
A
Aa flow, 132
Ablation, 491
Abrasion, 431, 492, 528, 543
Abyssal plains, 24, 357
Accretionary wedge, 59, 356, 384–85
Acid mine drainage, 173
Acid precipitation, 174–75
Active continental margin, 353, 355–56
Active solar collector, 637
Adams, Frank D., 4
Advanced Spaceborne Thermal Emis-

sion and Reflection Radiometer
(ASTER), 9

Aerosols, 574, 577, 585
Aftershock, 299
Agassiz, Louis, 505, 506
Agate, 203, 204
Aggregate, 73, 649, 650
Agricultural drought, 462
Agriculture, global warming and,

586–87
Ahlgren, Andrew, 10
Air, 573. See also Atmosphere
Air pollution, 631
Airy, George, 396
Aleutian arc, 381
Alluvial channels, 434, 435–36
Alluvial fan, 209, 211, 416, 443–44,

523–24
Alluvium, 434
Alpha particle, 260, 261
Alpha photon X-ray spectrometer

(APXS), 666
Alpine glaciers. See Valley glacier
Alternate energy resources, 635–42
Amino acids, 612
Amphibians, 617
Amphibole, 92, 94
Amphibolite, 232
Amplification of seismic waves, 310, 311
Andalusite, 242
Andean-type plate margins, 381, 382–86
Andesite, 113
Andesitic composition, 107–8, 110, 111,

113
Andesitic magmas, formation of, 120–21
Andes Mountains, 382–85
Angiosperms, 618–21
Angle of repose, 404, 405
Angular unconformity, 251, 252, 253,

254
Animals, soil formation and, 180

Antarctica, 486, 487, 488
Antecedent stream, 447
Anthracite, 206
Anticline, 280–81, 282, 632, 633
Apatite, 650, 651
Apatosaurus, 618
Aphanitic texture, 104, 111
Appalachian Mountains, 388–90
Aquifer, 463, 469, 470, 471

pollution, 473–74
saltwater contamination, 473

Aquitard, 463, 466, 469, 470
Aral Sea, 521
Archaeology, 256
Archaeopteryx, 618
Archean eon, 266, 603, 606
Arctic

climate change, 588–90
sea ice, 589

Arête, 494, 495, 496
Aristotle, 4
Arkose, 199
Artesian wells, 469–70
Artificial cutoff, 452
Artificial levee, 445, 451
Asbestos, 80, 89
Assimilation, 119, 120
Asteroid belt, 674
Asteroids, 598, 673, 674, 675
Asthenosphere, 19, 20, 51, 327, 330, 331
Asymmetrical folds, 280
Atlantic coast, erosion along, 552
Atlantic Ocean, 366, 368
Atlantis, 141
Atmosphere, 13, 596. See also Climate

change
aerosols, 574, 577, 585
carbon dioxide in, 581–82
composition, 573–74
heating, 575, 576
ice-age, 509
Jupiter, 668–69
Martian, 665
oxygen in, 602–3
planets, 658–59
primitive, 598, 601–3
trace gases in, 582–84
Venusian, 664

Atolls, 358–59
Atom, 75–76

bonding, 76–78
Atomic mass unit, 78
Atomic number, 75–76, 260

Atomic structure, 260
Atomic weight, 81
Augite, 94
Aureole, 233, 234
Axis of fold, 280

B
Backarc basin, 381–82
Backarc region, 381
Backshore, 539
Back swamp, 442–43
Bacon, Francis, 50
Bajada, 523, 524
Banded iron formations, 602
Bar, 434
Barchan dune, 531–32
Barchanoid dune, 531, 532
Barrier island, 211, 212, 546, 552, 553
Barrier reef, 358, 359
Basal slip, 489
Basalt, 19, 25, 26, 113–14
Basaltic composition, 107, 110, 111,

113–14
Basaltic magma, formation of, 120
Basalt plateaus, 147
Base level, 436–37
Basin, 281–82, 283
Basin and Range Province, 393–94, 395,

522–25, 612
Batholiths, 151–53, 384
Bathymetry, 350–52
Bauxite, 647
Baymouth bar, 546, 547
Beach drift, 544, 545, 546
Beaches, 210, 212, 539–40
Beach face, 539
Beach nourishment, 551–52
Bedding plane, 215
Bed load, 432–33, 525
Bedrock channels, 434–35
Belt of soil moisture, 460
Berms, 539
Beta particle, 260, 261
Big Bang theory, 17, 598
Bingham Canyon, Utah, 643, 644
Biochemical sediment, 201, 202
Biogenous sediment, 212–13
Biomass, 630
Biosphere, 13–14, 596
Biotite, 92, 94
Bitumen, 634–35
Bituminous coal, 206
Black smokers, 235, 364–66, 646

Index
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Block lavas, 133
Blocks, 134
Bloom, Arthur, 426
Blowout, 526
Blueschist facies, 240, 241
Body waves, 302
Bombs, 134
Bonding, 76–78
Bornhardt, 524
Bottomset beds, 441, 442
Bowen’s reaction series, 116–18, 121, 

177
Braided stream, 435–36
Breakwater, 550
Breccia, 200
Brittle failure/deformation, 277–78
Building materials, 649–50
Bullard, Edward, 38
Buoyant subduction, 370
Burgess Shale, 615
Burial metamorphism, 235

