Subject Index

actinides, bulk moduli, 131
activation energy, apparent, crystals,
238
activation energy, diffusion, 274
activation volume, apparent, crystals,
238
Al-27 NMR spectra, 307, 314-318, 322
silicate glasses, 324
albite
phase diagrams, 249-252
viscosity, 214
alkali feldspar, phase diagrams, 250
alloys, shear viscosiiy, 221-224
aluminates
NMR spectra, 325
See also calcium-aluminates
aluminosilicates, layer
Al-27 NMR data, 315
Si-29 NMR data, 311
aluminum oxides
dimensionless parameters, Debye
temperature and thermal pressure,
75
elastic moduli, 69
mantle mineral data, 85-86
O-17 NMR data, 320
thermal expansivity, specific heat,
elastic constants, and
velocities, 70
amorphous materials
bulk moduli, 134
NMR spectra, 303, 322-325
amphiboles
diffusion, 277
Mossbauer spectra, 336-337
andalusite, Mossbauer spectra, 337
andesite, shear viscosity, 215
anelasticity, melts, 209-217
anorthite, phase diagrams, 249-251
Arrhenius equation, diffusion, 274
Arrhenius law, crystals, 238
asymmetry parameter, NMR spectra, 307
augite, phase diagrams, 255

babingtonite, Mossbauer spectra, 337

basalt, diffusion, 274, 282-283

Beer-Lambert law, absorption, 295

beta-spinel, plasticity, 245

bibliography, Mdssbauer spectroscopy,
335-336

black-body emission, dependence on
wavelength at different
temperatures, 300
bonding properties, minerals, 291
borates
mineral data, 3-4
shock wave equation of state, 160

calcite, spectra, 296
calcium aluminates, Al-27 NMR data, 318
calcium oxide
dimensionless parameters, Debye
temperature and thermal pressure,
76
elastic moduli, 65
mantle mineral data, 83
thermal expansivity, specific heat,
elastic constants, and
velocities, 73
carbides, shock wave equation of state,
152-153
carbon-bearing minerals, bulk moduli,
117-118
carbonates
bulk moduli, 117-118
high-temperature electrical
conductivity, 189
mineral data, 3
Mobssbauer spectra, 342
shock wave equation of state, 160
thermal expansion, 32
chain silicates
bulk moduli, 105-107
mineral data, 6
0O-17 NMR data, 321-322
charge transfer band, 297
chemical diffusion, 271
chemical shift, NMR spectra, 304, 306
chemical shift anisotropy, NMR spectra,
306
chlorite, M6ssbauer spectra, 337
chloritoid, Mossbauer spectra, 337
clay minerals, Mossbauer spectra, 337
clinoenstatite, phase diagrams, 253-254
clinopyroxene
phase diagrams, 254, 256
plastic properties, 244
closure temperature, diffusion, 274
cobalt silicate
dimensionless parameters, Debye
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temperature and thermal pressure,
78
elastic moduli, 68
mantle mineral data, 85
thermal expansivity, specific heat,
elastic constants, and
velocities, 72
Coble creep, crystals, 240
coesite, phase diagrams, 249
compression curves, shock waves, 172
convective flow
mantle, 227
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coordination number, NMR spectra, 307
core, outer, viscosity, 218-226
correspondence principle, elasticity,
228
corundum
phase diagrams, 251
See also aluminum oxide
creep, climb-controlled, crystals,
239-240
creep, glide-controlled, crystals, 239
creep, power-law
dislocations, 240
mantle viscosity,
creep, quasi steady-state, crystals, 237
crystals, 237
See also diffusion creep; dislocation
creep; Harper-Dorn creep;
Herring-Nabarro creep
creep mechanism, mantle viscosity, 227
cristobalite, phase diagrams, 249
critical resolved shear stress, yield
strength, 245
cross-slip, dislocations, 240
crystal-field absorptions, 297
crystallographic data, minerals, 1-17
crystals
plastic rheology, 237-247
See also cubic crystals; hexagonal
crystals; orthorhombic crystals;
trigonal crystals
crystal structure, mineral data, 1-17
cubic crystals, elastic moduli, 46-48
cyclosilicates
bulk moduli, 107-110
mineral data, 5-6
See also ring silicates
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Debye temperature, mantle minerals,
75-719
deformation-mechanism maps, plastic
deformation, 241
deformation mechanism, mantle
viscosity, 227
diamond-anvil cell
equations of state, 98-101
high-pressure minerals, 245-246
dielectric permittivity, 185
diffusion, 304
multicomponent, 273
dislocations, 240
olivine, 243-244
diffusion
silicates, 269-290
See also chemical diffusion
diffusional flow, mantle viscosity, 227
diffusion coefficients
silicates, 270-273
See also chemical diffusion;
effective binary diffusion
coefficients; interdiffusion;
multicomponent diffusion;
phenomenological diffusion
coefficients; self-diffusion
coefficient; thermodynamic
factor; tracer diffusion
coefficient
diffusion creep
crystals, 239
dislocations, 240
diopside
phase diagrams, 253-257
plastic properties, 244
dislocation creep, crystals, 239
dislocations, crystals, 239
dynamic topography, mantle viscosity,
229
dynamic yielding, shock waves, 174-175

