
Cambridge University Press & Assessment
978-1-108-71697-0 — Fundamentals of Geophysics 3rd Edition
William Lowrie , Andreas Fichtner
Index
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

Index

acceleration

centrifugal, 14, 49, 55, 58

centripetal, 54, 55, 64

Coriolis, 57

Eötvös, 57

gravitational, 52

gravity, 88

tidal, 59,

accelerometer, 91, 92

accretion

Earth and planets, 5, 250

protoplanets, 15

activation energy, 133, 314

adiabatic condition, 254

adiabatic temperature gradient, 255

advection, 270, 271

age of the Earth

historical estimates, 237

biblical, 237

cooling of the Earth, 238

cooling of the Sun, 238

Earth–Moon separation, 238

oceanic salinity, 239

sedimentary accumulation, 239

radiometric

Precambrian rock ages, 250

zircon grain ages, 250

age of the Moon, 250

age of the solar system, 250

alidade, 6

alkali-vapor magnetometer, 343, 344, 345

ambient seismic noise, 168, 177

continuous random sources, 176

Earth’s hum, 177

interferometry, 178

oceanic origin, 178

spatial coherence, 177

virtual source, 180

ampère, 289

anelasticity, 135

creep component, 135

damping of free oscillations, 158

deformation, 134

retardation time, 134

tidal response, 63

angular momentum, 2, 3, 4, 12, 65, 238

conservation, 3, 7, 57

Earth–Moon rotation, 12, 64

effect of earthquakes, 64

Jupiter, 3

of Earth’s atmosphere, 64

of Earth’s core, 64

of the planets, 3

anisotropy

magnetic, 364

magnetization energy, 360, 361

magnetocrystalline, 359, 361, 403

magnetostatic, 359, 402

demagnetizing factor, 402

magnetostrictive, 403

seismic, 132, 134, 158

elastic properties, 130

lattice preferred orientation, 158

Love–Rayleigh discrepancy, 159

shear-wave splitting, 158

aphelion, 7

apogee, 7

apparent polar wander, 24, 368, 378

Argand diagram, 106

asteroids, 1, 5, 14, 15, 16, 18, 250

Apollo-type, 15

asteroid belt, 6

Ceres, 1, 6, 15, 19

collisions with Earth, 15

collisions with Moon, 250

compositional types, 15

Earth-crossing orbits, 15

Pallas and Vesta, 15

asthenosphere, 25, 33, 139, 226

astrolabe, 6

astronomical unit, 6, 7, 12

back-arc basin, 33

barycenter, 18, 58

basalt

ages in island chains, 40

classification

andesitic type at subduction zones, 33

mid-ocean ridge type (MORB), 31

oceanic island type, 40, 284

magnetic mineralogy, 387

oceanic crustal Layer 2A, 30, 386

sea-floor magnetization, 29

Biot–Savart law, 321

blocking temperature, 364

Bode’s law, 6, 7

Bouguer gravity anomaly, 100

across crustal block, 100

across mountain range, 101

oceanic and continental, 113

bow shock, 323, 336

Earth, 322

Jupiter, 338

Mars, 337

Mercury, 336

Neptune, 339

Pluto, 340

Saturn, 339

Uranus, 339

Venus, 337

bulk modulus, 128, 131, 150

Callisto, moon of Jupiter, 8

Chandler wobble, 65, 83, 143

Love numbers, 62

charge, electrical, 288, 289

atmospheric, 292

definition of coulomb, 289

electron, 289

field lines, 289

Charon, moon of Pluto, 18

Clairaut’s theorem, 75

Clapeyron slope, 231

Clausius–Clapeyron equation, 256

collision hypothesis, origin of planets, 5

complex number, 106

complex plane, 106

concordia–discordia diagram, 248

conduction, electrical, 291

dielectric, insulator, 291

electrolytic, 291

electronic, metal, 291

mechanisms in the Earth, 314

semiconductor, crystal, 291

conduction, thermal, 257, 262

by electrons, 257

by phonons, 257

crust and lithosphere, 262

radiation influence, 260

temperature gradient, 281

conductivity

electrical, 308, 311

core, 315

crust, 314

mantle, 312, 314

hydraulic, 271

thermal, 257, 272

conjunction of Earth and Moon, 61

conservation of angular momentum, 3, 7, 57

conservation of energy, 2, 7, 8

continental drift, 22, 28, 31

paleomagnetic evidence, 24, 369, 380

plate tectonics, 24, 380

Wegener’s hypothesis, 22

convection, 257, 258, 280

compositional, 259

mantle models, 283

core–mantle boundary, 283, 314

D″-layer, 226
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core–mantle boundary (cont.)

