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abyssal hills, 35

adiabatic gradient, 97, 204-5

advection, thermal, 198-202, 207, 262,
296, 325, 407, 411-15

age distribution, see crust, continental, age
distribution of

age of the earth, 11, 408-11

cooling, timescale of, 16-19, 187, 207

ages of isotopic heterogeneities, see
heterogeneity, isotopic, ages of

Airy, G. B, 28

argon, 371, 384-5, 399, 401-2

asthenosphere, 30, 64

attenuation of seismic waves, 54

basalt—eclogite transformation, 60, 110,
4434
biharmonic equation, 143
Birch, Francis, 98
boundary layer
chemical, 95
see also buoyancy, compositional
theory of convection, 21417, 224, 413—
15
thermal 94, 211, 214, 225-8, 235, 262,
275, 290, 293, 306, 320, 324, 326
brittle material, see rheology, brittle
brittle—ductile transition, 174-5, 239
bulk silicate earth, 377
bulk sound speed, 96
buoyancy, 150, 212-14, 233
compositional, 60, 64, 109, 425-36
of lithosphere, 215, 347, 429-32
of melting residue, 316-17, 434-6
of plume, rate, 296-7, 319
thermal, 62, 284
buoyant sphere, 149-56

C (C-type mantle), 362
see also FOZO

Carey, Samuel W., 27

catastrophism, 12

chalcophile elements, 359

Clapeyron slope (Clausius—Clapeyron
slope), 107, 276-8, 309-11
compatible elements, 358
conductivity, thermal, 179
conservation of mass, 127, 140
continental drift, 23, 33, 64
continuity equation, 140
convection
mantle, 63, 112
layered, 33743
small-scale, 3457
cooling halfspace model, 186, 280
core of the earth, 90-1, 101-2
cooling of, see heat flow, core
core-mantle boundary, 90, 203
creep mechanisms of deformation
diffusion, 171
dislocation, 171
crust, 30, 90-1
continental, 116-17, 290, 365
age distribution of, 418-19, 424
buoyancy of, 4267
formation of, 3867
oceanic, 109, 116-17
recycling of, 60

D" zone, mantle, 92, 93, 428-9
Daly, Reginald A., 27, 31, 54, 62
Darwin Rise, 35, 334

see also superswell
Darwin, Charles, 10, 13, 23, 55
degassed mantle, 371
depletion (of incompatible elements), 363
Dietz, R. S., 36
diffusion, solid state, 389, 394
diffusivity, thermal, 180
dilatation, 137

rate of, 138
discontinuity, mantle

410-km, 93

660-km, 93
DMM (depleted MORB mantle), 362, 387
du Toit, Alex, 27
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ductile material, 124, 171-4
see also rheology, nonlinear

earthquakes
deep, 32, 108, 112
fault plane solution for, 48, 52
eclogite, 98
EM-1 (enriched mantle, type 1), 362, 378,
387-8
EM-2 (enriched mantle, type 2), 362, 378,
387-8
enrichment (of incompatible elements),
363
entrainment, thermal, 58
Euler’s theorem, 43, 52, 253, 254
Euler pole, 51, 254
Ewing, Maurice, 47, 49
expansion of the earth, 33, 35

fault, geological, 170

Fisher, Rev. Osmond, 18, 59

flood basalt, 57, 58, 61, 311-14, 319
rifting model of, 314-15

force balance, 127, 130, 131, 141-2

FOZO (focal zone mantle), 362, 367, 370,

400-1

fracture zone, 34, 40, 52

friction
frictional sliding, 168

geochron, 366, 377
geoid, 86, 1636, 281-2, 295, 338
gravitational settling, see heterogeneity,
isotopic, gravitational settling of
gravity field, 85-7
anomalies, 86
Griineisen parameter, 203—4

half life, 360-1
head-and-tail structure, see mantle
plumes, head-and-tail structure
heat conduction, see thermal diffusion
heat flow, 80-5, 274, 409
continental, 83-5, 193-8
core, 298-9, 318
plume, 296-9
sea floor, 35, 80, 184, 217, 263, 273, 278,
282-5
age dependence, 82, 187
heat generation, internal, 226, 229, 281,
325
see also radioactive heating
heat transport, see advection
Heezen, Bruce C., 35
helium, 369-70
Hess, H. H., 34, 36
heterogeneity, isotopic, 366, 397
ages of, 375-6, 398
generation of, 386-8
geographical, 375
gravitational settling of, 3967, 400
homogenisation of, 388-98
survival of, 393

