
Contents

Preface page xi

Table of conversions xiii

1 Framework of seismology

1.1 Earthquake mechanics study in seismology 1
1.2 An earthquake machine 3
1.3 Broad-band seismology in crust dynamics 7

2 Magnitude and volume of a source

2.1 Earthquake magnitude 11
2.2 Seismic energy 14
2.3 Source volume 16

2.3.1 Dual view of an earthquake source 16
2.3.2 Geometrical aspects 17

Aftershock area 17
Surface evidence 18

2.3.3 Spectral aspects of seismic waves 19
2.3.4 Ultimate strain and strain energy 20
2.3.5 The concept of the earthquake source volume 22

2.4 Earthquake statistics 22
2.4.1 Earthquake ensemble and energy partition 23
2.4.2 Seismic geography 25
2.4.3 Energy release in earthquake sequences 25

3 Radiation pattern and focal mechanisms

3.1 Radiation pattern 28
3.1.1 Observations 28
3.1.2 Force system at a point source 29
3.1.3 Radiation patterns 33

3.2 Fault-plane solution 37
3.2.1 Elementary considerations 37



vi Contents

3.2.2 Graphical techniques 38
3.2.3 Basic parameters and interpretation 42
3.2.4 Limitations of the technique 44

3.3 Single- and double-couple models 44
3.3.1 Conflicting views in focal mechanism studies 44

(historical sketch)
3.3.2 S-wave and its polarization angle 45
3.3.3 The use of surface waves 48

3.4 Applications of fault-plane solutions 50
3.4.1 Fault-plane data and the Earth's tectonics 50
3.4.2 Computerized techniques 52

4 Earthquake faults

4.1 Earthquake faults and the associated displacement
fields 53

4.1.1 Fault behaviour 54
4.1.2 Fault statistics 56
4.1.3 Displacement fields associated with a fault 58

4.2 Two-dimensional fault models 58
4.2.1 Elementary considerations 58
4.2.2 Uniform-width model 60
4.2.3 Determination of fault parameters 63

4.3 The elasticity theory of dislocation 65
4.3.1 A surface of shear dislocation 66
4.3.2 The force-dislocation equivalence 68
4.3.3 Three-dimensional fault models 72
4.3.4 Displacement fields on the free surface 74

5 Moving dislocations

5.1 Teleseismic evidence for rupture propagation 82
5.1.1 Phase comparison 82
5.1.2 Directivity function 85

5.2 Body waves from a finite moving source 88
5.2.1 A moving dislocation model 88
5.2.2 Stopping phase 89
5.2.3 Corner frequency 92

5.3 Seismic moment 95
5.3.1 The use of long-period surface waves 95
5.3.2 Implications of the seismic moment 97

Average dislocation 97
Energy released and stress-drop 97



Contents vii

5.4 Source time function 99
5.4.1 Kinematic considerations 99

Haskell model 99
Brune model 100
Models in earthquake seismology 102

5.4.2 Characteristic times for the faulting process 102
5.4.3 Rise time 107
5.4.4 Tsunami earthquakes with extremely long

process time 109
5.5 Synthesis of seismic effects 112

5.5.1 General considerations 112
5.5.2 Strong-motion spectra of earthquakes 113
5.5.3 Seismic displacement near a fault 115

Simulation of fault movement 115
The dominant contribution of the fault segment 123

closest to near-field ground motion
5.5.4 Synthetic seismograms 124

6 Physics of focal processes

6.1

6.2

6.3

6.4

Concepts of a fault-origin
6.1.1 The elastic rebound theory
6.1.2 Static and dynamic aspects of a seismic origin

(summary)
6.1.3 Scaling laws
Fracture of rock
6.2.1 Failure problems in seismology
6.2.2 Rupture criteria

Macroscopic considerations
Griffith theory and modifications

6.2.3 Friction and stresses in a fault
Stress changes in faulting
Stress-drops in large earthquakes
Seismic efficiency

Dilatancy and stick-slip
6.3.1 Experimental approaches
6.3.2 Dilatancy models

Wet model
Dry model

6.3.3 Stick-slip
Physics of deep-focus earthquakes
6.4.1 Elementary considerations
6.4.2 Brittle fracture under pressure

Stick-slip

126
126
126

128
133
133
134
134
136
138
138
140
141
143
143
144
145
147
149
151
151
152
152



viii Contents

Dehydration 153
6.4.3 Ductile fracture under pressure 154

Shear melting 154
Partial melting 154

6.4.4 Phase transitions 155

7 Earthquakes and tectonics

7.1 Seismic zone as a megafault 156
7.1.1 Behaviour of the San Andreas fault 156

Cumulative fault offsets since geological time 157
Continuing fault offsets 158
Earthquakes on the fault 159
Two contrasting types of strain release 159
Tectonic environments 159

7.1.2 Slip rates in a megafault 160
7.1.3 Earthquakes and plate tectonics 163

Concept of a plate 163
Configurations of moving plates 163
Evolution of a subduction zone 165
Inter- and intra-plate earthquakes 167

7.2 Recurrence of earthquakes 168
7.2.1 Strain accumulation 168

Strain and stress across a fault 168
Strain and stress fields 172

7.2.2 Seismic cycle 174
Evidence for seismic recurrence 174
Aspects of a seismic cycle 174
Chronology of recent crustal movements 178
Active faults 180

7.2.3 Seismic gap 182
Sequence of inter-plate earthquakes 182
Recognition of a seismic gap 184

7.3 Anelastic aspects of crustal movements 185
7.3.1 Aseismic movements of the crust 185
7.3.2 Slow migration of earthquakes and crustal 186

deformations
Observations 186
Models 190
Further implications 191

8 Earthquake prediction

8.1 The framework of earthquake prediction research 194
8.1.1 The way to earthquake prediction 194



Contents ix

8.1.2 Structures of earthquake prediction
Statistical prediction
Tectonic prediction
Physical (or precise) prediction
Quick alarm

8.2 Statistical and tectonic predictions
8.2.1 Regionalization

Seismicity
Active faults

8.2.2 Prediction of earthquake sequences
Simple statistics
Earthquake recurrence in subduction zones

8.2.3 Prediction of seismotectonic parameters
8.3 Physical prediction

8.3.1 Basic considerations
Accumulation law of seismotectonic movements
Ultimate strain
Seismic gap
Migration of crustal activity

8.3.2 Clues to precise prediction
Preseismic land movements
Foreshocks
Geophysical precursors
Precursor time
Dilatancy model

8.4 The practice of earthquake prediction
8.4.1 Monitoring
8.4.2 Evaluation of earthquake prediction

Approaches to physical prediction of earth-
quakes

Evaluating earthquake predictions by "scores'
Merit factor of earthquake prediction
Predictable earthquakes

8.5 Further problems

Appendix 1 Earthquake source parameters
Appendix 2 Earthquake magnitude, M, versus the associated

surface faulting and deformation
(empirical relations)

Appendix 3 WWSSN station codes and locations

References

Author index
Subject index

194
194
195
195
195
196
196
196
197
198
198
198
201
202
202
202
202
202
204
204
204
207
207
209
210
211
211
212
212

212
214
215
218

220

222
223

224

243
245


