
Cambridge University Press & Assessment
978-1-009-27892-8 — Isostasy and Flexure of the Lithosphere
A. B. Watts
Index
More Information

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

Index

accommodation space, 182, 394, 400

admittance of

convection models, 269

Mars, 498

Mercury, 490

sub-surface (buried) loading, 236

the Airy model, 226

the elastic plate model, 231, 232

the Pratt model, 229, 230

uncompensated topography, 224

Venus, 501, 510

aggradation, 198, 394

Airy, G. B., 13, 14, 15, 17

hypothesis of, 15

Airy–Heiskanen model of isostasy, 23, 35, 36, 47, 76,

475, 514

application to a continental margin, 49

depth of compensation, 23, 26, 46

European school of, 22

formula, 24

Alberta Basin, 424

Alps, 149, 321, 374, 407, 412, 413, 414, 415, 421,

423, 429, 448

Amazon Cone. Amazon fan

Amazon fan, 190–198, 216

Andes, 191, 268, 321, 406, 407, 408, 409, 410, 411,

418, 419–421, 429, 430, 448

Aphrodite Terra, 499, 501, 502, 505, 506

Appalachians, 215, 256, 320, 321, 407, 419, 421–424,

426, 427

Archimedes’ principle, 17, 18, 23

asthenosphere, 61

astronomical positions, 3, 6, 10, 20

Atlantis Bank, 434

Babbage, C., 7, 8, 9, 10

backstripping, 369

Airy-type, 370

application to COST B-2 well, 374, 461, 462

application to Michigan Basin, 460

application to Valencia Trough, western

Mediterranean, 377

equation, 372

flexural-type, 375, 376, 377, 378

sea level curves used in, 372

Barrell, J., 54, 58–68, 76, 80, 84, 85, 88, 97–99, 132,

133, 182, 193, 218, 273

on asthenosphere and lithosphere, 61

on gravity anomaly interpretation, 59

on regional isostasy, 60

on river deltas, 58

on stresses required to explain gravity anomalies,

62, 63

on the crust as a bending plate, 63

Basin and Range, 55, 90, 261, 355, 356

beach ridges, 144, 147, 148, 216

Bloom, A., 48, 49, 52

Boscovich, R. G., 6, 17

Bouguer correction, 32, 251, 342, 359

Bouguer gravitational admittance, 251

coherence, 259

sub-surface (buried) loading, 253

surface loading, 252

Bouguer gravity anomaly, 32, 33, 35, 197, 251, 252,

259, 264, 267, 277, 407, 421, 422, 424,

441–443, 484

Bouguer slab formula, 32, 43, 254

Bouguer, P., 4

Bowie, W., 24, 26

as supporter of the Pratt model, 24

concept of base, 66

criticism of Barrell, 67

illustration of Airy and Pratt isostasy, 25

on the degree of isostatic compensation, 218

on the permanence of oceans and continents, 86

on Wegener’s drift theory, 86

Bridgewater Treatise, 7, 8

brittle deformation, 305

Bullard, E. C., 342

rift valleys, compressional origin of, 343

Byerlee’s law, 307, 308

Caloris Basin, 486, 487, 488

Canary Islands, 161, 167–169, 170, 284, 493

Cape Verde Islands, 250

Cassini, J., 2

578

www.cambridge.org/9781009278928
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-27892-8 — Isostasy and Flexure of the Lithosphere
A. B. Watts
Index
More Information