Earth-forming minerals
phase diagrams, 248-268
spectra, 291-302
Earth rotation, mantle viscosity, 231
effective binary diffusion
coefficients, 273
elastic constants, isotropic, mantle
minerals, 69-74
elasticity, geological materials, 45-63
elastic limit, crystals, 237
elastic moduli, isotropic, Pand T
derivatives, 57-58
crystals, 46-56
mantle minerals at high temperature,
64-97
melts, 209
electrical conductivity, 185
minerals, 291
point defects, 187-188

electrical properties, minerals, 185-208
electronic transitions, minerals, 291
elements, Group I, bulk moduli, 122-123
elements, Group II, bulk moduli, 123
elements, Group III, bulk moduli, 126
elements, Group 1V, bulk moduli, 126-128
elements, Group V, bulk moduli, 128
elements, Group VI, bulk moduli, 128-129
elements, Group VII, bulk moduli, 129

elastic moduli, 46

shock wave equation of state, 146-152
enstatite

phase diagrams, 254-257

phase relations, 25

plastic properties, 244
enthalpy

mantle minerals, 90

minerals, 21-23

phase transformations, 23-27
entropy

mantle minerals, 90

minerals, 21-23

phase transformations, 23-27
epidote, Mossbauer spectra, 337
equations of state

shock waves, 143-174

static compression measurements,

98-142
See also Mie-Gruneisen equation of
state

fayalite
crystal field absorption spectra, 299
phase diagrams, 256
see also iron silicate
Fe-57
line positions for 14.4 ke V
transition, 335
Mbossbauer spectroscopy, 332-335
feldspars
Al-27 NMR data, 315
diffusion, 275-276
log electrical conductivity vs.
partial pressure, 205
phase diagrams, 248-252
Si-29 NMR data, 312
viscosity, 214
feldspathoids
Al-27 NMR data, 315
diffusion, 279
log electrical conductivity vs.
partial pressure, 205
Si-29 NMR data, 312
ferropseudobrookite, phase diagrams, 259
ferrosilite, phase diagrams, 255
Fick’s laws, diffusion, 270-271
forsterite
heat capacity, 19
phase diagrams, 254-256
thermoelastic properties, 92-93

See also magnesium silicate
framework silicates

bulk moduli, 104-105

0-17 NMR data, 322

See also tektosilicates
fusion, enthalpy, 25

gamma-spinel, plasticity, 245-246
garnet, grossular
dimensionless parameters, Debye
temperature and thermal pressure,
76
elastic moduli, 65
mantle mineral data, 83
phase diagrams, 257
thermal expansivity, specific heat,
elastic constants, and
velocities, 73
thermoelastic properties, 93-94
garnet, majorite
phase diagrams, 253
plasticity, 245
garnet, pyrope-rich
dimensionless parameters, Debye
temperature and thermal pressure,
76
elastic moduli, 65
mantle mineral data, 83
phase diagrams, 256-257
thermal expansivity, specific heat,
elastic constants, and
velocities, 73
garnet
diffusion, 280
elastic moduli, 47-48
Mossbauer spectra, 337
phase diagrams, 248, 256-257
gases, shock wave equation of state,
144-145
geochemistry, 304
geodetic studies, core viscosity, 219
geoid, mantle viscosity, 227
geoid anomaly, positive mass anomaly,
231
geoid inversion, mantle viscosity,
232-234
geomagnetism studies, core viscosity,
220
geophysics, 304
germanates, phase transitions, 25
Gibbs free energy, vs. temperature, 23
glasses
bulk moduli, 134
diffusion, 269-290
elasticity, 45-63
elastic moduli, 56
heat capacity, 20
NMR spectra, 322-325
phase transitions, 212
shock wave equation of state, 166-168