C
Calcareous oozes, 212, 213
Calcite, 95
Calcium carbonates, 213
Caldera, 135, 144–47
Callisto, 669, 670
Calving, 490, 491, 492
Cambrian explosion, 613, 615
Capacity, 433–34
Cape Hatteras Lighthouse, relocating,

553
Capillary fringe, 459, 460
Cap rock, 632, 633
Carbon–14, 263–64
Carbonaceous chrondrites, 613, 678
Carbonate minerals, 95
Carbonate reefs, 202, 203
Carbon cycle, 15, 200–201
Carbon dioxide

climate change, 580–82
rising levels, 581–82

Carbonic acid, 475
Careers in geology, 354
Cascade Range, 139, 140, 142
Catastrophism, 4
Caverns, 459, 475–76, 478
Cementation, 27, 207
Cenozoic era, 265, 266, 611–12

life forms, 618–23
Cephalopods, 616
Chalk, 202
Chamberlain, R.T., 41
Channeled Scablands, 506
Channelization, 452
Charon, 679
Chemical compounds, 75
Chemically active fluids, 225–26

Chemical sedimentary rocks, 27, 195,
201–5, 207

Chemical weathering, 166, 171–76
dissolution, 171–72
hydrolysis, 173–75
oxidation, 172–73

Chert, 203, 204
Chlorofluorocarbons (CFCs), 583
Cinder cones, 138–39
Cirque, 493–94, 495, 496
Clastic texture, 207
Clay, 93, 174, 176, 195, 196, 197
Cleavage, 85–86, 87
Climate

computer models, 581
paleoclimate, 40–41
rate of rock weathering and, 177
soil formation and, 180
supercontinents and, 607–8
system, 15, 568–69, 581
weather vs., 569

Climate change, 505, 508, 509–10,
566–93, 631

aerosols and, 574, 577, 585
atmospheric basics and, 573–75
carbon dioxide and, 580–82
climate-feedback mechanisms, 15,

584–85, 589–90
detecting, 569–73
greenhouse effect, 575, 576, 581
human impact, 580
natural causes, 575–80
possible consequences of global

warming, 585–90
solar variability and, 578–80
trace gases and, 582–84
volcanic activity and, 576–78, 579

Climate Change Impacts on the United
States, 587, 590

Climate-feedback mechanisms, 15,
584–85, 589–90

Closed systems, 15
Coal, 205–6, 630–31
Coarse-grained texture, 104–5, 111
Coast, 539
Coastal zone, 539–40. See also Shoreline
Coast Ranges, 385–86
Col, 496
Coleman, Satis N., 143
Collapse pit, 144
Color, 84
Columbia River basalts, 147
Columnar joints, 151, 152, 288, 289
Coma, 675–76
Comets, 673, 674–77
Compaction, 25–27, 207
Competence, 433–34
Composite cones, 139–44
Compound, 75

Compressional regimes, 382
Compressional stress, 275–76
Conchoidal fracture, 86, 88
Concordant (plutons), 149
Conduction, 336–37
Conduit, 135
Cone of depression, 468–69
Confined aquifer, 469, 471
Confining pressure, 224
Conformable layers, 251
Conglomerate, 199–200
Conservative margins. See Transform

fault boundaries
Constancy of Interfacial Angles, Law of,

81, 82
Constructive margins. See Divergent

plate boundaries
Contact (thermal) metamorphism, 28,

224, 233–34
Continental accretion, 390, 391
Continental collision, 386–90
Continental-continental convergence, 58
Continental crust, 330, 394–97, 604–5
Continental drift, 12, 36, 37–44

paleomagnetism and, 44–46, 48, 63
Continental margin, 24, 353–56
Continental rifts, 55, 56, 155, 366–69
Continental rise, 24, 355
Continental shelf, 24, 353–55
Continental slope, 24, 355
Continental volcanic arc, 57, 155, 380,

384, 385, 386
Continents, 21–24, 603–12

first, 603–5
fit of, 37–38
formation, 603–9
modern, 609–12

Convection, 335–36, 337, 372
Earth’s magnetic field and, 341–45
mantle, 64–67, 395–97

Convergent plate boundaries, 54, 55–58,
380–91. See also Mountains

igneous activity, 154–55, 156
subduction zones, 56–58, 59, 369–72,

380–85
Copper mining, 626–27, 643, 644
Coquina, 202
Coral reef, 202, 203, 209, 211, 358–59, 573
Core, 17, 20, 21, 327, 328, 333–34, 335,

336, 337–38, 601
convection, 341–45
inner, 20, 328, 333, 334, 336, 337,

338–39
outer, 20, 328, 333–34, 336, 337,

338–39, 341–42
Coriolis effect, 342
Correlation, 252–53

fossils and, 256–59
Covalent bond, 76, 77
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Crater, 135, 660, 675
Crater Lake, 145
Crater Lake-type calderas, 144, 145
Cratons, 23–24, 604
Creep, 410, 415, 417
Cretaceous period, 610, 611

climate change, 579
Cretaceous-Tertiary or KT boundary,

620
Crevasse, 489, 490
Critical settling velocity, 434
Cross-bedding, 214, 215, 530
Cross-cutting relationships, 250, 258
Cross dating, 572
Crust, 17, 19, 20, 327, 328, 330–31, 334,