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

Catalan Coastal Ranges, 463

Central Australia

Bouguer anomaly lows and highs of, 445, 447

Central Indian Ocean, deformation of, 447

Chamberlin, R. T., 38

criticism of isostasy, 38

query on the depths of compensation, 39

Christmas Island (Indian Ocean), 212

Clairaut’s first-order theorem, 27

clinoforms, 185, 186

Coast and Geodetic Survey, 20, 26, 67, 68, 69, 97

Cocos (Keeling) Islands, 212

coherence and phase, 243

cold spots, 455

Colville Trough, 468

compensation

as an equal pressure surface, 25

Boscovitch on, 6

depth of (Airy), 23, 26, 35, 36

depth of (Pratt), 22, 26, 35, 36

time to reach, 43

Congo Basin, 445, 446

continental drift, 84–87, 99

Bowie’s criticism of, 86

support by Hess, 87

support by Holmes, 87

Wegener’s theory of, 86

continental margins

as part of the Wilson cycle, 299, 430

as part of Wilson cycle, 430

elastic thickness at, 303, 304, 390

flexural bulges at, 404

gravity anomalies at, 84

rift-type, 368, 369

sediment accumulations at, 87, 368, 399, 517

stratigraphic patterns at, 369, 400

transform-type, 439

volcanic, 390

contraction theory, 6, 7, 8, 16, 17, 18, 21

cooling half-space model, 91, 94, 323

cooling plate model, 91, 209, 289, 301, 317, 323, 325,

335, 336, 337, 366, 457, 509

Coral Sea, 360, 362

Cotswold Hills, 463, 464

crème-brûlée model, 322

critical wedge, 411

curvature

relation to yielding, 330

curvature, elastic plate

at Hawaii, 331

at trenches, 331

corrections for, 332

relation to yielding, 330

da Vinci, L., 2

Daly, R. A., 39

punching hypothesis, 42, 43

Darwin, C. R., 8, 10, 43

on the subsidence of ocean islands, 8, 9

Darwin, G. H., 43

de la Condamine, Ch.-M., 5

length of meridian degree measured by, 3, 4, 10

de Maupertius, M.

length of degree meridian measured by, 3, 4, 10

Dead Sea, 440, 441

deflection of the vertical, 6, 10, 11, 14, 22, 61

depth anomalies. dynamic topography

diagnostic waveband of flexure, 221

Dietz, R., 87

diffusion

erosional model of, 415

stratigraphic model of, 428, 429

Discovery Rupes, 487

drainage networks

influence of flexure on, 195, 429, 430, 463, 464,

465, 466

ductile deformation, 310

low-temperature plasticity, 313

Newtonian, 310

power law, 310

Dutton, C. E., 18, 19, 20, 25

dynamic topography, 341, 455

at the COST B-2 well, 461, 462

contribution of crustal structure to, 456, 457

contribution of sub-crustal mantle structure

to, 459

due to mantle convection, 455

due to mantle plumes, 176

due to slab subduction, 460, 461

numerical models of, 458

Earth

bimodal topography of, 512

crustal thickness of, 515

elastic thickness map of, 516, 517

relative contributions of flexural isostasy and

mantle dynamics, 519, 520

shape of, 2

topography and gravity power spectra of, 518

earthquakes, relation to

elastic thickness, 333

flexure, 139, 173, 174, 333, 334

yield strength envelopes, 334, 335, 336

East Pacific Rise, 207, 247, 248, 363, 365, 367, 368,

434, 449, 516, 520

elastic beam theory, 103

bending moments, 105, 106, 107, 108, 118, 119,

120, 121, 202, 323, 328, 329, 331, 363, 421, 424

bending stresses, 113, 123

elastic thickness, definition, 107

end-conditioning forces, 118, 119, 122

flexural parameter, definition, 113, 114

flexural rigidity, definition, 107

flexure due to a distributed load, 115

flexure due to a line load, 111, 118

flexure of variable rigidity plates, 127

Index 579

www.cambridge.org/9781009278928
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-27892-8 — Isostasy and Flexure of the Lithosphere
A. B. Watts
Index
More Information

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

elastic beam theory (cont.)

