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Introduction: In recent years, new opportunities in planetary sciences have arisen from exploring the stable 

isotope systematics of highly siderophile elements. Amongst them, osmium is of particular interest because of the 

potential to combine both stable isotope compositions and long-lived radiogenic decay systems (i.e 
187

Re-
187

Os and 
190

Pt-
186

Os). Mass-dependent Os stable isotope fractionation is expected to occur during metal-silicate segregation as 

well as during crystallization of metal alloys due to the different bonding environment between silicate and metals. 

As such, Os stable isotopes have the potential to resolve questions pertaining to planetary accretion and 

differentiation. Two questions of particular interest are: (i) How did Earth gain its overabundance of siderophile 

elements in the terrestrial mantle? Previous studies have either linked this to a late addition of extra-terrestrial 

material (the so called ‘late veneer’; [e.g. 1]), or to inefficient core formation [e.g. 2]; (ii) What processes produced 

iron meteorites during core crystallization? A better understanding of this process has, for example, important 

implications on the composition and thermal history of planetary bodies. Here, we present stable Os isotope data for 

a set of 37 chondrites and 15 iron meteorites as well as terrestrial samples in order to investigate these questions.  

Methods: Crushed rock powders and metal fractions were combined with a 
188

Os-
190

Os double spike, and 

digested either in Carius tubes or a high-pressure asher system, using inverse aqua regia. Osmium was subsequently 

removed via solvent extraction using chloroform, then back extracted into HBr, and finally purified by 

microdistillation [3-5]. Isotope compositions were determined by MC-ICP-MS (Neptune) or N-TIMS (TRITON 

Plus) using the 
188

Os-
190

Os double spike to correct for instrumental mass bias. The precision on a single 

measurement is ca. 0.020‰ on δ
190

Os (2se), where δ
190

Os is the per mil deviation (‰) in the measured 
190

Os/
188

Os 

ratio relative to reference standard DROsS [6]. 

Results and Discussion: Carbonaceous, ordinary, and enstatite chondrites show no detectable stable isotope 

variation with δ
190

Os values of +0.143±0.040 (2sd; n=9), +0.124±0.032 (2sd; n=23), +0.107±0.034 (2sd; n=5) 

respectively, with a weighted average of +0.12±0.04 (2sd; n=37). Terrestrial samples, including four geostandards 

and nine mantle xenoliths from Kilbourne Hole (USA), show a range from +0.03 to +0.22‰ with an average that is 

within error of the chondrites (+0.13±0.10; 2sd; n=13). The uniform composition observed for chondrites implies Os 

stable isotope homogeneity of the bulk solar nebula. Furthermore, that samples from Earth’s mantle display similar 

values to chondrites is in agreement with the abundance of siderophile elements of Earth’s mantle being dominated 

by a late veneer of chondritic material. 

Contrary to chondrites, iron meteorites display a large range in Os stable isotope compositions from δ
190

Os of 

+0.05 up to +0.49‰. Type IVB irons display a value, +0.107±0.047 (2sd; n=3), within error of that for chondrites, 

whereas average IIIAB and IVA compositions are slightly different, +0.052±0.045 (2sd; n=4) and +0.187±0.004 

(2sd; n=2). The type IIAB group displays the most substantial variation with Navajo close to the chondritic range 

(0.180±0.024; 2se) and five other samples displaying stable isotope compositions between 0.38-0.49‰. Since core 

formation in small planetary bodies is expected to quantitatively sequester Os in metal phases, bulk planetary cores 

are expected to display chondritic δ
190

Os values. The slightly different, yet homogeneous signature of the IIIAB and 

IVA groups compared to chondrites may suggest that Os stable isotope fracionation occurred as a result of core 

formation. Conversely, that samples of the IIAB group display such a large range of variation may indicate that 

stable isotope fractionation occurred during solidification of the IIAB parent-body core. However, there is no clear 

covariation observed between stable isotope composition and either Os abundance or radiogenic Os isotope ratios 

(
187

Os/
188

Os and 
186

Os/
188

Os). Instead, liquid immiscibility during core crystallization, where the liquid metal splits 

into separate S- and P-rich liquids may be a source of Os stable isotope fractionation. Relative to the other iron 

meteorite groups, the IIAB group is thought to have been rich in S and P, and very reduced, which are important 

factors favouring liquid immiscibility [7]. In addition, the IIAB group has the largest estimated parent body radius 

and its core cooling rate is expected to be slow [7]. This suggests that the effects of liquid immiscibility were 

substantial for IIAB iron meteorites and might explain why significant stable isotope variations for the other iron 

meteorite groups are lacking. 
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