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Preface 

Like most Earth scientists, we are intrigued and amazed by recent discoveries 
from ice-core and marine sediments that global climate and the ocean-atmosphere 
system can abruptly switch from glacial to near-interglacial temperatures within 
decades. Remarkably, this happened many times during and at the end of the last 
glacial episode, causing enormous disruptions in the global biosphere. Such discov- 
eries are double-edged, however. Along with the excitement they prompt comes a 
grand challenge: their explanation. We, and others, have wondered what factors can 
possibly drive the climate so far and so fast. Where does the energy come from? 
Understanding such phenomena becomes paramount in a world with increasing 
concern about the potential role of humans on global climate change. 

This book addresses such issues head on, if by an unconventional tack. We sug- 
gest that each of the numerous abrupt warnings during the last ice age was accom- 
panied by, and in part driven by, massive releases of methane into the ocean and 
atmosphere system by dissociation of "frozen" methane hydrates (clathrates) stored 
in marine sediments on the continental margins. A general consensus now exists that 
methane hydrates represent an enormous reservoir of carbon in the form of frozen 
methane that both stores and has the capability of suddenly releasing free methane 
into the ocean and atmosphere when environmental conditions are suitable. We also 
suggest that repeated emissions of methane (a potent greenhouse gas) promulgated 
other rapid feedbacks that assisted in driving the Earth's climate abruptly from gla- 
cial to interglacial temperatures. We refer to this hypothesis as the Clathrate Gun 
Hypothesis. 

The Clathrate Gun Hypothesis invokes processes that have been relatively 
inactive and unobserved by human beings during our cultural development and 
recorded history--the last 7000 years. This periodrathe latter part of the Holocene 
interglacial--was a time of high sea levels and warm and relatively stable atmos- 
pheric and ocean temperatures. Such conditions were ideal for methane hydrate sta- 
bility, and consequently, major emissions from the reservoir are outside the modem 
human experience. Before the middle Holocene, however, our human ancestors 
experienced dramatic shifts in climate and sea level, and some may have even 
observed and experienced the effects of massive methane releases into the 
ocean/atmosphere in near-coastal areas. 

Yet, because the methane hydrate reservoir has been largely stable during 
recorded human experience, its potential influence is little incorporated into gener- 
al models of past climate change. A recent major synthesis of abrupt climate change 
relegates the potential significance of methane hydrates to the category of "exotica 
and surprises." We believe that if methane hydrates were a current source of large 
methane emissions into the atmosphere, they almost assuredly would have been 
long considered an integral part of the climate system, which we suggest they are. 
Herein, we present much evidence that the methane hydrate reservoir has vigorous- 
ly interacted with the ocean and atmosphere in the recent geological past. 



Key discoveries made during the last decade have led scientists to recognize the 
importance of three areas of Earth science discussed in this book: (1) the extreme 
sensitivity of the Earth's environmental system to change during the last ice age; (2) 
the abruptness and near-global extent of major climate and environmental change 
that occurred over decades; and (3) an appreciation of the extent of the methane 
hydrate reservoir as a major carbon reservoir. This book presents an assessment that 
links all three into an integrated global hypothesis. It invokes inherently unstable 
methane hydrates as a critical component of the climate system in providing cru- 
cially needed energy to force and accelerate abrupt climate change. 

Our interest in the potential relations between climate change and methane 
hydrates derives from our studies of the dramatic paleoclimatic and paleoceano- 
graphic change recorded and contained in the methane-rich sediments of Santa 
Barbara Basin. Specifically, we began to formulate the ideas outlined in this book 
upon discovery in 1995 of a sequence of brief, highly negative carbon isotopic spikes 
exhibited in fossil planktonic and benthic foraminifers in Santa Barbara Basin sedi- 
ments. These immediately reminded us of a carbon isotopic spike in foraminifera dis- 
covered by Lowell Stott and Jim Kennett associated with the terminal Paleocene ther- 
mal maximum and major deep-sea extinction 57 million years ago, which Jerry 
Dickens later attributed to massive dissociation of marine methane hydrates due to 
deep ocean warming. We still find it remarkable that discoveries of the Earth's oper- 
ating style in its ancient past provide clues and critical insight into key climatic 
processes that may have operated in the near-recent geologic past, providing yet 
another example of the importance of the past as a key to the present and future. 

The present book integrates and summarizes widely disparate research fields in 
a process of consilience; although no single proof exists for the hypothesis present- 
ed here, a wide range of evidence supports it. For this reason alone, we hope that the 
book interests a broad range of Earth scientists. We expect it to be especially appro- 
priate for scientists compelled by the history, and processes, of the Earth as an inte- 
grated system but coming from different approaches, including: paleoceanography, 
climate dynamics, paleobotany, biogeochemical cycling, methane hydrates, and 
marine geology. In formulating this integrated hypothesis we recognize that differ- 
ent aspects are controversial. However, we hope that the present hypothesis stimu- 
lates further research on possible linkages and significance. To this end, we have 
outlined a number of research areas and tests that may clarify relationships and pro- 
mote better understanding of the causes of late Quaternary climate change. 
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