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The methane hydrate reservoir has largely been ignored as a component of
climate change in the Quaternary. However there is growing acceptance that changes in
the methane hydrate reservoir played an important role in climate change prior to the
Quaternary. The origin of several brief episodes of global warming has been linked with
massive dissociation of hydrates and CH4 transfer into the ocean/atmosphere as recorded
by large, negative carbon isotope excursions.

The remarkable similarity of atmospheric methane (CH4) and temperature
variations recorded in ice cores suggests that CH4 played an important role in late
Quaternary climate change. We have proposed that the late Quaternary (last 800 kyr) was
also a time of significant instability of the methane hydrate reservoir and associated
episodic greenhouse climatic forcing due to transfer of CH4 to the atmosphere (Kennett,
Cannariato, Hendy and Behl, submitted).

Unlike the prevailing interpretation that continental wetlands were the principal
source for the rapid atmospheric CH4 increases during the late Quaternary, we suggest a
marine sedimentary methane hydrate source. Negligible wetland ecosystems existed
during the last glacial episode as a result of global aridity, low sea level, incised, well-
flushed river systems and low water tables. Wetland ecosystems were insufficiently
developed during the last glacial episode to account for the rapid atmospheric CH4
increases during glacial and stadial terminations recorded in polar ice cores. The large,
modern wetland ecosystems (peatlands, tropical floodplains, and coastal wetlands)
developed almost exclusively during the Holocene, well after the rapid atmospheric CH4
increases during the last glacial termination.

According to the Clathrate Gun Hypothesis (Kennett et al., submitted) episodic
atmospheric CH4 emissions resulting from instability of the marine sedimentary methane
hydrate (clathrate) reservoir contributed significantly to the distinctive behavior of late
Quaternary climate on orbital (Milankovitch) and millennial time scales. Resulting CH4
releases to the atmosphere/ocean system provided crucial amplification to "jump-start"
rapid warmings at stadial and glacial terminations that were significantly reinforced by
other greenhouse gases, especially water vapor. Collectively, these changes shifted the
climate system into an interglacial/interstadial state.

Late Quaternary methane hydrate instability occurred largely because of frequent,
rapid upper intermediate water temperature oscillations over wide areas of the upper
continental margins in the depth zone of potential hydrate instability. These temperature
oscillations led to successive intervals of methane hydrate instability during the
transitions and early portions of warm intervals and stability during cool intervals.
Switching to sources of warm intermediate waters at stadial and glacial terminations
created instability in the methane hydrate reservoir and massive release of CH4 into the
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ocean/atmosphere system due to sediment disruption that unroofed hydrates on the upper
continental slopes. This led to the well-known abrupt warmings of the late Quaternary on
different time scales and magnitudes and also produced the sawtooth pattern of late
Quaternary climate and atmospheric CH4 variability exhibited in the 100-kyr cycle, Bond
cycles, and individual interstadials. The hypothesis predicts extensive instability of upper
continental slope sediments during rapid atmospheric CH4 increases. This instability
would have been reflected by widespread development of slumps, debris flows, and
pockmarks on continental slopes, and associated mass sediment transport into the ocean
basins.

Many fruitful areas exist to test the hypothesis that the methane hydrate reservoir
was inherently unstable during the late Quaternary and was a crucial component in
climate change. These include, but are not limited to the following:

•  Geochemical tests of primary CH4 source during abrupt atmospheric increases.
•  Refine models and chronology of CH4/temperature phasing in ice cores.
•  Better determine wetland evolution and variability.
•  Strengthen proxies of past oceanic CH4 emissions.
•  Determine variability of major CH4 emissions from hydrates.
•  Investigate shifts in intermediate water masses and associated temperature change.
•  Determine history of oceanic mass sediment wasting.
•  Refine climate models to include CH4 changes from hydrates.
•  Expand global studies of abrupt millennial scale climate change.
•  Compare earlier millennial/decadal scale climate behavior with the Quaternary.
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Late Paleocene Thermal Maximum (LPTM):
ODP Sites 689 & 690,  Antarctic Ocean

Surface water temperatures, Antarctica

222

δ180

Stott et al., 1990;

Kennett & Stott,

1995



Late Paleocene Thermal Maximum (LPTM)

Kennett & Stott, 1991

Shows major negative carbon isotopic shift, now widely interpreted to reflect
massive methane release from gas hydrates (Dickens et al.,1995).



