PALEOMAGNETISM:
Magnetic Domains to
Geologic Terranes

Electronic Edition, May 1998

By Robert F. Butler
Department of Geosciences
University of Arizona
Tucson, Arizona



Preface to the Electronic Edition of
Paleomagnetism: Magnetic Domains to Geologic Terranes

This electronic version of Paleomagnetism: Magnetic Domains to Geologic Terranes is made
available for the use of “students of paleomagnetism.” In this context, “student” means anyone
who has sufficient interest in paleomagnetism to read through this text in an effort to gain a basic
understanding of the subject.

Following the decision by Blackwell Science Inc., the original publisher, to no longer make the text
available in hardcopy, | obtained the copyright to the book in an effort to keep it available to inter-
ested parties. | was encouraged by several people, most notably Mark Besonen of the University
of Massachusetts Amherst, to reformat the text into PDF files which could be accessed using the
internet or via ftp. As with all such efforts, this operation took much longer than originally imagined,
although it was relatively straightforward. As is also often the case, someone other than the author
did most of the work. In this case, that someone was Norman Meader. Norm took on the task of
learning PageMaker and Adobe Acrobat in order to transform the book from text and graphics files
into PDF files. Many hours of Norm’s time went into this effort. All | had to do was proof the
chapters as he completed the conversions. | am very grateful to Norm for his major effort on this
project and his careful attention to detail. | also thank Steve Sorenson for his management of the
computer system on which the files for this electronic version of the book are maintained.

Because | now hold the copyright to Paleomagnetism: Magnetic Domains to Geologic Ter-
ranes, it is within my legal right to permit users to make copies of this electronic version for their
personal use. | hereby grant permission to anyone making a hardcopy of these PDF files to make
additional hardcopies by xerography or other means for noncommercial use. The obvious impor-
tance of this permission is to allow instructors of classes or groups of students to make as many
hardcopies of this book as they wish at the lowest possible cost. If you wish to have hardcopies
made by a commercial firm, | recommend that you show this page to the personnel at such firms
to assure them that no copyright is being violated by making hardcopies for personal use or use in
formal or informal classes.

If you wish to make a citation to Paleomagnetism: Magnetic Domains to Geologic Terranes :
you should cite the original 1992 printed version using standard citation styles.

Sincerely,

(7 L Can

Robert F. Butler

Professor of Geosciences
University of Arizona
Tucson, AZ 85721

May 1998



Paleomagnetism: Magnetic Domains to Geologic Terranes i

TABLE OF CONTENTS

PREFACE ... ettt et e e e e e e e e e e e e e e ee e Vi
ACKNOWLEDGMENTS ..ottt e e e e e e e e e e e e e e e e e s s eaeeeneeeees viii
CHAPTER 1 INTRODUCTION TO GEOMAGNETISM ...ouiiiiiiiiiiiiiiiiieeeeeeee 1
S0ome BaSIC DEINILIONS .....coeiiiiiiiiiiiiie e e e e e e e e e e e 1
Geocentric AXial DIipole MOEI ..........oiiiiii e 3
The Present GeomagnetiC FIeld .........ooovveeiiiiiiiiii e e e 4
GeomagnetiC SeCUlAr VariatiON .........coooei oo 7
Origin of the GeomagnetiC FIeld ..........ccoooiiiiiiiiece e 10
AppendixX 1.1: ADOUL UNIES ..ot e e e e e e e e e e e e e e e eeanennnes 12
SUQQESLEd REAUINGS ....ceeeeiiiiiiiiiiie ettt e e e e e e e e e e et et e et bbb e e e e e e e e aeaaaas 15
PIODIEIMS et e e e e e e e e e e e e e e 15
CHAPTER 2 FERROMAGNETIC MINERALS ...ttt 16
Magnetic Properties Of SOIAS ........oovvvuiiiiiiiiiiee e e e e e e e e e eeeanaannes 16
D F= T =T 1= 11 o PSPPSR 17
ParamagneliSIM .......e oot et ——— b a e e e e e e e e e eeeaaaree 17
T o] g F=To [T 1] o PP 18
Mineralogy of Ferromagnetic MINEralS .........ccooouiiii i 20
L= T ToT 0= Te ] 1= 1L (= 20
TIANONEMALILES ...t e e e e e e e e e 23
PrMary FETI OXIAES ...t e e e e e e e e e e eeeeenenees 25
{0 1] 1 o] o PP PPPPPPPPPPPPPR 26
DEULEIIC OXIOALION ...ttt ettt e e s e e e e e e e e e e e e eeeeennnees 27
Low-temperature OXIdatioN .............ouuuuuuuiiiiiiiiie e e e e e e e e e e e e e e e e eeeeaaeene 28
[ron oxyhydroxides and SUIfIdES ...........uuuuiiiiiiiii e 29
YW oo TSy (= To [ E == o Vo <R 29
[ 0] 0] [T 41 PP PP P PP PPPP TP 30
CHAPTER 3 ORIGINS OF NATURAL REMANENT MAGNETISM .....cccccceveennnn. 31
Ferromagnetism of FiNe PArtiCIES .........ouuuuiiiiiiiiiiie e 31
AV F= Vo [ L] (oo (o] o =V 1 1 PP 31
SINGIE-AOMAIN GIaAINS .....eviiiiiiiiiei e e e e e e e e 32
T (T = Toa o] g =T 01T o Y PSS PPPPPPPPPPPRPRPN 33
The internal demagnetizing field...........ooovrieerieii e 34
Magnetocrystalling @aniSOIIOPY ....ccevvuuurrruiiiiiie e ettt e e e e e e e e e eeeaeeeee 36
Hysteresis in SiNgle-domain grainNsS .........ccooeeorieeeeeeei e e e e e e e e e e eeeeeeeanenne 36