glass transition, heat capacity, 20-21
grain-boundary sliding, crystals, 239
grandidierite, Mossbauer spectra, 337
Griineisen ratio, 173

halides
bulk moduli, 120-122
elastic moduli, 47
high temperature electrical
conductivity, 189-190
log electrical conductivity vs.
partial pressure, 204
mineral data, 8-9
shock wave equation of state, 153-155
hardening, crystals, 237
Harper-Dorn creep, crystals, 240-241
heat capacity, minerals, 18-21
hedenbergite, phase diagrams, 255
Helmbholtz free energy, mantle minerals,
86-87
hematite, phase diagrams, 258-260
Herring-Nabarro creep, crystals, 240
hexagonal crystals, elastic moduli, 48
high-pressure minerals, 1 -antle, 245-24¢
high-pressure silicates
mineral data, 8
O-17 NMR data, 322
hollandite, phase diagrams, 250
Hugoniot equation of state, minerals,
143
hydrides, bulk moduli, 133-134
hydrostatic pressure, plastic
deformation, 241
hydrous minerals, thermal expansion,
31-32
hydroxides
bulk moduli, 111-117
mineral data, 3
Méssbauer spectra, 340
O-17 NMR data, 321
shock wave equation of state, 159

ices, bulk moduli, 133

ilmenite, phase diagrams, 253, 259-260

ilvaite, Mossbauer spectra, 337

infrared spectroscopy, Earth-forming
minerals, 291-302

insulators, 186

interdiffusion, 271

intervalence transitions, 297

inverse problems, mantle viscosity,
231-232

iron, liquid, shear dynamic viscosity,
222

iron-nickel alloys, liquid, shear
viscosity, 222-223

iron-oxygen alloys, liquid, shear
viscosity, 224

iron-silicon alloys, liquid, shear
viscosity, 224-225

iron-sulfur alloys, liquid, shear
viscosity, 223
iron-titanium oxides, phase diagrams,
248, 258-260
iron
bulk moduli, 131
Maossbauer spectra, 342
phase diagrams, 248, 262
iron alloys, bulk moduli, 131-133
iron silicate
elastic moduli, 68
mantle mineral data, 85
thermal expansivity, specific heat,
elastic constants, and
velocities, 72
isopleths, phase diagrams, 249-262

jadeite, phase diagrams, 249

kamacite, Mossbauer spectra, 342

kinks, crystals, 239

Kroger-Vink notation, point defects,
187-188

kyanite, Mossbauer spectra, 338

lanthanides, tuik moduli, 130-131
leucite, phase diagrams, 250, 252
liquid alloys, shear viscosity, 221-224
liquid metals theory, core viscosity,
221
liquids
bulk moduli, 134
diffusion, 269-290
heat capacity, 20
NMR spectroscopy, 303
phase transitions, 212
lithosphere, strength, 228
longitudinal viscosity, vs. frequency,
211
lunar glass, shock wave equation of
state, 168

