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PREFACE

Terms such as continental drift, seafloor spreading, and plate tectonics are understood even by nongeologists
to reflect the mobility of the Earth’s lithospheric plates. The revolution in the Earth sciences that took place
in the 1960s has changed our view of the Earth. The former view was that of a fairly static planet with
occasional mountain-building episodes of uncertain origin. Our current view is that of a dynamic system of
continental and oceanic lithospheric plates with frequently changing relative motions that are largely respon-
sible for the structural evolution of the Earth. Paleomagnetism provided some of the quantitative data about
past locations of continents and oceanic plates; these observations have become cornerstones of plate
tectonic theory. Today paleomagnetism is providing evidence about motion histories of suspect terranes
with respect to continental interiors and is enlightening the processes by which continents grow and moun-
tain belts form. In addition, paleomagnetism has provided major refinement of stratigraphic correlations and
geochronologic calibrations of both marine and nonmarine fossil zonations. These geochronologic ad-
vances have major implications for patterns and rates of biological evolution.

In both the tectonic and geochronologic applications of paleomagnetism, there has been an explosion in
scientific literature over the past 20 years. Modern paleomagnetism was initiated in a few modestly equipped
laboratories in England, France, the United States, and Japan with a world population of about a dozen
paleomagnetists in the late 1950s. Paleomagnetism has now grown to be a technologically sophisticated
research field with scores of laboratories and several hundred scientists with a research emphasis on paleo-
magnetism. Because of the wide and growing influence of paleomagnetism, many Earth scientists find
themselves in need of basic knowledge of paleomagnetism. But without guidance by an instructor with
research experience in paleomagnetism, it is difficult to build a basic knowledge base of the subject from the
existing (and rather imposing) body of paleomagnetic and rock magnetic literature. This book is intended to
teach the interested Earth scientist (student or otherwise) how paleomagnetism works. An introduction to
the fundamental principles of paleomagnetism is provided along with examples of tectonic and geochrono-
logic applications.

Emphasis is placed on providing a firm foundation in the basics of the paleomagnetic technique. The
building blocks are geomagnetism, rock magnetism, and paleomagnetic methods. Chapters 1 through 7
build knowledge of the paleomagnetic method to an “intermediate” level. In the early chapters (especially
Chapters 2 and 3), you must learn many new concepts about physics of magnetism without really knowing
how this information will eventually apply to paleomagnetism. While the physics and mathematics required
to understand each individual concept are not particularly difficult, the sum of these new concepts presented
in rapid succession is indeed challenging. Effort and diligence invested in these early chapters will pay back
major dividends in later chapters. Invariably, students who understand and appreciate paleomagnetism
have an effective working knowledge of geomagnetism and rock magnetism.

Chapters 4 through 7 develop the methodology of paleomagnetism. These chapters are the “nuts and
bolts” of the paleomagnetic technique. Topics include sampling schemes, basic laboratory procedures that
put the rock magnetic principles to work, and statistical treatment of paleomagnetic data. lllustrations and
real examples are emphasized because this material is largely geometrical, and pictures simply work better
than words in developing an intuitive feel for the principles of paleomagnetism.

Chapters 8 through 11 are the applications chapters, the rewards for learning the principles of paleo-
magnetism. These chapters employ a “case example” approach. A small number of research applications
are discussed in some detail rather than attempting to provide a complete summary of all past and present
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applications. Chapter 8 explores several topics in rock magnetism that expand on the basic rock magnetic
principles introduced in Chapter 3. The development of the geomagnetic polarity time scale is briefly re-
viewed in Chapter 9. This review is followed by example applications of magnetic polarity stratigraphy to a
variety of geochronologic problems. Chapter 10 introduces principles of paleomagnetic applications to
paleogeography and investigates formation and dispersal of supercontinents during the Phanerozoic. In
Chapter 11, applications to regional tectonics are introduced with emphasis on the role of paleomagnetism
in the developing views of crustal mobility. In these applications chapters, special note is made of how the
principles presented in early chapters are critical to classic and current applications of paleomagnetism.

In the early chapters, in which the emphasis is on developing fundamental concepts, suggested read-
ings are listed at the ends of the chapters rather than including references within the text. But in the appli-
cations chapters, references are included to provide the accurate impression of an evolving paleomagnetic
database and differences in interpretations of the observations. These references can also serve as a guide
to specific research topics that the reader may wish to explore. An appendix provides the details of math-
ematical derivations that lead to results used in the main text. Very little about the history of paleomag-
netism is presented here, mostly because others have provided excellent personal accounts (see Sug-
gested Readings).

Throughout the text, the first occurrences of important terms or key concepts are printed in italics. This
draws special attention to the definitions and concepts that must be mastered to understand paleomag-
netism. At least the first occurrences of vector quantities are printed in bold type to emphasize that these
guantities have both direction and magnitude. Although subsequent occurrences of these vector quantities
are usually printed in regular type, it is important to keep the vector nature of these quantities in mind. A few
problems are included at the ends of Chapters 1 through 7. Working these problems will help you grasp the
fundamentals presented in these chapters. A solutions manual is available from the publisher to instructors
adopting this book for their courses.

Given this introduction to the game plan of the book, you understand the approach that we will take.
With a working knowledge of the material presented in this book, you will be able to read current paleomag-
netic research articles and understand the basic objectives, methodology, and results. Now let’s just do it.

SUGGESTED READINGS

W. Glen, The Road to Jaramillo, Stanford Univ. Press, Stanford, 459 pp., 1982.

This book covers the development of the time scale of geomagnetic polarity reversals and its role in
plate tectonic theory. Excellent history of science with the personalities of the scientists left in.

E. Irving, The paleomagnetic confirmation of continental drift, Eos Trans. AGU, v. 69, 1001-1014, 1988.
An excellent personal account of the paleomagnetic research leading to the confirmation of Wegener’s
continental drift hypothesis.

R. T. Merrill and M. W. McElhinny, The Earth’s Magnetic Field, Academic Press, London, 401 pp., 1983.
Chapter 1 provides a thorough history of geomagnetism and paleomagnetism.

N. D. Opdyke, Reversals of the Earth’'s magnetic field and the acceptance of crustal mobility in North

America: A view from the trenches, Eos Trans. AGU, v. 66, 1177-1182, 1985.
A personal account of the discovery of magnetic polarity reversals in deep-sea sediment cores and
events leading to acceptance of seafloor spreading by Lamont Observatory personnel.

D. H. Tarling, Paleomagnetism, Chapman and Hall, London, 397 pp., 1983.

Chapter 1 provides a thorough account of the history of paleomagnetism. Covers many subjects
that are not treated in this book.
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