Late Quaternary
Glacial/Interglacial
Cycles of:

CH4

CO2

δD (temperature)

Vostok Ice Core

This shows:
      cyclic behavior in all
three records

     abrupt warmings
associated with CH4 and CO2
increases at
glacial terminations

    also note: 100 ky sawtooth
pattern

CH4 (ppbv)

δD (‰SMOW) Petit et al., 1999



Millennial to decadal scale 
climate variability:
23 to 58 ka

Hendy and Kennett, 1999; 
Peterson et al., 2000;
Sachs and Lehman, 1999;
Dansgaard et al., 1993 and 
Stuiver and Grootes, 2000

 Demonstrates stadial/interstadial
oscillations (DO cycles)

 Recorded in Northern 
Hemisphere oceans and 
Greenland

 Atmospheric telecommunication



Millennial scale climate variability

  Closely associated with rapid 
changes in atmospheric CH4 

Brook et al., 2000

Note abrupt increases in CH4



Wetland Methane Hypothesis:
source of methane variability?

Global distribution of modern mires

Gore, 1983



Vegetation zones:
     Modern vs. Glacial

Adams et al., 1990

Main point:

Glacial earth dominated
by dry vegetation biotopes
and ice cover.

Peatland areas insignificant.



Changing Distribution of
Peatlands (Sphagnum moss)
on North America: Glacial to Modern

Gajewski et al., 2001

19 ka 13 ka

11 ka 9 ka

5 ka 1 ka

Peatlands absent during Glacial

Sphagnum expansion largely 
occurred during mid-late 
Holocene



A RE A A G E  ( k a) CHA NGE R EF E RE N C E

C entr al B r azi l
< 6

< 7

Fl o o d  plains a n d  a sso ciate d
w etl a n ds.

Sw am p a n d  m ars h
v e g etation .

T u r c q et al ., 1997

Salg a d o-L a b o uri a u et al. , 1998

R io  Negro  Riv er
~ 4

W hite W ater to  B la c k W ater
tr a n siti o n .

L atr u b esse  &  Fr a n zin ell,  1 9 9 8

U p per  P ara n a
R iver ,  Brazil

8 - 5 W id e F l o o d plain s f o rm e d. St e v a u z &  D os Sa ntos,  1 9 9 8

N ort her n  Bra zil
7 - 6

~  2 . 5

L o w  e ner g y  riv er s y ste m .

B lo c ked ri v er s yst em;
in u n d ate d f orest s .

B eh ling  &  Lim a  Da C ost a , 2000

S out hern a n d
C entr al B r azi l

7 - 4 Sw am p v e g etatio n . L e d r u et al ., 1 9 9 8 a,b

W este rn A m azo nia 4.7 Po o rly drain e d  wetla nd
d e v elop m e nt.

B eh ling , e t  al., 1999 ,
B eh ling  &  H o o g hiemst r a, 1 9 9 9

C entr al C olum bia
A m azo n

~ 3 . 3 W etla n d v e g etation ; m aj or
sea s o n al f l o o ding .

B eh ling  et a l.,  1 9 9 9

E a ster n  Am azo n
B a sin

~  8

~  3

A ctiv e t o  p assiv e r i ver
s yst em .

B lo c ked ri v er s yst em .

B eh ling  et a l.,  2 0 0 0

C olumb i an L l an o s
w etl a n ds

< 3 . 3 W etla n d d e v elop m e nt B eh ling  &  H o o g hiemst r a, 1 9 9 9

G u a y a n a  S hield ~ 8 In itia l p e at a c c um ulati on . Sc h u b ert , 1998

B oli via n  Am a z on i a 3 Sa v a n n a to  rainfo rest M ayle  et al., 2000

Timing of
Wetland
Development:

 Tropical South
America



��Wetland Hypothesis for CH4 source not supported by 
geological evidence
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Santa Barbara Basin

Carbon Isotopic Spike:
~36.8 ka
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Benthic Planktonic

Low resolution

          vs.

High resolution
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