density change, 143

diffraction of P-waves, 221

electrical conductivity, 314

mantle plumes, 40

seismic velocity discontinuity, 217, 226

temperature, 256

core–mantle coupling, 64

Coriolis acceleration, 57

correlation of time series, 179

cosmic rays, 241, 248, 292

Coulomb’s law, 239, 288, 289

creep

Coble type, 134

diffusion of atoms, 134

dislocation mobilization, 133

Nabarro–Herring type, 134

role of grain size, 134

crust

Bouguer gravity anomalies, 113

Conrad discontinuity, 218

continental structure, 218

Mohorovičić discontinuity, 24, 191

oceanic structure, 114, 115, 352

thickness, 113, 120

crystal structure

atomic lattice, 133

defects and dislocations, 133

Curie temperature, 29, 400

hematite, 359

magnetite, 358

measurement method, 360

pyrrhotite, 359

titanohematite, 359

titanomagnetite, 358

cyclostratigraphy, 68, 391

D’Alembert’s principle, 151

D″-layer

heat flux from core, 284

influence on seismic waves, 221

post-perovskite, 285

screening of secular variation, 315

superplumes, 285

thermal boundary, 226, 257

thickness, 285

Darcy’s law, 271

declination, 318, 322

deformation type

anelastic, 134

brittle, 136

ductile, 136

elastic, 125

plastic, 136

shear, 127

transitional, brittle–ductile, 136

viscoelastic, 135

density

Adams–Williamson equation, 227

measurement methods

Archimedes’ principle, 97

gamma–gamma logging, 98

Nettleton profile, 99

relationship to seismic velocity, 98, 112

variation in the Earth, 227

dielectric constant, 291, 305, 313

diffraction, 161

Fraunhofer and Fresnel types, 221

diffusion, 134, 281

creep, 134

equation, 263, 306

ionic, 293

diffusivity, thermal, 258, 263, 265, 267, 273, 280, 281

dilatation, 127, 151

dipole

electrical, 291, 305

current geometry between electrodes, 299

magnetic, 318, 319, 320

field geometry, 326, 328

potential, 320

direction cosines, 41, 43

dislocations, 133

creep mechanism, 133

glide plane, 133

dispersion

normal, 155

surface waves, 154

phase and group velocities, 155

distributed acoustic sensing (DAS), 187

diurnal variation, 314, 324, 325, 345, 346

Doppler effect, 9, 10, 78, 82

Doppler radar, 10

downward continuation

geomagnetic field, 327

gravity anomalies, 106

magnetic field of Jupiter, 338

dwarf planet, 1, 15, 18, 19

dynamic topography, 75, 76

dynamical ellipticity, 66, 70, 76

dynamical form-factor, J2, 72

dynamo, geomagnetic, 333

Earth

age, 237

density–depth profile, 227

electrical properties, 292

gravitational potential, 70

mass and mean density, 53, 118, 119

rotation, changes with time, 63

shape, 49, 68, 70

flattening, 69, 73, 74, 76

size, 48

Earth gravitational model 2008, 74

Earth’s internal structure, 24, 191, 217

core

composition, 226

diffraction of P-waves at core–mantle

boundary, 221

fluid outer core, 25, 217, 226

shadow zone, 217, 218, 220

solid inner core, 226

crust

Conrad discontinuity, 218

continental structure, 229

Mohorovičić discontinuity, 217

oceanic structure, 228

mantle

lower, 232

D″-layer, 221

large low-velocity provinces, 232

upper, 229

seismic discontinuities, 231

temperature anomalies, 230

velocity anomalies, 230

seismic phases, 219

ray paths, 218

travel times, 219

velocity models, 225

iasp 91, 225, 226

PREM, 225

Earth’s orbit

dimensions, 11

eccentricity, 12

cyclical change, 67

precession of perihelion, 67

Earth–Moon rotation

barycenter, 58

future synchroneity, 65

tidal lag, 63

earthquake characteristics

aftershocks, 193

duration of ground motion, 206

elastic rebound model, 191, 192, 205

energy and magnitude, 208

epicenter location, 193, 194

Wadati diagram, 194

epicentral distance, 193

focal depth, 193, 194

focal mechanism, 33, 196

double-couple source, 197

first motion quadrants, 197

radiation pattern, 197

single-couple source, 197

focus (hypocenter), 193, 196

foreshocks, 210

frequency of occurrence, 208

global distribution of epicenters, 25, 194

ruptured area, 206

secondary effects, 213

conflagrations, 215

landslides, 213

tsunami, 213

slow-slip events, 192

swarm events, 192

earthquake intensity, 203

European Macroseismic Scale 1998, 204

isoseismal maps, 204

modified Mercalli scale, 203

relationship to magnitude, 203, 207

Rossi–Forel scale, 203

earthquake magnitude, 205

body-wave magnitude, 205

moment magnitude, 206

Richter scale, 205

saturation effect, 205

seismic moment, 206, 207

centroid moment tensor analysis, 207

surface-wave magnitude, 205, 206

earthquakes and society

early warning, 213

hazard analysis, 210

ground acceleration, 210

ground motion models, 210

probabilistic model, 211

seismic hazard maps, 211

nuclear explosion monitoring, 216

discrimination criteria, 217

prediction

Haicheng, China, success, 209

Parkfield experiment, 209

prediction difficulties, 209, 210
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earthquakes, historical, 206

