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Abstract- We present the analytical methods that have been developed for the first high-precision Fe isotope 
analyses that clearly identify naturally-occurring, mass-dependent isotope fractionation. A double-spike 
approach is used, which allows rigorous correction of instrumental mass fractionation. Based on 21 analyses 
of an ultra pure Fe standard, the external precision (J -SD) for measuring the isotopic composition of Fe is 
:!:O.J4 %olmass; for demonstrated reproducibility on samples, this precision exceeds by at least an order of 
magnitude that of previous attempts to empirically control instrumentally-produced mass fractionation (Dixon 
et aI., 1993). L'sing the double-spike method, 15 terrestrial igneous rocks that range in composition from 
peridotite to rhyolite, 5 high-Ti lunar basalts, 5 Fe-Mn nodules, and a banded iron formation have been 
analyzed for their iron isotopic composition. The terrestrial and lunar igneous rocks have the same isotopic 
compositions as the ultra pure Fe standard, providing a reference Fe isotope composition for the E.arth and 
Moon. In contrast, Fe-Mn nodules and a sample of a banded iron formation have iron isotope compositions 
that vary over a relatively wide range, from a56Fe = +0.9 to -1.2 0/00; this range is 15 times the analytical 
errors of our technique. These natural isotopic fractionations are interpreted to reflect biological ("vital") 
effects, and illustrate the great potential Fe isotope studies have for studying modem and ancient biological 
processes. Copyright © 1999 Elsevier Science Ltd 

1. INTRODUCTION 

Mass-dependem fractionation of light stable isotopes. such as 
C, 0, N, and S, are a well studied phenomenon (e.g., Hoefs, 
1987), Isotopic fractionation of the light stable isotopes are 
controlled by temperature, phase transitions (e.g., liquid to 
vapor), inter-mineraI equilibrium fractionation, and biological 
activity (e.g., Friedman and O'Neil, 1977; Schidlowski et at, 
1983). Determining the relative contributions of isotopic frac· 
tionation for the light stable isotopes in terms of inorganic (e.g., 
temperature or phase effects) and organic factors (e.g,. "vital" 
effects) is difficult because both can be significant due to the 
large relative mass differences between the isotopes. 

In contrast, the isotopic composition of the first transition 
metals may be useful in evaluating kinetically-controlled, bio
logically-induced isotope fractionation, because it is anticipated 
that their small relative mass differences, as compared to the 
well-studied light stable isotopes, will produce minimal or 
unmeasureable inorganic (equilibrium) isotope fractionation. 
Iron is a critically imponant element in biological processes, 
and has a relative mass difference that is likely to be sufficient 
to record biologically-produced isotopic fractionation, and yet 
is expected to be minimally fractionated by inorganic (equilib
rium) processes. Iron availability is one of the most important 
controlling factors for organic productivity in the oceans (e.g., 
Martin and Fitzwater, 1988). Moreover, iron biominerals are 
ubiquitous in nature (Lowenstam, 1981), and are produced by 
iron-reducing, iron oxidizing, and magnetotactic bacteria as 
well as higher life forms such as Chiton. Indeed, iron biomin
erals have been inferred to exist in ancient rocks from Mars 
(McKay et aI., 1996). 
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Precise isotopic analysis of the transition metals is analyti
cally challenging, because the most widely available appropri
ate instrumentation is thermal ionization mass spectrometry 
(TIMS), which produces significant mass fractionation during 
isotopic analysis. In this contribution, we use a double-spike 
approach to remove instrumentally-produced mass fraction
ation; these methods have produced the most precise measure
ments of the isotopic composition of Fe that preserve mass
dependem fractionation, and demonstrates that Fe isotopes vary 
in nature as a result of mass-dependent fractionation. 

2. PREVIOUS IRON ISOTOPE STUDIES 

Estimates for the atomic abundances of the stable isotopes of 
Fe ('4Fe 5.84%, 56Fe 91.76%, 57Fe 2.12%, 58Fe 0.28%) have 
been made by a number of workers (Valley and Anderson, 
1947; Volkenlng and Papanastassiou, 1989; Taylor et aI., 1992; 
Dixon et aI., 1993). The two biggest challenges in making 
precise Fe isotope ratio measurements that retain naturally
produced isotope variations are the low ionization efficiency of 
iron and the necessity to correct for instrumental mass fraction
ation, 

Corrections for instrumentally-produced mass fractionation 
that preserve natural, mass dependent fractionation can be 
approached in one of two ways- a double-spike method, which 
allows for rigorous calculation of instrumental mass fraction
ation (e.g., Compston and Oversby, 1969; Eugster et aI., 1969; 
and Gale, 1970), or an empirical adjustment, based on compar
ison with isotopic analysis of standards. The empirical ap -
proach assumes that standards and samples fractionate to the -
same degree during isotopic analysis, requiring carefully con
trolled analysis conditions. Such approaches are commonly 
used for Pb isotope work. Certified standard material of known 
Fe isotope composition (determined using gravimetrically pre
pared standards) has recently become available (Taylor et ai., 
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