Hysteresis of multidomain grains..............ooiii e 39



Paleomagnetism: Magnetic Domains to Geologic Terranes i

Pseudo-Single-domain graiNs ...........uuuueueiiiieeee et e e e e e e e e e eeeeeeeenes 39
Magnetic relaxation and superparamagnetiSM ...........coeuuuuurrmiiiiiranieeeeeeeeeeeeeeeeeennnnens 39
BIOCKING tEMPEIAIUIES .....cceeeiiieeeeeee e e et e e e e et e e e e s e e e e e e e e e e eeeeeeneennnnnes 41
Natural Remanent MagnetiSm (NRM) ........uuiiiiiiiiie s e e e e e e e e e eeeaaaneees 42
Thermoremanent Magnetism (TRIM) .....coooiii e 43
A theoretiCal MOTEI ..........uuiiiiiiii e 42
Generalizing the MOAEl ..........iiii i e e 45
PTRM ittt e ettt artaaaaaaaaaaaaaaaaaaaaana 47
GraiN-SIZE EffECTS ...uuiiiiiiiiiiii e 47
Chemical Remanent Magnetism (CRM) ......ccoooiiiiiiiiieerr e 48
Model of CRM fOrMALION ........ooiiiiiiiiiiiii e e e e e e e e e e eeeeeeee 48
Detrital Remanent MagnetiSm (DRM) .......uuuuiiiiiiiieeeee et e e e e e e e e e e aaeeeeeeannnes 50
Depositional DRM (the classic MOdel) .......ccoooeeieiiiiiieeeeie e 50
Evidence for postdepositional alignment ... 52
Brownian motion and postdepositional alignment .............ccccceeeiiiiiiiieeiiiieeeeeeeeiiiee 54
GraiN-SIZE EffECTS ...uuiiiiiiiiiiiie e 56
LOCK-IN OF DRIM ..ottt s e e e e e e e e e e e e e e eeeeeannnees 56
Viscous Remanent MagnetiSm (VRM) ......uuuuiiiiii et e e e e e e e e e e eeeaaaannnes 56
ACUISITION OF VRIM .t e ettt s e e e e e e e e e e eaeeeeeennnnnes 57
VRM in PSD and MD PAItICIES ......coouuuiuuiiiiiiiiiie et eeeeeeenaeees 58
Thermoviscous remanent magnetisSm (TVRM) .....uuiiiiiiiiiieceeeeeeeer e 58
Caveats and SUMMAIY ........uuueiiieeeeeeeeeeeeeeeeeeaeai e e e e e e aeaeeeeeeeareassnsnn e e aaeaaaaeeees 61
Isothermal Remanent Magnetism (IRM) .........eiii e 61
YW oo TSy (= To [ 2 == o 1 Vo <SSR 62
[ 0] 0] [T 41 PP PP PP PP PP PPN 62
CHAPTER 4 SAMPLING, MEASUREMENT, AND DISPLAY OF NRM ................ 64
Collection of Paleomagnetic SAmMPIES.......ccoooi i 64
Sample COlECHION SCNEME .....uueiii e e e e e e 64
TYPES OF SAMPIES ...t e e e e e e e e e 66
Some comments on sample collection Measurement of NRM .........ccccoevviiiiieennnnn. 68
Display of NRM dIF€CHIONS ......cooiiiiiiiiiiiiiiiiiie et e e e e e e e e eeeeeeeee 68
Sample coordinates to geographic dir€Ction ..........cccooeeeieeeeiiiiiiieiiiirre e 70
Bedding-tilt COMECHION .........coiiieiieeee e e e e e e e eeeeeeee 71
Evidences of Secondary NRM .........ooooiiiiiiiiiiiiii et e e e e e e e e e e e eeeeeennnees 73
CharacCteriStic NRIM ..ot e e e e e e e aaas 73
NRM diSTHDULIONS ... e e e e e e e e e e e e e 73
Identification of Ferromagnetic MINEralsS ...........ccooiiiiiiiiiiiiiii e 75
YT To 0 oo o )Y A PPPPRPR 75
Curie temperature determination .............oooviiiiiiiiiiiiiii e e 75
Coercivity SPECIrUM @NAIYSIS .....cccoieeeiieeieeeeeeerr e e e e e e 77
YU oo [SIST (=To [ R U=T= o 1T T RRPPPP 79
PIODIEIMS <.t e e e e e e e e e e e e e e e e 79
CHAPTER 5 PALEOMAGNETIC STABILITY oottt 81
Partial Demagnetization TECNNIQUES .........uuuuuuiiiiieee ettt e e e e e e eeeeeeeeees 81

