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Introduction: The short-lived 107Pd-107Ag system 

(t1/2 = 6.5 Ma) is a powerful tool to date the cooling of 
the parent metal cores of iron meteorites [1]. However, 
the full potential of the Pd-Ag system has yet to be re-
alized, mainly because (i) precise Pd-Ag isochrons are 
only available for a handful of irons and (ii) the solar 
system initial 107Pd/108Pd is not well constrained. The 
most precise Pd-Ag isochron obtained so far is for the 
IVA iron Gibeon with an initial 107Pd/108Pd = 
(2.40±0.05)×10-5 [1]. In the past, Pd-Ag ages were cal-
culated relative to this value, but because the age of 
Gibeon is not known independently, it was not possible 
to calculate Pd-Ag ages relative to the beginning of the 
solar system. More recent studies attempted to deter-
mine the solar system initial 107Pd/108Pd using either 
carbonaceous chondrites [2] or the IVA iron Muonion-
alusta [3], for which a precise Pb-Pb age is available 
[4]. However, these two approaches resulted in differ-
ent estimates for the solar system initial 107Pd/108Pd of 
(5.9±2.2)×10-5 and (2.8±0.5)×10-5, respectively. This 
difference would correspond to a time difference of ~7 
Ma, making Pd-Ag ages calculated relative to the be-
ginning of the solar system very uncertain.  

To address these issues, we initiated a Pd-Ag study 
of the IVA iron Muonionalusta. In a companion study, 
we also determined the U isotopic composition of 
Muonionalusta troilite [5], which resulted in a revision 
of its Pb-Pb age from the previously reported value of 
4565.3±0.1 Ma [4] to 4558.4±0.5 Ma. Combined, the 
results provide a new and precise solar system initial 
107Pd/108Pd and make it possible to resolve differences 
in cooling ages for IVA and other iron meteorites.  

Samples and analytical methods: Twelve metal 
pieces (~6 to ~13 g) and one troilite nodule (~0.5 g) 
from three different slabs of Muonionalusta were in-
vestigated. Prior to digestion in reverse aqua regia, the 
samples were cleaned using SiC abrasives and leached 
in warm 6M HCl. After complete dissolution, three al-
iquots were taken for the determination of Ag and Pd 
concentrations and Pt isotopic compositions; the re-
maining 60% of each sample solution was used for the 
Ag isotopic measurements. The separation of Ag, Pd 
and Pt followed our established procedures [6].  

All isotope measurements were performed using 
the Thermo Scientific® Neptune Plus MC-ICPMS at 
Münster, using either an ESI APEX-Q (Ag) or a Cetac 
Aridus II desolvating system (Pt). The Ag fractions 
were doped with Pd to correct for instrumental mass 

bias and all Ag isotopic data are given relative to the 
mean 107Ag/109Ag = 1.08048 obtained for the NIST 
978a standard. The reproducibility of the 107Ag/109Ag 
measurements is ±0.4% (2s.d.), as estimated from four 
separate aliquots of the same sample solution pro-
cessed individually through the chemistry. The repro-
ducibility of the Ag isotope dilution measurements var-
ied between ±1% and ±7% (2s.d.). Silver blanks were 
12±6 pg and 7±3 pg for the measurements of 
107Ag/109Ag and Ag concentrations; the resulting blank 
corrections were <1% for the isotopic compositions 
and <4% for the Ag concentrations. The Pt isotope 
compositions of each sample were determined to as-
sess neutron capture effects on measured 107Ag/109Ag 
[6]. The Pt isotope results are given in ε196Pt as the 
parts per 104 deviations from terrestrial 196Pt/195Pt. 

Results: Most of the metal samples are character-
ized by relative uniform Pd concentrations, but exhibit 
low and varying Ag contents between ~67 and ~239 
ppt, resulting in 108Pd/109Ag between ~17,000 and 
~140,000. One metal sample with a macroscopically 
visible troilite inclusion yielded a Ag concentration of 
~935 ppt and a lower 108Pd/109Ag of ~4200. The troilite 
has ~2.63 ppb Ag and a low 108Pd/109Ag of ~23. The 
107Ag/109Ag ratios of the samples vary between 1.091 
and 4.774 and correlate well with 108Pd/109Ag, yielding 
an isochron with a slope corresponding to an initial 
107Pd/108Pd = (2.57±0.07) ×10-5 (Fig. 1). This value is 
higher than an earlier reported value of (2.15±0.30) 
×10-5 [3]; note, however, that compared to this study 
we obtained much more radiogenic 107Ag/109Ag and a 
much larger range in 108Pd/109Ag. Finally, none of the 
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Fig. 1: Pd-Ag isochron for the IVA iron Muonionalusta. Re-
gression calculated using IsoPlot. 
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metal samples shows a resolvable Pt isotope anomaly 
and the mean ε196Pt of all samples is 0.01±0.02  (95% 
conf., N = 13). Thus, no correction for neutron capture 
effects is necessary for the Muonionalusta data. 

