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wüstite, 28

xenolith, 318, 385

Materials index 453

www.cambridge.org© Cambridge University Press

Cambridge University Press
978-0-521-84404-8 - Deformation of Earth Materials: An Introduction to the Rheology of Solid Earth
Shun-ichiro Karato
Index
More information

http://www.cambridge.org/0521844045
http://www.cambridge.org
http://www.cambridge.org


Subject index

‘‘O’’ ring, 102

(Mg,Fe)2SiO4, 82, 91, 225

(Mg,Fe)O, 82, 85, 92, 129, 225, 320, 341, 360, 410

(Mg,Fe)SiO3, 225, 390, 410

(Mg,Fe)SiO3 perovskite, 360, 410

410-km discontinuity, 358, 386, 389

660-km discontinuity, 369, 386

absolute rate theory, 32, 33

absorption band model, 326

acoustic wave, 64

activation

activation energy, 47, 130, 144

activation enthalpy, 33, 47, 109, 137–139, 221, 340, 379

activation volume, 47, 109, 130, 168, 169, 170, 171, 174, 175,

176–181

activity, 17–20, 28

activity coefficient, 18, 21

actuator, 99, 104

Adams–Williamson equation, 306, 309

adiabatic

adiabatic compression, 313

adiabatic elastic constant, 55, 58

adiabatic instability, 289, 294, 295

adiabatic temperature gradient, 312, 356

ak135, 318

aliovalent ion, 76

analog material, 272, 275, 276
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NaCl structure, 86

NaCl-type crystal, 85

Navier–Stokes equation, 327

necking instability, 289, 294

Nernst field, 129

neutron diffraction, 257

nominally anhydrous mineral, 181

non-hydrostatic stress, 28, 29

non-ideal gas, 18

non-linear rheology, 34, 36–38, 328, 337

non-stoichiometry, 27, 28

normal strain, 8

normal stress, 5–6, 29

normalization parameter, 277

nucleation, 250–251

nucleation and growth, 232, 233, 247, 250

oceanic crust, 317, 319

oceanic lithosphere, 350, 352, 353

oceanic upper mantle, 357, 358, 408

ODF, 258, 259, 260, 261, 269

OH bond, 184

OH dipole, 184

olivine fabric, 409

A-type fabric, 408, 409

B-type fabric, 409

C-type fabric, 409

Onsager reciprocal relation, 31, 32, 125, 128

optical mode, 64

opto-elastic technique, 58

orientation distribution function, 258, 260

orientation of shear zone, 292–293

oriented crystallization, 265

oriented growth, 265

Orowan equation, 145, 156, 158, 159, 284, 285, 329

Ostwald ripening, 236, 238–239, 240

outer core, 312, 320, 361–362

oxide activity, 28, 81, 82, 103

oxygen fugacity, 21, 22, 28, 80, 82, 101, 103

oxygen fugacity buffer, 22

paleo-oceanic crust, 405

paleopiezometer, 108, 244, 248–249

partial melt, 210, 212–213, 214, 408

partial melting, 24, 197, 213, 315, 317, 318, 320, 342, 354–357,

370, 380, 384–385, 387, 390, 408

partial molar thermodynamic potential, 15

partially molten material, 51, 199, 210–213, 227–231

partitioning of an element, 98

Paterson apparatus, 345

Pauling’s rule, 70, 71

Peach–Koehler force, 32, 33, 88

Peclet number, 309
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Peierls mechanism, 122, 162, 166, 174, 175–176, 192, 340, 345