Agadir (1960), 208

Aleutian (1946), 214

Anchorage (1964), 205

Chile (1964), 215

Chimbote, Peru (1970), 213

Loma Prieta (1989), 205

Mexico City (1985), 205

New Madrid (1811–1812), 195

San Francisco (1906), 205

Sumatra–Andaman (1960), 207, 213

Tangshan (1976), 193

Tohoku (2011), 213, 215

East African Rift Zone, 35

ecliptic plane, 1, 3, 8

eclogite, 279

eikonal equation, 152, 159

elasticity, 125

elastic limit, 135

elastic moduli, 128

Hooke’s law, 125

electrical surveying methods, 292

electromagnetic induction, 307

airborne surveying, 308

depth penetration, 308

horizontal loop (HLEM), 308

in-phase and quadrature responses, 308

multi-frequency technique, 308

ground penetrating radar, 312

induced polarization, 302

decay time, 303

field method, 302

ionic accumulation, 302

pseudo-section, 303

magnetotelluric, 310

resistivity, 296

double-dipole configuration, 298

Schlumberger configuration, 298

Wenner configuration, 298

resistivity tomography, 304

self-potential, 293,

anomaly, 294

galvanic action, 294

oxidation (redox) potential, 294

survey methods, 294

potential gradient, 294

total field, 295

telluric currents, 295, 296

transient electromagnetic, 309

airborne surveys, 310

secondary field decay curve, 309

skin depth effect, 309

vertical sounding, 300

electricity

electric charge, 289

fundamental principles, 289

historical concepts, 288

measurement units, 290

electromagnetism, 304

electromagnetic wave, 305

frequency spectrum, 305

induction surveying, 305, 306

induction theory, 306, 307

Maxwell’s equations, 304, 305

Eötvös acceleration, 57, 93

epicenter, 193

equinoxes, 66

definition, 8

precession of, 66, 67, 236

equipotential surface, 54, 59, 62, 73, 75, 80

error function, 265, 266

Euler pole of rotation, 28, 34, 35, 41, 42

fit of Atlantic coastlines, 42

method of location, 42

paleogeographic reconstruction, 378, 380, 381

plate motion on sphere, 42

Euler, Leonhard

complex numbers, 106

rotation on a sphere, 41

theory of free nutation, 65

Europa, moon of Jupiter, 16

European Geotraverse (EGT), 114

European Radar Satellites (ERS), 82

exoplanets, 7

Farallon plate, 37

fault-plane solutions, 197

beachball plot, 198

continental collision zones, 199, 201

Alps, 203

Himalaya, 201

fields of compression and dilatation, 198

oblique focal mechanism, 201

oceanic ridge, 199, 200

stereogram representation, 197

subduction zone, 201, 202

intermediate and deep earthquakes, 201

shallow earthquakes, 201

transform fault, 200

faults

mechanics of faulting, 198

plane of failure, 198

stress axes, 198

tectonic faults, 199

listric faults, 199

normal faults, 199

reverse (thrust) faults, 199

transcurrent (strike–slip) faults, 80, 192, 199

transform faults, 199

Fermat’s principle, 161

reflection law, 162

refraction law, 162

ferrimagnetism, 357, 401

ferromagnetism, 357, 400

field

concept, 289

electric, 289, 290

electromagnetic, 304

gravitational, 52

magnetic, 318, 320

figure of the Earth, 68, 69, 73, 80, 112

finite-difference analysis, 173

approximation of derivatives, 174

discretization, 173

discretized wave equation, 174

iterative solution, 174

flexural parameter, 138, 139

flexural rigidity, 137, 138, 139, 141

flexure of lithosphere

at oceanic islands, 137

at subduction zones, 78, 116, 138

Great Meteor seamount, 138

flow

laminar, 132

plastic, 135

solid-state, 132, 133

viscous, 132

Fourier

analysis, 104, 309, 371

integral, 105

series, 104

series, double, 105

theory of heat conduction, 262

transform, 107

fracture zones, 26, 34

free-air gravity correction, 97

Gal, definition, 52

gamma–gamma density logging, 98

Ganymede, moon of Jupiter, 16, 339

Gauss coefficients, 327

generation of internal field

dynamo theory

core conditions, 333

frozen-flux theorem, 333

magnetohydrodynamic equation, 333

simulations, reversing field, 334

historical models, 332

Precambrian geodynamo, 333

geoid

definition, 75

residual, correlation with hotspots, 38

secular changes, 81

undulations, 75, 76, 78

large-scale, 76

geomagnetism

core surface field, 327, 328, 331

dip poles, 329

dipole field, 328

dipole magnetic moment, 329

field elements, 319, 322, 325

field of internal origin

potential, 326

spherical harmonic analysis, 324

geomagnetic poles, 329

impulses (jerks), 314, 332

magnetopause, 323

magnetosheath, 323

magnetosphere, 322

magnetotail, 323

multipole representation, 326

non-dipole field, 330

potential of total field, 322

power spectrum, 327, 332

satellite measurements

CHAMP mission, 325

MAGSAT mission, 325

NGDC-720 model field, 327

SWARM mission, 325, 327

secular variation, 331, See also secular variation

separation of external and internal fields, 322

time spectrum of variations, 314

geophone, 184

geopotential, 73, 75

georadar, 313

geothermal gradient, 258

Giant Impact hypothesis of lunar origin, 335

Global Navigation Satellite System (GNSS), 66, 79

global positioning system (GPS), 79

accuracy of location, 79

GPS networks, 79
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global positioning system (GPS) (cont.)

