
T h is  te x tb o o k  is  u n iq u e  in  g iv in g  a n  in t r o d u c t io n  to  s e is ra o -  
lo g ic a l th e o ry  a n d  th e  p r in c ip le s  o f  p la te  te c to n ic s ,  a s  w e ll  a s  
d e v e lo p in g  a  p r a c t ic a l  a p p r o a c h  to  th e  r e a d in g  a n d  in t e r ­
p r e ta t io n  o f  s e is m o g ra m s . T h e  b o o k  f o rm s  th e  b a s i s  fo r  a n  
i n t r o d u c to r y  c o u r s e  to  p h y s ic i s t s ,  m a th e m a t i c i a n s  a n d  
g e o lo g is ts .

T h e  e a r ly  c h a p te r s  g ive  a  g e n e r a l  b a c k g r o u n d  in  g e o p h y ­
s ic s  a n d  e la s t ic i ty  th e o ry ,  a n d  p r e s e n t  th e  s t a n d a r d  r e s u l t s  
fo r  th e  p r o p a g a t io n  o f  s e is m ic  w a v e s  r a d ia te d  f ro m  la rg e  
e a r th q u a k e s .  T h e  m a in  p a r t  o f  th e  te x t d e s c r ib e s  h o w  s e is ­
m o g ra m s  a r e  r e a d  a n d  in te r p r e te d ,  e x p la in in g  h o w  th e  
r e a d in g s  a r e  u s e d  to  lo c a te  th e  s o u r c e  o f  th e  w a v e s , d e t e r ­
m in e  th e  s e n s e  o f  m o tio n  a c r o s s  th e  f a u l t  a n d  to  w o rk  o u t 
d e ta i l s  o f  p la te  m o v e m e n ts . E x a m p le s  a r e  in c lu d e d  in  w h ic h  
th e  r e a d e r  h a s  th e  o p p o r tu n i ty  to  in te r p r e t  s e is m ic  r e c o rd s  
a n d  u se  th e m  to  f in d  lo c a t io n s  o f  e a r th q u a k e s  a n d  d e te r m in e  
th e i r  s o u r c e  m e c h a n is m s .  T h e  f in a l  c h a p te r  d is c u s s e s  p la te  
te c to n ic  th e o ry , a n d  g iv e s  th e  m a th e m a t i c a l  f o u n d a t io n  b e ­
h in d  th e  d e s c r ip t io n  o f  p la te  m o v e m e n t in  te r m s  o f  v e c to rs .

Coper designed b y  Ken Vail

I S B N  G - S E 1 - 3 7 T T S - 4

C A M B R I D G E  U N I V E R S I T Y  P R E S S 78 52 79 9 5 3

978052137995390000



Contents

Preface page 1

1 I n tr o d u c t io n 3
1.1 Seismic waves 4
1.2 Inference of earth  structure 9
1.3 Earthquakes 12
1.4 P late  tectonics 13
1.5 Convection in the earth 17

2 M e c h a n ic s  o f  e la s t ic  m e d ia 21
2.1 T he description of deform ation and  stra in 21
2.2 The continuity  equation 24
2.3 Self-gravitation 27
2.4 The stress tensor 27
2.5 Angular m om entum  and  sym m etry of the stress tensor 29
2.6 H ydrostatic pressure 30
2.7 T he energy equation 32
2.8 Heat conduction 34
2.9 Perfect elasticity 36
2.10 The elastic moduli 38
2.11 The Navier equation 41
2.12 D eterm ination of density  w ithin the earth 43

Exercises 46
Sum mary 49
Further reading 50

3 E la s tic  w av es  in  s im p le  m e d ia 53
3.1 The seism om eter 53
3.2 W W SSN  recordings 57
3.3 P and S  waves 59
3.4 Elastodynam ic potentials 60
3.5 Plane waves 61
3.6 Boundary conditions 61
3.7 Reflection of plane waves a t  a  free surface 62



vi Contents

3.8 Reflection and  refraction of SH  waves 66
3.9 Rayleigh waves 69
3.10 Dispersion of Rayleigh waves 73
3.11 Love waves 78
3.12 Propagation in inhomogeneous media 80
3.13 Geom etrical optics 81
3.14 Energy density 83

P ractical 1. Surface wave dispersion 84
Exercises 90
Sum m ary 91
Further reading 92

4 E a r th  s t r u c tu r e  a n d  e a r th q u a k e  lo c a tio n 93
4.1 Travel tim e tables 93
4.2 The ray param eter and seismic rays 95
4.3 T im e-distance curves 102
4.4 Seismic arrays 106
4.5 Inversion of travel tim es for e a rth  struc tu re 111
4.6 The m ethod of Herglotz & W iechert 113
4.7 r  — p  inversion 115
4.8 Prelim inary location of earthquakes 117
4.9 Refining th e  locations 119
4.10 Procedures of the  In ternational Seismological Centre 122
4.11 Depth phases 123
4.12 M aster event m ethods 125

Practical 2. Location of earthquakes from teleseismic records 126
Exercises 144
Sum m ary 145
Further reading 146

5 F re e  o s c il la t io n s 149
5.1 Spheroidal and  torsional modes 151
5.2 Torsional modes in a  uniform  sphere 153
5.3 Overtones 155
5.4 Fundam ental modes 159
5.5 The e a rth ’s norm al modes 161
5.6 Splitting -  te rrestria l spectroscopy 164
5.7 Using free oscillations to  refine ea rth  models 

P ractical 3. Long period seismograms and norm al mode
165

identification 172
Exercises 177
Sum mary 187
Further reading 188



Contents ѴІІ

6 T h e  se ism ic  s o u rc e  189
6.1 Uniqueness and reciprocal theorem s 189
6.2 The G reen’s tensor 192
6.3 R epresentation theorem s 194
6.4 M athem atical models of the  earthquake source 195
6.5 Equivalent forces 196
6.6 The m om ent tensor 197
6.7 Shear faulting 198
6.8 G reen’s tensors for a uniform m edium  201
6.9 P  wave rad iation  from a  shear fault 203
6.10 The fault plane solution 204
6.11 Shear wave rad iation  from a fault 207
6.12 Synthetic seismograms 207

Practical 4. M aking a  fault plane solution 210
Exercises 271
Sum m ary 271
Further reading 272

7  P l a te  te c to n ic  th e o r y  273
7.1 P lates 276
7.2 Poles of relative ro ta tion  278
7.3 Ridges 283
7.4 M agnetic anomalies 284
7.5 Cooling of oceanic plates 287
7.6 Transform  faults 293
7.7 Trenches 295
7.8 Triple junctions 300
7.9 T he tectonic evolution of the north-east Pacific 305
7.10 T he Deep Sea Drilling Program  311

Practical 5. Triple junctions 313
Exercises 313
Sum m ary 316
F urther reading 317

A p p e n d ix  A  S p h e r ic a l  g e o m e try  a n d  p r o je c t io n s  319

Selected bibliography
References
Index

323
325
329


