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The (c)GENIE Earth system model (version muffin)
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Insights into the evolution of life and the
Planet through carbon isotopes and
numerical modelling techniques

(and a flimsy excuse fo talk about the PETM)

Andy Ridgwell
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Carbonate §"”C variability through time
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Carbonate §"”C variability through time

what exactly does it (temporal changes in §°C) mean?

i Re-partitioning of carbon within surficial reservoirse
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Paleo-analogues — the PETM¢ A’_—(—;
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Methods
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Assimilating surface ocean pH change (only)
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Gutjahr et al. [2017]



W -

Assimilating surface ocean pH change (only)
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Assimilating surface ocean pH and §"°C D
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Assimilating surface ocean pH and §"°C A
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Assimilating surface ocean pH and §"°C Ve
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Carbonate §"C variability through time B,

what exactly does it (temporal changes in §°C) mean?

1fRe—par’ri’rioning of carbon within surficial reservoirse

Li Re-partitioning of carbon between surficial reservoirs (cf. LGM)?¢

\ & Injection (or removal) of isotopically light carbone

Change in C,, and/or carbonate weathering and/or burial
(%) at fixed carbonate and/or C__ weathering / burial)?

org

One can write (Kump and Arthur [1999], Chem. Geol.):

Corg/ (FCorg + FCaCO3) =
(613Cobs - 6:L;-.‘Cinput) / (613C0a003 - 6:L?’CCorg)




Carbonate §"C variability through time ?!?;;_

what exactly does it (temporal changes in §°C) mean?

& Re-partitioning of carbon within surficial reservoirse

Li Re-partitioning of carbon between surficial reservoirs (cf. LGM)?¢

\ e Injection (or removal) of isotopically light carbone

Change in C,, and/or carbonate weathering and/or burial
(ﬁ) (at fixed carbonate and/or C__ weathering / burial)¢

org

@ Q.Carbona’re diagenesis and loss of primary §"°C signal,
D% either marine sedimentary or subaerial.
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A new paleo Pokémon appears — The pH control on carbonate §°C ‘ﬁ

what exactly does it (temporal changes in §°C) mean?

& Re-partitioning of carbon within surficial reservoirse

Li Re-partitioning of carbon between surficial reservoirs (cf. LGM)?¢

\ e Injection (or removal) of isotopically light carbone

Change in C,, and/or carbonate weathering and/or burial
(ﬁ) (at fixed carbonate and/or C__ weathering / burial)¢

org

w Carbono’re diagenesis and loss of primary §"°C signal,
FEH% either marine sedimentary or subaerial.

% pH-driven re-partitioning of the where the isotopic composition

of the mean surficial reservoir is held
(and what carbonate samples)



A new paleo Pokémon appears — The pH control on carbonate §°C ‘ﬁ
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A new paleo Pokémon appears — The pH control on carbonate §°C %

AQueous (only) system behavior (of carbon partitioning between reservoirs)
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A new paleo Pokémon appears — The pH control on carbonate §°C %

Including partitioning of carbon to atmosphere
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Numerical modelling — Results

Neoproterozoic composite §'3C record
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Numerical modelling — Approach

Earth system model — carbon cycle (sedimentary) configuration
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Numerical modelling — Approach
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Numerical modelling — Results
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Numerical modelling — Results
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Numerical modelling — Results
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Numerical modelling — Results

Neoproterozoic composite §'3C record
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Deep-time inferences (aka ‘speculation’)
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