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Introduction: The distinct nucleosynthetic isotope compositions of meteorites indicate their formation in different 

regions of the protoplanetary disk. Isotopic variability has mainly been reported for refractory elements in both chon-
dritic and achondritic bodies [e.g., 1]. Two groups of solar system materials were distinguished based on isotopically 
distinct clusters – carbonaceous (CC) and non-carbonaceous (NC) [2-3]. The Earth is characterized by a NC compo-
sition, and hence the NC reservoir is recognised to represent the inner solar system, whereas the CC reservoir is 
thought to represent the outer regions potentially beyond Jupiter’s orbit [4]. A pronounced enrichment of the neutron-
rich isotopes in the CC reservoir has been found for various elements including 48Ca, 50Ti, 54Cr and 96Zr [2-3, 5-7]. 
Additionally, the Fe group elements show enrichment in neutron-poor isotopes such as 40Ca, 46Ti, and 58Ni in carbo-
naceous bodies [6, 8-9]. Mass-independent Fe isotope variations were first revealed by high-precision measurements 
of troilite (FeS) inclusions from iron meteorites, showing deficits in ε56Fe [10]. Recent studies reported excesses in 
µ54Fe for bulk meteorites [11], and small excesses in ε54Fe for bulk CAIs [12]. Moreover, no resolvable variations in 
the neutron-rich 58Fe have been demonstrated either for bulk meteorites or the FeS inclusions thus far [10, 13]. Iron 
isotopes are also susceptible to the effects of spallation and neutron capture from exposure to galactic cosmic rays 
(GCR) [13]. Comparison of iron meteorite compositions to Pt isotopes (a neutron dosimeter) has shown GCR effects 
on Fe isotopes to be minimal [13]. Here, we present new high-precision data for mass-independent Fe isotope varia-
tions in eucrites, CV and H chondrites, and IAB, IIIAB and IVB iron meteorites, including for ε58Fe. We investigate 
the causes of Fe isotope variations in early solar system materials. 

Samples and Methods: Iron isotope fractions from Zr and Ti isotope studies were used for the chondrites and 
eucrites [14-15]. Iron meteorites were previously digested for Pt isotope studies [16, 17] or digested following the 
methods of [16]. A one-stage anion exchange procedure modified from the method of [10, 18] is sufficient to separate 
Fe from the isobaric interferences Cr and Ni and other matrix elements, and results in Fe yields close to 100 %. Iron 
isotope analyses were performed with a Thermo Scientific Neptune Plus MC-ICP-MS at ETH Zürich. Correction for 
instrumental mass bias uses the exponential law and internal normalization to 57Fe/54Fe (‘7/4’) of 0.36255 and 57Fe/56Fe 
(‘7/6’) of 0.023096 [19]. Samples were measured relative to the standard IRMM-524a. The accuracy and precision of 
our method were assessed by repeated analysis of the terrestrial standard BHVO-2. The external reproducibility  
(2 SE) is -0.01 ± 0.01 for ε56Fe (7/4), 0.02 ± 0.04 for ε54Fe (7/6), and 0.06 ± 0.08 for ε58Fe (7/6) for 36 analyses of 
three digestions of BHVO-2 bracketed by the pure Fe standard. Additionally, Pt isotope data were measured following 
the method of [16] for iron meteorite samples digested as part of this study. 

Results and Discussion: New data for eucrites, CV and H chondrites, IIIAB and IVB iron meteorites show re-
solved ε54Fe (7/6) excesses and ε56Fe (7/4) deficits, in agreement with previous studies [10-12]. CV chondrites and 
IVB iron meteorites (belonging to the CC group) exhibit more prominent excesses in ε54Fe compared to NC groups, 
mirroring the dichotomy of these two reservoirs. Moreover, our data show no resolvable variations in ε58Fe. Correla-
tions between Fe isotopes and ε196Pt for the iron meteorites indicate a minimal role for GCR-induced effects within 
our analytical uncertainty, in agreement with previous studies [13]. Renormalizing our data to 58Fe/57Fe yields no 
resolved variations for ε56Fe (8/7) and therefore hints at the possibility that 54Fe was heterogeneously distributed in 
the protoplanetary disk, consistent with conclusions based on CAI data [12]. Additionally, our data suggest positive 
correlations between ε54Fe (7/6) and ε95Mo [20] or ε96Zr [14]. However, our data do not show correlations with Ni 
isotope variations [9, 21], supporting the suggestion of a decoupling of the nucleosynthetic sources of Fe and Ni [10].  
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