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Introduction: The short-lived isotope 92Nb decays 

to 92Zr with a half-life of 37 Myr. The 92Nb-92Zr decay 

system has been recognized as a promising tool to pro-

vide chronological information on the evolution of plan-

etary materials over a relatively long period in the early 

solar system [e.g., 1, 2]. The application of this chro-

nometer to iron meteorites and mesosiderites that con-

tain Nb-enriched rutile is particularly useful, because 

dating of these meteorites by other means is notori-

ously difficult. The initial 92Nb/93Nb ratio of the solar 

system is important for both 92Nb-92Zr chronometry and 

astrophysical studies on p-process nuclides [e.g., 3]. 

Previous estimates of this ratio range over several orders 

of magnitude from 10-5 to 10-3 [1, 4, 5, 6]. In particular, 

estimates from iron meteorites and mesosiderites vary 

between 10-5 and 10-3 and thus require further refine-

ment [1, 4, 5, 6]. A recent study utilizing internal 

isochrons of angrites and eucrites revealed an initial 
92Nb/93Nb ratio of (1.7 ± 0.6) × 10-5 [2] in agreement 

with [1] and a homogeneous distribution in the for-

mation regions of their parent bodies. Although the new 

study [2] significantly improved the estimate of the ini-

tial 92Nb/93Nb ratio (relative uncertainty: 35%), it did 

not address mesosiderites and iron meteorites. Moreo-

ver, a more precise determination of this ratio is still 

necessary for the useful application of the Nb-Zr chro-

nometer to early solar system materials.  

 This study aims to determine, with high precision, 

the initial 92Nb/93Nb ratio of mesosiderites using acces-

sory rutile and zircon thereby also addressing the geo-

logical history of their parent body. The reasons for us-

ing rutile and zircon are: (I) they have strong resistance 

to mechanical and chemical breakdown over long peri-

ods, (II) zircon and rutile are the primary host minerals 

of Zr and Nb, respectively and if they are cogenetic, this 

allows for precise isochrons with large variations in 

Nb/Zr ratios, and (III) the absolute crystallization age of 

rutile and zircon, which is needed to calculate the initial 
92Nb/93Nb ratio of the solar system, can be determined 

by U-Pb dating of zircons. 

Samples and Methods: Occurrence and chemical 

composition of rutiles in Vaca Muerta, Northwest Af-

rica (NWA) 1242, Asuka (A) 882023, and Estherville 

mesosiderites were examined using SEM and EPMA at 

National Institute of Polar Research, Japan (NIPR). Ru-

tile grains were separated from 10 g of Vaca Muerta, 

NWA 1242, and Estherville and 2 g of A 882023 by dis-

solving the metal parts in concentrated HCl and the sil-

icate parts in concentrated HNO3-HF mixture. Subse-

quently, rutile grains with sizes of ca. 20–50 μm in di-

ameter were handpicked from the residues (200–700 

grains for each sample). The grains were then dissolved 

in HNO3-HF using Parr® bombs. The analytical proce-

dure for the determination of 93Nb/90Zr ratios and Zr iso-

tope compositions followed [2, 7]. The Zr isotope meas-

urements were performed using a Neptune Plus MC-

ICPMS coupled with an Aridus II introduction system 

at ETH Zurich. Zircons were handpicked from the resi-

dues of Estherville. The crystallinity of four zircons 

(70–200 μm in diameter) was checked using Raman mi-

croscopy at NIPR. Individual grains were cleaned with 

3M HNO3 before loading single crystals into 200 μl mi-

crocapsules. Samples were spiked with 3–5 mg of 

EARTHTIME 202Pb-205Pb-233U-235U tracer solution and 

dissolved in concentrated HF using Parr® bombs. Ura-

nium and Pb were separated using a HCl-based column 

chemistry before being loaded on outgassed Re-fila-

ments with a microdrop of Si-Gel ion emitter. Uranium 

and Pb isotope measurements were performed using a 

TRITON Plus TIMS at ETH Zurich [8]. The 

Zr+Hf+REE fractions of the U-Pb column chemistry 

were further processed for Zr isotope analyses. The Zr 

isotope composition of zircons was measured using 

MC-ICPMS following the same techniques as outlined 

above. 

Results and Discussion:  

Timing of rutile and zircon formation in mesosider-

ites. The rutiles from each sample yielded 93Nb/90Zr ra-

tios of 12.7 ± 0.8 in Vaca Muerta, 9.9 ± 0.4 in NWA 

1242, 1.61 ± 0.12 in A 882023, and 1.26 ± 0.08 in Es-

therville. The 93Nb/90Zr ratios decrease with increasing 

metamorphic grades of our samples from Vaca Muerta 

(1A) to NWA 1242 (2A), A 882023 (2/3A), and Esther-

ville (3/4A). Since the metamorphic grades of meso-

siderites were likely established during the metal-sili-

cate mixing event [9] that mesosiderites experienced, 

the rutiles likely also formed during this event. There-

fore, the Zr concentration of rutiles can be utilized as a 

thermometer as previously done for terrestrial rocks 

[e.g., 10]. Using the calibration of the Zr-in-rutile ther-

mometer of [10], the crystallization temperatures of ru-

tiles are estimated to 634°C for Vaca Muerta, 708°C for 
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NWA 1242, 755°C for A 882023, and 792°C for Esther-

ville with an uncertainty of ± 50°C.  

