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Introduction: We have reported on endemic iso-

tope anomalies for Ru in iron meteorites, pallasites, 
ordinary chondrites, carbonaceous chondrites (whole 
rock samples of Allende and Murchison), and in re-
fractory Ca-Al-rich inclusions (CAI) from Allende 
[1,2]. These results were obtained by negative ion 
thermal ionization mass spectrometry (NTIMS). We 
have also reported similar work for the Mo isotopes, in 
some of the same samples [3]. There has been a re-
newed interest in searching for isotope anomalies in 
this nuclide region, as Ru and Mo and Pd [4] include 
many isotopes from r-, s-, and p-process nucleosynhe-
sis. Furthermore, the Ru and Mo p-process isotopes 
show atypically high abundances, which have been 
hard to explain through the standard nucleosynthetic 
processes. Effects are possible in 98Ru and 99Ru from 
98Tc (with a poorly known t1/2=4.2 to 10Ma [3,4]) and 
from 99Tc (t1/2=0.21 Ma [4]). Natural Tc is now extinct 
on Earth due to the short half-lives, but may have been 
present in the early solar system. Both radiogenic and 
general isotope anomalies are important in understand-
ing the processes for the formation of the early solar 
system. We have established the presence of endemic 
isotope anomalies for 100Ru/101Ru (for a normalization 
to 99Ru/101Ru) [1, 2]. For the present work, we have 
developed analytical techniques and report Ru data 
obtained by MC-ICP-MS, on some of the same sam-
ples previously analyzed by us by NTIMS. The pur-
pose is to identify conditions under which reliable re-
sults can be obtained both by TIMS and MC-ICP-MS. 
These techniques can be viewed as complementary in 
several ways. Ionization and overall transmission and 
ion collection efficiencies are different for these tech-
niques. Mass interferences for the techniques are also 
different, so that agreement of effects by both analyti-
cal techniques would be of importance. The added 
initial expectation has been that analysis by MC-ICP-
MS may be shorter in duration and potentially less 
complex. The early claim that isotope ratio determina-
tion by MC-ICP-MS, might eliminate the need for 
careful chemical separations of the elements of interest 
is known to be not true. Development of the MC-ICP-
MS technique for Ru required significant improvement 
in the chemical separation from Ru of mass interfering 
species (Mo and Pd), since plasma ionization is ~100% 
and equally efficient for elements introduced to the 
plasma ionization region. The conclusion from our 
experience is that extreme care must be employed in 
the chemical separation of interfering elements. Condi-
tions for sample introduction into the plasma region 

and for plasma ionization were as follows: we used Ru 
solutions of 100 ppb Ru and obtained ion beams of 
101Ru+ of ~4×10-11 Amps, at flow rates of ~50µL/min. 
Raw isotope ratios are very sensitive to conditions in 
the ion source region. The reported data were obtained 
without an attempt to standardize conditions, since the 
instrument has multiple uses and users. Analyses of Ru 
normals were interleaved with sample analyses, 
throughout the work. 

Results: The ICP-MS raw ratios for Ru normals 
show a wide range of instrumental fractionation. The 
results on individual meteorite samples are obtained 
under much shorter time intervals and are subject to 
limited variability in the running conditions. Thus, the 
raw data for each sample show much less dispersion 
due to isotope fractionation than the raw ratios shown 
by repeat normals. The range of fractionation for all 
meteorite samples, when taken together, is significant 
and about ½ the range for Ru normals. For all data, we 
show three-isotope correlation graphs, relative to 
99Ru/101Ru, because these two Ru isotopes are not sub-
ject to isotope interferences from nearby isotopes 
(from Mo and Pd). We show as an example (Fig. 1) 
the raw data for 100Ru/101Ru vs. 99Ru/101Ru. Even at 
this relatively coarse scale, the meteorite data show 
uniform shifts below the regression line shown for 
normals (gray data points). These shifts correspond to 
the endemic deficits observed for 100Ru/101Ru, by 
NTIMS, using our preferred data normalization [1, 2]. 
For calculating isotope effects for ICP-MS data, we 
consider the deviations of data from the regression for 
Ru normals, in plots of iRu/101Ru vs. 99Ru/101Ru. This 
method is preferred to the use of a single value for 
99Ru/101Ru for normalization, because the instrumental 
isotope fractionation is large and fractionation curves 
for ICP-MS data do not follow a simple analytical law. 
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The results are shown in Fig. 2-6 and compared with 
NTIMS data. The data by MC-ICP-MS are shown as 
red points, with NTIMS data shown as black points. 
The comparison indicates, that under these conditions, 
the effects for 100Ru/101Ru by NTIMS and by MC-ICP-
MS are well-defined and in excellent agreement. There 
is also agreement (absence of 100Ru/101Ru effects by 
both techniques) for Canyon Diablo and Gibeon. This 
is also consistent with the absence of interferences 
from 99Mo, at the ppm level. The data for 96,98Ru show 
reasonable agreement, considering larger uncertainties, 
with an apparent discrepancy for 98Ru for Hoba. For 
96Ru, the ICP-MS data for irons tend to be lower than 
the normals by 1-1.5 εu, suggesting an unidentified 
interference for mass 96, other than Mo, for the Ru 
normals (which were not processed through chemis-
try). By comparison, the more precise MC-ICP-MS 
data for 102,104Ru show significant excesses relative to 
the NTIMS data. These excesses are not consistent 
with simple interference from 102,104Pd and indicate 
additional unidentified interferences. All MC-ICP-MS 
data are shown uncorrected for mass interferences. 
Interferences from Mo and Pd for both standards and 
samples were monitored during the runs 
(95Mo/101Ru<4×10-5; 105Pd/101Ru<5×10-5). However, 
even at such low levels, if all the signal at mass-95 is 
assigned to Mo, then the corrections are <1.5 
εu for ε96Ru, <5 εu for ε98Ru, and 0.3 εu for 
ε100Ru). Corrections due to Pd are small 
(<0.1εu for ε102Ru and <1 εu for ε104Ru). Our 
conclusions for Ru are: a) for the 99Ru/101Ru 
normalization, there is excellent agreement 
for 100Ru/101Ru endemic effects and reason-
able agreement for 96, 98Ru/101Ru; b) for MC-
ICP-MS data, there are remaining artifacts 
for 102, 104Ru/101Ru, not simply attributable to 
Pd, in a consistent fashion. This work indi-
cates the complementarity of MC-ICP-MS 
and TIMS techniques, but with the clear need 
for further developments for MC-ICP-MS, 
for the elimination of unknown mass inter-
ferences. Mass interferences appear to be less 
of an issue for the TIMS analyses.. We con-
sider TIMS the preferred technique for ele-
ments where TIMS yields efficient ioniza-
tion, as is the case for many platinum group 
elements (with NTIMS). We have certainly 
come to appreciate the need for advances in 
both TIMS and MC-ICP-MS for each pro-
posed investigation. 
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