Insights into ocean redox evolution from metals and metal isotopes
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The stable isotope geochemistry of transition metals is emerging as a powerful new approach to examine environmentally-induced changes in metal biogeochemical cycling. Applied to the Precambrian, this approach is now providing important and provocative information about ocean redox evolution. For example, iron isotope data in sedimentary sulfides provide compelling evidence in support of the “three stage” model of ocean redox evolution (1), while molybdenum isotopes point to extended deep-sea anoxia during the mid-Proterozoic as compared to today (2). Quantitative interpretations, while elusive, will develop as research in modern depositional systems improves the calibration of ancient signatures.

Complementary advances are emerging from research into metal abundances in ancient sediments. Transition metal abundances have long been recognized as important indicators of ocean and atmosphere redox, the most spectacular example being the cessation of widespread BIF deposition after ~ 1.8 Ga. However, limited understanding of sedimentary metal geochemistry and a general paucity of data hampered more general interpretations of measurements in Precambrian sediments. This situation is changing as a result of extensive “ground truthing” in Paleozoic and young marine settings and expansion of the Precambrian database (3). 

This presentation will provide an overview of these recent developments, emphasizing how studies of iron and molybdenum isotopes and redox metal abundances in ancient black shales are deepening our understanding of secular changes in ocean oxygenation.
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