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abyssal hill, 311
accelerating rate models, 205
accretionary wedge, 288
acoustic emission, 24, 25, 116, 325
aftershocks, 197-199
migration, 199
of deep earthquakes, 325
off-fault, 199, 202, 209
Omori law, 197
productivity
deep earthquakes, 325
oceanic vs. continental, 198
subduction zones, 198
scaling laws, 198
Utsu model, 197
afterslip, 146, 172, 242, 295
afterslip model, 242
Amontons’ laws, 43
Andaman Sea, 291
Anderson’s theory of faulting, 98
angle of internal friction, 15
anti-crack model, 325
anti-cracks, 325
apparent friction, 201
apparent stress, 159, 170, 178, 312, 320
Archard equation, 63
asperities, 44, 269
attractor, 275

Bakken shale, 329

barrier zone, oceanic transform, 317
barriers, 15, 160, 164, 267

Basin and Range Province, 15

Bath’s law, 197, 209

bi-material effect, 302

block-slider system, 89, See spring-slider system

bookshelf faults, 102

boudinage, 131

Bowden and Tabor. See friction: adhesion theory

brittle ductile transition. See brittle plastic
transition

brittle strain, calculation of, 283

brittle tectonics, 97, 166

brittle-plastic transition, 35, 137, 147

Brownian passage-time model, 378

Brune flip, 192

Brune formula, 282

buoyancy, negative, of slab, 323

Burgers vector, 37

Burridge and Knopoff model, 276

b-value, 185, 186, 200, 214, 317, 325, 349, See also
precursors:b-value

Byerlee’s law, 53

Cajon Pass borehole, 158

California plate boundary, 233

cataclasite, 41, 108, 114, 127,128, 131, 132, 133,
137,140, 141, 147, 149, 333

cataclastic flow, 37, 140

cellular automata, 277

centroid time shift, 314

CGPS, 231

chaotic cycle, 276

characteristic earthquake model, 186, 186, 269,
372,377

chiki, 343

clastic dikes, 142

clock advance, 205
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clustering

earthquake, 200
coalescence of faults, 120
Cocos Ridge, 307
coefficient of friction, 45

coefficient of internal friction, 15

complexity, 277
compound earthquake, 295

conditionally stable, 80, 198, 225, 304,

317
conjugate faults, 98, 117
conjugate planes, 15
contact theory, 46-48, 241
Corinth Rift, 125
corner frequency, 177

Coulomb fracture surface, 98

Coulomb plasticity, 143

Coulomb stress function, 201,

218

Coulomb-Mohr criterion. See fracture criteria:

Coulomb criterion
coupled oscillators, 207
coupled patches

transform faults, 317
COV, 251, 264
crack extension force, 8
crack models

CFTT model, 14,111,119

Dugdale-Barenblatt, 13, 106

elastic, 12,172
crack modes, 7
creep

brittle, 32

primary, 33

tertiary, 33

creeping faults, 154, 155-157

creeping section
San Andreas fault, 153
critical crack spacing, 126

hardening, 28, 29, 226, 364, 366, 368, 369, 371,
457
recovery postseismic, 246
dilatant microcracks, 113
direct effect, 74
directivity effect, 190, 210
double-couple source, 168
ductile shear zones, 32,137, 158, 241
ductility, 35
Dugdale-Barenblatt model. See crack models:
Dugdale-Barenblatt
duplex, 160

earthquake cycles
cluster, 271
nested, 269
quasiperiodic, 251, 258
size-predictable, 248
supercycles, 271, 293
time-predictable, 248
Earthquake early warning, 339, 373-374
earthquake lights, 343
earthquake prediction, 230, 337-340
Intermediate- and short-term, 339
long-term, 339
earthquake scaling regimes, 181
earthquake swarms, 197, 200
earthquakes
Alaska
Alaskan 1964, 259
Denali 2002, 9, 210
Armenia
Spitak 1988, 362
California
Borrego Mountain 1968, 204
Elmore Ranch/Superstition Hills, 1987, 205
Loma Prieta 1989, 344, 362, 373
Morgan Hill 1984, 154
Owens Valley 1872, 166

critical dilatant strain, 28, 35
critical slip distance, 72
scaling of, 96
critical stress intensity factor. See fracture
toughness
CTOA model. See crack models: CFTT model