plate tectonic motions, 79

Gondwana, 23, 24, 380

break-up, 383

early models, 22

reconstruction, 22, 23

gradiometer

gravity, 80, 87, 91,

magnetic, 325, 345

GRAIL lunar mission, 13

gravimeter, 89

astatized, 89

instrumental drift, 95

spring type, 90

superconducting type, 90

zero-length spring, 89

gravitation

geocentric constant, GE, 52

gravitational constant, G, 9, 51

best estimate, 51

definition, 51

measurements, 51,

gravitational field, 52

gravitational potential, 52, 70

inverse square law, 56

gravity

corrections to measurements, 93

Bouguer plate, 94, 96

free-air, 94

latitude, 95

time-dependent, 95

topographic (terrain), 94, 95, 96

gradient matrix and tensor, 93

gradiometry, 91

gravimetry. See gravimeter

increase from equator to pole, 74

measurement methods

absolute, 87

free-fall method, 88

pendulum method, 87

rise-and-fall method, 88

worldwide gravity network, 89

borehole method, 99

marine and airborne methods, 91, 93

relative measurement, 89

normal gravity, 73

radial variation in the Earth, 227

survey methods, 91

units and subunits, 52

values on reference ellipsoid

normal gravity formula, 74

Somigliana formula, 74

gravity anomalies, 32

analysis

downward continuation, 105

Fourier series representation, 103

polynomial representation, 102

regional and residual anomalies, 102

visual analysis, 102

wavelength filtering, 105

Bouguer anomaly, 100

crustal structure, 112, 113

density contrast, 101

free-air anomaly, 100

isostatic anomaly, 122

modeling

anticline and syncline, 109

general 3D body, 112

geometric models, 106

horizontal cylinder (anticline/syncline), 109

horizontal line element, 108

horizontal slab (vertical fault), 111

horizontal thin sheet, 110

sphere (diapir), 107

iterative modeling, 111

mountain ranges, 113, 114

oceanic ridges, 114

subduction zones, 116

wavelength, 101

ground penetrating radar, 312

group velocity, 155, 214

Grüneisen parameter, 256

gyromagnetic ratio, 344

heat, 253, 254

conduction equation, 264

depth penetration of external heat, 265

mechanical equivalent, 254

sources in the Earth, 260

heat flow, 254

continental, 261, 267

borehole measurements, 268

effect of porosity, 270

variation with crustal age, 269

equation, 257, 262

global variation, 273, 274, 275

mean heat-flow values by age, 274

plate tectonics

back-arc basins, 33, 260, 279

cooling of lithosphere, 265, 267

deep-sea trench, 33

oceanic, 271, 275

effect of hydrothermal circulation, 273

ridge systems, 32, 260

variation with lithospheric age, 272

subduction zone, 33, 279

radiogenic production, 261

heat-flow provinces, 261

reduced heat flow, 261

sources in crust and mantle, 262

spherical harmonic analysis, 275

Hooke’s law, 89, 125, 128, 131, 135

elastic deformation, 125

elastic moduli, 128

linearity and elastic limits, 135

hotspots, 38, 40, 286

elevation of geoid, 38

global distribution, 38

reference frame, 40

type of basalt, 40

Huygens’ principle, 159, 187

seismic diffraction, 161

seismic reflection, 160

seismic refraction, 160

hydrostatic pressure, 228

impact hypothesis

Cretaceous–Tertiary extinctions, 15

lunar origin, 12

power for early geodynamo, 383

inclination, magnetic, 322

archeomagnetic field, 369

effect of true polar wander, 381

field direction, 318, 328, 329

flattening error, 365, 366, 370

GAD hypothesis test, 370

polarity reversal, 384

rock magnetization direction, 353, 376, 377

sign convention, 371

inclination, orbital, 8

Earth satellites, 77, 80

Pluto’s anomalous orbit, 18

the Moon, 12, 67

incompressibility, 128

inertia, 54

InSAR technique, 82

interference fringes, 83

insolation, 67

International Geomagnetic Reference Field, 325,

340, 344

International Reference Ellipsoid, 69, 73

inversion of seismic data

direct method, 221

Herglotz–Wiechert inversion, 222

travel times, 222

indirect method, 221

forward problem, 221

seismic tomography, 222

ionosphere, 5, 293, 295, 310, 311, 314, 323, 346

electrical currents, 324

Kennelly–Heaviside layer, 324

layered structure, 324

magnetic storm source, 324

island arcs, 26, 194

gravity anomalies, 116, 120

isostatic imbalance, 113

locations at subduction zones, 31, 33

marginal basins, 260, 280

isochron

diagram, 246, 248

mineral versus whole-rock ages, 244

radiometric, 244, 246

sea-floor spreading lineations, 390

isostasy, 118, 119

hydrostatic equilibrium, 121, 122

isostatic adjustment, 81, 137

Fennoscandia, 121

northern Canada, 121

Swiss Alps, 123

models

Airy, buoyancy, 119

Pratt, buoyancy, 120

Vening Meinesz, elastic plate, 120, 122

mountain range root-zones, 119

oceanic lithosphere equilibrium, 278

isotherms

cooling lithospheric plate, 276, 277, 279

subducting cold plate, 279, 280

topographic influence on heat flow, 268

isotopes, 239, 260

beryllium, 248

cosmogenic, 248

oxygen, 241

primordial, 241

radioactive krypton, 249

stable, 241

isotopic ratios, 244

ion microprobe, 243

isochron diagrams, 244, 246, 248

mass spectrometer, 242

oceanic island basalts, 284
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oxygen isotopes, 249