335, 337. See also Deformation
continental, 330, 394–97, 604–5
oceanic, 330, 363–66, 604
primitive, 601
subsidence and rebound, 397, 471–72,

502, 503
vertical movements, 394–97

Cryosphere, 569
Cryovolcanism, 673
Crystal form, 78, 79–81
Crystalline texture, 207–8
Crystallization, 30, 78–79, 103–4
Crystal settling, 119
Curie point, 44
Cut bank, 434, 435, 438
Cutoff, 435, 452
Cyanobacteria, 602, 613

D
Dam-failure floods, 450
Dams

flood-control, 451–52
ice, 504, 506–7

Darcy’s law, 464
Dark silicates, 94–95, 107
Darwin, Charles, 50, 358–59
DeBari, Susan, 354
Debris flow, 406–7, 412–14, 416
Debris slide, 411
Deccan Traps, 147
Declination angle, 342
Decompression melting, 115, 155
Deep-ocean basin, 24–25, 356–58

demise, 370–71
evolution, 366–68

Deep-ocean trenches, 24–25, 55–56, 59,
356–57, 380–81

Deep-sea fan, 210, 355
Deflation, 526, 529
Deforestation, 581
Deformation, 273–93

defined, 275
domes and basins, 281–82, 283
faults, 282–88, 290–91

folds, 279–82
joints, 288–92
mapping geologic structures, 278–79
types of, 276–78

Deimos, 667
Delta, 211, 212, 440–42

submarine mass wasting, 418
Dendritic pattern, 444–46
Density, 86
Deposition

marine depositional environments,
209–13

river system, 427
shoreline features, 546–47
stream, 434, 440–44
wind, 528–33

Desert, 515–25
Basin and Range Province, 522–25
causes, 517–20
definition, 517, 518
distribution, 517
geologic processes, 520–22
landscape evolution, 522–25
low-latitude, 517–18
middle-latitude, 518–20, 521
misconceptions, 517, 520, 532
rainshadow, 519–20, 521

Desertification, 527
Desert pavement, 526–28, 529
Destructive margins. See Convergent

plate boundaries
Detachment fault, 286
Detrital sedimentary rocks, 27, 195–201,

207
Devonian period, 616
Diagenesis, 195, 206–7
Diamond, 83, 97, 645
Dietz, Robert, 50
Differential stress, 224–25, 275–76
Differential weathering, 177
Dikes, 150, 151
Dinosaurs, 266, 598, 617–18, 620
Diorite, 113
Dip, 278–79
Dip-slip faults, 283–87
Discharge, 429–30, 435
Disconformity, 251
Discontinuity, 332
Discordant (plutons), 149
Disseminated deposit, 645–46
Dissolution, 171–72
Dissolved load, 431, 432
Distributary, 441, 442
Diurnal tidal pattern, 561
Divergent plate boundaries, 54–55

igneous activity, 155, 157
ocean floor origin and evolution,

349–69
Divide, 426–27

D” layer, 20, 332–33, 337, 338
Dolomite, 95
Dolostone, 203
Dome, 281–82, 283
Double refraction, 87, 88
Downwarping, crustal, 397
Drainage basin, 426–27
Drainage patterns, stream, 444–47
Drawdown, 468
Drift (glacial), 497
Dripstone, 476
Drought

impacts, 462
sunspots and, 580

Drumlin, 500, 501, 502
Ductile deformation, 277–78
Dunes, 209, 214, 529–33
Dust Bowl, 184, 188, 526
Du Toit, Alexander, 41
Dwarf planets, 656, 657, 673–74, 679

E
Earth

gravity, 339–40
impact structures, 675
interior, 325–47
location in solar system, 597
magnetic field, 44–45, 48, 339, 341–45
major surface features, 21–25
Moon, 179, 258, 559–60, 659–62, 663
orbit, 508–9, 576
origin, 16–17
rotation, 562
spheres, 12–14
structure, 17–21, 327, 328, 329–34. See

also Core; Crust; Mantle
system, 14–16, 174, 178, 200, 424–26,

538
temperature, 334–39
three-dimensional structure, 339–41

Earth, evolution through geologic time,
595–625

birth of planet, 598–601
Cenozoic era, 265, 266, 611–12,

618–23
continents, 21–24, 37–38, 603–12
life, 612–23
Mesozoic era, 265, 266, 610, 611,

617–18, 620
oceans, 603
Paleozoic era, 265, 266, 608, 609–10,

613–17
Phanerozoic eon, 265, 266, 609–12
Precambrian history, 265, 266–67,

603–9, 613, 614, 615
primitive atmosphere, 598, 601–3
spheres, 596
unique characteristics, 597–98

Earthflow, 411, 414, 415
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Earthquake belts, 304–5
Earthquakes, 295–323

definition, 296
depths, 305
destruction, 309–15
discovering cause, 298–99
distribution, 304–5
eastern United States, 306
epicenter, 302–4
faults, 297–98
focus, 296, 297, 305
intensity scales, 306–7
locating source, 302–5
magnitude scales, 307–9
mass wasting, 405–6, 408, 409, 412
notable, 316
plate tectonics and, 59–60, 319
prediction, 315–18
rupture and propagation, 299–300
safety, 316
San Andreas Fault system, 290, 291,

