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Two steps in Earth’s surface oxidation lie at either end of the Proterozoic Eon. The first step, known as the Great
Oxidation Event (GOE), occurred at ca. 2.32 Ga (1), when atmospheric oxygen first exceeded 0.001% of present
atmospheric levels (2). The second step, occurred at ca. 0.58 Ga, resulting in the pervasive oxygenation of the
deep oceans, a feature that persisted through most of the Phanerozoic (3). The conventional model envisions two
progressive and unidirectional increases in free oxygen. However, recent studies have challenged this simplistic
view of the GOE (4, 5). A dramatic increase and decline in Earth oxidation state between 2.3 and 2.0 Ga is now
well supported (6–9) and raises the question of how well-oxygenated the Earth surface was in the immediate
aftermath of the GOE. In order to constrain the response of the deep oceans to the GOE, we present a study of
Mo isotope composition and Mo concentration from three key early Paleoproterozoic black shale units with ages
ranging from 2.32 to 2.06 Ga. Our results suggest high and unstable surface oxygen levels at 2.32 Ga, leading to
an abrupt increase in Mo supply to the still globally anoxic ocean, and producing extreme seawater Mo isotopic
enrichments in these black shales. We thus infer a period of significant Mo isotopic Rayleigh effects and non-
steady state behaviour of the Mo oceanic system at the beginning of the GOE. Between 2.2-2.1 Ga, we observe
smaller Mo isotopic variations and estimate the δ98Mo of seawater to be 1.42 ± 0.27 hẆe conclude that oxygen
levels must have stabilized at a relatively high level and that the deep oceans were oxygenated for the first time in
Earth’s history. By ca. 2.06 Ga, immediately after the Lomagundi Event, the Mo isotopic composition decreased
dramatically to δ98MoSW = 0.80 ± 0.21 h reflecting the end of deep ocean oxygenation and the return of largely
anoxic deep oceans.
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