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Sujet de doctorat proposé* 
Intitulé* :  

 

Ocean dynamics and the potential for anoxia across the Phanerozoic in the Earth System Model IPSL-

CM5A2 

 

Descriptif *:  

 

Among the dramatic consequences of human activities on the Earth system, changes in the oxygenation state of 

the ocean have attracted the attention of the scientific community over the last decade (Kwiatkowski et al., 

2020; Breitburg et al., 2018). All Earth System Models (ESMs) project a consistent decrease in oceanic oxygen 

content for the coming decades due to ocean warming, reduced ventilation, and increased stratification, 

although large uncertainties remain—owing, for instance, to how nitrogen fixation is resolved (Bopp et al., 
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2022). This change in oceanic oxygen content may result in the destabilization of sediments and fundamental 

shifts in the availability of key nutrients, with the potential to alter the abundance and distribution of marine 

species. 

 

The rock record shows large fluctuations in oceanic oxygen content, including iconic periods of global anoxia 

(e.g., OAEs), which can serve as a surrogate to better ground-truth the predictability of Earth System Models. 

Periods of OAEs were characterized by organic-matter-enriched sediments and have been studied for several 

decades using various geochemical proxies (metal enrichment, stable isotopes as δ13C, etc.; see Reershemius 

and Planavsky, 2021, for a complete review). These events are also commonly associated with major 

extinctions or biotic turnover events (Bambach, 2006). Improving our knowledge of these intervals is therefore 

central to understanding the interdependence between geochemical cycling and biotic events throughout the 

Phanerozoic. 

 

  Two main processes have been widely suggested to explain OAEs: on the one hand, they are 

intrinsically related to specific large-scale ocean circulation patterns favoring dysoxia in isolated oceanic basins 

(Laugié et al., 2021); on the other hand, they stem from the need for large nutrient inputs to boost primary 

productivity (PP) (Monteiro et al., 2012), either through subaerial/marine Large Igneous Provinces (LIPs) or 

through internal feedbacks that increase phosphorus recycling. Up to now, OAEs have primarily been studied 

using relatively simple models (e.g., box models or EMICs) that rely on parameterized relationships linking 

disturbances in the marine biosphere to biogeochemical cycles. Such approaches overlook important 

feedbacks—for example, the influence of ecosystem structure on ocean chemistry—as well as spatial 

variability, thereby limiting our understanding of the processes that lead to OAEs. 

 

The French deep-time modeling group has developed a series of tools facilitating the application of the 

IPSL-CM, enabling a global investigation of ocean dynamics through the Phanerozoic and their consequences 

on oxygen distribution using PISCES-Offline. The high complexity of the biological ecosystem representation 

in PISCES opens the door to investigating the role of various biological innovations over the Phanerozoic. 

Furthermore, the IPSL-CM allows for the prediction of dust transport and distribution in the atmosphere, as 

well as fallout patterns into the ocean. The role of dust as a nutrient input to boost marine productivity is 

intriguing and remains almost unstudied. This component may have been of paramount importance during the 

early Phanerozoic, when land plants were largely absent, as well as during eruptive volcanic episodes, which 

are suggested as the priming factor for OAEs. 

 

The overall objective of this project is to explore ocean dynamics and the potential for anoxia across the 

Phanerozoic using both the IPSL-CM5A2 Earth System Model and the complex oceanic biogeochemical model 

PISCES. Several goals will be pursued: 

1. Determine to what extent changes in ocean dynamics driven by paleogeographic evolution can explain 

the likelihood of OAEs. 

2. Define the role of dust inputs on primary productivity for contrasting time periods (e.g., Early and Late 

Cambrian, Late Ordovician, Devonian, P-T, Toarcian, Aptian). 

3. Establish the link between Oxygen Minimum Zone (OMZ) extent and the potential for anoxia over 

continental slopes and epeiric seas. 

4. Investigating the influence of extreme events—by considering time-series outputs rather than mean 

states—on the representation of biological ecosystems in the PISCES model. 

 

 Because marine ecosystems have evolved significantly over the Phanerozoic, we will leverage the 

complex biological descriptions in PISCES to investigate how this evolution influenced carbon export and 

oxygen distribution. This will be achieved by "turning off" specific phytoplankton functional types (e.g., 

diatoms), removing the grazing effects of mesozooplankton, or modifying the sinking rates of biogenic particles 

(accounting for the likelihood of an ocean dominated by picoplankton). 
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