magic angles spinning, NMR spectra, 303
magnesiowuestite
phase diagrams, 256
plasticity, 245
magnesium aluminum oxide
dimensionless parameters, Debye
temperature and thermal pressure,
79
elastic moduli, 66
thermal expansivity, specific heat,
elastic constants, and
velocities, 70
magnesium oxide
dimensionless parameters, Debye
temperature and thermal pressure,
75
elastic moduli, 65
mantle mineral data, 82-83
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thermal expansivity, specific heat,
elastic constants, and
velocities, 69
thermoelastic properties, 92
magnesium silicate
dimensionless parameters, Debye
temperature and thermal pressure,
77
elastic moduli, 67
mantle mineral data, 84-85
thermal expansivity, specific heat,
elastic constants, and
velocities, 71
magnetite, phase diagrams, 258-260
manganese oxide
dimensionless parameters, Debye
temperature and thermal pressure,
78
elastic moduli, 66
mantle mineral data, 83-84
thermal expansivity, specific heat,
elastic constants, and
velocities, 72
manganese silicate
dimensionless parameters, Debye
temperature and thermal pressure,
78
elastic moduli, 68
mantle mineral data, 85
thermal expansivity, specific heat,
elastic constants, and
velocities, 72
mantle
high-pressure minerals, 245-246
viscosity, 227-236
mantle minerals, elastic constants,
64-97
MAS, See magic angles spinning
melting, entropy, 23-27
melts
elasticity, 45-63
elastic moduli, 55-56
electrical properties, 185-208
NMR spectra, 304, 322-325
viscosity and anelasticity, 209-217
See also amorphous materials;
glasses; liquids; silicate melts
metal cations, effect of octahedral
coordination on d-orbitals, 298
metallic compounds, elastic moduli, 46
metallic conductors, 186
metals, transition, bulk moduli, 124-126
mica, Mossbauer spectra, 338
Mie-Gruneisen equation of state, shock
waves, 175
minerals
crystallographic data, 1-17
elasticity, 45-63
electrical properties, 185-208
equations of state, 98-142
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Maossbauer spectroscopy, 332-347
NMR spectra, 304
phase diagrams, 248-268
shock wave data, 143-184
thermal expansion, 29-44
thermodynamic properties, 18-28
See also carbon-bearing minerals;
Earth-forming minerals; hydrous
minerals; and the different
mineral groups
Maéssbauer parameters, 334
Massbauer spectroscopy, minerals,
332-347
molar volume, minerals, 21-23
monoclinic crystals, elastic moduli,
53-54

native elements, mineral data, 10

nephelinite, shear viscosity, 215

Nernst-Einstein relation, 186

Newtonian viscosity, crystals, 240

nitrates, mineral data, 3

NMR spectroscopy, See nuclear magnetic
resonance spectroscopy

noble gases, bulk moduli, 129-130

nuclear magnetic resonance
spectroscopy, minerals, 303-331

nuclides, quadrupolar, NMR parameters,
305-306

nuclides, spin 1/2, NMR parameters, 304

0O-17 MAS NMR spectra, 319
O-17 NMR spectra, silicate glasses,
324-325
olivine
crystal-field effects, 298
deformation mechanism, 227-228
deformation mechanism map, 241
diffusion, 279-280
dimensionless parameters, Debye
temperature and thermal pressure,
71

orthoclase

Maossbauer spectra, 338
phase diagrams, 252

orthoenstatite, phase diagrams, 254
orthopyroxene

Maéssbauer spectra, 333
phase diagrams, 254-255
plastic properties, 244

orthorhombic crystals, elastic moduli,

51-52

orthosilicates

bulk moduli, 107-110
mineral data, 4-5
0-17 NMR data, 321

osumilite, Mossbauer spectra, 338
oxide components, thermal expansion, 40
oxides, crystalline

Al-27 NMR data, 314-318
0O-17 NMR data, 320

oxides

bulk moduli, 111-117

elastic moduli, 46-47

high temperature electrical
conductivity, 190-192

log electrical conductivity vs.
partial pressure, 205

mineral data, 2-3

Madssbauer spectra, 340

nuclear magnetic resonance
spectroscopy, 303-331

partial molar heat capacities, 21

shock wave equation of state, 155-159

thermal expansion, 30-31

vibrations, 297

See also aluminum oxide;
iron-titanium oxide; magnesium
oxide; magnesium aluminum oxide;
manganese oxide

oxygen fugacity

crystals, 238
plastic properties, 244

elastic moduli, 67

high-temperature compression creep,
242

high-temperature creep laws, 243

log electrical conductivity vs.
partial pressure, 202-204

mantle mineral data, 85

Mossbauer spectra, 338

phase diagrams, 248, 255-256

phase relations, 26

point defect model, 202

point defects, 188

thermal expansivity, specific heat,
elastic constants, and
velocities, 71

optical absorption spectroscopy,

Earth-forming minerals, 291-302

Orowan’s equation, dislocations, 239

pargasite, phase diagrams, 248, 261
periclase, phase diagrams, 255
peridot, crystal-field effects, 298
perovskite
high-temperature compression creep,
245
Méssbauer spectra, 338
phase diagrams, 253, 255-256
plasticity, 245-246
thermal expansion, 38-39
phase diagrams, Earth-forming minerals,
248-268
phase transformations, entropy, 23-27
phase transitions, 304
shock waves, 174-175
silicate melts, 212
phase velocities, mantle viscosity,
231-232