Theory of alternating-field demagnetization ...............ccccoevviiiiiiiiiiiciie e, 81



Paleomagnetism: Magnetic Domains to Geologic Terranes ii

Theory of thermal demagnetization ................uuiiiiiiiiii e 82
Chemical demagnetiZation ............cccoeeiiiiiiiiees e e e e e e 83
Progressive demagnetization teChNiqUES ...........ccooviiiiiiiieiiicee e 84
GraphiCal dISPIAYS ......coeeiiiiiiiiie e 84
SOME ral EXAMPIES ... 88
Overlapping blocking temperature or coercivity SPectra..........cccuuvvvvvvciiiiieeeeeeeeeenn. 91
More than tWO COMPONENTS? ...ceeiiiiiiiiiiiiiie ettt e e e e e e e e e e eeeeeeaaanees 93
Principal component @NalYSIS ........oeuuuuiuiiuiiiiiie e 93
AdVaNCed tECNNIGQUES .....ccoeieeeeeeeeeeeeee e e e e e et et s e e e e e e e e e e eaeeeeeeesnnnes 95
Field Tests of Paleomagnetic Stability ............ccoooiiiiiiiiiiiii s 95
THE TOIA TEST ... e e e e e e e 95
Synfolding MAagNEtIZALION .........cccoeieiiiiieiieeeeer e e e e e e eaas 96
(0] gTo| (0] 0 g [T = 1IN (S AU 98
REVEISAIS TS ...ttt ettt e e e e e e e e e e e e e eeeeeeeees 98
Baked contact and CONSISIENCY LESES ......uiiiiiiiii e e e 99
YU oo [SISy (=To [ R U=T= o [ T PR 100
g 0] 0] =0 0 F PP PUPPPPPPPUPPPPRTTR 101
CHAPTER 6 STATISTICS OF PALEOMAGNETIC DATA ... 103
The Normal DIStrDULION .........iiiiii e e e 103
The Fisher DIStrDULION ........ooooiiii e 105
Computing @ MEaAN AIFECTION ......uiii e 106
DISPErSION @SHMALES ......cooiiiiiii it e e e e e e e e e e e e eeeeeeeeenes 107
A CONFIAENCE IIMIT ... e e e e e e e e e e e 108
SOME HHUSTIALIONS ... e e e e e e 108
Non-Fisherian diStriDULIONS ..........oouuuiiiiiiii e 111
SItE-MEAN DIFECHIONS ...ceeieeeieee et e e e e e e e e bbb ereeeaaaeaeeas 113
SIGNIfICANCE TESES ...ttt e e e e e e e e e e e e e e e e e eestebaann s 115
(7o ga]oF=TqTTo [o [T =Tox i o] o IS PR 116
TS Of FANUOMNESS ...t e e e e e e e e e e e e 116
Comparison of precision (the fold test) ... 117
YU oo [SISy (=To [ R U=T= o [ Vo PP 118
PIODIEIMS ..t e e e e e e 119
CHAPTER 7 PALEOMAGNETIC POLES ...ttt 121
Procedure for Pole DetermiNation ............uuueeiiiiieie ettt e e e e e e e eeeeeeeeees 121
TYPES OF POIES ...t e e e e e e e e e e e e e et a e e e e e e e e eaees 121
GeoMAGNELIC POIE ... 123
Virtual geomagnetiC POIE ........oooviiieeeee e 124
PaleomagnetiC POIE ... 124
Sampling of Geomagnetic Secular Variation ...............cccceeieiiiiieeeeeeeeeeeeeeee e 126
Paleosecular Variation .............oooeiuiiiuiiiiiae et e e e e e e e e e e e e eereaaanes 126
Holocene lavas of western United States............ccccciiiiviiiiiiiiiiiieeeeeeee e 128
Example PaleomagnetiC POIES ...........uuuiiiiiiiiiii e eeeeeeaaneees 128
Paleocene intrusives of north-central Montana ............cccueveeeeiiiiiiiiiiees 128
Jurassic rocks of SOUtheastern AriZONA .........cooeeeeeiiiiiiiiiiiiiee e 131