radiometric dating, 245

use for cyclostratigraphy, 386

Jupiter, 15

atmosphere, 16

Europa, 16

Galilean moons, 16, 339

gravitational field, 15

internal structure, 16

Juno mission, 15, 338

magnetic field, 16, 338

mass and angular momentum, 3

ring system, 16

Kepler’s laws of planetary motion, 7, 9, 12

inverse square law of gravitation, 56

Königsberger ratio, 340

continental crustal rocks, 341

oceanic basalts, 340, 353

Kuiper belt, 18

Lamé constants, 130

relationships to elastic constants, 131

Laplace equation, 71, 72

large low-velocity province (LLVP), 232

Larmor precession, 342, 344, 399

laser ablation, 243

Laser Geodynamics Satellites (LAGEOS), 77

laser-ranging, 9, 12, 52, 66, 77

Laurasia, 24, 383

Laurussia, 22, 23, 378, 382, 383

Legendre equation, 71

Legendre polynomials, 71, 72, 75, 325

Lehmann discontinuity, 225

length of the day, 83

Babylonian and Arab datasets, 63

effect of the atmosphere, 64

effect of tidal friction, 63

lightning, 292

lineations, magnetic, 28, 29, 30, 34, 387

lithosphere, 25

continental, 31

flexure, 116, 137, 138

linear load, 138

thin plate model, 138

three-dimensional load, 138

oceanic

cooling models, 275

boundary-layer model, 277

flat plate model, 277

half-space model, 276

other heat sources, 277

thermal structure, 277

thickness variation with age, 31, 277,

rigidity, 137

tectonic plates, 25

size distribution, 284

thickness, 140

Lorentz field, 243, 321, 333, 335

Love numbers, 62

Chandler wobble, 62

Mercury, 63

tidal theory, 62

Love wave, 154

particle motion, 154

velocity, 154

Lunar Laser Ranging experiment, 9, 12

MacCullagh’s formula, 70

magnetic anomalies, 346

geometric models, 349

anticline/syncline, 350

horizontal crustal block, 350

anomaly shape, 351, 353

Poisson’s relation, 351

sphere, 349

vertical dike, 348

approximation by dipole, 349

effect of depth extent, 348

inclined magnetization, 349

reduction to the pole, 349, 353

skewness of anomaly shape, 349

oceanic lineations, 37, 352

anomaly shapes, 353

multiple source layers, 353

surface distribution of poles, 346, 348

wavelength of anomaly, 327

magnetic fields, extraterrestrial, 336

Jupiter, 338

Mars, 337

Mercury, 336

Neptune, 339

Pluto, 339

Saturn, 339

the Moon, 335

measurement using Lorentz force, 335

the Sun, 334, 335

Uranus, 339

Venus, 337

magnetic minerals

ferrimagnetic mineral identification, 359

goethite, 359

greigite, 359

hematite, 359

maghemite, 359

magnetic properties

grain size dependence, 360

first-order reversal analysis, 363

multidomain behavior, 362

single-domain behavior, 361

stability of magnetization, 361

magnetite, 358

biogenic formation, 368

pyrrhotite, 359

ternary oxides, 358

titanohematite series, 359

titanomagnetite series, 358

magnetic relaxation, 361

magnetic storms, 314, 324, 325, 335

magnetic surveying, 340

airborne method, 344

Königsberger ratio, 340

marine method, 345

reduction of measurements, 346

altitude correction, 346

latitude correction, 346

reference field, 340, 346

survey design, 345

magnetic susceptibility, 357, 358

Chinese loess profiles, 367

paleoclimatic indicator, 368

magnetism

biogenic, 368

discovery, 317

environmental, 367

flux density, 317

magnetic B-field, 320

magnetic H-field, 357

magnetic poles, 318, 319, 320

physics of, 321

pioneering discoveries, 317, 318

magnetization, 356

Earth’s crust, 340

induced, 341

remanent, 340

analysis of components, 373

vector diagram, 373

anysteretic (ARM), 367

characteristic (ChRM), 372

chemical (CRM), 366

depositional (DRM), 365

isothermal (IRM), 366, 400

natural (NRM), 363

thermal (TRM), 364

viscous (VRM), 366

spontaneous, 400

magnetometer

absolute measurement, 342

absorption-cell (optically pumped), 343

cryogenic, 371

flux-gate, 336, 341

optical pumping, 343

proton-precession, 342

gyromagnetic ratio, 342

scalar type, 342

vector type, 336, 342

magnetopause, 323, 336

magnetosheath, 323

magnetosphere, 322

magnetostratigraphy, 385

dating by cyclostratigraphy, 386

deep-sea cores, 385

polarity timescales, 385

radiometrically dated lavas, 385

magnetostriction, 403

magnetotactic bacteria, 368

magnetotail, 323

magnetotelluric sounding, 310

deep conductivity structure, 311

electric and magnetic components, 310

interpretation, 311

inversion of data, 312

mantle

convection, 280

cell aspect ratio, 283, 284

D″-layer, 285

layered mantle model, 283, 284

physical parameters, 282

sizes of lithospheric plates, 284

superplumes, 285

thermally activated creep, 284

whole mantle model, 284

plumes, 230, 285

definition of feature, 286

difficulties with concept, 286

relationship to D″-layer, 226

relationship to hotspots, 40
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mantle (cont.)

