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1- Introduction

Chromium has four isotopes (*Cr, **Cr, “Cr and >'Cr) with relative abundances of 4.31%, 83.789%, 9.501%, and 2.365% respectively. Mass dependent fractionation
of chromium isotopes has the potential to provide new information on a number of environmental processes but, until recently, accurate and precise measurements
of Cr isotopes in low-concentration natural samples has not been possible. In this study, we present new methodology for the separation of low levels of Cr from the
sample matrix, together with new protocols for the accurate and precise measurement of Cr isotopes using a double-spike technique combined with the Thermo
Fisher Neptune MC-ICP-MS (in medium resolution mode) and an Aridus Il sample introduction system.

We then apply our technique to the analysis of carbonate material from the Neoproterozoic and the Phanerozoic. It is now widely accepted that levels of
atmospheric oxygen increased in two major steps: the Great Oxidation Event, at ~2.4 Ga, and during the Neoproterozoic (~1 Ga to ~545 Ma). As Cr isotopes
are strongly fractionated by redox processes, our aim is to test whether the Cr isotope composition of marine carbonate tracks the evolution of atmospheric
oxygen.

3- Results
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on the Neptune MC-ICP-MS at the Open University. Values have been normalised
to the daily mean of the standard measurements. Errors bars represent the internal
error (2SD) during the measurement and the grey bands represent the 2SD of the mean.

amplification induced by the addition of the spike (Fig. 5)

« The isotopic composition of the carbonates from

the Neoproterozoic and the Phanerozoic are
different (Fig. 6).

- Neoproterozoic carbonates have §>*°Cr values
that vary from -0.5 to +0.2%o. (mean = -0.107%o)

« Phanerozoic and modern carbonates have §**°Cr
values of +0.5 - +1.9%o0 (mean = +1.371%o)

« The Cr isotopic composition of the
Neoproterozoic carbonates is similar to that of the
continental crust (Fig. 6). This may suggest that in
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the Neoproterozoic, all seawater Cr was in a single
oxidation state.

Figure 6: 853/52CI‘SRM 979 for carbonate samples from the Neoproterozoic
(orange) and form the Phanerozoic (green). Errors are within the symbol.

« The Cr isotopic composition of Phanerozoic
carbonates is heavier than that of the continental
crust. This suggests either: (i) that Cr isotopes are
fractionation as they are incorporated into carbonates,
or (ii) that seawater has a 5>°*°Cr value that is higher
than the continental crust.

« A plot of 8>***Cr versus §**Cr indicates that all of our
samples lie on a mass dependent fractionation line

Best fit slope: 1.9808 + 0.0003
R2=1

(Fig. 7). 0.5
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Figure 7: Cr isotopic compositions for 21 carbonates samples.

4- Discussion and Summary

Chromatography procedure

« Our column chemistry is characterised by a double Cr peak [2].
« As recovery of Cr is not 100%, a double spike technique is used to correct for isotope

fractionation during the column chemistry.

MC-ICP-MS measurements

e Our MC-ICP-MS technique utilises a Thermo Fisher Neptune MC-ICP-MS, an Aridus Il
sample introduction system, and a 50 ppb solution of Cr. Thus, this technique can be used
to analyse low concentration natural samples, such as carbonates.

Cr isotopic composition in carbonates and redox condition in the oceans.

« The Cr isotopic composition of carbonates from the Neoproterozoic are different from

those of Phanerozoic carbonates.

« Carbonates precipitating from oxic seawater have relatively high o

+1.9%o)

« Carbonates precipitating under (putative) low-oxygen conditions have 6

*®Cr values (+0.5 to

*?Cr values that

are similar to those recorded in banded iron formations [3].

« The Cr isotopic composition of the Neoproterozoic samples seem to indicate that during
the Neoproterozoic the oceans were not fully oxidized.
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