297, 298
seismic waves, 21, 326–29, 330–31,

333
seismology, 300–302
sizes, 305–9
waves, 300–302

Earth system science, 14–15
East African rift, 55, 366
Ebb current, 561
Eccentricity, 508, 509
Echo sounder, 350–51
Eclogite facies, 240, 241
Economic minerals, 88
Ecosystems, global warming and, 587
Ejecta, 660
Elastic deformation, 276
Elastic rebound, 298, 299
El Chichón eruption, 577
Electromagnetic radiation, 574
Electromagnetic spectrum, 574
Electron, 75, 76–78, 260
Element, 74–76

trace, 82
Eluviation, 182
Emergent coast, 559
End moraine, 499–500, 501
Energy level, 75–76
Energy resources, 629–42. See also Solar

energy
alternate, 635–42
fossil fuels, 629–35

Environment of deposition, 208–13
Eon, 265, 266
Ephemeral stream, 520, 522
Epicenter, 297, 302–4
Epoch, 266
Equatorial low, 518
Era, 265, 266

Erosion, 5, 166, 183–88
glacial, 492–97
river systems, 427
shoreline, 545–46, 549–52
stream, 431, 432
wave, 542–43, 549
wind, 184, 187, 188, 526–28, 529

Eruption column, 130, 141
Escape velocity, 658–59
Esker, 501, 502
Estuary, 559
Etna, Mount, 124
Eukaryotes, 613
Europa, 669, 670
Evaporite, 203–5, 213
Evapotranspiration, 426
Everest, George, 396
Evolution, 596. See also Earth, evolution

through geologic time
Exfoliation dome, 169, 170
External processes, 166
Extinction

late Pleistocene, 622–23
mass, 598, 619–20
Permian, 619

Extrusive igneous rocks, 25

F
Facies, 212–13

metamorphic, 240–41
Fall, 408–10
Farallon plate, 370–71
Fault, 282–88, 290–91

dip-slip, 283–87
earthquakes, 297–98
oblique-slip, 289
strike-slip, 287–88
transform, 50, 58–60, 288, 291

Fault-block mountains, 284–85, 391–94
Fault creep, 300, 318
Fault gouge, 283
Fault scarps, 283, 285
Fault trap, 632, 633
Feedback mechanisms, 15

climate, 15, 584–85, 589–90
Feldspar, 91, 173–74
Felsic igneous rocks, 107, 110–13
Ferromagnesian silicate, 94–95, 107
Fertilizers, 650
Fetch, 540
Fine-grained texture, 104, 111
Fiord, 496
Fire

earthquakes and, 315
mass wasting and, 405

Firn, 488
Fissility, 197
Fissure eruptions, 147
Flash floods, 449–51

Flint, 203, 204
Flood basalts, 147, 159
Flood-control dams, 451–52
Flood current, 561
Floodplain, 209, 211, 438–39, 440
Floods, 424, 433–34, 447–52

causes and types, 448–50
control, 445, 451–52
flash, 449–51
hurricanes and inland, 558
megafloods, 506

Flow, 410
Flowing artesian well, 469, 470
Focus (earthquake), 296, 297, 305
Fold-and-thrust belts, 387
Folds, 279–82
Foliated metamorphic rocks, 230–32
Foliation, 227–29
Food supply, global warming and, 587
Footwall, 283–84, 285
Force, 275
Forearc basins, 385, 386
Forearc regions, 381
Foreset beds, 440–41, 442
Foreshock, 299
Forest, global warming and, 587
Formations, 279
Fossil fuels, 629–35

carbon dioxide in atmosphere from
burning, 581

coal, 205–6, 630–31
environmental effects, 631, 634–35
oil and natural gas, 631–35

Fossil magnetism. See Paleomagnetism
Fossil pollen, 572
Fossils, 217, 226, 253–59, 613, 621

Burgess Shale, 615
conditions favoring preservation, 256
correlation and, 256–59
evidence of continental drift from,

38–39
Paleozoic, 608, 609
types, 253–56, 257

Fossil succession, principle of, 6, 256–59
Fracture, 86, 88
Fracture zones, 58–59, 60
Fragmental texture, 106–7
Franklin, Benjamin, 576
Frost wedging, 167–68
Fumaroles, 135

G
Gabbro, 114
Gaining stream, 460–61
Ganymede, 669, 670
Garnet, 94–95
Gas hydrates, 632
Gemstones, 96
General Circulation Models (GCMs), 581
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Geode, 78, 79
Geodynamo, 342–43
Geoid, 340
Geologic maps, 278–79
Geologic time, 6–7, 247–71

fossil succession, 6
magnitude, 6–7
radiometric dating, 261–64, 267
relative dating, 6, 249–52, 258
time scale, 8, 248, 264–67, 599

Geology
areas of study, 3
definition, 2
environmental issues, 3–4
historical, 2
history of, 4–6
physical, 2
science of, 2