role in mantle convection, 40

structure

D″-layer, 226

large low-velocity province (LLVP), 232

phase transitions, 225, 226, 257

upper mantle transition zone, 225

velocity discontinuities, 218, 226, 231

viscosity, 140, 140, 141, 143, 259

effects on Earth rotation, 142

estimates, 142, 142

Mars, 14

crustal magnetic anomalies, 338

exploration with satellites and landers, 14

impact craters, 14, 338

internal structure, 14

magnetic field, 337

mascon, 13

mass spectrometer, 242

inductively coupled plasma, 243

ion microprobe, 243

laser ablation, 243

melting point gradient, 256

Mercury, 10, 336

gravity field, 63

internal structure, 11, 336

magnetic field, 336

MESSENGER mission, 11, 63, 336

periods of spin and orbit, 11

meteorites, 249, 250

Allende, age of solar system, 250

compositional types, 250

microseisms, 176

Milankovitch climatic cycles, 67

periodicities, 68

mineral phase transitions, 257

lower mantle, 285

upper mantle, 231, 255, 279

Mohorovičić discontinuity, 24, 191, 217, 218

seismological and petrological, 218

moment of inertia

axis of figure, 65

dynamical ellipticity, 70

MacCullagh’s formula, 70

planetary, 2, 4

point mass, 2

solid body, 2

spherical shell, 20, 85

uniform sphere, 86

Moon, 12

distance from the Earth, 12

early history, 335

Giant Impact hypothesis, 12, 250, 335

GRAIL mission, 14

gravitational field, 13

internal structure, 14, 335

libration of longitude, 12

moonquakes, 14

revolution without rotation, 58

seismic velocity-depth profiles, 14

nebular hypothesis, 3, 5

Néel temperature, 401

Neptune, 17, 339

internal structure, 17

magnetic field, 339

rings and moons, 17

Newton, Isaac, 50

calculation of relative mass of Jupiter, 8

curved path of projectile, 54

law of universal gravitation, 50

laws of motion, 50

spheroidal shape of Earth, 49, 50

verification of law of gravitation, 56

normal distribution (bell curve), 266

Nusselt number, 282

nutation, 15

forced, 65, 66

free, 65

obliquity of rotation axis, 8, 10, 67, 236, 339

cyclical changes, 67

Earth, 12

Neptune, 17

Saturn, 16

Uranus, 17

occultations, defining planet’s size, 9, 11, 14, 16, 63

ocean depth increase with lithospheric age, 272, 273,

275, 277, 278

octupole field, 326

Ohm’s law, 290

Oort Cloud, 19

opposition of Earth and Moon, 61

oscillations, free (natural), 155

attenuation with depth, 157

comparison with surface waves, 157

normal modes, 91, 156

overtones, 156

power spectrum, 158

radial oscillations, 156

spherical oscillations, 156

toroidal oscillations, 157

oxygen isotope ratio, 241

ice cores, 249

paleotemperature proxy, 241

temperature dependence, 241

paleoclimate

evidence for continental drift, 22, 368, 380

magnetic proxies, 367

Milankovitch cycles, 67

oxygen isotope ratio, 241, 242

paleomagnetism, 23, 356

analysis of magnetization

component separation, 371

progressive demagnetization, 371

stability of components, 372

analysis of remanent magnetization

progressive demagnetization, 372

vector diagram, 373

apparent polar wander, 378

correlation of APW paths, 378, 379

evidence for continental drift, 23, 380

field tests of stability, 374

conglomerate test, 375

fold test, 374

reversals test, 375

Fisher statistics of directions, 372

95% angle of confidence, 374

precision parameter, 373

geocentric axial dipole hypothesis, 369, 370, 371,

376

paleogeographic reconstructions, 380

Paleozoic supercontinents, 381

Gondwana, 383

Laurussia, 382

Pangea, 382

paleomagnetic pole, 378

Precambrian paleomagnetism, 383

rock magnetometers, 371

tectonic applications, 375

true polar wander, 380, 381

hotspot APW, 381

virtual geomagnetic pole location, 376, 377

Pangea, 22

break-up, 30, 383, 388

duration of supercontinent, 23

formation, 380, 382

parallax method, 6

perigee, 7

perihelion, 7, 67

permeability

hydraulic, 216, 270

darcy unit, 271

magnetic, 305, 320, 357

permittivity constant, electrical, 289

phase transitions

upper mantle, 230

phase velocity, 151, 155, 214

phonons, 257

planetesimals, 5

planets

angular momentum, 4

characteristic properties, 3

gaseous giants, 1, 5

rocky terrestrial, 1, 5

definition of a planet, 1

dimensions, 2, 9

orbital parameters, 3

ring systems, 16

theory of origin, 5

plasma, 322

plastic flow, 135

plate tectonics, 25, 31

continent–continent collision, 31

suture zone, 31, 137

driving forces, 43, 44

models of plate motions, 30

plate margins, 28, 199

conservative, transform faults, 34

constructive, oceanic ridges, 31

destructive, subduction zones, 32

diffuse boundaries, 35

seismic zones, 28, 195

role of triple junctions, 35

spreading rates

geological observations, 31

satellite observations, 77

volcanic island chains, 38

plumb-line, 54, 94

anomalous deflections near mountains, 119

deflections near mountains, 118, 119

Pluto, 1, 8, 18

anomalous orbit, 18

internal structure, 18

New Horizons flyby mission, 18

Poisson solid, 131

Poisson’s ratio, 127, 128, 129, 131

Poisson’s relation, 351

polar flattening, 2

Earth, 69, 73, 74, 76
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Mars, 14