B Yo o 0] o [T g o= S SR 131



Paleomagnetism: Magnetic Domains to Geologic Terranes v

CaveatS and SUMIMEAIY .......ooiiiieiiiiiiiiiae e e e et e e e e e e e e e e e eeeeeeeesnssnnnnn e as 133
YU oo [SISy (=To [ R L=T= o [ Vo PSR 135
g (0] 0] =T 0 F PSSO PUPPPPUPPPPPPPPTTR 136
CHAPTER 8 SPECIAL TOPICS IN ROCK MAGNETISM ....cccoiiiiiiiiiiiiiiieeeiiiis 137
Paleointensity from Thermoremanent Magnetization..............ccccceeeiiiiiieeeeiiiieeeieiiiiiiees 137
INClination Error Of DRIM ...t e e 139
Biomagnetism: Birds DO It, BEES DO Il ......uuiiiiiiiiiiiiieieeee e 143
MaArNE SEAIMENTS ....ueeiiiiiiiee et e e e e et e e e et e etab bbb e e e e e e e e e e eaaaeeeeeeannnnes 143
HemipelagiC SEAIMENLS ........oooiiiiiiiiii e e e e e e e e e eeeeeaeaes 145
PelagiC SEAIMENTS ..ottt e e e e e e e e e e e e eeeeeeeannes 146
ANCIENT IMESTONES ...ttt e e e e e e e e e e eeeeeeannnnes 147
MAGNETIC ANISOIIOPY ...uuiiieee e ettt e e e e e e e e e e e e e e eeeaaebbas e s s e e e e eeeaaeeeeeeesesnnnnnns 147
Chemical REmMAagNELiZAtiON ........uuuuuiiiiiiee e 149
The Red BeA CONIIOVEISY ...ttt e e e e e e e e et et ebb e e e e e e e e e e e eeaes 150
RETEIENCES ...ttt e e e e e e e e e e e e e e eeeeeeannnnes 155
CHAPTER 9 GEOCHRONOLOGIC APPLICATIONS ...ottiiiiiiiiieeeeee e 159
Development of the Geomagnetic Polarity Time Scale .............ceiiiiiiiiiieiiiiiiiiieeeiiiiins 159
The PlioCeNe—PIEISIOCENE .....ccoi i 160
EXtension iNto the MIOCENE .........oouiiiiiiiiiieie e 162
Marine magnetiC aN0MALIES ..........uuuuuuiiiiiie e eeeeeeeeeaeaes 162
ADOUL NOMENCIALUIE ... e e e e e eeeeeeeeees 163
Biostratigraphic CalibDrations..............uuueeiiiiiiii e 165
A Late Cretaceous—CenozoiC GPTS ...t eeeeeaeeees 168
THE LAt MESOZOIC ...uvvveeiiiiiii ettt e et e e e e e e e e e e eees 170
Early Mesozoic, Paleozoic, and Precambrian ................uuuiiiiiiiiinnieeieeeeceeiiiiiie 171
Magnetic Polarity Stratigraphy .........oooeeiuiiiuiiii e 172
Some general PriNCIPIES ......vveeeiiii e 172
The Pliocene-Pleistocene St. David FOrmation ............oooovviiiiiiiiiiiiiiiiiieen e 173
SIWALIK GroUP GEPOSIES ..evvvieiiiiiiieie e ettt e e e e e e e e e e e e e e e e as 176
ST\ L1 QT=Te [T a aT=T 1 o] [0 |V AT 178
RETEIENCES ... ettt a e e e e e e e e e e e e eeeeeeeannnnes 181
CHAPTER 10 APPLICATIONS TO PALEOGEOGRAPHY ....coooiiiiiiiiiiiiiiiinnn 183
The Geocentric Axial Dipole HYPONESIS ......covvuuiiiiiiiiaiie e 183
TRE PAST D MY, e a e 183
Older geologiC INTEIVAIS ..........uuuiiiieie e 184
SY=Todo] glo BoT o (=T g o (=3 =i I PP 185
Paleomagnetic poles and paleogeographic maps ............cceeeeiiniiieeeiiiiiieeieeiiiiieens 185
Apparent Polar Wander Paths..........ooouiiiiiiiii e 189
ConStructing APW PathS ......uueiiiiiieee e 189
PaleomagnetiC BUIEr POIES .......oooiiiiie e 191
Paleogeographic Reconstructions of the Continents ..............uiiiiiiiiiei e 193