da Vinci, Leonardo, 43

damage zone, 6,112,114, 115,117,127,
128,129,131, 133,134, 135, 136,
137,164

decarbonization, 68

decollement, 100, 191

deep slip model, 239

deformation bands, 115

dehydration embrittlement, 321

detachment, 101, 311

dikes, 20

dilatancy, 24, 246, 358

anisotropy, 24

Parkfield 1966 and 2004, 154, 199, 227, 244,
360, 372, See Parkfield earthquake cycle
San Fernando and Northridge 1971 and 1994,
234
San Francisco 1906, 228, 344
Chile
Antofagasta 1995, 357
Chile 1960, 236, 279, 353
Ilapel 2015, 301
Iquique 2014, 287, 351, 354
Maule 2008, 357
China
Tangshan 1976, 362
Colombia-Equador, 266
Colorado
Denver, 326
deep
Bolivia, 326
Okhotsk, 326
Tonga, 326
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Indonesia
Java 1994 and 2006, 296
Mentawai 2010, 296, 301
Nias-Simeulue 2004, 293

Sumatra-Andaman 2004, 214, 291-294

Iran
Bam 2003, 246
Dasht-e-Bayez 1968, 160
Italy
Amatrice 2016, 196

L’Aquila 2009, 192-196, 199, 352, 369-371,

375

Norcia 2016, 196

Umbria-Marche 1997, 192
Japan

Genroko 1703, 259

historical, 342

Izu 1978, 1980, 361

Jogan 869, 270

Kanto 1923, 259

Kobe 1995, 361

Nankaido 1946, 219, 236, 352

Niigata-ken-Chuetsu 2004, 374

Nobi 1891, 167, 197,230

Tango, 231, 342

Tohoku-oki 2011, 16, 181, 214, 269, 301, 351,

354
Tonankai 1944, 219, 352
Kurils
doublet-2006-2007, 294-295
Mexico
Oaxaca 1978, 345
Nevada, 272
New York
Blue Mountain Lake, 149, 200, 357
New Zealand
Hope fault 1888, 167
Kaikoura 2016, 163
Nicaragua 1992, 298
oceanic
Balleny Islands 1998, 319
Macquarie Ridge 1989, 353
Tasman Sea 2004, 319
Wharton Basin 2012, 210, 319
Ohio
Youngstown, 327
Oklahoma
induced by fluid injection, 328
Peru
Pisco 2007, 295
Taiwan
Chengkung 2003, 156, 242
Chi-Chi 1999, 191, 360
Turkey
Izmit 1999, 373
Van-Ercis 2011, 352
East Pacific Rise, 310
Eastern California shear zone, 207, 235
effective stress, 18, 225
law of, 18

