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Radiocarbon cycle



Radiocarbon Cycle in a Nutshell (Heaton et al., 2021)
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Carbon in the Atmosphere (Köhler et al., 2022)
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14C inventory
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14
C Production Rate Q: C Cycle Models vs

10
Be Data (Köhler et al., 2022)
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Radiocarbon calibration — Example from OxCal (https://c14.arch.ox.ac.uk/oxcal.html)

Ri = �8033 · ln(F 14
Ci ),

with Ri in 14C-yr

Example:
F
14
Ci = 0.88 gives

Ri = 1000 14C-yr BP

Calibration curve (14C-yr vs cal-yr) is a function of atmospheric �14C which depends on
— 14C production rate (upper atmosphere)
— C cycle (mainly air-sea gas exchange and ocean circulation)



Setup for Calibration Curve IntCal04/09/13 (Reimer et al., 2004)

LSG, BICYCLE = f(CO2, atm �14C)



Revised Setup for Calibration Curve IntCal20 (Reimer et al., 2004)

LSG, BICYCLE = f(CO2, atm �14C)



Revised Setup for Calibration Curve IntCal20 (Heaton et al., 2020)

Atmospheric and Atmospheric-Adjusted Data Tree-ring Data

LSG OGCM prior for MRA
f (�, x, y)

(excluding Cariaco)

Marine Data

Bayesian Spline

Hulu Data

13.9 cal kBP55 cal kBP

13.9 cal kBP55 cal kBP 0 cal kBP

Bayesian Spline

IntCal20
55 cal kBP 0 cal kBP

Carbon Cycle BICYCLE Model

Input: 500 realisations of atmospheric
IntCal20 �14C and ice-core CO2

Output: Ensemble of 500 simulated
non-polar global-average marine �14C

Mean and uncertainty

summarised by Monte-Carlo

Marine20
55 cal kBP 0 cal kBP

Modelled
Output

Bayesian Spline
Estimate

Observational
Data

Mix of Observed Data
and Model Output

Calibration CurvesData

Include: Speleothem (DCF adjusted)
Lake Suigetsu
Floating Tree-ring Sequences

Preliminary Hulu-based

�14C Estimate

C cycle models LSG-OGCM and BICYCLE have been used in IntCal20 and Marine20



Calibration Curve IntCal20 and Marine20 (Heaton et al., 2020)
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Calibration Curve IntCal20 and Marine20 (Heaton et al., 2020)
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Calibration Curve IntCal20 and Marine20 (Heaton et al., 2020)
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Model largely based on 18 years old paper... (Köhler et al., 2006)

Main shortcomings:

– no solid Earth fluxes
– missing bipolar seesaw
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Bipolar Seesaw (Köhler et al., 2022)
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Marine Reservoir Age (MRA) of the deep ocean (Skinner et al., 2023)
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Marine Reservoir Age (MRA) of the deep ocean (Skinner et al., 2023; Heaton et al., 2021)
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Marine Reservoir Age (MRA) of the deep ocean (based on Skinner et al., 2023)
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Summary of Approach (Heaton et al., 2020, 2021, Reimer et al. 2020, Skinner et al., 2023)
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Summary of Approach (Heaton et al., 2020, 2021, Reimer et al. 2020, Skinner et al., 2023)
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Applied model — BICYCLE-SE



What is in the BICYCLE-SE model? (Köhler et al., 2020, 2022, 2024)
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What is in the BICYCLE-SE model? (Köhler et al., 2020, 2022, 2024)
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What is in the BICYCLE-SE model? (Köhler et al., 2020, 2022, 2024)
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Errors in Marine20 (Surface Ocean Marine Reservoir Age) (Heaton et al., 2020)
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Errors in Marine20 (Surface Ocean Marine Reservoir Age) (Heaton et al., 2020)
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Conclusions

• #1: Massive AMOC reduction during Heinrich 1 event agrees best with benthic 14C data

• #2: The deep LGM ocean is ⇠700 14C yr “older” than at preindustrial

• #3: Abrupt AMOC ) o↵set in non-polar surface age (Marine20) by < 100 14C yr

• #4: Millennial-scale changes in atm �14C (IntCal20) are related to AMOC reductions

• #5: AMOC shutdown during Heinrich stadials ) fall of simulated CO2 by 10-30 ppm
) SO processes (or land carbon) responsible for ice core CO2 rise in Heinrich stadials

• #6: Physical carbon pump explains 85 ppm of glacial CO2 drawdown


