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Tracking the Earliest Ocean Oxygenation through Thallium Isotopes
Owens, J.D. (FSU, NHMFL Geochemistry); Holdaway, B. (FSU, NHMFL Geochemistry); Ostrander, C. (Arizona State University) and Nielsen, S.G. (Woods Hole Oceanographic Institution)
Introduction

The timing of the initial accumulation of oxygen in the atmosphere and oceans has been debated for the past several decades. Oxygenation of the ocean-atmosphere system is critical because the evolution of life is closely tied to the progressive rise of oxygen. One of the earliest indicators of ocean oxygenation is manganese (Mn), which will oxidize and form Mn-oxides even when minute amounts of oxygen are present in the water column. However, it has been very difficult to unambiguously track the Mn-oxide burial in ancient environments and thereby the initiation of the rise of marine oxygenation. The modern oceanic thallium (Tl) isotope signature is faithfully recorded in sediments deposited under euxinic conditions because Tl is quantitatively sequestered from the water column via partitioning into pyrite [1, 2]. Using Tl isotopic measurements in shales from critical time periods where oxygen has been hypothesized to rise in the ocean, atmosphere or both to better understand the global timing and increased burial of Mn-oxides. Extracting this information from ancient sediments has the potential to provide crucial information about the links between ocean oxygenation, evolution of life and the impact on global biogeochemical cycles.
Experimental 

Organic-rich shales from Australia that were deposited ~2.5 billion years ago were processed for thallium isotopes in order to reconstruct the redox history of the global oceans. Briefly, these rocks were powdered and then dissolved by a suite of acids. Samples were purified using column chemistry. Purified samples were analyzed using a ThermoFinnegan MC-ICP-MS.
Results and Discussion
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The very preliminary results suggest there was ocean oxygenation prior to the rise of oxygen at the ‘great oxidation event’ (see Fig. 1), which is indicating a mild increase in marine oxygen and based on an increase in Mn-oxides. This can be seen with the initial ‘whiff’ of atmospheric oxygen at ~155m with the rise in [Mo]. Thallium isotopes suggest more Mn-oxide burial just before the onset ‘whiff’ with values of -2.7 which is a shift from the earlier values of -2.1.
Conclusions

This work has provided a framework to explore possible variations in ocean chemistry earlier than these samples. The lab will continue to explore these avenues.
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Fig.1 Archean dataset with background info and thallium isotopes. 