Neptune, 17

Saturn, 16

Uranus, 17

polar motion

APW paths, 379

Chandler wobble, 65

effect of isostatic adjustment, 143

polhody, 65

satellite tracking, 77

polarity, paleomagnetic

chrons and subchrons, 384, 385

historical studies, 383, 384

magnetostratigraphy, 385

oceanic magnetic anomalies, 386

Vine–Matthews–Morley hypothesis, 353, 387

reversals, 29, 375

timescales, 30, 385

transitions, 384

polhody, 65

porosity, 98, 270

electrical conductivity, 293

grain size effect, 270

influence on induced polarization, 304

potential

centrifugal, 55

difference (volt), 290

dipole, 319

electrical, 289, 297

geomagnetic, field of internal origin, 325

geomagnetic, total field, 322

gravitational, 52, 70

logarithmic, 109

single magnetic pole, 320

theory, Laplace equation, 71

Prandtl number, 281

precession

Earth’s orbit, 67

Earth’s rotation axis, 66, 67, 76, 236

nuclear magnetometers, 327

satellite orbit, 77

Preliminary Reference Earth Model, 225

pressure, radial variation in the Earth, 228

protoplanets, 15

P-wave, 149

quadrupole field, 326

radar, 9

ranging, 9, 10

synthetic aperture, 82

wavelengths, 9

radiation, 257, 259

black-body, 260

Stefan’s law, 260

radioactivity, 239

bequerel, 240

decay process, 240

decay rate, 240

half-life, 240

heat production, 260, 261, 262

nuclear activity, 240

nuclear structure, 239

radiometric dating

environmental processes, 248

beryllium, 248

noble gases, 249

methods, 242

argon–argon, 245

lead–lead, 248

potassium–argon, 244

radiocarbon, 242, 248

rubidium–strontium, 244

uranium–lead, 246

Rayleigh number, 258, 281

critical value for convection, 259

mantle convection, 281, 282

radiogenic convection, 281, 282

thermal convection, 282

Rayleigh wave, 154

particle motion, 154

velocity, 154, 155

Rayleigh–Bénard convection, 281, 282

cell aspect ratio, 283, 284

receiver function analysis, 221

relaxation time

isostatic uplift, 140, 141

magnetization, 360, 361, 364, 366

resistivity, 290, 292

apparent, 300,

electrolytic, 293

electronic, 291

semiconductor, 291

surveying, 296

electrode configurations, 298

lateral profiling, 298

vertical sounding, 298

tomography, 304

retroreflector, 12, 13

absolute gravity measurement, 88, 89

LAGEOS satellite, 77

principle, 13

satellite laser ranging, 77

revolution without rotation, 58, 59

Reynolds number, 282

ridges, oceanic, 26

heat flow, 32

sea-floor spreading, 28

seismicity, 32

spreading centers, 31

spreading rates, 30

rigidity modulus, 128, 133

Roche limit, 59, 60, 238

rock magnetism, 356

magnetic domains, 341

magnetic minerals, 358

remanent magnetizations, 363

types of magnetic behavior, 357

Rodrigues formula, 71

satellite geodesy, 76

dynamic oceanic topography, 81

gravity and geoid measurement

CHAMP mission, 80

GOCE mission, 81

GRACE mission, 80

GRACE-FO mission, 80

mass loss in ice-sheets, 81

potential coefficients Jn, 72

satellite altimetry, 77

satellite laser-ranging (SLR), 77

determination of GE, 52

plate tectonic spreading rates, 77

time-dependent mass exchanges, 81

Saturn, 16

composition, 17

internal structure, 17

magnetosphere, 339

moons, 16

rings, 16

scattered disk objects, 19

sea-floor spreading, 28, 29, 265, 353

anomaly pattern, 390

back-arc basins, 260, 280

Central Atlantic, 391

half-rates at ocean ridges, 29

GPS measurements, 31

uniformity of spreading rate, 387

initiation of current episode, 388

polarity reversal record, 387

secular variation, 314, 330

dipole field, 330

archeomagnetism, 331

historic intensity decrease, 330

location of dipole axis, 331

fluid flow at core surface, 332

non-dipole field, 331

archeomagnetic evidence, 331

westward drift, 331

seismic arrays

enhanced detection of events, 216

nuclear explosion monitoring, 216

proof of solid inner core, 218

records of lunar seismicity, 14

seismic tomography

indirect inversion, 222

travel-time anomalies, 224

travel-time residuals, 223

velocity anomalies, 223, 224

waveform tomography, 224

seismic velocity discontinuities, 143

Conrad discontinuity, 218, 229

core–mantle boundary, 226

D″-layer, 226

density changes, 227

Gutenberg discontinuity, 217, 226

inner core–outer core, 226

Lehmann discontinuity, 225

Mohorovičić discontinuity, 218

upper mantle transitions, 225, 283

seismic wave propagation, 147

attenuation, 153

geometric spreading, 153

viscoelastic damping

absorption coefficient, 153

quality factor, 153

body waves, 147

energy partitioning at interface, 163, 167

P-waves, 148

reflection and refraction coefficients, 167, 168

seismic impedance, 167

S-waves, 149

travel times to epicentral distances, 219

velocity–depth models, 225

energy density of wave, 152

spherical wave, 147

surface waves, 147, 154

dispersion, 154

Love waves, 154

Rayleigh waves, 154

wavefront, 147, 148
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seismicity