phenomenological diffusion
coefficients, 269-270
phlogopite, phase diagrams, 248, 261
phosphates
mineral data, 4
Méssbauer spectra, 342
pigeonite, phase diagrams, 254-255
plagioclase, phase diagrams, 250-251
Planck function, minerals, 301
plastic deformation, See also
superplastic deformation
plastic instability, crystals, 238
plasticity, transformation, crystals,
239
plate velocities, mantle viscosity, 229
point defects, electrical conductivity,
187-188
polar wander, mantle viscosity, 231
post-glacial uplift, mantle viscosity,
227,232
potassium chloride
dimensionless parameters, Debye

temperature and thermal pressure,

79
elastic moduli, 66
mantle mineral data, 84
thermal expansivity, specific heat,
elastic constants, and
velocities, 74
power-law creep, plastic properties, 244
protoenstatite, phase diagrams, 253-254
pseudobrookite, phase diagrams, 259
pyrophyllite, Mossbauer spectra, 338
pyroxenes
diffusion, 278-279
high-temperature compression creep,
244
Maossbauer spectra, 338-339
phase diagrams, 248, 253-255

quadrupolar coupling constant, NMR
spectra, 307
quartz
diffusion, 275
phase diagrams, 249
plasticity, 241-242
spectra, 296
static NMR spectra, 306
quasiharmonic approximation, mantle
minerals, 87-89

radiative thermal conductivity,
minerals, 291

radiative thermal emission, minerals,
301

Raman spectroscopy, Earth-forming
minerals, 291-302

Rankine-Hugoniot equations, shock
waves, 172-174

reflection spectra, minerals, 294



relaxation mode, melts, 209
relaxation time

melts, 209

vs. temperature, 212
resonant frequency, 303
rheology, non-Newtonian, melts, 215
rheology, plastic, crystals, 237-247
rheology, mantle viscosity, 227
rhyolite

diffusion, 274, 281-282

shear viscosity, 215
ring silicates

bulk moduli, 107-110

See also cyclosilicates
ringwoodite, See also gamma-spinel
ruby, crystal-field effects, 298
rutile, phase diagrams, 259

sanidine, phase diagrams, 250
sapphirine, phase diagrams, 256
sealevel variations, ice models, 229
seismic tomography, mantle viscosity,
229
seismological studies, core viscosity,
220
selenides, Mossbauer spectra, 341-342
self-diffusion coefficient, 271
semiconductors, 186
serpentine
Mossbauer spectra, 339
phase diagrams, 248, 261
shear stress, critical resolved,
crystals, 239
shear viscosity, vs. frequency, 211
sheet silicates
bulk moduli, 110-111
diffusion, 277
mineral data, 6-7
shock waves, minerals, 143-184
Si-29 NMR spectra, 307-313
silicate glasses, 322-324
silica analogs, Al-27 NMR data, 315
silica polymorphs
diffusion, 275
phase diagrams, 248-249
shock wave equation of state, 161-162
Si-29 NMR data, 312
silicate melts
high temperature electrical
conductivity, 201
longitudinal viscosity vs. shear
viscosity, 210
silicates, crystalline
Al-27 NMR data, 314-318
Si-29 NMR data, 308-313
silicates
crystallographic properties, 4-8
diffusion, 269-290
high temperature electrical
conductivity, 192-200

