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Introduction: Tungsten is a moderately siderophile 

element that is largely extracted (90-95%) from the 
silicate mantles of planetary bodies into metallic cores 
during primary planetary differentiation [e.g., 1-2]. 
Hafnium is lithophile and wholly retained in the silicate 
shells of differentiated bodies. Upon formation, plane-
tesimal cores become domains with very low Hf/W. 
Once completely formed, there is no further increase in 
182W/184W in cores either through radioactive decay or 
external inputs. Consequently, metal-silicate segrega-
tion ages of iron meteorites, relative to Calcium Alu-
minum Inclusion (CAI) formation, have typically been 
calculated using the equation [from: 3]:  

 
∆t = ln [(a1 – a3)/(a2 – a3)]/λ 

 
where ∆t is the difference in time (in years) between 
Solar System formation (as recorded by CAI’s) and 
metal-silicate segregation; a1 = 182W/184WCAIinitial; a2 = 
182W/184Wiron; a3 = 182W/184Wchondrites, and λ is the decay 
constant for 182Hf. The initial 182W/184W ratio for CAIs 
was reported by [4], defining a1 to be 182W/184W = 
0.864477 or µ182W = -349 (where µ182W is the ppm 
deviation in 182W/184W from laboratory standards). The 
equation is based on the assumption of two-stage 
chemical evolution for the parent body of the iron me-
teorite, wherein 182W/184W first evolves from t0 in the 
nebula (time of CAI formation) through to the parent 
body accretion and up to the time of differentiation, 
characterized by a “chondritic” Hf/W ratio (established 
in the equation through the 182W/184W of the chondritic 
reference). Tungten is then strongly partitioned into the 
metal, ultimately forming domains, such as cores, that 
“freeze in” the isotopic composition of the system at 
that time. The metals are eventually sampled by indi-
vidual iron or pallasite meteorites. Model ages of this 
type have most commonly been calculated applying an 
average 182W/184W ratio for carbonaceous chondrites 
[e.g., 5]. 

With the application of dosimeters (i.e., Pt and Os 
isotopic compositions) to monitor and correct for cos-
mic ray exposure, the system has now been widely used 
to study the timing and nature of early Solar System 
processes, particularly with respect to determining 
model metal-silicate segregation ages for iron and pal-
lasite meteorites [6-10]. Of note, studies have revealed 
that so called magmatic iron meteorite groups are char-
acterized by model segregation ages within a few Ma 
of CAI, with some groups having model ages that over-
lap within uncertainties of CAI. By contrast, a few 

groups, most notably the so called “non-magmatic” 
IAB main group have younger model ages of ~5-10 Ma 
following CAI. 

 An issue in calculating model metal-silicate seg-
regation ages is the selection of an appropriate Hf/W 
ratio for the parent body and other precursor materials 
prior to parent body accretion. This ratio (or these rati-
os) defines the growth trajectory for 182W/184W to 
which measured ratios from meteorites are compared 
for model age determinations. Considerable attention 
was paid to the measurement of Hf/W and 182W/184W 
ratios in bulk chondrites during the 1990’s and 2000’s. 
However, few measurements have been published since 
2008. The Hf/W ratios of the parent bodies of primitive 
meteorites can be constrained by direct measurement of 
Hf and W concentrations in bulk chondrites. The Hf/W 
ratio integrated over the lifetime of 182Hf can also be 
assessed through measurement of the 182W/184W, given 
that the isotopic composition of a bulk sample is estab-
lished by the Hf/W ratio of the material over the short 
lifetime of 182Hf (~60 Myr). Figure 1 is a compilation 
of reported µ182W values for bulk chondrites.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 1. Compilation of whole rock µ182W values 
(ppm deviation in 182W/184W from laboratory stand-
ards) for carbonaceous, ordinary and enstatite chon-
drites from the literature. Data are from [11-19]. Un-
certainties are 2σ as reported for each study. The ver-
tical dashed gray line is the average of carbonaceous 
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chondrite values from all sources. Average µ182W val-
ues for H (magenta), L (blue) and LL (brown) are 
shown as vertical dashed lines and are from [20]. 

 
The µ182W values for carbonaceous chondrites are 

generally uniform, averaging ~-190. This is the value 
that is typically employed in model age calculations. 
While some of the isotopic variability among other 
chondrite groups is undoubtedly a reflection of the 
non-representative nature of “bulk” analysis, especially 
for samples with unevenly distributed metals, differ-
ences between chondrite groups appear to be real. On 
average, LL and L chondrites are more radiogenic than 
the carbonaceous chondrite average. By contrast, H 
chondrites, as well as enstatite chondrites, appear to be 
less radiogenic than the carbonaceous chondrite aver-
age. Comparing the measured Hf/W and projected 
182W/184W of a bulk sample with its measured 
182W/184W allows assessment of a presumption of 
closed-system behavior and single-stage evolution. 
Most of the published, measured Hf/W ratios are con-
sistent with the isotopic data, within the resolution of 
the measurements. Hence, the data for bulk samples 
don’t appear to be significantly affected by multi-stage 
processes with substantial variations in Hf/W ratio pri-
or to parent body formation, or secondary processes 
subsequent to parent body formation. 

The mechanics of model age calculations of this 
type can be graphically represented in a plot of the 
evolution of µ182W as a function of time since CAI, for 
different Hf/W ratios of the parent body. Given the 
cessation of growth in µ182W when core formation 
ends, a model age is calculated as the intersection of 
the horizontal line connecting the isotopic composition 
measured in the metal phase today (the same at the 
time of core formation) with the growth curve appro-
priate for the parent body (Fig. 2).  

Figure 2. Plot of the evolution of µ182W vs. Time since 
CAI formation (in years) for different evolutionary 
paths representing different Hf/W ratios of the parent 

bodies. The trajectories for H and LL chondrites are 
calculated from [20]. The trajectory for enstatite 
chondrites is based on the lowest Hf/W ratio reported 
for the EH4 meteorite Abee in [12]. The isotopic com-
positions of NC type IAB, IC and IIIE iron meteorites 
are shown as horizontal dashed lines. Their intersec-
tions with the growth curves mark the model ages for 
parent bodies with different Hf/W ratios. 

 
Model ages for the oldest iron meteorite groups, 

such as group IC, are little affected by the growth tra-
jectory chosen. Hence, the selection of an appropriate 
parent body Hf/W ratio is not critical given current 
analytical resolution in 182W/184W. By contrast, model 
ages for younger metals (e.g., groups IIIE, IVA and 
especially IAB main group) are more strongly affected 
by the choice of growth trajectory. In the case of the 
IAB main group the ~ 8 Ma span of possible ages ex-
tends over a period when 26Al heating was possible to 
well after 26Al was no longer extant [21]. 

These observations highlight the need to: 1) better 
constrain variations in Hf/W and 182W/184W in bulk 
chondrites, and 2) seek to judiciously select the appro-
priate model parameters for the specific type of iron 
meteorite or pallasite studied.  Unfortunately, at this 
time the criteria to use for the selection of appropriate 
model parameters is poorly constrained. It may be ap-
propriate to apply the carbonaceous chondrite average 
to irons or pallasites belonging to the carbonaceous 
chondrite (CC) type genetic heritage. Selection of ap-
propriate models of noncarbonaceous (NC) type 
meterorites, however, is currently problematic. 
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