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I n t r o d u c t i o n :  The study of Ag isotopic
compositions is of particular interest because of the
extinct radionuclide 107Pd, which decays to 107Ag
with a half-life of 6.5 Myrs. This chronometer has
been successfully applied to unravel formation and
differentiation processes of iron meteorites [1-3].
Compared to the early measurements by TIMS, the
use of multi-collector inductively coupled plasma
mass spectrometry (MC-ICPMS) brought more than
an order of magnitude improvement in analytical
precision for Ag isotopic determinations. This made
Pd-Ag studies attractive for meteorites with low
Pd/Ag ratios such as volatile-rich iron meteorites and
chondrites [2]. However, the higher precision also
raises the issue of whether small variations in Ag
isotopic composition reflect 107Pd decay or instead
are due to chemically-induced mass fractionation of
Ag. Silver is a moderately volatile element with a
half-mass condensation temperature of 952 K. In
general, Ag in chondrites shows – like other volatile
elements - depletions in concentration with
increasing metamorphic grade. These depletions may
have been accompanied by stable isotope
fractionation.

The first Ag isotope measurements of chondrites
were performed on Floyed (L4) and Rose City (H5)
[1]. These TIMS analyses yielded a Ag isotopic
composition identical to the terrestrial standard
within the analytical precision (10 to 20 ε, where ε is
the deviation of the sample relative to the standard
expressed in parts per 10000). A limited number of
MC-ICPMS measurements on other chondrites
followed [2,3]. While the first measurement of the
carbonaceous chondrite Allende was hampered by
analytical difficulties [2], Woodland et al. [3]
reported a value of –1.1 ± 1.8ε relative to NIST
SRM978a. We further improved the analytical
procedure for Ag isotope measurements using MC-
ICPMS and report new high precision Ag isotope
data on carbonaceous, enstatite and ordinary
chondrites in order to investigate volatilization
processes that occurred in the early solar system,

Techniques: The Ag isotope measurements were
performed on the Axiom MC-ICPMS at the
Department of Terrestrial Magnetism. Since Ag has
only two naturally occurring isotopes (107Ag and
109Ag), standard and samples were doped with equal
amounts of Pd and the mass fractionation corrected to

a fixed Pd isotopic composition. This correction
along with sample-standard bracketing was employed
to control the mass fractionation induced by the MC-
ICPMS. In the beginning of the study, a Cetac MCN
6000 desolvating nebulizer was used. While the
external reproducibility obtained for the NIST
SRM978a Ag standard was always better than 0.5ε 
(2σ) with this approach, the same standard solution
passed through the ion exchange procedure showed
variations of ~2ε. The same effect was observed,
when the Ag standard solution was doped with small
amounts of Zn standard. A similar difference was
previously reported between the precisions obtained
for samples and standards by [3], who used a Nu
Plasma MC-ICPMS in conjunction with a MCN6000.
However, after we switched to a conventional spray-
chamber (using the so called “wet plasma”), the
discrepancy disappeared. This suggests that the MCN
6000 induces mass fractionation that is not identical
for Ag and Pd. For this reason, the Ag isotope data
reported here were all measured by wet plasma,
although this requires ~30% more Ag due to the
lower ionization/sample transmission efficiency of
the wet plasma. In addition, an aliquot of ~10% of the
dissolved sample was taken to determine the Pd and
Ag concentrations by isotope dilution.

Results:  The results for bulk samples of 2
carbonaceous, 8 ordinary and the enstatite chondrite
Abee are shown in Fig. 1. Several splits of Allende

Fig.1: The Ag isotopic compositions for different
chondrites relative to the NIST SRM978a Ag.
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powder were separately dissolved and passed through
the ion exchange procedure. They yield an average
ε107Ag of –0.6 ± 0.5ε (2σ) for the Allende meteorite
relative to the NIST SRM978a Ag standard, which is
the normalizing value for all data reported here. This
value is identical to the result previously reported by
[3] (–1.1 ± 1.8 ε), but superior in precision by almost
factor of 4. The same applies for Murchison, Abee
and Guarena, which were also analyzed by both
studies. This illustrates the reliability of our improved
analytical procedure. Interestingly, the value of
Murchison, although it overlaps within the analytical
uncertainty, is slightly lower than obtained for
Allende. This is expected considering the lower
Pd/Ag ratio of Murchison and assuming an initial
107Pd/108Pd ratio of ~2 × 10-5 for the solar system [1].
Ordinary chondrites show a significant scatter in
ε107Ag, that ranges from –11.9 for Forest Vale (H4)
up to + 4 for Richardton (H5). There is no correlation
between ε107Ag and the Pd/Ag ratios and thus the Ag
isotopic compositions of ordinary chondrites are not
mainly influenced by the decay of 107Pd, although the
Pd/Ag ratios vary by a more than a factor of 10.
Since radiogenic Ag cannot explain the observed
isotopic variations, they are most likely due to stable
isotope fractionation. If so, the Ag data can be
compared with stable isotope data for ordinary
chondrites that were previously reported for K [4]
and Cd [5]. Potassium is a moderately volatile
element (half-mass condensation temperature of
1000K), while Cd is a highly volatile element (half-
mass condensation temperature of 430 K). Potassium
shows no stable isotope fractionation in the ordinary
chondrites investigated so far. This may be due to the
limitation of the analytical precision to ~4 ε. With

Fig. 2: εCd/amu [5] versus ε107Ag. The shaded
areas represent the isotopic composition of
carbonaceous chondrites.

this precision, most Ag data would not show
resolvable Ag isotope fractionation either. The
exceptions are Dimmit (H3.7) and Forest Vale (H4),
for which K isotope data are not available.

However, the highly volatile Cd shows large
isotope fractionation in ordinary chondrites, ranging
from –19 to +36 εCd/amu [5]. The Cd isotopic
variations do not correlate with petrographic type or
the Cd concentrations. This is also the case for the Ag
data reported here. Three ordinary chondrites were
analyzed for which precise Cd isotope data are
available: Brownfield (H3.7), Dimmit (H3.7) and
Forest Vale (H4). Interestingly, εCd/amu of these
three ordinary chondrites shows an excellent linear
correlation with ε107Ag (Fig. 2). With only three data
this correlation may be coincidence and the
correlation is also degraded if the data are corrected
for radiogenic 107Ag (assuming an initial solar system
107Pd/108Pd of ~2 ×  10-5 and a formation from
material with the measured Pd/Ag ratios
contemporaneously with the carbonaceous
chondrites). If the Ag-Cd correlation is tracking a
process such as volatilization and/or mixing in the
early solar nebula, then the observation that a better
correlation is obtained with the measured Ag isotopic
compositions (uncorrected for radiogenic Ag; Fig. 2)
may suggest that this relationship was established
after 107Pd was extinct.

The Ag mass fractionation was not caused by
Rayleigh evaporation because Ag concentrations and
ε107Ag in the ordinary chondrites do not correlate.
Similarly, heavy Cd is accompanied by light Ag,
which again suggests that this relationship is not due
simply to evaporation. Another option is that the
correlation reflects a mixing line between a volatile-
depleted component with heavy Cd that, because of
its high Pd/Ag, had significant radiogenic
enhancement in 107Ag. This volatile-depleted
component could then have mixed with another
component characterized by "normal" Cd, but low
107Ag/109Ag. The Cd-Ag isotopic correlation,
however, reaches εCd=0 at about ε107Ag of -18,
which is far lower than yet measured for any
meteoritic material [2, 3].
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