global

active seismic zones, 25, 194

focal depths, 195

intraplate, 195

subduction zones, 33

tectonic plate margins, 25

Wadati–Benioff zone, 196

induced, 215, 216

by fluid injection, 215

by gas extraction, 216

by hydraulic fracturing, 216

seismology

Fermat’s principle, 162

Huygens’ principle, 160

ray paths

concentric uniform shells, 219

epicentral distances, 220

curvature of path, 172

multi-layered Earth

epicentral distances, 220

shallow layer reverberations, 221

receiver function analysis, 221

reflection seismology, 164, 167, 169

continental crustal section, 169

field procedures, 184

common mid-point method, 185

continuous profiling, 185

split-spread method, 185

inclined reflector, 165

depth falsification, 166

layer thickness estimation, 165

migration of section, 167

noise sources, 168

ground roll, 169

multiple reflections, 169

normal moveout, 164, 165

stacking of records, 169

supercritical reflections, 164

syncline and anticline, 166

two-way travel-time, 164

refraction seismology, 169

apparent velocities, 172

critical angle of incidence, 163

critical distance, 164

crossover distance, 170

double refracted ray, 170

head wave, 169

inclined interface, 171

intercept time, 170

travel time, 170

seismic noise. See also ambient seismic noise

seismogram, 147

seismic phases, 149

synthetic seismogram, 167, 207

seismometer

broadband, 184,

arrays, 185, 185

equation of motion, 182, 183

floating type, 187

inertial type

electromagnetic, 181

horizontal motion, 181

principle, 180

vertical motion, 181

instrumental damping, 182

invention and development, 191

long-period, 184

ocean-bottom, 186

optical, distributed acoustic sensing, 187

resonant frequency, 182

short-period, 184

separation of variables, 263, 264

shear modulus, 128, 129, 150

skin depth, 307, 309

Snell’s law, 161, 163, 164, 170, 172

solar system

geocentric model, 5

heliocentric model, 5, 7, 11

theories of origin, 3

solar wind, 322

solid angle, 347

solstices, 8

Somigliana’s normal gravity formula, 74

spherical harmonic analysis, 318

free oscillations, 156

geoid potential, 75

geomagnetic field, 322, 327, 369

Gauss–Schmidt coefficients, 326

global heat flow, 275

gravitational field, 74

Jupiter’s magnetic field, 338

spherical harmonic functions, 72, 324

sectorial and tesseral harmonics, 72, 326

zonal harmonics, 326

spherical trigonometry, 42

stacking

of correlation functions, 178, 180

of seismic records, 169

standing wave, 156, 157

Stefan–Boltzmann constant, 260

stereogram

first motions in earthquake, 198

paleomagnetic directions, 371

strain

extension, 126

longitudinal, 126

matrix, 126, 128

shear, 127, 128, 150, 395

strain-hardening, 136

stress

deviatoric, 198

lithostatic or hydrostatic, 198

matrix, 126

normal, 126, 128, 129, 131

shear, 126, 132, 133, 150, 198

subduction zone, 32, 138

forces driving plate tectonics, 43

gravity anomalies, 34, 116

heat flow, 33

island arcs, 33

lithospheric flexure, 137

role of cold descending slab, 44

seismicity, 33

trench suction, 44, 45, 284

volcanism, 33

Sun, 334

composition, 334

convection, 334

magnetic field, 334

photosphere, chromosphere, corona, 334

rotation, 334

solar flares, 335

sunspots, 334

magnetic fields, 335

superconductivity, 90

superparamagnetism, 361

superplumes, 232, 285

susceptibility

antiferromagnetic, 401

definition, 340

diamagnetic, 399

paramagnetic, 399, 400

Curie–Weiss law, 399

S-wave, 149

synthetic aperture radar, 82

interferometric SAR, 82

telluric currents, 295

temperature

absolute zero, 254

concept, 253

measurement scales, 254

profile in the Earth, 255, 256

temperature gradient, 238

adiabatic, 255, 257, 258

continental borehole measurements, 267

in D″-layer, 284

geothermal, 258

measurement in boreholes, 267

measurement in the oceans, 272

melting point, 256

outer core, 333

subduction zone, 279

superadiabatic, 258, 259, 281, 282

tesla, 319, 321

Theia, 12, 383

thermal boundary layers, 226, 257, 259, 277, 284

thermally activated process

Arrhenius equation, 361

creep, 133, 284

diffusion, 246

lithosphere ductility, 136

semi-conduction, 314

thermistor, 267, 272

thermochemical piles, 232

thermodynamic parameters, 253, 254,

tides

anelastic response, 63

bodily Earth-tides, 57, 62

diurnal inequality, 59

effect on gravity measurements, 61

horizontal tide, 62

increase in Earth–Moon distance, 64

increase in length of day, 63

Love numbers, 62

marine tide, 57, 62

phase lag, 63

semidiurnal tide, 58, 59

solar tide, 59

spring and neap tides, 61

synchroneity of rotations, 12, 64

time units

convention for ages and dates, 242

day, sidereal and solar, 235

month, sidereal and solar, 236

second, ephemeris time, 236

universal time, 236

year, sidereal and tropical, 236

timescale

biostratigraphical, 236
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chronostratigraphical, 237

geological, 236, 237

eons, eras, periods, and epochs, 237

geomagnetic polarity, 68, 385, 387, 389

Titan, moon of Saturn, 16

titanomagnetite, 358, 359, 387

oceanic basalt magnetization, 359

transform faults, 34, 199, 200

fracture zones, 34

location of Euler rotation pole, 34

New Zealand Alpine fault, 34

oblique slip, 200

relative motion, 201

seismicity, 34

travel time

dependence on epicentral distance, 220

trench, deep-sea, 26, 31, 33, 36

geoid undulation, 78

gravity anomaly, 116

heat flow, 279

lithosphere flexure, 139

role in subduction, 44

Vening Meinesz isostasy model, 120

triple junctions, 35

evolution of northeast Pacific plates, 37

formation of San Andreas fault, 38

interplate velocity diagram, 35

possible types, 37

relative velocity diagram, 37

stability criteria, 36, 37

true polar wander, 286

tsunami, 214

early warning system, 215

Pacific Ocean earthquakes, 214, 215

period of wave, 213

Sumatra earthquake, 214

Tohoku earthquake, 215

velocity dependence on ocean depth, 213, 214

wavelength, 214

Uranus, 17, 339

composition, 17

discovery, 9

internal structure, 17

magnetic field, 17, 339

obliquity of rotation axis, 10, 17

rings, 17

spin axis obliquity, 339

Van Allen radiation belts, 323

Venus, 11, 337

magnetosphere, 337

retrograde rotation, 11

surface temperature, 11

Venus Express spacecraft, 11

very long baseline interferometry (VLBI), 66, 76, 83

Vine–Matthews–Morley hypothesis, 29, 32, 387

virtual geomagnetic pole, 23, 356

viscoelasticity, 135, 142

viscosity, 132, 134

kinematic, 281

mantle, 140, 140, 143

mantle, lower, 142

mantle, upper, 141

viscous flow, 134, 135

Newtonian fluid, 132, 134, 140

viscous flow, in mantle, 21, 43

volcanic islands

arcuate chains at plate margins, 38

linear intraplate chains, 40

volcanic tremor, 192

Wadati diagram, 194

Wadati–Benioff seismic zone, 33, 196, 201, 231

wave equation

D’Alembert’s principle, 151

numerical solutions, 173

finite-difference method, 174, 175

finite-element analysis, 175

one-dimensional

compressional wave, 149

shear wave, 150

properties of waves, 151

three-dimensional equations, 394

compressional wave, 395

shear wave, 395

waveform tomography, 224, 225

wavelength filtering, 105

Young’s modulus, 128, 129, 131

Yungay landslide, 213

Zeeman effect, 334, 343
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