general equation of flexure, 110

plane stress boundary condition, 104

Winkler foundation, 110

elastic plate model, 133, 155

elastic thickness

as a function of age at time of loading, 291,

304, 452

as a function of load age, 96, 281, 285, 291

as a function of plate age, 206, 209, 291

at rifted continental margins, 304

curvature and yielding, relation to, 328, 330, 331

relation to spreading rate, 367, 368

Eratosthenes seamount, 215

erosion, as a function of

average elevation (denudation), 403, 414

gradient of the slope (diffusion), 415, 416

slope (scarp retreat), 404, 405

eustasy, 146

Everest, G., 10, 11

on the lateral gravitational attraction of

topography, 11

Ewing, M., 47, 185, 441

Farallon plate, 424, 461, 462, 463

fast isostasy, 50, 339

Fatua Corona, 505

fault scarp retreat, 405

Faye correction. free-air correction

Ferghana Basin, 449

finite difference methods, 127–129, 131

finite element models, 210, 357, 358, 392

Fisher, O., 17, 273

flexural backstripping, 197, 377, 378,

382, 463

flexural bulge as a control on

drainage patterns, 195, 463

ecosystems, 195, 198, 463

magmatism, 177, 212

stratigraphy, 426

flexural moat, 159, 164, 167, 178

flexural parameter, 73, 126

flexural response function, 221

flexural sag basins, 443

flexural unloading due to

large-scale slope failures, 406

necking of the crust, 361, 385

normal faulting, 350

foreland basins, 414

Airy isostatic anomalies at, 419

drainage patterns in, 430

elastic thickness of, 299

inheritance of underlying rift structures by,

430, 431

preservation of, 432

stratigraphy of, 424

sub-surface (buried) loading at, 421, 423, 424

surface loading at, 419, 420, 421

fracture zones, 92, 150, 246, 289, 341, 342, 435, 436,

437, 438, 455

elastic thickness at, 437, 438

preservation of bathymetry at, 438

free-air correction, 29

free-air gravity anomaly, 30, 32, 44, 74, 75, 264, 265,

343, 363, 441, 484

freeboard, 50, 51, 372, 373

Gamburtsev Mountains, 268

Gauss’s theorem, 476

general linear substance, 285, 287, 324

geodetic position, 10

geoid anomaly, 93, 94, 169, 211, 437

geosyncline, 87

Gilbert, G. K., 54–58, 60, 62, 68, 84, 85, 97, 98, 473

on Lake Bonneville, 55

on the strength of the crust, 55

Gippsland Basin, 396, 397

glacial isostasy, 40, 48

glacial isostatic rebound

due to melt water charged river incision, 148, 149

due to mountain glacier erosion, 148

effect of an elastic layer on, 136, 146

following Laurentide ice retreat, 41

relaxation time of, 134

viscosity structures associated with, 134, 135

zones of deformation due to, 136

glacial lakes

elastic thickness of, 299

Gondwanaland, 401, 402

Gorringe Bank, 29

grabens

at mid-oceanic ridges, 358

flanking impact craters on Moon, 478, 521

in continental rifts, 342

in the Kuril Trench, 207

on Mars, 493

that drained Lake Algonquin, 144

Vening Meinesz’s wedge model of, 347

gravity-topography ratios, 453, 454, 501

Gulf of Valencia, 463

Gunn, R., 76–85, 96, 98, 100, 114, 132, 133, 143,

199, 218

lithospheric constant, 79, 80, 83

on isobaric equilibrium, 83

on regional isostasy, 77, 78

on the elastic plate model, 80

Haskell, N. A., 43, 480

Hawaiian-Emperor seamount chain, 151, 152

admittance of, 243, 247

elastic thickness along, 164, 166

flexure at, 154

gravity anomalies along, 154

submarine terraces of, 173, 174

subsidence and uplift history, 169, 175

Hayford, J. F., 20, 33, 34

580 Index

www.cambridge.org/9781009278928
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-27892-8 — Isostasy and Flexure of the Lithosphere
A. B. Watts
Index
More Information