Peierls potential, 119, 146, 147, 148, 340

Peierls stress, 143, 145, 146–149, 150, 157, 160, 161, 162, 164,

171, 204, 205, 206, 274, 275

percolation, 222–224

percolation threshold, 222, 224, 231

peridotite, 317, 318, 348, 405

permeability, 228

PH wave, 404

phase diagram, 25–28, 268

phase lag, 40, 210

phase transformation, 22–24, 26, 72, 233, 249–253, 271–287,

319, 341, 342, 374, 375, 381, 382

phenomenological coefficient, 30, 31

phenomenological theory, 34

phnon density of state, 59

physical dispersion, 42

pinning, 154, 206

pinning point, 205

pipe diffusion, 159–160

plane strain, 10, 11

planet, 316

plastic anisotropy, 51, 279

plastic deformation, 34–36, 99–113, 114–122, 143–167,

168–198, 214–231, 271–287, 288–302

plastic flow, 3, 6, 30, 51, 75, 99, 114, 119, 188

plastic flow regime, 115, 119, 121, 339

plate tectonics, 122

plume, 350

point defect, 31, 32, 75, 76–82, 125, 126, 182, 202, 361

Poirier model, 283–286

Poisson’s equation, 92

Poisson’s ratio, 52, 53, 321

polarization, 397

pole figure, 257

polycrystalline aggregate, 162, 163

polycrystalline material, 12, 32, 51

polycrystalline sample, 100

polyhedral model, 70–71

pore pressure, 116

pore-fluid pressure, 102

porosity, 100

Portevin–Le Chatelier effect, 151, 289, 298

post-glacial crustal uplift, 337

post-glacial rebound, 136, 140, 163, 323, 324, 326, 328, 334,

335, 337, 352

power law, 339

power-law behavior, 208

power-law creep, 165, 166, 174, 175, 340, 341

power-law dislocation creep, 171, 175, 176, 278

power-law rheology, 109

Preliminary Reference Earth Model, 306

PREM, 306, 307, 318, 363, 365

pressure, 3, 102, 189

pressure dependence of activation volume, 175, 180–181

pressure derivative, 61

pressure shadow, 141

pressure solution creep, 130, 135–136, 267

primary recrystallization, 254

principal strain, 9, 10, 11

principal stress, 4–5

principle of minimum entropy production, 32

pure shear, 3, 85

PV wave, 404

P-wave velocity, 52

Q, 45, 46, 47, 200, 201, 321, 324, 326, 362

Q factor, 41, 324

Q�1, 200

radial anisotropy, 404

radioactive heating, 312

rate and state dependent friction, 117

Rayleigh number, 309

Rayleigh wave, 397, 399, 400, 401, 408

RDA, 105

recovery, 155, 188

recrystallized grain size, 244, 249

relative sea level, 326, 330

relaxation process, 39

relaxation time, 39, 45, 47

resolved shear stress, 83

Reuss average, 216, 218, 287

reversible, 29

reversible process, 14

Rf/S, 373, 381, 390

rheologically critical melt fraction, 231

rigid body rotation, 3, 7, 8, 85

rotational deformation, 3, 11

rotational deformation geometry, 11

rotational Drickamer apparatus, 105, 106, 274

R�/P, 373

R�/S, 373, 378, 379, 380, 381, 382

Rs/p, 368, 373, 377, 379, 380, 381, 382, 384, 390, 405

RSL, 330, 331

S wave, 397

S (P), 397

Sachs average, 216

Sachs model, 218

saddle point, 32, 33

sample preparation, 99–101

sandwich method, 100, 101, 112

S–C mylonite, 11

scaling, 276

scaling law, 268, 270, 276, 277, 278, 286

Schmid factor, 83, 84, 88, 233

Schmid–Boas relation, 263

Schottky defect, 79, 133, 171, 180

Schottky group, 176
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Schottky pair, 78–79

