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Introduction: The 
92

Nb-
92

Zr decay system (T1/2 = 37 Myr) is a viable chronometer to constrain the evolution of 

planetary materials in the early solar system (e.g., [1, 2]). Among the characterized minerals in meteorites, rutile 

displays high Nb/Zr ratios with large 
92

Zr excesses [3, 4] and is therefore ideally suited for Nb-Zr chronometry. 

Some mesosiderites and iron meteorites contain rutiles [e.g., 5], which survived later impact events because of their 

chemical and physical durability. The Nb-Zr systematics of those rutiles may provide valuable chronological infor-

mation on the early evolution of their parent bodies. In this study, we focus on rutiles in mesosiderites. Previous Nb-

Zr work on mesosiderites is limited and reported two different initial 
92

Nb/
93

Nb ratios of ~10
-5

 [2] and ~10
-3

 [4]. The 

goal of this study is to (i) obtain high precision Zr isotope data of meteoritic rutiles using MC-ICPMS, (ii) examine 

the initial 
92

Nb/
93

Nb ratio of mesosiderites, and (iii) determine the chronology of the mesosiderites parent body 

(MPB) based on the Nb-Zr systematics of rutiles.   

Samples and methods: Occurrence and chemical composition of rutiles in Vaca Muerta (VM), Asuka (A) 

882023, Estherville (Es) mesosiderites were examined using SEM and EPMA at National Institute of Polar Research 

(Japan). Rutile grains were separated from 10 g of VM and Es by dissolving the metal parts in concentrated HCl and 

the silicate parts in concentrated HNO3-HF mixture. Subsequently, rutile grains with sizes of 20-40 μm in diameter 

were handpicked from VM and Es (400 and 100 grains, respectively). The grains were then dissolved in concentrat-

ed HNO3-HF using Parr
®
 bombs. Terrestrial rutiles and a synthetic TiO2 powder (NIST SRM 154c) were also pro-

cessed to validate the method. The analytical procedure of measuring 
93

Nb/
90

Zr ratios and Zr isotope compositions 

followed [1, 6] and was adapted for low concentration analyses. The Zr isotope measurements were performed using 

a Thermo Finnigan Neptune Plus MC-ICPMS coupled with an Aridus II introduction system at ETH Zurich. 

Results and discussion: The EPMA analysis of rutiles yielded 
93

Nb/
90

Zr ratios of >7 in VM, ~7 in A 882023, 

and <1 in Es. The 
93

Nb/
90

Zr ratios of rutiles decrease with metamorphic grade of our samples from Vaca Muerta 

(1A) to A 882023 (2/3A) and Estherville (3/4A). The ICPMS analysis revealed average 
93

Nb/
90

Zr ratios of 12.9 ± 

0.4 and 1.28 ± 0.02 for rutiles from VM and Es, respectively. The Zr isotope ratios of the terrestrial rutile and the 

synthetic TiO2 powder are identical to the bracketed Zr standard, NIST 3169. This demonstrates the accuracy of our 

high-precision Zr isotope measurements on meteoritic rutiles. The ε
92

Zr values of VM and Es rutiles are 2.87 and 

0.26, respectively, with an external error of 0.22 (2SD) based on our long-term precision obtained on BHVO-2 and 

the synthetic TiO2 powder. The VM rutiles show the highest ε
92

Zr value obtained so far among the published MC-

ICPMS data [e.g., 1, 2, 7]. The combined Nb-Zr data of VM and Es defines a preliminary 
92

Nb/
93

Nb ratio of ~0.7 × 

10
-5

 for rutile formation in mesosiderites. This is consistent with the 
92

Nb/
93

Nb ratio obtained from an internal 

isochron of Vaca Muerta ((0.6 ± 0.3) × 10
-5

, [2]). Our data strongly support an initial solar system 
92

Nb/
93

Nb ratio in 

the order of ~10
-5 

in the formation region of the MPB. Using the initial 
92

Nb/
93

Nb ratio of the solar system from [1], 

the 
92

Nb/
93

Nb ratio of 0.7 × 10
-5

 obtained from the rutiles corresponds to an age of ca. 40–50 Ma after the CAI for-

mation (4567 Ma [8]). The estimated age based on our preliminary data is in good agreement with the 
207

Pb-
206

Pb 

age of a zircon from Estherville, 4520 ± 27 Ma, which was attributed to the timing of the metal-silicate mixing event 

that formed the mesosiderites [9]. Therefore, both the rutiles and the zircon [9] likely formed through the metal-

silicate mixing event. The MPB likely experienced further local impacts after the global mixing event based on 
147

Sm-
143

Nd ages of clasts from Vaca Muerta, that show younger ages (4.42–4.48 Ga) [10] than the zircon 
207

Pb-
206

Pb age and our rutile 
92

Nb-
92

Zr age. The consistent age between the rutiles and zircon in mesosiderites likely 

indicates that the Nb-Zr decay system in rutiles is very robust such that it was not modified by the later local impact 

events. This result suggests that Nb-Zr systematics of meteoritic rutiles can provide chronological information for 

their parent bodies and is relatively immune to the effects of impact processing.  
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