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

selection of the Pratt model, 21

Heezen, B. C, 88, 358

Heiskanen, W. A., 22

selection of the Airy model, 24

Herschel, J., 7, 8, 10, 17

Hess, H. H., 87, 88

Hetényi functions, 125

Himalayas, 11, 13, 321, 374, 406, 407, 412, 418,

421, 448

Holmes, A., 87, 88

hotspots, 455

in the South Pacific, 516, 517

Hudson Bay, 40, 44, 400, 442, 445, 446

Humorum Mare, 473–475, 479, 483

Illinois Basin, 444

Imbrium Mare, 473, 474, 479, 482, 483

impact craters

on Mars, 494

on Mercury, 490

on Moon, 473, 485, 521

indirect effect in gravity interpretation, 30

inheritance, structural

as control on thin-skin and thick-skin

tectonics, 470

at foreland basins, 430, 468

in the Wilson cycle, 468, 470

intra-cratonic basins, origin by

convective downwelling, 445

dense intrusive body, 443, 444, 445

large-scale folding, 447

rifting, 447

viscoelastic stress relaxation, 445

intraplate deformation, 447

Ishtar Terra, 503, 504

isobary, 78, 79, 83

isostacy. isostasy

isostasy

proof from geodesy, 20

relevance to geology, 19

theory of, 19

isostatic correction, 359

isostatic gravity anomaly, 33, 35, 38, 46, 68, 73, 74,

75, 342, 343, 359, 458

isostatic response function, 241, 248, 250

isostatic uplift

due to excavation of sediment by melt water

charged rivers, 463

due to river incision, 466

due to sediment unloading, 467

Java Trench, 81, 83

Jeffreys, H., 8, 21, 35, 72, 79, 100,

114, 273, 343

on the elastic plate model, 72

jelly sandwich model, 318, 322

Kuril Trench, 152, 200, 203, 206, 289, 332

Lake Algonquin, 142, 143, 144

Lake Bonneville, 55–58, 137, 138

Laurentide ice sheet, 44, 141, 142, 143

Lawson, A. C., 45

lithosphere, 61, 88

as a filter, 219

elastic thickness, 333

memory, 452, 470, 517

seismic thickness, 88–90, 92, 95

thermal thickness, 91, 94, 95

lithostatic stress, 309, 318

load deconvolution, 257, 267

long-wavelength gravity anomalies, 449, 450, 451,

503, 510

Loyalty Islands, 214

Lyell, C., 6, 7, 8

makatea, 179, 180

Mars, 490

bend faults on, 493, 494, 498

bimodal topography of, 512

dichotomy of, 496, 512

dynamic topography on, 495, 496

elastic thickness of, 494, 496, 497

Marsigli, L. F., 6

mascons, 476, 477

McKenzie’s thermal model for rift-type basins,

379, 382

stretching factor, 380

Mercury, 486

craters of, 486

crustal thickness of, 490

elastic thickness of, 489

plains on, 487

Michigan Basin, 396, 397, 398, 400, 443, 444

Middle Amazon Basin, 443

mid-ocean ridges, 92

mid-oceanic ridges, 341, 357, 358

axial horst, 363, 365, 366, 368

axial rift valley, 363

elastic thickness at, 365

extinct ridges, 360

mantle Bouguer anomalies at, 363, 365

seismogenic layer thickness at, 360

mid-plate swells, 341, 450, 496

depth of compensation, 451, 452

Mississippi delta, 67, 181, 182, 187, 193, 195

Mohr diagram, 308

moment saturation, 330

Moon, 472

craters on, 473

elastic thickness of, 478, 479, 482, 485

maria on, 473, 475

mascons, 474

ridges and rilles, 478, 479

viscous relaxation on, 480, 481

mountain belts, 341

crustal thickening at, 407

Index 581

www.cambridge.org/9781009278928
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-27892-8 — Isostasy and Flexure of the Lithosphere
A. B. Watts
Index
More Information

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

mountain belts (cont.)