topology of, 375
HIMU (high-x mantle), 362, 387-8
Holmes, Arthur, 22, 59
hotspot, volcanic, 57, 79, 87, 293, 319
age progression of, 55, 57
swell, 57, 80, 87, 293, 319, 340
tracks, see scamount chains
hotspot, Wilson’s mantle, 56
Hutton, James, 9, 12, 17
hydrated minerals, 364
hydrostatic pressure, 133

TAB (island arc basalt), 362
incompatible elements, 358, 367
isostatic equilibrium, 24, 26, 28, 29, 42,
190, 296
isotopic dating, 360
isotopic tracers, 360
heterogeneity of, see heterogeneity,
isotopic

Jeffreys, Harold, 25, 31
Kelvin, Lord, 10, 17

laminar flow, 389, 397
layered mantle convection, 337-43
linear viscous fluid, 124, 157, 262
compressible, 139
constant viscosity, 142
incompressible, 139, 142
see also rheology, linear
lithosphere, 26, 30, 64, 109, 189, 239-41,
2624, 275
continental, 112, 388
thickness of, 196
lateral variations of, 116-17
oceanic
layering, compositional, 386
subducted, 107, 109, 110, 112, 115, 214,
428
seismic detection of, 112-15
low-velocity zone, mantle, 93
low-viscosity layer, 329, 330, 347
lower mantle, 94, 111, 115
Lyell, Charles, 10, 12, 17

magma flow, 390
magnetic field, earth’s, 43

reversal of, 43
magnetic stripes on the sea floor, 44, 46
major elements, 358
majorite garnet, 105, 106, 108, 111
malleable material, 124

see also ductile material
mantle

composition of, 97-105

structure of, 92-7, 112-17
mantle overturn, 276, 420-5, 439
mantle plumes, 42, 55-8, 62, 293, 294, 296,

319, 324, 330, 347, 400
eruption rates, 299-300
fixity of, 56
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head-and-tail structure, 302, 304-5, 319
heads, 57, 311-14, 319
rifting of, 336-7
topography from, 335-7
heat flow rates, see heat flow, plume
inevitability of, 317-19
melting of, 300, 313-14, 319
tails, 57, 302, 304-5
tectonic effects, 320, 438
volume flow rates, 299-300
marginal stability, 2204
mass balance, 379-86, 399
Matthews, Drummond, 45
McKenzie, Dan, 50, 52
melting, 365
residue of, 434-6, 441-2
Menard, H. W, 34
midocean ridge, see midocean rise
midocean rise, 34, 46, 78, 81, 189-91, 326,
347, 390
topography, 281, 290, 332
see also topography, oceanic
mixing, 389-90
mobile belts, 38, 41, 64
Mohr’s circle, 170
Mohr-Coulomb theory, 168
MORB (midocean ridge basalt), 361-2,
387
Morgan, W. Jason, 23, 50, 52, 56
Morley, Lawrence, 45

neon, 371-3

Newtonian fluid, see linear viscous fluid
noble gas isotopes, 368-74

Nusselt number, 220, 229

oceanic plateau, 78
OIB (oceanic island basalt), 362

palaeomagnetism, 33
partitioning (of elements during melting),
359, 365
Peclet number, 219
peridotite zone, 94, 97-8
peridotite, 98
perovskite zone, 94, 98-105, 111
perovskite-structure magnesium silicate,
105
phase transformation
boundaries, mantle, 107-12
thermal deflections, 107-9
compositional deflections, 109-12,
428
effect on mantle flow, 275-8, 290, 309-
11, 338-9, 419-25
metastable, 108
pressure-induced, 98, 101, 102, 105-12
PHEM (primitive helium mantle), 362,
370
planform of convection, 225
plate tectonics, 38, 214, 386
plate-scale flow, 264, 274, 275, 290, 328,
400