Some general PriNCIPIES ......vueeueiiiee e 194



Paleomagnetism: Magnetic Domains to Geologic Terranes v

Europe-North America reCONSIUCHION .......ccoooeiiiiiiiiiiiiiiiiiee e 196

Pangea reCONSITUCTIONS .........oiiiiiiiiiiiiiit ettt e e e e e e e e e e e e eeeaeeeeeeens 197

Paleozoic drift Of GONAWANA............uuuiieiiiiaie e eeeeeeeaeaes 199
RETEIENCES ...ttt e e e e e e e e e e e e e e eeeeeenannnes 201
CHAPTER 11 APPLICATIONS TO REGIONAL TECTONICS ......cooviiiiiiiiiinnn. 205
Some General PrNCIPIES .......ouvieiiiiii e s 205
The Transverse Ranges, California: A Large, Young Rotation ............cccceevvveneeeeinnnnnee. 209
The Goble Volcanic Series: An Older, Smaller Rotation ............coooviiiiiiiiiiiiiiieeeeeeeen, 212
Wrangellia in Alaska: A Far-Traveled Terrane ..........oooooiviiiiiiiiiiiiiiiie e 215

Paleomagnetism of the Nikolai Greenstone ...............ouuuiiiiiiiiiinie s 215

The hemispheric ambDIQUILY .........coooi e 217
CaveatS and SUMIMEAIY .......ooiiiiiiiiiiiiiia e e e e e e et r e e e e e e e e e e eeeeeeeeeesesnnnnn e as 219
RETEIENCES ...ttt e e e e e e e e e e e eeeeeeeeeanennes 221
APPENDIX: DERIVATIONS ..ottt e e e e e e e e e e e e e e e s nee e 224
Derivation of Magnetic Dipole EQUALIONS .......ccooiiiiiiiiiiiiiieiiiiiiiiee e 224
Angle Between Two Vectors (and Great-Circle Distance Between

Two GeographiC LOCALIONS) ......ccoeiiiiiiiiieeiieiiii et e e e 226
Law of Sines and Law Of COSINES .....ceeuuuiiiuiiiiiiiiee ettt e e e e e e e eeeeeeeeeees 227
Calculation of a Magnetic Pole from the Direction of the Magnetic Field ..................... 227
Confidence Limits on Poles: dpand dm............ooooeeriiiiiiiiiieeeeeeeeeeeeeeeee 230
Expected Magnetic Field DIr€CHON ..........uuuuuiiieie e e e eeeeaeeeees 233
Rotation and Flattening in Dir€CtioN SPACE .......ccoeeeiiiiiiiiiiiiiiiiiiier e 235
Rotation and Poleward Transport in Pole Space ............ooooviiiiiiiiiiiiiiiieeeeeeeeeeeeeeiiies 236

Paleolatitudes and ConfiIdeNCE LMt ......c.oenieieee e 237



Paleomagnetism: Magnetic Domains to Geologic Terranes Vi

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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