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Introduction: While in space, meteoroids are subjected to a flux of galactic cosmic rays (GCR) that can induce 

nuclear reactions within the target and alter its isotopic composition. The type of reaction (e.g., spallation or neutron 
capture) and the magnitude of the effects depend on the energy of the GCR, the target composition, the pre-atmos-
pheric size, and the depth of the sample below the surface [1]. Recognizing GCR effects is important because these 
effects can alter isotopic ratios used for studying early solar system chronology (e.g., 182W) and may complicate the 
identification and interpretation of nucleosynthetic anomalies. Platinum isotopes have been shown to be a reliable 
proxy for neutron capture effects due to GCR in iron meteorites [2,3], and they have been used to identify and correct 
GCR effects on W and Ag isotopes in iron meteorites [2,4]. The Carbo (IID) iron meteorite provides an opportunity 
to examine GCR effects within a single meteorite. Various metal bars from Carbo were sampled that correspond to 
different depths within the original meteoroid [c.f., 5]. Samples from different depths below the surface are expected 
to show a range of GCR effects [1]. Previous studies of the Carbo bars include the determination of GCR effects on 
He and W isotopes [6], Pt and W isotopes [2], Os and W isotopes [7], and Pt and Ag isotopes [4]. In the current study, 
we combine Pt isotopes with those of Pd, Fe, and Ni to study the potential GCR effects on the isotopes of these 
elements using four samples chosen from different depths within the meteorite. 

Samples and Methods: Four different samples of the Carbo (IID) iron meteorite were selected corresponding to 
bars A, Y, G, and J; these samples represent depths below the surface of about 28 cm to approximately 64 cm, which 
is near the pre-atmospheric center [5].  

Sample preparation and separation chemistry. Samples were cut with a hand saw and leached in cold 2M HCl 
prior to dissolution. Sample masses ranged from 3.20 to 3.89g. Samples were digested in concentrated HNO3:HCl 
(2:1). Two separate aliquots were then taken for Pt-Pd and Fe-Ni separation chemistry. Platinum and Pd were sepa-
rated using anion exchange chromatography following the methods described in [8]. Iron and Ni were separated using 
a combination of anion and cation exchange chromatography based on [9,10].  

Mass spectrometry. All isotopic analyses were made using a Thermo Scientific Neptune Plus MC-ICPMS. All 
isotopic measurements were carried out in static mode. Isotopic analyses were corrected for instrumental mass bias 
using the exponential law and internal normalization using the following isotope pairs: 198Pt/195Pt = 0.2145 [2], 
108Pd/105Pd = 1.18899 [11], 57Fe/54Fe = 0.36255 [12], and 61Ni/58Ni = 0.016744 or 62Ni/58Ni = 0.053389 [13]. Samples 
were measured relative to NIST SRM 3140 (Pt), NIST SRM 3138 (Pd), IRMM-014 (Fe), or NIST SRM 986 (Ni). 
Multiple replicate analyses of the North Chile (IIAB) and Tawalla Valley (IVB) iron meteorites were used as in-house 
reference materials to determine the external precisions for Pt and Pd isotopic analyses, respectively; replicate analyses 
of NIST SRM 126c were used to evaluate the reproducibility of the Fe and Ni isotopic measurements.  

Results and Discussion: Both Pt and Pd isotopic ratios show a range of values with depth within the Carbo iron 
meteorite. Variations in Pt isotopes are well-described by those predicted by theoretical modeling of GCR effects and 
are consistent with an earlier study [2] of Carbo samples. The measured Pd isotopic ratios are well-correlated with 
those for Pt, but εiPd values systematically deviate from the trends predicted for GCR effects. These results suggest 
an additional source of Pd isotope variation, most likely a nucleosynthetic anomaly in the IID parent body that was 
overprinted by GCR effects. In contrast to Pt and Pd isotopes, both Fe and Ni isotopic ratios display narrow ranges of 
values that do not show clear trends with depth. For εiFe and εiNi values that show resolvable variations, the effects 
exceed those predicted for GCR effects based on the observed εiPt values. This suggests that additional sources of 
variation are also present for Fe and Ni isotopes. These may consist of nucleosynthetic anomalies (Fe isotopes) and/or 
radiogenic effects (Ni isotopes). 
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