Mossbauer spectra, 336-339
nuclear magnetic resonance
spectroscopy, 303-331
phase transitions, 19-27
shock wave equation of state, 162-166
thermal expansion, 33-38
vibration of tetrahedra, 293
vibrations, 297
See also amphiboles; chain silicates;
clinopyroxene; cobalt silicate;
feldspars; feldspathoids;
framework silicates; iron
silicate; magnesium silicate;
manganese silicate; olivine;
orthopyroxene; orthosilicates;
pyroxenes; ring silicates; sheet
silicates; silica polymorphs;
sorosilicates
sillimanite
Mossbauer spectra, 339
phase diagrams, 256
smectite, Mossbauer spectra, 339
Sn-119, Mossbauer spectroscopy, 332-335
sodium chloride
dimensionless parameters, Debye
temperature and thermal pressure,
79
elastic moduli, 66
mantle mineral data, 84
thermal expansivity, specific heat,
elastic constants, and
velocities, 74
sorosilicates
bulk moduli, 107-110
mineral data, 5-6
specific heat, mantle minerals, 69-74
spinel
Al-27 MAS spectra, 319
elastic moduli, 47
high temperature electrical
conductivity, 192
mantle mineral data, 83
Mossbauer spectra, 339
phase diagrams, 253, 255-256
plasticity, 245
See also beta-spinel; gamma-spinel;
ulvospinel
spin quantum number, 303
standard materials, shock wave equation
of state, 168-171
static compression tests, equations of
state, 98-142
staurolite, Mossbauer spectra, 339
stishovite, phase diagrams, 249, 253
strain, vs. time, 210
stress-strain curve
crystals, 237
plastic solid, 238
stress creep curve, plastic solid, 238
stress exponent
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climb-controlled creep, 240
plastic properties, 244
sulfates
mineral data, 4
Massbauer spectra, 342
shock wave equation of state, 160
thermal expansion, 33
sulfides
bulk moduli, 118-120
elastic moduli, 47
mineral data, 9-10
Maossbauer spectra, 341-342
thermal expansion, 33
superplastic deformation, crystals, 239

taenite, Mossbauer spectra, 342
talc, Mossbauer spectra, 339
tectosilicates, See tektosilicates
tektosilicates, mineral data, 7-8
tellurides
bulk moduli, 118-120
Mossbauer spectra, 341-342
temperature, shock waves, 175
tetragonal crystals, elastic moduli, 50
thermal expansion
geological materials, 29-44
mantle minerals, 69-74
thermal expansivity, geological
materials, 29
thermal pressure, mantle minerals, 75-79
thermobarometry, 248
thermochemical properties, minerals, 18
thermodynamic factor, diffusion, 273
thermodynamic properties
mantle minerals, 84-94
minerals, 18-28, 172-174
thermoelastic dimensionless parameters,
mantle minerals, 75-82
thermoelastic properties,
high-temperature, mantle
minerals, 91-94
tholeiite, shear viscosity, 215
tin, Mdssbauer spectra, 343
titanates, phase transitions, 25
titanite
diffusion, 281
Mossbauer spectra, 339
tracer diffusion coefficient, 271
transmission electron microscopy
high-pressure minerals, 245-246
plastic deformation, 241
quartz, 242
tridymite, phase diagrams, 249
trigonal crystals, elastic moduli, 49
tungstates, Mdssbauer spectra, 342

ulvospinel, phase diagrams, 259-260

velocity, mantle minerals, 69-74
vibrational spectroscopy
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minerals, 291-297
See also infrared spectroscopy; Raman
spectroscopy

vibrational spectrum, minerals, 291
virtification, enthalpy, 25
viscoelasticity, melts, 209
viscosity, dynamic, outer core, 218-226
viscosity, Newtonian, crystals, 237
viscosity, non-Newtonian, crystals, 237

mantle, 227-236

mantle models, 230

melts, 209-217

pressure dependence, 214

temperate dependence, 213-214

See also longitudinal viscosity;
Newtonian viscosity; shear
viscosity; volume viscosity

viscous flow, 304
volume viscosity, vs. frequency, 211

wadsleyite, Mdssbauer spectra, 339
water-weakening, quartz, 241
water

high pressure electrical conductivity

vs. density, 206

phase relations, 27

silicate glasses, 324-325
wollastonite, phase diagrams, 257

wuestite, phase diagrams, 258-260
X-ray diffraction data, minerals, 1-17

yield point, quartz, 241
yield stress, crystals, 237
yoderite, Mssbauer spectra, 339

zeolites
Al-27 NMR data, 316
Si-29 NMR data, 312
zircon, diffusion, 281