INDEX

plates, 38, 41, 53, 73-7, 214, 240, 264, 275,
290, 324, 326, 328, 347
motions of, 241-55, 259-60, 285
on a sphere, 253-5
velocities of, 216
Playfair, John, 9
plume tectonics, see mantle plumes,
tectonic effects
plumes, mantle, see mantle plumes
postglacial rebound, 30, 42, 157-63
Pratt, J. H., 27
PRIMA (primitive mantle), 377
primitive mantle, 376-9, 399
pyrolite, 98

radioactive decay, 361
radioactive heating, 192-3, 207, 339, 408
Rayleigh number, 217-20, 224, 228-30,
264

critical value of, 221, 224
Rayleigh, Lord, 218, 221
Rayleigh—Taylor instability, 222, 263
recycling (of oceanic crust and

lithosphere), 364, 386

refractory elements

isotopes of, 364
relative velocity

diagram, 244

vector, 243-5
Reynolds number, 389
rheology, 167, 177

brittle, 167-71, 262

ductile, see nonlinear

effect of water, 173

linear, 172

nonlinear, 124, 171-4
Ringwood, A. E. (Ted), 97, 105, 108
ringwoodite, 105, 106, 108
rotation, 135

of the earth, 166

tensor, infinitesimal, 136
Runcorn, S. Keith, 31

scale of flow, horizontal, 268, 275
scaling, 217-20
seafloor
spreading, 37, 46, 48, 49
spreading centre, 74, 184, 242
subsidence, 189-91, 263, 331
flattening of, 3434
topography, see topography, oceanic
see also heat flow, seafloor
seamounts
chains of, 79, 87, 293
sediment, seafloor, 34
age of, 49
pelagic, 388
terrigenous, 388
siderophile elements, 359
small-scale convection, see convection,
mantle, small-scale
stirring, 389-90, 391-8
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strain, 125, 134-7
deviatoric, 137
tensor, 136, 176
strain rate, 125, 137-8
deviatoric, 138
tensor, 138
stratification of mantle composition, 374,
377, 398, 400
stream function, 1424
cylindrical coordinate version, 144—6
strength envelope, 174
stress, 126, 128-34
deviatoric, 133
principal, 169
tensor, 129
components, 128, 129
subduction, 59, 64, 110, 242, 263, 295, 386,
388, 393
asymmetry of, 242-3, 266
zone, 32, 53-55, 75, 86, 87, 115, 163,
275, 287-90, 364
subscript notation, 131, 176
summation convention, 131, 176
super-adiabatic approximation, 205-6
superswell, 331, 340
see also Darwin Rise
Sykes, Lynn R., 47

tectonic mechanism, 407-8
episodic, 408
evolution of, 408, 43744
thermal blanketing, 197
thermal boundary layer, see boundary
layer, thermal
thermal diffusion, 178, 199-202, 216, 262
time scale of, 180-4, 207
thermal entrainment, into plumes, 302,
303, 305-9
thermal evolution of the mantle, 407
episodic, 419-25
equation for, 415-16
smooth, 416-18
thermal runaway, 440-1
time, geological, 8-12
tomography, seismic, 285-90, 338
topography of earth, 77-80

bimodal distribution of, 24, 37, 77
continental, 77
oceanic, 78-80, 278-81, 339, 347
depth-age relationship, 80
see also seafloor, subsidence
topography, from convection, 233-6, 283,
342
of plume head, 335
topology, see heterogeneity, isotopic,
topology of
torque balance, 130
Tozer, D. C., 63
trace elements, 358, 3624
transcurrent fault, 39, 48
transform fault, 38, 48, 74, 242, 326
transit time, through mantle, 219
transition zone, mantle, 92, 93-5, 112, 347
composition and nature of, 97-105
penetration of, 113, 428
trench, deep ocean, 36, 37, 53, 64
triple junctions of plates, 52, 249-53
turbulent flow, 389

uniformitarianism, 12
principle of, 14
upper mantle, 93

Vine, Fred J., 44
Vine-Matthews—Morley hypothesis, 45
viscosity, 126, 138-40
high viscosity in lower mantle, 162, 163,
166, 173, 268-70, 309, 347, 392,
397, 400
mantle, 30, 156-67
see also low-viscosity layer
viscous flow, 124-8, 147-9, 176-7, 216
vorticity, 145

Wadati—Benioff deep seismic zones, 53,
61, 112

Wegener, Alfred, 23

wetspots, mantle, 315-16

Wilson, J. Tuzo, 23, 38, 55

xenon, 3734
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