Ga), 189Os, and 190Os among 
the irons and pallasite we have analyzed to date. Cor-
rections for radiogenic ingrowth from 187Re are too 
imprecise for us to consider 187Os in this context. Our 
ε189Os and ε190Os results for IVB irons are generally 
consistent with those reported by [10], with the great-
est Os isotopic anomalies observed in the IVB iron 
Tlacotepec (as also observed by [10]). This iron has 
previously been reported to have a CRE age of nearly 
1Ga. The ε190Os versus ε189Os trend defined by sam-
ples that include four iron groups and the pallasite 
Eagle Station is consistent with the CRE production 
model presented by [10] (Fig. 1). None of the samples 
had ε184Os values resolvably enriched or depleted rela-
tive to chondrites (at the ±50 ε level). Of these sam-
ples, new CRE data are only available for Eagle Sta-
tion. Despite a 388±34 Ma exposure age, the Os iso-
topic ratios are not resolvable from chondritic.   

Modest CRE induced Os isotopic enrichments and 
depletions are present among some iron meteorites 
from the magmatic groups IIIAB, IVA and IVB. Of 
the five iron groups examined, there is at least one 
meteorite from each group that is unresolvable from 
chondritic. In light of the strong genetic relationships 
between meteorites within groups, we infer that nuc-
leosynthetic effects are not present for Os at the >10 
ppm level in the original metal represented by groups 
IAB, IIAB, IIIAB, IVA and IVB irons, nor in the par-
ent body of the Eagle Station pallasite. 
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Figure 1a-b. Plots of ε189Os vs. ε186Os (corrected 

for radiogenic ingrowth from 190Pt), and ε189Os versus 
ε190Os. Fig. 1b includes the CRE production model 
reported by [10]. The red dashed lines represent the 
solar vs. s-process mixing lines of [2]. Error bars are 
the 2σ standard deviations of multiple analyses of each 
meteorite. 
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