Geomagnetic reversals, 47–49
Geosphere, 14, 596
Geothermal energy, 639–40, 641, 642
Geothermal gradient, 115, 224, 337–38
Geysers, 466–67
Geysers, The, 640, 641, 642
Glacial budget, 490–92
Glacial erratic, 492, 497, 498
Glacial ice, 226

climate change record, 571
Glacial striations, 492
Glacial trough, 493, 495
Glacier, 11, 482–513

budget, 490–92
causes, 506–10
definition, 485
deposits, 497–502
erosion, 492–97
global warming and, 588
hydrologic cycle, 426, 485
Ice Age, 502–10
ice formation, 487–88
indirect effects, 502–5
movement, 489–90, 491
theory, 505–6
types, 485–87

Glass, 104
Glassy texture, 105–6
Glaucophane, 240
Global climate change. See Climate

change
Global Positioning System, 64
Global warming, 15, 585–90. See also Cli-

mate change
climate-feedback mechanisms, 15,

584–85, 589–90
Great Permian Extinction, 619
greenhouse gases and, 580–84
possible consequences, 585–90

Glomar Challenger, 60–61
Glossopteris, 39

Gneiss, 28, 230–32
Gneissic texture, 229
Gold, 648–49
Goldilocks scenario, 598
Gondwana, 606
Graben, 285–86, 366
Graded beds, 213, 215–16
Graded stream, 437
Gradient, 428–29, 430–31, 434, 436
Grand Canyon, 6, 197, 246–47, 248, 249,

250, 251, 252, 255, 279, 403
Granite, 25, 110–12
Granitic composition, 107, 110–13
Granitic magmas, formation of, 

120–21
Granodiorite, 19
Graphite, 82–83
Gravitational collapse, 395, 397
Gravity, 339–40

layered planets and, 326
specific, 86
tides and, 559–60

Gravity sliding, 368–69
Graywacke, 199
Great Red Spot, 667, 669
Greenhouse effect, 575, 576, 581
Greenhouse gases, 15, 509, 590

climate-feedback mechanisms,
584–85

global warming and, 580–84
mass extinctions and, 619, 620

Greenland, 485, 486, 487
Greenschist-amphibolite-granulite fa-

cies, 240, 241
Groin, 549–50
Groundmass, 105
Ground moraine, 499
Ground subsidence, 314–15, 397, 471–72,

502, 503
Groundwater, 457–81

artesian, 469–70
definition, 458
distribution, 459, 460
environmental problems, 470–75
geologic work, 458, 475–79
importance, 458
movement, 463–65
pollution, 473–75
springs, 465–68
uses, 458, 468
velocity, 465
water table, 459–61
wells, 468–70

Gulf coast, erosion along, 552
Gullies, 184, 186
Gutenberg, Beno, 333
Guyots, 46, 358
Gymnosperms, 617–18
Gypsum, 95, 97

H
Habit (crystal shape), 84–85
Hale-Bopp comet, 676, 677
Half-grabens, 285
Half-life, 261
Halite, 81, 95, 97, 650–51
Halley’s Comet, 677
Hanging valley, 493, 495
Hanging wall, 283–84, 285
Hardness, 85
Hardpan, 182
Hard stabilization, 549–50

alternatives to, 551–52
Hawaiian Islands, 135, 136–38
Hawaiian-type calderas, 144, 145
Headward erosion, 446, 447
Health, global warming and, 587
Heat, as metamorphic agent, 223–24
Heat flow, 335–37
Hess, Harry, 46–47, 50, 361
Highlands (lunar), 659–61
Himalayas, 379, 387–88
Historical geology, 2
Hogback, 282, 392
Holmes, Arthur, 41, 50
Horizons, soil, 181–83
Horn, 494, 496
Hornblende, 94
Hornfels, 233, 234
Horst, 285–86
Hot spots, 61–62, 66, 158–59, 368, 369,

604
Hot spring, 466–67
Human impact on global climate, 580
Humus, 179
Hurricane, 554–58
Hutton, James, 4–6, 251, 253
Hydrated, 225
Hydraulic conductivity, 464
Hydraulic gradient, 464
Hydroelectric power, 639, 640
Hydrogenous sediment, 213
Hydrological drought, 462
Hydrologic cycle, 15, 16, 424–26, 485,

568
Hydrolysis, 173–75
Hydrosphere, 13, 458, 596
Hydrothermal metamorphism, 28,

234–35, 364
Hydrothermal solutions, 234, 645–46
Hydrothermal vents, 365, 613
Hypocenter (earthquake focus), 296,

297, 305
Hypothesis, 7–10, 12

I
Ice, sea, 584, 589
Ice Age, 502–10
Iceberg, 489, 490, 491, 492
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Ice cap, 486
Ice-contact deposit, 501–2
Ice dams, proglacial lakes created by,

504, 506–7
Ice-jam floods, 450
Iceland, 132, 135, 136, 148
Ice sheet, 485–86
Ice shelf, 486
Igneous processes, mineral resources

and, 643–46
Igneous rocks, 25, 29, 30, 101–23

composition, 107–10
intrusive igneous activity, 149–53
names, 110–14
plate tectonics, 153–59
textures, 104–7

