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Evidence for Rapid Weathering Response to Climatic Warming during the Toarcian Oceanic Anoxic Event
Them, T.R.II (FSU, NHMFL Geochemistry); Gill, B.C. (VT) and Owens, J.D. (FSU, NHMFL Geochemistry)
Introduction


The osmium isotopic signature of organic-rich sediments is a proxy for the relative contribution of continental and ocean crust materials to the global oceans [1]. During the Toarcian Oceanic Anoxic Event (T-OAE; ~183 million years ago), global warming led to catastrophic feedbacks in the Earth system, culminating in severe oxygen loss in the oceans and major extinctions. In theory, global warming causes increases in the hydrological cycle strength and an increase in delivery of materials from the continents to the oceans, which causes increases in bioproductivity, and ultimately ocean hypoxia and anoxia [1]. This mechanism is the leading hypothesis to what caused ocean anoxia associated with the Toarcian [1,2]. Therefore, it should be possible to analyze the osmium isotopic signature of organic-rich sedimentary rocks (e.g., black shales) to reconstruct if continental weathering increased during the T-OAE.

Experimental 


Organic-rich shales from western Alberta that were deposited during the T-OAE were processed for osmium isotopes and elemental concentrations (aluminum and titanium) in order to determine if the flux of continental materials increased during the T-OAE. Briefly, rock powdered was dissolved by a suite of acids and placed in a microwave digestion system to drive off organic materials. The resulting liquid was further acidified and eventually measured in an Agilent 7500cs ICP-MS.

Results and Discussion


The amount of continental-derived osmium increased during the T-OAE (see Fig. 1), and numerical model simulations suggest a chemical weathering increase of 240 – 530%. The nutrients delivered to the oceans during the T-OAE would have stimulated aquatic bioproductivity, resulting in increased marine anoxia and the deposition of organic-rich sediments.
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Conclusions

The cascading effects of global warming can lead to several biogeochemical feedbacks within the Earth system. Enhanced continental weathering would have drawn down atmospheric CO2 and led to the burial of massive amounts of organic carbon, which eventually cooled the planet and helped to end the OAE.
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Fig.1 Toarcian Oceanic Anoxic event (gray shaded box) and associated carbon isotope excursion, osmium isotope excursion, and Re/Al and Os/Al values.