law, for friction, 61

elastic rebound theory, 228

en echelon segments, 118

en echelon tension crack arrays, 22

energy release rate. See crack extension force

entrainment threshold, 207

ETAS model, 209, 348, 357, 375, 378, See also
statistical clustering theories

ETS, 81, 214

exhaustion process, 324

extensional fracture. See tension crack

fabric softening, 146
fault coalescence, 120
fault core, 127
fault nucleation, 25
fault pinning, 122
fault roughness anisotropy, 129
fault surface separation. See Brune flip
fault tip taper, 111, 115,119
faults
Africa
Asal Rift, 124
Malawi rift, 120
Alaska
Denali, 102, 189
Totshunda, 102, 189
California
Calaveras, 102, 153
Cleghorn, 158
Elsinore, 102
Hayward, 153
Imperial, 204
Punchbowl, 6, 127
San Andreas, 127,137, 204, 233
San Gabriel, 127
San Jacinto, 102
Volcanic Tablelands, 109
Chile
Atacama, 135
China
Haiyuan, 155
Israel
Dead Sea transform, 274
Italy
Alto-Tiberina, 155
Apennines, 239, 274
Zuccale, 57, 155
New Zealand
Alpine, 102
Awatere, 135
Marlborough, 102
North Carolina
Blue Ridge thrust, 138
oceanic
transforms, 254. See transform faults
Oregon
Flower Pit, 128
Pakistan
Chaman, 155
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faults (cont.)
Philippines
Philippine, 155
Scotland
Moine thrust, 138
Spain
Carboneras, 127, 156
Taiwan
Chelungpu, 191
Longitudinal Valley, 156, 242
Turkey
North Anatolian, 157, 207, 253, 272
Utah
normal faults, 109
Wasatch, 258, 273
Fenton Hill, 328
flash heating, 65, 71
flower structures, 161
fluxion structure, 142
focal mechanism, 280
inversion for stress directions, 281
foliation, 142
foreshocks, 199, 291-294
fractal
dimension
fault topography, 129
joint surfaces, 48
sets
earthquakes, 181
faults, 110
size distributions
earthquakes, 183
fault gouge, 131
faults, 123
subfaults, 123
wear detritus, 64
topography
faults, 128
fractal earthquake models, 188
fracture criteria, 14
Coulomb criterion, 15
Griffith criterion, 16
Irwin criterion, 10
modified Griffith criterion, 16
tensile strength criterion, 15
fracture energy, 9
fracture mechanics, 7
of faults, 109
fracture toughness, 9
friction laws
adhesion theory, 44-46
Aharonov-Scholz model, 6, 8, 76-80,
147
elastic contact theory, 48-49
rate and state, 198, 225, 363
rate and state friction, 5
friction of rocks
carbonates, 84
granitic rock, 83
halite, 88

phyllosilicates, 86
ultramafics, 83
friction stability transition, , 301, 310
friction-plastic transition, 57, 58, 88, 91-94,
147

Gorda Plate, 318

grain size effect on strength. See scale effect on
strength

grain size reduction, 57

graphite, 53, 56, 60, 156

Griffith crack, 6

Griffith theory, 3

ground motion spectra, 188

Guerrero seismic gap, 374

Gutenberg-Richter relation, 123, 185, 208, 276,
See also fractal:size distribution

Hall-Petch relations, 29, 130

healing, fault, 246

healing, frictional, 72, 90

heat flow anomaly, San Andreas fault,
157

heterogeneity of rock, 28

Hopf bifurcation, 80

horsetail fan, 105

hot spots, frictional, 67

Hubbert-Rubey Theory, 100

humidity, effect on friction, 60

Hurst exponent, 128

Huygens’ clocks, 207

hydraulic fracturing, 99

hydrodynamic lubrication, 192

hydrological effects, 247

hydrolytic weakening, 31

hypocenter, 172

imbricate fans, 161

Indian Ocean, 278

Indian Ocean seismicity, 319

InSAR, 192, 233,371

intermediate- and deep- focus earthquakes,
321

intermediate principal stress, effect of,
25

intraplate earthquakes, 312, 318

intraplate vs. interplate earthquakes, 182

inverse Omori Law, 209, 348

Italian Apennines, 274

jogs, 159, 267
joints, 22
Juan de Fuca Ridge, 310

Kostrov formula, 282
Kuramoto model, 207

large earthquakes, 180
LFEs and VLFs, 214, 219
limit cycle, 275
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linear elastic fracture mechanics. See fracture
mechanics

lineation, 142
linkage, hard and soft, 121
localization

acoustic emission, 25

aseismic slip, 302

ductile shear zones, 146

Riedel shears, 57

strain, 143
lock-up angle, 103
Long Valley caldera, 210
low-angle normal faults, 102, 155
lubrication, by water, 60
Lyell, Charles, 166, 261, 337

maturity, fault, 164

mean field models, 277
Mendocino Triple Junction, 318
Mentawai islands, 271
metastable wedge, of olivine, 325
Mid-Atlantic Ridge, 310
mid-ocean ridge seismicity, 309
migration, aftershocks, 371
mineralized halo, 20, 114

Mohr circle, 15

Mohr envelope, 16

Monticello Reservoir, 334
mylonites, 2, 42, 57, 61, 93, 147, 149, 239

Nankai earthquake cycle, 249-251

Navier-Coulomb criterion. See fracture criteria:
Coulomb criterion

Nazca Ridge, 307

Nevada seismic belt, 272

nucleation, 17

nucleation phase, 82, 287, 349

Obriemoff experiment, 6
OBS, 317
oceanic transform fault earthquakes, 312
olivine to spinel transition, 321
Omori law, 197, 198, 348, See aftershocks: Omori
law
operational earthquake forecasting, 20,
210
oscillatory stable sliding, 80, 225
outer rise
bending, 318
faults, 323
normal fault earthquakes, 294
overlap/spacing, 119
overpressure, 101, 152, 225

