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Bioessential trace metals are increasingly exploited 

for the wealth of information they can provide on the 
Earth’s geochemical past as well as the chemistry and 
evolution of life. Key to these efforts is the develop-
ment and application of new isotopic systems of those 
elements that have significant value to specific organ-
isms or metabolisms or, as recorders of changing envi-
ronmental conditions through time. Compared to the 
extensive modern biological utility of certain trace 
metals such as molybdenum and copper, nickel (Ni) is 
primarily restricted to microorganisms and metabo-
lisms that might have evolved in a much different 
Archean environment [see for example 1 – 4]. Metha-
nogens and their particular metabolism, methanogene-
sis, purportedly fit the criteria for an ancient origin of 
evolution and many studies have shown the absolute 
requirement that these microorganisms have for Ni.   

Recently, we published the first measure-
ments of nickel stable isotopes from abiotic terrestrial 
materials and pure cultures of methanogens [5]. The 
terrestrial samples representing the mantle and crust 
displayed very little isotopic variability (average δ60Ni 
of 0.15 ± 0.24‰, 2σ). Similar results were obtained for 
a suite of meteorites which gave an average value of 
δ60Ni of 0.27 ± 0.06‰. In contrast, Ni isotopes were 
significantly fractionated by laboratory grown metha-
nogenic cells, which assimilated the lighter isotopes, 
leaving behind residual media enriched with the heav-
ier isotopes. The largest fractionation, δ60Ni of -1.46 ± 
0.08‰, was achieved by a methanogenic hyperther-
mophile. Our data suggest the biological cycling of Ni 
may potentially be an important contributor of Ni iso-
topic variations in the rock record. Furthermore, bio-
logical fractionation of Ni has the potential to be a 
powerful new biomarker particularly in regards to the 
nature and impact of early life. 

We have started evaluating our new Ni isotopic 
tool by applying it to the measurement of Ni stable 
isotopes in banded iron formations (BIFs). In order to 
characterize the Ni isotopic composition of the geo-
chemical and biological environment of the primitive 
Earth, as preserved in the rock record, it is essential to 
first understand the state and changing conditions of 
the Archean oceans. Such information recorded within 
BIFs and other terrestrial materials is necessary to sup-
port our continued efforts to establish Ni stable iso-
topes as a functional and detectable biosignature. 
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