
Mid-Ocean Ridges

The world’s mid-ocean ridges form a single, connected global ridge system that is part of
every ocean, and is the longest mountain range in the world. Geologically active, mid-ocean
ridges are key sites of tectonic movement, intimately involved in sea floor spreading. This
coursebook presents a multi-disciplinary approach to the science of mid-ocean ridges –
essential for a complete understanding of global tectonics and geodynamics. Designed for
graduate and advanced undergraduate students, it will also provide a valuable reference
for professionals in relevant fields. Background chapters provide a historical introduction
and an overview of research techniques, and following chapters cover the structure of the
lithosphere and crust, and volcanic, tectonic and hydrothermal processes. A summary and
synthesis chapter recaps essential points to consolidate new learning. Accessible to students
and professionals working in marine geology, plate tectonics, geophysics, geodynamics,
volcanism and oceanography, this is the ideal introduction to a key global phenomenon.

� Supports students and professionals new to technical aspects or geographic areas with a
full glossary and extensive directory of feature names.

� Avoids jargon and fully introduces and defines technical concepts and terms.
� Richly illustrated, including colour figures and comprehensive data tables.
� Extensive references provide detailed starting points for further study, and a valuable

resource for professional researchers from many different fields.

Roger Searle is Emeritus Professor of Geophysics at Durham University. He has spent
40 years studying mid-ocean ridges, and was a pioneer in the use of side-scan sonar to
study their geodynamic, tectonic and volcanic processes. In his research he also uses topo-
graphic analysis and gravity and magnetic modelling to understand ridge structures. He was
awarded the Royal Astronomical Society’s Price Medal in 2011 and elected a Fellow of the
American Geophysical Union in 2012. Professor Searle has worked in many of the world’s
major oceanographic institutions, participated in 37 research cruises and led 18. He was
first full chairman of the international research organisation InterRidge, and has served on
national and international committees, including chairing the International Ocean Drilling
Program’s Site Survey Panel.
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‘This volume provides a comprehensive, up-to-date and authoritative account, extensively
illustrated and referenced, of the geology, the morphology, the tectonics and the chemistry
of the ridges, relating these to the underlying mantle movements. It also describes in detail
the techniques used in these studies. Professor Searle has been at the forefront of research
on the mid-ocean ridges throughout his career, and has produced an ideal textbook both for
students and those currently researching the geology of the ocean floor.’

– Sir Anthony Laughton, FRS, formerly Director of the Institute of Oceanographic
Sciences, UK

‘Professor Searle has done a superb job of summarizing and analyzing the history of, and
the latest insights into, mid-ocean ridges, ranging from ultra-slow to fast spreading rates
and including the tectonics, geophysics, geochemistry, volcanism and hydrothermal activity
of this “longest mountain range in the world.” This is an essential volume for any student
or researcher studying mid-ocean ridges, both those in the Earth sciences and those with
backgrounds in marine biology, chemistry oceanography, physical oceanography and other
related fields.’

– Ken C. Macdonald, Emeritus Professor of Marine Geophysics, University of
California at Santa Barbara
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To my family.

‘Could the waters of the Atlantic be drawn off so as to expose to view this great sea-
gash which separates continents, and extends from the Arctic to the Antarctic, it would
present a scene the most rugged, grand and imposing. The very ribs of the solid earth,
with the foundations of the sea, would be brought to light . . . ’

Matthew Fontaine Maury (1860)
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Preface

Mid-ocean ridges are where the oceanic crust, which covers over 60% of the Earth’s surface
and is renewed every 200 million years or so, is generated. They are thus features of
first-order importance in the Earth system. Mid-ocean ridges were discovered some 150
years ago, and have been studied with increasing intensity and detail since then. We are
now beginning to have an outline level of understanding of their structures and processes.
Ridges are primarily studied by geophysicists and geologists. But chemists are interested
because ridge crest hydrothermal systems exchange chemical elements between the rock of
the oceanic crust and the overlying ocean waters; physical oceanographers are concerned
with how ridge topography and geothermal heat influence ocean waters and currents, and
biologists study the unique ecosystems that inhabit hydrothermal vents, which may hold
clues to the origins of life and the nature of the ‘deep biosphere’ of microbes that live deep
in crustal rocks.