erosion of, 413, 414

magmatic underplating at, 410

rheological stratification at, 411, 412

shortening at, 407, 409

necking, depth of, 383, 385

new method anomaly. isostatic gravity anomaly

Newton, I., 2

Niue Island, 211, 213

Olympus Mons, 491–493, 496, 497, 498

elastic thickness of, 493

ophiolite obduction, 233, 424, 468

Orientale Mare, 481, 482, 483, 487

outer rise, seaward of trenches, 201

bend faults at, 207, 208, 493

continents ‘riding’ the bulge of, 214, 215

dynamic support of, 211

elastic thickness at, 203, 206, 207, 209

elastic-plastic models at, 206

gravity anomalies and bathymetry at, 201

magmatism at, 207, 212

regional compressive stresses across, 201, 202,

204, 206

seamounts ‘riding’ the bulge of, 211, 212, 215

universal trench profile, 203

weak zone within, 207

Pahvant Butte, 56

papamu, 169

Parnaíba Basin, 396, 444

Pavonis Mons, 491, 493, 494, 496, 498

Peierls stress, 313, 314

plate tectonics, 63, 85, 88, 96, 97, 98, 199, 430, 468,

501, 511, 512

Poisson’s ratio, 102

Power spectra, of

Earth’s gravity field, 513, 518

Earth’s topography, 518

Pratt, J. H., 11, 12, 17

criticism of Airy, 16

hypothesis of, 16

Pratt–Hayford model of isostasy, 21, 35, 36, 37, 76,

92, 475

American school of, 21

application to a mid-ocean ridge, 92

depth of compensation, 22, 23, 26, 35, 36, 46, 92,

230, 238, 457

formula, 22

process-oriented gravity modelling, 388, 389, 468

application to East Coast, US margin, 389, 390

application to ophiolite loading, 467

pro-glacial lakes. glacial lakes

progradation, 181, 184, 185, 188, 189, 394

Putnam, G. R., 26, 28, 33, 57, 68

correction for latitude, 27

gravity measurements by, 27

on isostatic corrections, 33

on regional isostasy, 68, 69, 70

on the Bouguer correction, 32

on the free-air correction, 30

on the partial rigidity of the crust, 32

regio, 501, 502, 507, 508, 510

regional isostasy, 54, 69, 70, 75–78, 83, 85, 96, 98

residual depth anomalies, 455

Reykjanes Ridge, 366

rift flank uplifts, 350, 359, 401, 403

rift valleys, 341

Bullard’s broken elastic plate model of, 344

flexural cantilever model of, 353, 354

in continents, 342, 344

in oceans, 358

rolling-hinge model of, 356

Vening Meinesz’s wedge model of, 347, 349,

350, 353

river deltas

elastic thickness at, 194

facies of, 184, 199

flexural loading by, 187

flexural rotation of depositional surfaces, 183

gravity anomalies at, 187

progradation at, 182

river incision, 414

rock uplift, 414

Royal Society, The, 7, 8, 12, 13, 15, 16, 17, 148,

395, 396

seafloor spreading, 84, 85, 87–89, 99, 350, 358,

366, 434

seamounts and oceanic islands, 149

atolls and guyots, 177, 211

growth and collapse of, 151

infill material and density of, 158

influence of a new volcano flexure on a

pre-existing volcano, 178

load density of, 155

magmatic underplating of, 161

progressive loading at, 164, 167, 169

seismic stratigraphy of flexural moats at, 164

seismic structure of, 161

that form on-ridge and off-ridge, 452, 453, 454

with dense intrusive cores, 163

seaward dipping reflectors, 390, 391, 392, 394

sedimentary basins

cratonic-type, 442

foreland-type, 418

rift-type, 368, 378

tendency to ‘morph’, 468

segmentation

at continental margins, 390

at mid-oceanic ridges, 363

seismogenic layer thickness, 333, 335

in continental lithosphere, 336

in oceanic lithosphere, 333, 336

582 Index

www.cambridge.org/9781009278928
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-27892-8 — Isostasy and Flexure of the Lithosphere
A. B. Watts
Index
More Information