Impact craters, 660, 675
Impact hypothesis for KT extinction, 620
Impact metamorphism, 236–38
Impact theory of lunar formation, 661, 663
Incised meander, 439–40
Inclination angle, 342
Inclusions, 250–51, 253
Index fossil, 259
Index minerals, 238–39
Industrial minerals, 650–51
Infiltration, 425
Infiltration capacity, 426
Inner core, 20, 328, 333, 334, 336, 337,

338–39
Inner planets, 657–58, 659
Inselberg, 523, 524, 525
Integrated Ocean Drilling Program

(IODP), 61, 62
Intensity (earthquake), 305, 306–7
Interface, 15, 178, 538
Intergovernmental Panel on Climate

Change (IPCC), 582, 583, 590
Interior drainage, 522
Intermediate composition, 107–8, 110,

111, 113
Internal processes, 166
Interplate volcanism, 155–59
Intrusive, 103
Intrusive igneous activity, 149–53
Intrusive igneous rocks, 25
Io, 669, 670
Ion, 76–77
Ionic bond, 76–77
Iron meteorites, 678
Irons, 21
Island arcs. See Volcanic island arc
Isostasy, 394–95
Isostatic adjustment, 394–95, 396
Isotopes, 78, 260–61, 262

J
Jasper, 203, 204
Jeffreys, Harold, 41

Jetties, 549, 550
JOIDES Resolution, 61, 62
Joints, 288–92
Jovian planets, 657–58, 659
Jupiter, 667–71
Jurassic period, 610, 611

K
Kame, 501–2
Kame terrace, 502
Kaolinite, 93
Karst topography, 476–78, 479
Katrina, Hurricane, 554, 556–57
Kettle, 501
Kilauea, 137–38
Kimberlite, 645
Klippe, 287
Koch, J.P., 43
Köppen, Wladimir, 43
Köppen climate classification, 518
KT boundary, 620
Kuiper belt, 676
Kuiper belt objects, 679
Kyanite, 242

L
Laccoliths, 151
Lagoons, 211, 212
Lahar, 143–44, 159–60, 413–14
Lake

oxbow, 435, 436
pater noster, 495
playa, 209, 211, 523, 524
pluvial, 504–5
proglacial, 504, 506–7

Laki eruptions, 132
Laminar flow, 428
Landslide, 314–15, 403, 408, 416. See also

Mass wasting
as natural disasters, 402
submarine, 417–18

Lapilli, 134
Laramide Orogeny, 392
Lateral moraine, 498, 499
Laterite, 187
Laurasia, 609
Lava, 102
Lava dome, 147–48
Lava flows, 131–33
Lava plateaus, 25
Lava tubes, 132–33
Law, scientific, 12
Leaching, 180, 182
Lehman, Inge, 334
Leibniz, Gottfried W., 50
Levee

artificial, 445, 451
natural, 442–43, 444

Libby, Willard F., 264

Life on Earth, 612–23
beginning, 612–13
Cambrian explosion, 613, 615
Cenozoic era, 618–23
Mesozoic era, 617–18, 620
Paleozoic era, 613–17
requirements, 612

Light silicates, 91–93, 107
Limbs, 280
Limestone, 27, 73, 201–2, 603
Liquefaction, 310, 312, 406
Lithification, 25–27, 29, 30, 207
Lithosphere, 19, 51–54, 327, 331, 333

destruction of oceanic, 369–72
tectosphere, 341

Lobe-finned fish, 616
Local base level, 436
Loess deposits, 528, 533
Longitudinal dune, 531, 532
Longitudinal profile, 430, 431
Longshore current, 544–45, 546, 549
Long waves, 302
Losing stream, 460–61
Lower mantle, 20, 332
Lunar regolith, 661
Lunar surface, 659–61
Luster, 84
Lyell, Charles, 248

M
Mafic igneous rocks, 107, 110, 111, 113–14
Magma, 25, 28, 102, 103

composition, partial melting and,
120–21

crystallization, 103–4
evolution, 116–20
origin, 114–16

Magma mixing, 119–20
Magmatic differentiation, 118–19
Magmatic segregation, 643–44
Magnetic field, 44–45, 48, 339, 341–45
Magnetic reversals, 343–45
Magnetometer, 47
Magnetosphere, 345
Magnitude (earthquake), 305–9
Mammals, 618–23
Manganese nodules, 213
Mantle, 17, 19–20, 327, 328, 331–33, 334,

335, 336, 337–38, 341, 601
Mantle convection, 64–67, 395–97
Mantle plume, 61, 155–59, 368–69, 396
Marble, 28, 232
Mare, maria, 659, 662
Marine depositional environments,

209–13
Marine terrace, 545, 546
Mars, 664–67, 668
Mars Pathfinder, 666
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Marsupials, 39, 622
Martinique, 143
Mass extinction, 598, 619–20
Massive (plutons), 149
Mass number, 78, 260
Mass wasting, 166, 401–21

classification, 408–10
controls and triggers, 404–8
definition, 402–3
earthquakes, 314–15
landform development and, 402–4
slow movements, 414–15
submarine, 417–18

Matthews, D.H., 47, 48–49, 50
Mauna Kea, 136–37
Mauna Loa, 136, 137
Meander, 434, 435, 439–40
Meander scar, 436
Mechanical weathering, 166, 167–71

biological activity, 171
frost wedging, 167–68
thermal expansion, 169
unloading, 168–69

