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Input and output fluxes of surface CO2 throughout the Cenozoic

Luca Castrogiovanni1

, Claudia Pasquero

1

, Nicola Piana Agostinetti

1

, Bram Vaes

1,2

, Jack Longman

3

,

and Pietro Sternai

1,4

1

Department of Earth and Environmental Sciences, University of Milano-Bicocca, Milan, Italy

2

Aix-Marseille Université, CNRS, IRD, INRAE, CEREGE, Europôle Méditerranéen de l’Arbois, Aix-en-Provence Cedex, France

3

Department of Geography and Environmental Sciences Department, Northumbria University, UK

4

GFZ German Research Centre for Geosciences, Potsdam, Germany

Changes in the geological carbon cycle and associated surface input and output CO

2

fluxes drive

long-term Cenozoic climate trends mainly through magmatic emissions and weathering of silicate

minerals. Proxy records, which indirectly reconstruct past climate conditions, demonstrate a

steady decline in both surface CO

2

and temperature since ˜50 million years ago (Ma), punctuated

by shorter periods of climatic optima and hyperthermals such as the PETM, EECO, MECO and

MMCO. However, lack of constraints in terms of input and output CO

2

fluxes prevents the

assessment of responsible processes for these trends. Here, we use a newly developed technique

based on a reversible-jump Markov chain Monte Carlo algorithm (rj-McMC) to invert the temporal

CO

2

changes from the Proxy Integration Project (CENCO

2

PIP) (Hönisch et al., 2023) and obtain

estimates of the surface input and output CO

2

fluxes throughout the Cenozoic. We base the

inversion on a general formulation of the geological carbon cycle that includes a degassing source

and a temperature-dependent sink term, with the temperature time history (Hansen et al., 2023)

used as an additional constraint. Reconstructed fluxes reveal that perturbations of the carbon

cycle are stronger during the early Cenozoic (i.e., ˜66 – 34 Ma), while these reduce since˜34 Ma.

We hypothesise that stronger degassing from the solid-Earth during the EECO and MECO prevent

an earlier onset of the Antarctic ice cap during the Eocene. We discuss that the higher carbon

emissions during these periods can partially link to the evolution of the Neo-Tethyan magmatic

margin, which extinction occurs ˜34 Ma. Results show that carbon flux stabilization since the

Oligocene could be due to temperature dependent processes like albedo increase and enhanced

silicate weathering in the context of Tibetan Plateau uplift. Finally, we estimate that the net

amount of CO

2

removed since ˜34 Ma is four times greater than that of the first half of the

Cenozoic.  
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