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Introduction:  Iron meteorites and stony-iron me-

teorites are fragments of differentiated asteroids, of 

which the cosmological data can provide key informa-

tion regarding the formation of the metallic core of 

differentiated asteroids and the terrestrial planets. It 

has been reported that stable isotopes of siderophile 

elements (e.g., Fe, Ni, Cu, Zn, Ge, Mo and Ru) in vari-

ous types of meteorites show isotopic variations either 

due to mass-dependent fractionation or nucleosynthetic 

effects [e.g. 1-5].  Isotopic fractionations of W are also 

recognized in some ordinary chondrites and iron mete-

orites, most of which the data fall on the theoretical 

mass fractionation line [6] except for [7]. In the previ-

ous investigation [6], the numbers of sample analyzed 

were restricted, and therefore, no detailed discussions 

on the isotopic variation of W among the chemical 

groups were made. In this study, we have measured the 

series of W isotopic data for IIIAB iron meteorites in 

order to evaluate the level of variations in W stable 

isotopes within a single chemical group.  Moreover, it 

is widely accepted that the features of the IIIAB irons 

could be strongly related with that for the main group 

pallasites (PMG), and these meteorite groups are con-

sidered to be originating from the same parent body, 

based on the chemical composition and the oxygen 

isotope signature [8].  To investigate this, W isotope 

data for PMG were also analyzed. Here we report pre-

liminary results on W stable isotopic measurements for 

IIIAB irons and PMG. 

Techniques:  Sample preparation and chemical 

separation.  Three IIIAB irons (Henbury, Boxhole and 

Verkhnyi Saltov) and two PMG (Brahin and Esquel) 

were cut into small pieces with a diamond-saw. Palla-

sites samples were digested in 3 M HCl and the visi-

ble-olivine inclusions were carefully separated by hand 

picking. All IIIAB irons and metallic phase of PMG 

were digested in reverse aqua regia. Tungsten was 

separated using two steps anion-exchange chromatog-

raphy, based on the technique described in [9]. The 

purified W fraction was then evaporated to dryness in 

the mixtures of HNO3 and H2O2 for several times to 

remove Os.  Finally, the W was re-dissolved in a high 

purity alkaline solution of 0.05 wt.% TMAH 

(Tetramethyl ammonium hydroxide) which was dedi-

cated for subsequent W isotopic analyses. 

Mass spectrometry.  All isotope measurements were 

carried out by Thermo Scientific Neptune MC-ICPMS 

at Institute for Research on Earth Evolution, 

JAMSTEC. The sample solution was introduced into 

the ICP through nebulization using a PFA nebulizer. 

Seven Faraday cup collectors were used to measure the 

following isotopes: 
182

W (L3), 
183

W (L2), 
184

W+
184

Os 

(L1), 
185

Re (Center), 
186

W+
186

Os (H1), 
187

Re+
187

Os 

(H2), and 
189

Os (H3). Isobaric interferences from Os 

on 
184

W, 
186

W, and 
187

Re were monitored. Combination 

of the standard-sample bracketing technique and the 

external correction technique using Re were applied to 

correct for the instrumental mass bias effect [10]. For 

this purpose, a Re standard (NIST SRM 3143) was 

added to the running standard of W and the sample 

solutions. Measured W ratios were correct for the in-

strumental mass fractionation by normalizing the 

measured 
185

Re/
187

Re ratio to be 0.59738 [11] using the 

exponential law.  The standard-sample bracketing was 

repeated several times for each sample. Samples and 

standard solutions were conditioned to be 200ppb for  

W and 80 ppb for Re. Measured intensities were typi-

cally in the range of 3-4 V on 
186

W and 
187

Re.  

Results:  The W isotope data for three IIIAB irons 

and metallic phases of two PMG samples were ana-

lyzed in this study, of which the data are shown in Fig. 

1.  All the W isotope data were expressed as epsilon-

notations defined by following equation. 

 

!
m

W = [(
m

W/
183

W)sample/(
m

W/
183

W)NIST3163 -1] " 10
4 

 

The resulting !
186

W data for Henbury obtained here 

are consistent with that reported in [6].  The resulting 

!
186

W value in IIIAB irons varied from -0.3 to +0.7.  

The W isotope data for Verkhnyi Saltov showed slight-

ly heavy to those of the other IIIAB irons, which 

agreed well with those for ordinary chondrites.  The  

!
184

W and !
186

W values of two PMG samples are iden-

tical to each other within analytical uncertainties. PMG  

samples have W isotope compositions apparently  

heavier than IIIAB irons and ordinary chondrites. All  

the measurements in this study plot on the theoretical  

mass-dependent fractionation line. 

Discussion:  The resulting stable W isotopes signa-

tures for IIIAB irons and the PMG indicate that these 

samples have presumably experienced mass-dependent 
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isotope fractionation from a common, isotopically ho-

mogeneous reservoir because they plot on the same 

theoretical mass-dependent fractionation line. This is 

consistent with previously investigated data [6]. The 

variation of the resulting W stable isotope ratios found 

in the IIIAB irons suggests that the W isotopes could 

be fractionated through planetary scale processes such 

as metal-silicate segregation or fractional crystalliza-

tion stages, possibly achieved on the their parent body. 

To test this, we investigated the possible relationship 

between !
186

W values and some siderophile element 

contents. In this study, Ir was chosen for further dis-

cussions, because precise and reliable Ir abundance 

data are comprehensively reported for various meteor-

itic metals [e.g., 12-15]. Fig. 2 illustrates the resulting 

!
186

W values plotted against the Ir concentrations in 

our IIIAB irons and PMG. Although analytical uncer-

tainties are relatively large, it appears that !
186

W values 

negatively correlate with Ir concentrations. It should be 

noted that the wide variation of Ir abundances in iron 

meteorites can be explained by the results of fractional 

crystallization of molten metal, since Ir is preferential-

ly distributed into the solid phase through the crystalli-

zation of liquid metal [16, 17]. Fig. 2 suggests the pos-

sibility that W stable isotopes in IIIAB irons fraction-

ate during fractional crystallization of solid metal in 

the liquid metal. To further evaluate the potential rela-

tionship between W stable isotopic variations and ele-

mental concentrations, more W stable isotope data on 

IIIAB irons and PMG as well as other iron and stony-

iron meteorites are required with high precisions. 
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Fig. 1. The resulting W isotope data plotted on 
184

W/
183

W and 
186

W/
183

W three isotopes diagram. 

 

 

 

 
 

Fig. 2.  Correlation of the resulting !
186

W with the Ir 

abundance reported by [12-15]. 
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