ScS, 397

sea-level change, 323

second invariant of deviatoric stress, 6

second invariant of stress, 285

second invariant of the deviatoric stress tensor, 281, 283

second principle of thermodynamics, 14

secondary phase particle, 235

secondary recrystallization, 254

secondary-ion-mass-spectrometer (SIMS), 184

secondary-ion-mass-spectroscopy (SIMS), 104

second-order phase transformation, 23, 73, 74, 271, 286–287

second-order transformation, 23, 272

sectioning effect, 101

segregation, 98

seimic wave propagation, 392–398

seismic anisotropy, 51, 53, 61, 213, 254, 255, 329, 337, 353,

354, 359, 360, 391–411

amplitude of anisotropy, 401

azimuthal anisotropy, 393, 395, 397, 398–399, 409

polarization anisotropy, 393, 399–401, 409

radial anisotropy, 404

seismic lithosphere, 352

seismic tomography, 61, 363, 365, 370, 387, 391

seismic wave, 305, 324

P wave, 397, 401, 408

S wave, 52

seismic wave attenuation, 34, 199–213, 321, 323, 324, 337,

372, 373

seismic wave propagation, 51

seismic wave velocity, 23, 47, 51, 61, 214, 363

SH wave, 396, 397, 398, 405

SV wave, 396, 397, 398, 399

seismological observation, 306–309, 312–314, 323–326,

363–390, 391–410

self-consistent approach, 214–231, 263, 264

self-consistent model, 221

self-diffusion, 144

SEM, 102, 164

semi-brittle behavior, 345, 351

semi-brittle regime, 120–122

semiconductor, 149

sense of shear, 267

sensor, 99

servo-control system, 104

servo-controlled actuator, 109

Shannon–Prewitt ionic radius, 61

shape-preferred orientation, 402

SPO, 402, 408

sharpness of the boundary, 365

shear band, 292

shear localization, 121, 226, 232, 288, 289, 295

shear modulus, 52, 86

shear strain, 3, 8

shear stress, 5–6, 52

shear wave splitting, 399, 400, 401, 409

shear zone, 300

sheared lherzolite, 318

SH-SV polarization anisotropy, 400

simple shear, 3, 10, 11, 37, 264, 292

simple shear deformation, 112–113

Si-site vacancy, 183

site percolation, 223

SKS, 397

SKS wave, 399, 400

slip, 82, 263

slip direction, 82

slip plane, 82

slip system, 82, 83, 87, 100, 148, 162, 258,

269, 360, 410

Snoek peak, 203

soft mode, 74

solar nebula, 316

solar system, 305, 316

solid-medium apparatus, 103

solid skeleton, 228

solid solution, 27, 401

solidus, 24, 178, 197, 354, 356

solubility, 181

solute atmosphere, 298

solvus, 27

Soret effect, 31

S–P mylonite, 299

specific heat, 25

spheroidal mode, 365

splitting function, 364

splitting of peaks, 400

SPO, 402, 408

stability of deformation, 137

stacking fault, 76, 83, 89

stagnant-lid convection, 350

standard linear solid, 44

stationary state, 32

statistical mechanics, 29

statistical physics, 33, 109

steady state

steady-state creep, 136

steady-state deformation, 35, 110

steady-state dislocation creep, 157–161

steady-state flow, 38

stereographic projection, 257

Stirling’s formula, 16, 77

stochastic process, 76

stoichiometry, 28, 133, 134

strain, 3, 7, 7–12

dilatational strain, 3

Eulerian strain, 7

finite strain ellipsoid, 267, 268

Lagrangian strain, 7

strain ellipsoid, 9, 10, 11
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strain (cont.)