paleoseismology, 236

Parkfield earthquake cycle, 251-253
Peierls creep law, 241

period doubling, 225, 226

phase locking, 208

phase portrait, 274

phase response diagram, 226
phyllosilicate friction, 53-56, 86, 152
plasticity, 35, 93, 139, 148
plastosphere, 3, 140, 148, 230, 238
Plate Boundary Observatory, 372
polymorphic phase change, 324
poroelastic effect, 201, 205, 246
coupled, 15
poroelastic recovery, 14
poroelastic relaxation, 242
porphyroblasts, 138
porphyroclasts, 42, 138, 146
postseismic viscoelastic relaxation, 204
powder lubrication, 68
power law size distribution. See fractal: size
distributions
precursors
b-value, 350-352, 371
dilatancy, 18
electrical and magnetic, 362
foreshocks, 291-294, See also foreshocks
hydrological and geochemical, 17
seismic velocity changes., 17
seismicity patterns, 16
slow seismic, 353
slow slip, 352-357
tectonic and physical, 339
preferred crystallographic orientation, 143
pressure solution, 113, 140
principle slip surface, 302
probability gain, 375
process zone, 11, 20, 21, 22, 27, 28, 32, 106, 108,
113,114,115,117,133,135
process zone wake, 114
protolith, 138
pseudotachylyte, 70, 140, 147
pull-apart basins, 122, 161, 317
pulverized rocks, 135
pump-seal mechanism, 226
push-ups, 161

radiation efficiency, 170
Rangely experiment, 95
R-curve, 20,115
real area of contact, 44, 90, 92
recurrence time, calculation of, 285
recurrence times, earthquakes, 248, 254
relay ramps, 118, 119
repeating earthquakes, 154, 227
ridge-push, 319
Riedel shears, 57, 106, 142
ring cracks, 63
rockbursts, 137, 335
rupture models

avalanche, 175, 252

crack-like, 171-175

elastic crack, 171

pulse-like, 266

uniform slip, 265

variable slip, 264
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rupture models (cont.) shear heating, 146
wrinkle pulse, 135, 175, 302 Shumagin Islands, 307
size distributions. See fractal:size distributions
S wave splitting, 371 characteristic earthquake, 186
SAFOD borehole, 154 cumulative, 123
sandpile model, 126, 276, 340 earthquakes, 183
Savage and Wood inequality, 170 exponential, 123
scale effect on strength, 29, 115 lognormal, 277
scale invarience, stress-drop, 178 periodic, 123
scaled energy, 294, 296 power law. See fractal:size distribution
scaling laws Skempton’s coefficient, 201, 333
deformation bands, 115 slab-pull force, 304
earthquakes, 181 slickenlines, 128, 130
fault core thickness, 131 slickensides, 128
faults, 109 slip weakening, 72, 226, 267
fracture energy, 183 slip-patch model, 117
process zones, joints, 20 slip-predictable model, 248
relay ramps, 119 slow earthquakes, 214-227
seismic moment, 179 slow slip events, 200
slow slip events, 225 mechanism of, 15
veins, 20 nonperiodic, 15
schizosphere, 3, 35, 133, 140, 147, 148, 149, 151, periodic, 14
159, 180, 180, 230 trigger of large earthquake, 216
sea anchor force, 304 Whillans Ice Stream, 222
seamounts, affect on subduction, 237, 307 small earthquakes, 180
secondary faults, 135 smectite-illite transition, 300
segmentation, 159, 249-251, 253, 260 soft linkage, 121
seismic coupling solitons, 226
analysis, 284 Soultz-sous-Forets, France, 328
Nankai, 219 splay fault, 102
oceanic transform faults, 315 split Hopkinson bar, 135
small scale variations, 307 spring-slider system, 80, 80, 274-277
subduction zones, 303 Spyropoulos-Scholz-Shaw model, 123
seismic coupling coefficient, 267, 285 stability regimes, frictional, 80
subduction zones, 303, 306 stability transitions, 83, 221
seismic efficiency, 326 stages in seismic cycle, 230
seismic flux, 285 static fatigue, 32, 33, 34, 35, 198, 312, 348, See
seismic flux accumulation rate, 285 statistical clustering theories, 12
seismic flux release rate, 285 branching models, 209
seismic gap, 228, 340 ETAS models, 209
seismic hazard step, 159
long-term, 377 stepover, 160
probabilistic, 377 stick-slip, 5, 71-73
time dependent, 377 regular, 71
seismic moment, 168 strange attractor, 276
seismogenic layer, 149 streaks, 216
seismogenic window, 83, 298, 354 stress concentration, 3, 172
oceanic faults, 311, 314 stress intensity factor, 8, 172
subduction zones, 299, 305 stress measurements, borehole, 151
self-organized critical phenomena, 126 stress shadow, 118, 119,121, 122, 124, 203, 267,
self-organized criticality, 277, 336, 340 345
self-similar, 106, 109, 129, 185 stress singularity, 10
semibrittle, 36 stress, crustal, 151
semibrittle flow. See cataclastic flow stress—corrosion, 31, 32, 32, 58, 63, 363
serpentinite, 84, 154, 155, 312, 322 stress-drop
in creeping section, 154 dynamic, 175
in oceanic transform faults, 157, 316 static, 168
North Anatolian fault, 157 strong faults, 152
ShakeAlert, 374 strong plastosphere model, 239
shallow slip surge, 287, 291, 301 stylolite, 325
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subcritical crack growth, 7, 31, 198, 205