Medial moraine, 499
Megafloods, 506
Melt, 103
Melting

decompression, 115, 155
partial, 57, 102, 120–21

Mercalli Intensity Scale, Modified, 307
Mercury, 662–64
Mesosaurus, 38–39
Mesozoic era, 265, 266, 610, 611

life forms, 617–18, 620
Metallic bonding, 78
Metallic luster, 84
Metal sulfides, 213
Metamorphic facies, 240–41
Metamorphic grade, 235, 238–39
Metamorphic rock, 27–28, 29, 30, 221–45

foliated rocks, 230–32
index minerals, 238–39
nonfoliated rocks, 232–33
texture, 226–30, 238
types, 230–33

Metamorphism, 221–45
agents, 223–26
burial, 234
contact (thermal), 28, 224, 233–34
defined, 223
environments, 233–38
fault zone, 236
hydrothermal, 28, 234–35, 364
impact, 236–38
mineral resources and, 646–47
plate tectonics, 240–41
regional, 28, 235–36, 238–39
subduction zone, 235
zones, 238–39

Metasomatism, 225, 234
Meteor, 677
Meteorites, 17, 21, 578, 678
Meteoroids, 673, 677–79
Meteorological drought, 462
Meteor showers, 677–78
Methane hydrate, 632
Methane in atmosphere, 583
Mica schist, 230
Microcline feldspar, 91
Microcontinents, 390–91
Micrometeorites, 677
Mid-Atlantic Ridge, 46
Mid-ocean ridge, 25, 54–55, 56, 64, 

358–63
Migmatites, 239–40
Milankovitch, Milutin, 508, 509
Mineralogy, 72
Mineral physics, 329
Mineral resources, 642–51

building resources, 649–50
definition, 642–43
igneous processes, 643–46
industrial minerals, 650–51
metamorphic processes, 646–47
nonmetallic, 649–51
placer deposits, 648–49
weathering, 647–48

Minerals, 25, 71–99, 238, 240
classifying, 87–89
composition, 74–76, 82
definition, 72–73
dietary, 74
formation, 78–79
gemstones, 96
groups, 88–89, 91–96
index, 238–39
making glass from, 74
phase changes, 83, 326
physical properties, 83–87
rock-forming, 87–97
silicate, 89–95
stability, 242
structure, 78–83

Mining
coal, 630, 631
copper, 626–27, 643, 644

Mississippi Delta, 441–42, 445
Mixed tidal pattern, 561
Model, 10
Modified Mercalli Intensity Scale, 307
Mohoroviĉiĉ discontinuity, 330–31
Mohs scale, 85
Moment magnitude, 309
Monocline, 281, 283
Moon, 179, 659–62, 663

applying relative dating principles
to, 258

tides and, 559–60

Moons, planetary, 667, 669, 670, 671,
672, 673

Moraine, 498–500, 501
Morley, L.W., 50
Mountain belts, 22–23, 24
Mountains, 377–99

Andean-type mountain building,
381, 382–86

Andes, 382–85
Appalachians, 388–90
belts, 379–80
Coast Ranges, 385–86
continental collision, 386–90
fault-block, 284–85, 391–94
formation at convergent boundaries,

380–91
Himalayas, 379, 387–88
Rockies, 392
roots, 396
Sierra Nevada, 152, 153, 385–86

Mud cracks, 213, 216, 217
Mud flow, 143–44, 402. See also Mass

wasting
Multibeam sonar, 351, 352
Muscovite, 92, 93
Mylonites, 236

N
Natural gas, 631–35
Natural hazards, 3
Natural levee, 442–43, 444
Neap tide, 561
Nearshore zone, 539
Nebular hypothesis, 17, 18, 658–59
Necks, volcanic, 149
Negative-feedback mechanisms, 15,

584–85
Neptune, 673
Neutron, 75, 76, 260
Newton, Isaac, 50
Nitrous oxide, 583
Nonclastic texture, 207–8
Nonconformity, 251, 252
Nonferromagnesian silicates, 91–93, 107
Nonflowing artesian well, 469, 470
Nonfoliated texture, 229
Nonmetallic luster, 84
Nonmetallic mineral resources, 649–51
Nonrenewable resource, 470–71, 628–29
Nonsilicates, 89, 95–97
Normal fault, 284–86
Normal polarity, 47–49
North America

eastern, 611–12
formation, 605–6
western, 612

North American Cordillera, 391
North Anatolian fault system, 320, 321
Nuclear energy, 635–36
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Nuclear fission, 635
Nuclear fusion, 598
Nucleus, 75
Nuée ardente, 142–43
Numerical date, 249

O
Oblique-slip faults, 289
Obliquity, 508, 509
Obsidian, 73, 74, 106, 112, 113
Occultation, 673
Ocean basin. See Deep-ocean basin
Ocean drilling, 60–61, 62
Ocean floor, 349–75

continental margins, 24, 353–56
continental rifting, 55, 56, 155, 366–69
deep-ocean basins, 24–25, 356–58,

366–68, 370–71
destruction of oceanic lithosphere,

369–72
features, 24–25
gas hydrates from sediments, 632
mapping, 350–53
mid-ocean ridges, 25, 54–55, 56, 64,

