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Thallium Isotopes Track and Record Global Manganese Oxide Burial
Owens, J.D. (FSU, NHMFL Geochemistry); Nielsen, S.G. (Woods Hole Oceanographic Institution); Horner, T.J. (Woods Hole Oceanographic Institution); Ostrander, C.S. (Arizona State University) and Peterson, L.C. (Rosentiel School of Marine and Atmospheric Science)

Introduction

Manganese (Mn) oxides are one of the first minerals to form in the presence of free oxygen at natural seawater conditions based on electron potential [1]. Thus, the global Mn-oxide flux should therefore be a critical parameter for tracking the expansion or reduction of free oxygen in the global ocean both past and present. making it important to understand and quantify the global Mn-oxide burial fluxes today and in the past [2]. However, Mn itself has a short marine residence time [3], which prohibits using Mn flux rates from individual sediment cores to reconstruct the global Mn-oxide burial flux. In addition, Mn only has one abundant long-lived isotope making it impossible to track its mass balance. 


Importantly, marine sources of Tl have nearly identical values, making adsorption onto manganese oxides and low temperature oceanic crust alteration, the two primary outputs of Tl from seawater, the primary drivers of this isotopic composition. For relatively short-term redox events it is reasonable to assume that the dominant mechanism that alters the Tl isotopic composition of seawater is associated with manganese oxide precipitation because low temperature ocean crust alteration is controlled by long-term average ocean crust production rates.
This work aims to provide a mechanism to track Mn-oxides through capturing seawater Tl isotopes in organic-rich sediments.
Experimental 

Modern organic-rich sediments and seawater from the Cariaco Basin and Black Sea were processed for thallium isotopes in order to test the viability of the proxy to record the seawater value. Briefly, these sediments were powdered and then dissolved by a suite of acids. Seawater samples were acidified and pre-filtered to remove particulates. All samples were purified using column chemistry. Purified samples were analyzed using a ThermoFinnegan MC-ICP-MS.

Results and Discussion
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This study presents new Tl isotope data for an open ocean transect, the South Atlantic, and two euxinic (anoxic and free sulfide in the water column), Cariaco Basin and Black Sea. The Tl isotopic signature of open ocean seawater was found to be homogeneous. Combined with existing data from the Pacific and Arctic Oceans, our Atlantic data establish the conservativity of Tl isotopes in the global ocean. Due to the quantitative removal of Tl from euxinic seawater, Tl isotope analyses of the authigenic fraction of underlying organic-rich sediments from both the Black Sea and Cariaco Basin (Fig. 1) capture the Tl isotope value of oxic portion of their respective water column with no net isotope fractionation.
Conclusions

This detailed study suggest the modern ocean Tl isotope value is conservative likely due to non-biological uptake. Importantly, sediments from the Cariaco Basin and Black Sea document that organic-rich sediments faithfully record the Tl isotope value from the oxic portion of the water column in each basin. Thus, this work has provided a framework to explore possible variations in ocean chemistry for all of Earth history especially those of climatic and biological significance.
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Fig.1 Cariaco Basin sediment and water column.