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

Serenitatis Mare, 473, 474, 476–479, 483, 484, 485

slow isostasy, 50, 339

Society Islands, 9, 179, 454

South Africa, 12, 267, 309, 404

spectral techniques, applications to

continents, 219, 241, 251

oceans, 219, 241, 242

three dimensions, 248

two dimensions, 219

standard oceanic and continental columns, 47, 48, 92,

93, 416, 512, 514, 515

steer’s head model, 395–399, 400

strength

as the limit of elastic yielding, 63

during rifting, 386, 387, 389

of continental lithosphere, 318, 319, 322, 328

of oceanic lithosphere, 315

stress relaxation

as a cause of unconformities, 425, 426

evidence from vertical motion history of oceanic

islands, 292

in the lithosphere, 151, 291, 302, 328, 339

strike-slip faults, 88, 174, 341, 342, 433, 441

pull aparts at, 441

structural styles, influence of flexure on, 428, 429

Temple of Serapis, 8, 9

terra, 501–507

terraces, 176, 180, 213, 293, 294

staircase pattern of, 173, 176, 406, 463

terrestrial planets

dimensions of, 472

state of isostasy of, 513

Tharp, M., 88, 358

Tharsis province, Mars, 491

rift valley on, 491

volcanoes on, 491

thermal isostasy, 92, 93

Timor Trough, 214

Transantarctic Mountains, 345, 404, 406

transform faults, 88, 92, 149, 341, 342,

433, 434, 468

accumulation of flexure along, 436, 437

oceanic core complex at, 434

origin as contraction cracks, 433

transform margins, 439

flexure at, 439, 440

unconformities, origin by

‘pulses’ of sediment loading, 188

thrust and fold loading, 425

underplating, magmatic

at mountain belts, 410

at rifted margins, 392

at seamounts and oceanic islands, 161

uplift and subsidence caused by, 392, 394

Vening Meinesz, F. A., 29, 70–76, 79, 81, 84, 85, 96,

98, 100, 126, 132, 133, 155, 218, 346, 348,

349, 350

application of Hertz’s solution for flexure of an

elastic plate, 72

on regional isostasy, 75

pendulum gravity measurements at sea, 71, 74

radius of regionality, 73

Venus, 499

banded terrain on, 503

coronae, 501, 504, 505, 507, 508, 510, 511

dynamic topography on, 502

elastic thickness of, 501, 505, 507, 508

flexural foredeeps on, 504

regio, 501

rift valleys on, 508

terra, 499, 501

viscous relaxation on, 502

yield strength envelope of, 508

viscoelastic layer models, 293

multilayer, 324, 326, 327

two-layer, 293, 294, 296, 297, 324

viscoelastic plate model, 276, 279, 287, 293, 324

at foreland basins, 424, 425

at Hawaiian-Emperor seamount chain, 281

in the construction of a seamount, 298

Maxwell relaxation time, 277

viscoelastic flexural response function, 278

viscoelastic stress relaxation

in the lithosphere, 152

viscosity structure

of continental lithosphere, 325, 327

of oceanic lithosphere, 325, 327

viscous half-space, 237, 270, 481

Walcott, R. I., 44–46, 96–98, 100, 114, 133–135, 141,

144, 182, 187, 199, 200, 218, 221, 256, 276,

281, 282

on relation of elastic thickness to load age, 96

wavelets, 267

Wegener, A., 86, 87, 218, 346

Whole Lithosphere Isostasy, 458–460

Williston Basin, 443, 444

Wilson cycle, 299, 430, 468

Wilson, J. T., 88

Woollard, G. P., 36, 47, 155

yield strength envelope, 314

Burov & Diament cubic rule for elastic thickness,

318, 319

concept of an elastic core, 323, 335

during rifting of continental crust, 357

of continental lithosphere, 316, 317, 319, 322

of oceanic lithosphere, 314, 315

yoking, 216, 426, 497

Young’s modulus, 101

Index 583

www.cambridge.org/9781009278928
www.cambridge.org