strain energy, 29

strain gradient, 90

strain hardening, 38

strain marker, 101

strain partitioning, 226

strain tensor, 7–8, 9

strain-induced grain-boundary migration, 246

strain rate, 35

constant strain-rate test, 108

stress, 3, 4, 12, 34, 35

chemical stress, 160

constant stress test, 109

deviatoric stress, 3, 6, 29, 31, 104

equivalent stress, 37

internal stress, 38, 111, 145, 152, 164, 280, 281, 283

internal stress–strain, 271

stress concentration, 114, 203, 229, 299, 345

stress exponent, 101, 165, 221

stress invariants, 4–5

stress partitioning, 226

stress relaxation function, 40

stress-dip test, 111, 164

stress-relaxation test, 110–111

stress–strain curve, 110

stress–strain distribution, 214, 215

subboundary, 96

subduction

subducted slab, 23, 334, 359, 360, 370, 389, 410

subduction zone, 334, 367, 409

subgrain, 96, 158, 243

subgrain boundary, 158, 243, 246

subgrain growth, 248

subgrain rotation, 243, 246, 248, 265

superplasticity, 109, 129–142, 266, 267, 288–301, 360

structural superplasticity, 137

superplastic creep, 266

superplastic deformation, 264

superplastic flow, 123

transformational plasticity, 137, 280–286, 359

surface force, 4

surface reaction, 236

surface tension, 96, 233

surface topography, 328

surface wave, 317, 351, 364, 366, 399, 408

Love wave, 397

Rayleigh wave, 397, 399, 400, 401, 408

Suzuki effect, 151

synchrotron-based technique, 108

systematics, 275

Szigetti relation, 177

Taylor

Taylor average, 216

Taylor factor, 299

Taylor model, 218

Taylor–Bishop–Hill model, 264

tectonic field, 408

TEM, 93, 97, 102, 196, 273

tensor

fourth-rank tensor, 53

second-rank tensor, 3, 4, 53

ternary system, 81

terrestrial planet, 314

texture, 255

thermal activation, 33

thermal defect, 76

thermal diffusion, 207

thermal expansion, 23, 25, 56, 61, 63, 66, 374

thermal lithosphere, 352–353

thermal pressure, 56

thermal runaway instability, 294–295, 305–322

thermally activated motion, 35, 76

thermally activated process, 13, 32–33, 123, 125

thermo-chemical environment, 102–104

thermocouple, 103

thermodynamics, 13

thermodynamic force, 31

thermodynamic Grüneisen parameter, 57

thermodynamic potential, 15

thermoelasticity, 207–208

thickness of grain boundary, 97

thin film, 136

thin fluid film, 136

tidal deformation, 324

tidal dissipation, 199

tilt boundary, 94

tomography, 364

topography, 385

topography on discontinuity, 385–386, 388

torsion apparatus, 99

torsion test, 99, 100, 101, 112–113

transformation kinetics, 190

transformation plasticity, 280–286

transient behavior, 140

transient creep, 38, 46, 143, 146, 156, 326, 329–330, 337

transient diffusional creep, 203

transient dislocation creep, 204

transition zone, 254, 271, 306, 312, 317, 319–320, 336,

359–360, 386, 387, 388–389, 401, 405, 409

transmission electron microscope, 93, 97, 164

transpression, 409

transverse isotropy, 400, 404, 407

trench, 409

tri-axial compression, 3, 37, 112

tri-axial compression test, 100, 112

tri-axial testing apparatus, 99

twin boundary, 207–212

twinning, 122, 162, 263, 406

twist boundary, 94
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two-phase material, 215, 299

two-phase mixture, 405

ultra-low velocity region, 213, 320, 385

ultra-mylonite, 232

ultrasonic technique, 58

ultrasonic wave, 58, 200

uni-axial compression, 37

unrelaxed model, 281

uppermantle, 130, 254, 306, 317, 350–358, 382, 387–388, 408–409

Urey ratio, 310

V*, 345

vacancy, 29, 75, 76, 80, 182

variational principle, 216, 217

velocity of elastic waves, 41, 58

Venus, 322, 346

vibrational entropy, 17, 29

Vickers indenter, 111

viscoelasticity, 39, 199, 202

viscosity, 339

effective viscosity, 36, 37, 342, 354

viscosity profile, 360

viscosity tensor, 36

viscosity-depth profile, 336

viscous motion of melt, 210

Voigt average, 216, 218

Voigt model, 43, 44

Voigt notation, 53

volatile, 314, 318

von Mises condition, 85–86

vorticity, 8, 11

Walsh mechanism, 211

waveform inversion, 364

Weertman model, 159

wetting behavior, 230

whole mantle convection, 316

work hardening, 88, 110, 145, 146, 149, 155, 157, 188, 285,

286, 293, 299

work softening, 188, 293

X-ray, 256

X-ray diffraction, 57, 99, 106, 107, 108

yield stress, 33, 116, 148, 161, 351

yielding, 35

Zener model, 43, 44, 45, 47

Zener peak, 203

Zener pinning, 225, 237–238, 296, 358

zirconia sensor, 104
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