Discussion: Solar system initial 107Pd/108Pd. The 
revised Pb-Pb age of Muonionalusta—corrected using 
its measured U isotopic composition—is 4558.4±0.5 
Ma [5]. Using this Pb-Pb age and a CAI age of 4567.2 
Ma combined with our newly determined 107Pd/108Pd 
of Muonionalusta results in a solar system initial 
107Pd/108Pd of (6.6±0.4)×10-5. This value is significant-
ly higher compared to a value of (2.8±0.5)×10-5 previ-
ously determined based on Muonionalusta [3]. Howev-
er the new value is consistent with, but more precise 
than the value of (5.9±2.2)×10-5 obtained from a car-
bonaceous chondrite whole-rock isochron [2]. 

Comparison to Gibeon and implications for the 
cooling of the IVA core. The IVA iron Gibeon has an 
initial 107Pd/108Pd of (2.40±0.05)×10-5 [1], slightly low-
er than that obtained for Muonionalusta in the present 
study. However, cooling of the IVA core should have 
been isothermal, unless the IVA core cooled without 
an insulating mantle [7]. Detailed thermal modeling 
shows that in the latter case Gibeon should have a Pb-
Pb closure age ~2 Ma older than Muonionalusta [7]; 
however, the Pd-Ag age for Gibeon seems to be slight-
ly younger. Thus, it seems unlikely that the lower 
107Pd/108Pd of Gibeon reflects slower cooling compared 
to Muonionalusta.  

Secondary neutron capture during cosmic ray ex-
posure might lead to apparent lower slopes of Pd-Ag 
isochrons [6]. Such effects are absent for Muonional-
usta (see above), but may have been important for 
Gibeon Indeed, different pieces of Gibeon show slight-
ly different Pt isotope anomalies [9] and so combined 
Pd-Ag and Pt isotope analyses on the exact same piec-
es of Gibeon would be necessary to quantify neutron 

capture effects. However, most Gibeon samples ana-
lyzed so far have an ε196Pt of ~0.07 [9]. We, therefore, 
corrected the Gibeon data from [1] for neutron capture 
effects using ε196Pt = 0.07±0.07. The corrected Gibeon 
data points plot well on the Muonionalusta isochron 
(Fig. 2), and regression of all corrected Gibeon data 
results in an isochron corresponding to an initial 
107Pd/108Pd of (2.56±0.10)×10-5, indistinguishable from 
the value for Muonionalusta (Fig. 2). Thus, neutron 
capture is a likely cause for the small difference in 
measured 107Pd/108Pd for Gibeon and Muonionalusta 
and both probably cooled below Pd-Ag closure at 
about the same time. This is not easily reconciled with 
the ~2 Ma age difference between these two samples 
predicted from metallographic cooling rates and ther-
mal models of an exposed IVA core [7]. 

Resolved Pd-Ag age differences between different 
groups of irons. Figure 3 shows Pd-Ag ages for IIIAB 
and IVA irons; only ages based on internal isochrons 
are shown, and where necessary the Pd-Ag data were 
corrected for neutron capture effects [6]. Evidently, 
cooling of at least some cores occurred on a ~10 Ma 
timescale (Fig. 3). Moreover, there are resolved differ-
ences in the cooling ages for different iron groups; 
while the IIIAB core cooled below Pd-Ag closure at 
~12 Ma after CAI, the IVA core had cooled ~3 Ma ear-
lier. These different cooling timescales probably reflect 
differences in one or several of the following factors: 
(i) parent body sizes, (ii) Pd-Ag closure temperatures 
[8], and (iii) cooling rates.  
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Fig. 3: Pd-Ag ages of IVA and IIIAB iron meteorites, calcu-
lated relative to the new solar system initial 107Pd/108Pd.  
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Fig. 2: Section of the Pd-Ag isochron for the IVA iron Gibe-
on. Pd-Ag data are from [1]. After correction for neutron 
capture, Gibeon plots on the Muonionalusta isochron.  
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