Mesosiderites have two kinds of zircons [11]: (I) rel-

ict zircons that crystallized before the mixing event, and 

(II) secondary zircons that formed through the mixing 

event. Typical secondary zircons show quite low U 

(~0.3 ppm) and Th (~0.04 ppm) contents because they 

formed after the incorporation of U, Th, and REE into 

abundant phosphate minerals [12]. Four zircon grains 

with U contents similar to those of the secondary zircons 

reported in [11] yielded a weighted mean 207Pb-206Pb 

age of 4528.4 ± 1.4 Ma (2σ). This age is in good agree-

ment but significantly more precise than the previously 

reported age for the mixing event of 4519 ± 27 Ma [11]. 

The cooling rate of the mesosiderite parent body (MPB) 

after the mixing event was estimated to >1°C/100 years 

at high temperature (500–1150°C) [13], suggesting that 

the time lag between rutile and secondary zircon for-

mation as well as differences in closure temperature for 

Nb-Zr in rutile and U-Pb in zircon can be neglected. 

Therefore, the rutiles and zircons used in this study can 

be considered as cogenetic minerals that formed during 

the mixing event at 4528 Ma. 

Nb-Zr systematics of rutile and zircon in mesosider-

ites.  The ε92Zr values of rutiles are 2.87 ± 0.21 for Vaca 

Muerta, 2.36 ± 0.13 for NWA 1242, 0.56 ± 0.19 for 

A882023, 0.26 ± 0.21 for Estherville, and that of a zir-

con from Estherville is 0.08 ± 0.02 (Fig. 1). The Vaca 

Muerta rutiles show the highest ε92Zr value obtained so 

far among published MC-ICPMS data [e.g., 1, 2, 6]. 

Furthermore, the zircon indicates a positive ε92Zr value, 

which, however, needs further confirmation. If correct, 

this positive value may be inherited from a previous 

generation of ilmenites. This is because secondary zir-

cons in mesosiderites likely formed by reactions be-

tween silica and Zr released from ilmenite during high 

temperature metamorphism [11]. Early formed ilmen-

ites display positive ε92Zr values due to high Nb/Zr ra-

tios [1, 2].  

The combined Nb-Zr data of rutiles and zircons de-

fine an initial 92Nb/93Nb ratio of (7.6 ± 0.4) × 10-6 at the 

time of their formation in mesosiderites. Using the ab-

solute age of zircons (4528.4 ± 1.4 Ma) yields an initial 
92Nb/93Nb ratio of the solar system of (1.57 ± 0.09) × 10-

5 (relative uncertainty: 6%). This is consistent but sig-

nificantly more precise than the estimates of [1, 2]. This 

new initial ratio is vital for absolute 92Nb-92Zr ages and 

astrophysical studies regarding p-process nucleosynthe-

sis. 

Usability of Nb-Zr chronometry based on meteoritic 

rutiles. The Nb-Zr data from rutiles alone define an ini-

tial 92Nb/93Nb ratio of (7.5 ± 0.7) × 10-6. Using the solar 

system initial 92Nb/93Nb ratio from [2], this yields a 
92Nb-92Zr age of rutiles of 45 ± 16 Myr after CAI (4567 

Ma [14]). This age corresponds to the absolute age of 

4522 ± 16 Ma, which is in good agreement with the 
207Pb-206Pb age of zircons. Based on the 147Sm-143Nd 

ages of clasts from Vaca Muerta [15], which show 

younger ages (4.42–4.48 Ga), the MPB likely experi-

enced local impacts after the global mixing event, which 

then reset some chronometers. The consistent age of ru-

tiles and zircons in mesosiderites 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 sug-

gests that Nb-Zr systematics of meteoritic rutiles pro-

vides important chronological information for their par-

ent bodies and is relatively immune to the effect of im-

pact processing.  

 

 
Fig. 1. Nb-Zr isochron diagram for mesosideritic rutiles 

and zircons. The isochron regression and error envelope 

(95% probability) are shown as a dotted line and gray 

area, respectively. The data-point errors are 2 σ. 

 

References: [1] Schönbächler M. et al. (2002) Sci-

ence, 295, 1705–1708. [2] Iizuka T. et al. (2016) EPSL, 

439, 172–181. [3] Lugaro M. et al. (2016) PNAS, 113, 

907–912. [4] Harper Jr. C. L. (1996) ApJ, 466, 437–456. 

[5] Yin Q. Z. et al. (2000) ApJ, 536, L49–L53. [6] 

Münker C. et al. (2000) Science, 289, 1538–1542. [7] 

Schönbächler M. et al. (2004) Analyst, 129, 32–37. [8] 

von Quadt A. et al. (2016) JAAS, 31, 658–665. [9] 

Delaney J. S. et al. (1981) Proc. Lunar Plant. Sci., 12B, 

1315–1342. [10] Ferry J. M. and Watson E. B. (2007) 

Contrib. Mineral. Petrol. 154, 429–437. [11] Haba M. 

K. et al. (2015) Meteoritic. Planet. Sci. 50, Abstract 

5207. [12] Harlow G. E. et al. (1982) GCA, 46, 339–348. 

[13] Ganguly J. et al. (1994) GCA, 58, 2711–2723. [14] 

Amelin Y. et al. (2010) EPSL, 58, 3487–3509. [15] 

Stewart B. W. et al. (1994) GCA, 58, 3487–3509. 

1739.pdfLunar and Planetary Science XLVIII (2017)