subduction zone variability, 303
subduction zones
Cascadia, 214, 221, 259
Chile, 303
Hikurangi, 221
Hokkaido, 261, 271
Izu-Bonin, 306
Japan, 269
Marianas, 303
Mexican, 216
Nankai, 219, 219, 236
Sagami trough, 259
Sunda, 271, 307
subfaults, 159
superplastic, 325
superplasticity, 140

supershear. See velocity:rupture:supershear

surface energy, 5
earthquakes, 2, 169, 170
effect of water, 60
in vacuum, 7
specific, 2, 11
surface topography, 47, 52, 53, 96
faults, 48, 96, 128
seafloor, 306
synchronized faults, 207
syntectonic recrystallization, 140

talc, 53, 57, 58, 84, 86, 153, 155
Taupo rift zone, 274

tension crack, 19

tension gash arrays, 105, 143, 143
theoretical strength, 2

thermal model, of oceanic transform faults, 314
thermal parameter, of subducted slabs, 325

thermal pressurization, 64, 301

thermal runaway instability, 67, 320, 322, 325, 326

thermal weakening, 178
thermoelastic instability, 67
tidal modulation, ice streams, 222
time-predictable model, 248, 250
Tokai gap, 372
transform faults

Blanco, 317

Chain, 316

Charlie-Gibbs, 316

Eltanin, 317

Gofar, 317

Romache, 316

Vema, 316
transformational faulting, 321

tremor, non-volcanic, 214
tremor, tidal response, 218
triggering, 200
dynamic, 13
sensitivity of hydrothermal areas, 213
of large earthquakes, 12
static, 10
tidal, 213
tsunami data, 259
tsunami earthquakes, 352-357

UCERF3, 377

ultracataclasite, 131

unbending, plate, 323

unclamping, 203

uplifted marine terraces, 236, 258, 342

vein aperture, 20
velocity
particle, 90
rupture, 90, 172
limiting value, 172
supershear, 90, 135, 136, 174, 175, 190
tsunami earthquakes, 302
velocity neutral, 83
velocity strengthening, 73, 79, 83, 86, 172, 226,
242, 244, 267, 292
clay minerals, 86
velocity weakening, 73, 79, 172, 225, 274,
300
viscoelastic coupling model, 239
viscoelastic relaxation, 241
Voight and Reuss model, 56
volumetric strain, 22
von Mises-Taylor criterion, 37
Vp/Vs. See precursors:seismic velocity changes

Wadati-Benioff zones, 321
double, 322
Wallace Creek, 255, 266
Wallace cycle, 272
weak faults, 152-155
weak San Andreas fault hypothesis, 157-159
wear, theory of, 61
WGCEP, 377
Whillans Ice Stream, 222
Whipple Mountains, 151
wing crack, 18, 35, 105
Wrightwood, 256
wrinkle pulse. See rupture models:wrinkle pulse

Zener-Stroh mechanism, 37
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