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Permafrost thawing as a possible source of abrupt
carbon release at the onset of the Bølling/Allerød
Peter Köhler1, Gregor Knorr1,2 & Edouard Bard3

One of the most abrupt and yet unexplained past rises in atmospheric CO2 (410 p.p.m.v. in

two centuries) occurred in quasi-synchrony with abrupt northern hemispheric warming into

the Bølling/Allerød, B14,600 years ago. Here we use a U/Th-dated record of atmospheric

D14C from Tahiti corals to provide an independent and precise age control for this CO2 rise.

We also use model simulations to show that the release of old (nearly 14C-free) carbon can

explain these changes in CO2 and D14C. The D14C record provides an independent constraint

on the amount of carbon released (B125 Pg C). We suggest, in line with observations of

atmospheric CH4 and terrigenous biomarkers, that thawing permafrost in high northern

latitudes could have been the source of carbon, possibly with contribution from flooding of

the Siberian continental shelf during meltwater pulse 1A. Our findings highlight the potential

of the permafrost carbon reservoir to modulate abrupt climate changes via greenhouse-gas

feedbacks.

DOI: 10.1038/ncomms6520 OPEN

1 Alfred-Wegener-Institut Helmholtz-Zentrum für Polar-und Meeresforschung (AWI), P.O. Box 12 01 61, D-27515 Bremerhaven, Germany. 2 School of Earth
and Ocean Sciences, Cardiff University, Cardiff CF10 3AT, UK. 3 CEREGE, Aix Marseille University, CNRS, IRD, College de France, B.P. 80 Technopole de
l’Arbois, 13545 Aix-en-Provence, France. Correspondence and requests for materials should be addressed to P.K. (email: Peter.Koehler@awi.de).

NATURE COMMUNICATIONS | 5:5520 | DOI: 10.1038/ncomms6520 | www.nature.com/naturecommunications 1

& 2014 Macmillan Publishers Limited. All rights reserved.

based on EPICA Dome C CO2

WAIS Divide Ice Core CO2 (Marcott et al., 2014) published 30 October 2014

Peter Köhler 2 21 June 2016



Content

Carbon Cycle Changes

After the WAIS Divide Ice Core CO2 record

Take-Home-Messages

Peter Köhler 3 21 June 2016



Dynamics at onset of Bølling/Allerød (14.6 ka BP)
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14.6 kyr BP

atm �14C (Tahiti corals) drops by 55h

CO2 EDC rises by 10 ppmv

CH4 rises by 150 ppbv

WAIS Divide �18O start of
Antarctic Cold Reversal (ACR)

NGRIP �18O (�TNH) jumps
within decades

(Reimer et al 2013; Durand et al 2013; Parrenin et al 2013;
Monnin et al 2001; EPICA 2006; WAIS 2013; NGRIP 2004)
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Atm �14C & CO2 changed by the same process:
Results from carbon cycle box model BICYCLE
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�(�14C)=�50 to �60h
in 200 � 250 years.

CO2: +10ppmv in EDC
+22 ppmv in atmosphere

C cycle model (box, EMIC)
(1) Validated with Suess Effect
(2) Agree, reproduce anomalies

Absolute dated (U/Th)
atmospheric CO2 peak
starting at 14.6 kyr BP

�(�14C)(atm-source) = -1250h
needed (not deep ocean DIC)
(Reimer et al 2013; Durand et al 2013;
Parrenin et al 2013; Veres et al 2013)
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Atm �14C & CO2 changed by the same process:
Results from carbon cycle box model BICYCLE
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Source of very old carbon virtually free of 14C???
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Source of very old carbon virtually free of 14C???
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(Reimer et al., 2013; Kindler et al., 2014)
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Permafrost thawing: Where?

PMIP3 LGM (Saito et al 2013)
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Permafrost thawing: Where?

PMIP3 LGM (Saito et al 2013)
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New high resolution CO2 from WAIS Divide (WDC)
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New high resolution CO2 WAIS Divide Ice Core (WDC)
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Permafrost thawing still valid with smaller CO2 amplitude:
Release of 85 instead of 125 PgC

leading to atm. �CO2 of 15 instead of 22 ppmv.
Parrenin 2013, Veres 2013, Smith 1999, Ahn 2004, Neftel 1988, Pedro 2012, Marcott 2014
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New high resolution CO2 from WAIS Divide (WDC):
Atmospheric �(�14C)
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In revised WDC-based scenario:
CO2 essential free of 14C necessary

(�(�14C = –1250h)
Reimer 2013, Durand 2013
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Take-Home-Messages — 14.6 ka Event
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• Old permafrost is (so far) the only plausible source of very old
carbon virtually free of 14C.

• Permafrost thawing hypothesis still valid when new WDC CO2
data are considered, 85 PgC in 200 years lead to atm �CO2 of
15 ppmv.

• After the new WDC CO2 data, the C-amplitude gets smaller, but
the need for 14C-free C gets more urgent.

• Results can be used to U/Th-date the atmospheric CO2 peak
(starts to rise at 14.6 kyr BP).
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