This book attempts to set out an overview of the current understanding of mid-ocean
ridges across most of the scientific disciplines involved. I have tried to make it reasonably
comprehensive, while admitting that an encyclopaedic coverage is certainly beyond my
ability. I intend the book to be suitable for a wide audience, in terms of both their level
of prior knowledge and the nature of their disciplines. Thus I hope it can be used as
a general introduction and reference by senior undergraduates and starting postgraduate
students taking courses in, for example, geodynamics, Earth systems or oceanography, by
doctoral students as a starting point for their researches, and by both academic and other
professionals who may need an introduction or reference to areas outside their immediate
specialties.

My aim has been to highlight at least some of the milestone papers that have influenced
our understanding of ridges, and to use illustrations from them. The bibliography is by no
means comprehensive, but I hope it contains enough key references to serve as a useful
starting point for further research. I have provided a brief historical background to ridge
studies, and have included two appendices to aid the reader new to this field. Appendix A is
a glossary of technical terms used, and Appendix B is a directory of feature names, briefly
giving the nature of each feature referred to in the book and its geographical location.

The book includes brief mathematics, including some critical equations where appro-
priate, but is largely non-mathematical. However, I have tried to make clear the physical
principles involved in the various processes described. There is no detailed discussion
of petrology or biology, although I have tried to give an outline of key petrological and
biological issues where required.

The book starts with an introduction followed by a brief historical review of techniques.
It then follows a logical path through the lithosphere, ridges as plate boundaries, crustal
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xii Preface

structure, volcanism, tectonism and hydrothermal systems. Each chapter has a brief sum-
mary of the main topics covered. Each can be read more-or-less independently, especially
with the help of the appendices, and ample cross-references are provided. The final chapter
summarises the descriptions given in the earlier chapters, and attempts to set them in a
unified conceptual model that synthesises current thinking. The reader seeking a quick
introduction to mid-ocean ridges might start at this final chapter, before referring to earlier
chapters for details.

SI units are used throughout, and temperatures are given in degrees Celsius (°C). Years
are indicated by ‘a’, with thousand years and million years denoted ‘ka’ and ‘Ma’. Figures
generally have scale bars or, if not, latitude scales. A useful guide is that one degree of
latitude is approximately 111 km, and one minute of latitude (1/60th of a degree) is about
1 mile or 1.8 km. North is to the top unless otherwise indicated.

I am greatly indebted to the many colleagues and students who over the years have
informed, encouraged, argued and generally contributed to my nevertheless sadly limited
understanding of mid-ocean ridges. There are too many individuals to name, and it would
be invidious to list just a few, but thanks for your friendship on this exciting journey. I must,
however, particularly thank Suzanne Carbotte, Colin Devey, Gretchen Früh-Green, Rachel
Haymon, Marvin Lilly and Ken Macdonald for reading and providing invaluable comments
on draft chapters, thereby saving me from a number of howlers. Any remaining errors and
omissions are, of course, my responsibility alone. I am also indebted to John Gould, Mark
Holmes, Dave Sandwell, Martin Sinha and Adam Soule, who supplied original versions of
illustrations. The writing was supported in part by a Leverhulme Trust Emeritus Fellowship.

I am grateful to all rightsholders who kindly gave permissions for re-use of figures in
this book. In every case, reasonable effort was made to establish the correct rightsholder,
and credit to the source is given for all figures, but in the case of any unfortunate omission,
the rightsholder should contact the publisher to arrange correction.

Finally, I must thank my family for their forbearance during the writing of this book;
until I began it I did not realise how appropriate this traditional acknowledgement is! They
have suffered many weeks of my self-imposed isolation with computer, books and reprints,
not to mention the four years of my life spent on research expeditions at sea. Thank you to
them for their enduring support and encouragement.
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