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[1] New ice core analyses show that the prominent rise in
atmospheric methane concentration at Dansgaard-Oeschger
event 21 was interrupted by a century-long 20% decline,
which was previously unrecognized. The reversal was
found in a new �100-year resolution study of methane in
the GISP2 ice core, encompassing the beginning of D-O
event 21, which also corresponds to the transition from
MIS 5b to 5a. Although a corresponding reversal (within
age uncertainty) is observed in climate proxies measured
in GISP2 ice, including d18Oice, electrical conductivity,
light scattering, and several ions, this feature has not
been discussed previously. Abrupt changes in methane are
paralleled by changes in d15N of trapped air, a quantity that
reflects local temperature change at Greenland summit. The
reversal described here supports the hypothesis that climate
can be unstable during major transitions, as was previously
described for the last deglaciation. Citation: Grachev, A. M.,

E. J. Brook, and J. P. Severinghaus (2007), Abrupt changes in

atmospheric methane at the MIS 5b–5a transition, Geophys. Res.

Lett., 34, L20703, doi:10.1029/2007GL029799.

1. Introduction

[2] Climate at high Northern latitudes was punctuated by
abrupt changes associated with the so-called Dansgaard-
Oeschger (D-O) events during the last glacial period [Alley
et al., 2003]. The D-O events are prominently recorded in
Greenland ice cores and other climate archives [North
Greenland Ice Core Project Members (NGRIP Members),
2004]. The effects associated with these events are thought
to have been hemispheric in extent [Alley et al., 2003].
Atmospheric methane changed dramatically during D-O
events and at deglaciation [Chappellaz et al., 1993; Blunier
and Brook, 2001]. Gas isotopes that trace abrupt tempera-
ture change show an increase that is synchronous with
methane within a few decades at the onset of all abrupt
D-O warmings studied so far [Severinghaus et al., 1998;
Lang et al., 1999; Severinghaus and Brook, 1999; Landais
et al., 2004; Huber et al., 2006].
[3] Methane emissions during glacial time are thought to

come mostly from tropical wetlands, with boreal peatlands
serving as an important secondary source. Increased tem-
perature and moisture balance favor increased methane
emissions from tropical and boreal regions. Because sink
strength is unlikely to have varied by more than 25%
[Valdes et al., 2005], and the oceanic methane hydrate
source appears to be stable, dramatic changes of climate
over large land areas are implied for D-O events [Flückiger

et al., 2004; Sowers, 2006]. This view is strengthened by
the speleothem records from China and subtropical Brazil,
reflecting abrupt changes in local moisture balance at all or
nearly all D-O events [Wang et al., 2001; Cruz et al., 2005;
Kelly et al., 2006a, 2006b]. Direct aerobic emission of
methane by land plants [Keppler et al., 2006] appears to
be small according to new experimental results [Dueck et
al., 2007].
[4] Figure 1 shows a �90,000-year ice core record of

atmospheric methane from the GISP2 ice core, with the
GISP2 d18Oice record and the Northern hemisphere summer
insolation shown for reference. The time interval encom-
passed by this study (82 to 87 ka) corresponds to the onset
of D-O event 21, the longest in the Greenland record, which
also corresponds to the transition from Marine Isotope Stage
(MIS) 5b to MIS 5a. This event was characterized by
Northern Hemisphere summer solar insolation reaching its
peak value associated with MIS 5a at around 84 ka,
conditions not reached again until last deglaciation. The
overall methane concentration change at the onset of D-O
event 21 was similar to the change at the last deglaciation
(Figure 1) [Brook et al., 1996], which was the largest
change in the Greenland record.
[5] In this paper we present a highly resolved atmospher-

ic methane record complemented by measurements of d15N
of N2 from the time encompassing the onset of D-O event
21. This record captures a transient reversal in the methane
concentration increase. This abruptly switching sequence is
analogous to the well-known Bølling-Allerod/Younger
Dryas/pre-Boreal sequence of changes in methane during
the last deglaciation [Chappellaz et al., 1993; Brook et al.,
1996], but occurred on a centennial rather than a millennial
timescale.

2. Experimental Methods

[6] A melt-refreeze air-extraction technique was
employed for methane measurements, modified from pre-
vious methods [Brook et al., 2000] to improve precision. Ice
samples (�62 gram) were cut in a �25�C walk-in freezer
and transferred to a �25�C lab freezer. Each ice sample was
placed inside a glass sample flask that was prechilled in a
cold ethanol bath (�64�C). The glass flasks had a total
volume of �125 cm3 and terminated in a glass-stainless
steel transition which was welded to a 2 3=4

00 stainless steel
Conflat flange. Eight flasks were attached to the vacuum
line with copper gaskets, while remaining submerged in the
�64�C cold bath. Flasks containing ice were evacuated for
1 hour after which the system was tested for leaks. The ice
was then melted with warm water (�20 min), and refrozen
in the cold bath for a minimum of 40 min. The released air
was analyzed four times by direct expansion into a �10 cm3

stainless steel sample loop of the gas chromatograph. An
Agilent 6890 N gas chromatograph with flame ionization
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