358–63
oceanic crust, 330, 363–66, 604
provinces, 352–53
seafloor spreading, 46–50, 54–55,

60–61, 62, 361–63, 381–82, 608–9
sediments, 212–13, 570, 632

Oceanic-continental convergence, 56–57
Oceanic-oceanic convergence, 57–58
Oceanic plateaus, 358, 391
Oceans

evolution, 603
wave energy, 642

Ocean trenches, 356–57
Offshore zone, 539
Oil (petroleum), 631–35
Oil sands, 634–35
Oil shale, 635
Oil traps, 632–34
Oldham, Richard Dixon, 333
Old Man of the Mountain, 169
Olivine, 92, 94
Oolitic limestone, 202, 204
Oort cloud, 676
Opaqueness, 84
Open systems, 15
Ophiolite complex, 363, 364
Orbit of Earth, 508–9, 576
Ordovician period, 616
Ore, 643
Organic sedimentary rocks, 195, 205–6
Original horizontality, 250
Orogenesis, 379–80. See also Mountains

accretion and, 391
Orthoclase feldspar, 91, 92
Outcrops, 278, 279

Outer core, 20, 328, 333–34, 336, 337,
338–39, 341–42

Outer planets, 657–58, 659
Outgassing, 601–2
Outlet glacier, 486
Outwash plain, 501
Oxbow lake, 435, 436
Oxidation, 172–73
Oxygen in atmosphere, 602–3
Oxygen isotope analysis, 571
Ozone, 602

P
Pacific coast, erosion along, 552–54
Pahoehoe flow, 132
Paleoclimatic evidence of continental

drift, 40–41
Paleoclimatology, 570
Paleomagnetism, 44–46, 48

plate motions and, 63
Paleontology, 256
Paleoseismology, 317–18
Paleozoic era, 265, 266, 608, 609–10

life during, 613–17
Pangaea, 37, 38, 39, 41, 55, 366, 368, 606,

609–10, 617
breakup, 39, 42, 344, 369, 370–71, 610,

611
Panthalassa, 38
Parabolic dune, 531, 532
Paradigm, 10
Parasitic cone, 135
Parent material, 179–80
Parent rock, 223, 226
Parícutin, 139
Partial melting, 57, 102, 120–21
Passive continental margin, 353–55, 368,

382, 384
Passive solar collectors, 636–37
Pasteur, Louis, 11
Pater noster lakes, 495
Pegmatites, 107, 644, 645
Pegmatitic texture, 107
Pelée, Mount, 143
Perched water table, 466
Peridotite, 19, 108
Period, 265, 266
Periodic table, 75
Permafrost, 415–17, 418, 587

global warming and, 587, 589–90
Permeability, 463
Permian extinction, 619
Perrault, Pierre, 465
Petroleum, 631–35
Phaneritic texture, 104–5, 111
Phanerozoic eon, 265, 266, 609–12
Phase change, 83, 326
Phase diagram, 242
Phenocrysts, 105

Phobos, 667
Phoebe, 672
Photosynthesis, 598, 602, 613
Photovoltaic cells, 637
Phreatic zone, 459
pH scale, 175
Phyllite, 230
Physical geology, 2
Piedmont glacier, 486
Pillow basalts, 363, 364
Pillow lava, 133
Pinatubo, Mount, 577–78
Pipe, 135, 148–49
Placental mammals, 622
Placer deposit, 648–49
Plagioclase feldspar, 91, 92
Planetary geology, 655–81

asteroids, 598, 673, 674, 675
atmospheres of planets, 658–59
comets, 673, 674–77
compositions of planets, 658
data, 657
dwarf planets, 656, 657, 673–74, 679
Earth’s Moon, 179, 258, 559–60,

659–62, 663
gravity and layered planets, 326
Jupiter, 667–71
Mars, 664–67, 668
Mercury, 662–64
meteoroids, 673, 677–79
Neptune, 673
orbits, 656
planet formation, 17, 657
Saturn, 671–72
terrestrial and jovian planets, 657–58,

659
Uranus, 672–73
Venus, 603, 664, 665

Planetesimals, 17, 21, 599, 601, 657, 658,
674

Plants, soil formation and, 180
Plastic flow, 489
Plate, 51–54
Plate-mantle convection, 64–67,

395–97
Plate tectonics, 11–12, 35–69. See also

Earth, evolution through geo-
logic time

boundaries, 54–60, 369–72. See also
Convergent plate boundaries;
Divergent plate boundaries

defined, 50–51
driving mechanism, 64–67
earthquakes, 59–60, 319
future, 64
glaciers, 507–8
historical development, 37–50
hot spots, 61–62, 66, 158–59, 368, 369,

604
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igneous activity, 153–59
measuring motion, 62–64
metamorphism, 240–41
ocean drilling, 60–61, 62
rivers and, 448
testing model, 60–62

Playa, 523, 524
Playa lake, 209, 211, 523, 524
Playfair’s law, 437
Pleistocene epoch, 506
Plucking, 492, 493
Plunging folds, 280
Pluto, 656, 657, 674, 679
Plutonic, 103
Plutonic activity, 149–53
Plutons, 149–53, 384
Pluvial lakes, 504–5
Point bar, 434, 435
Polarity, normal, 47–49
Polar wandering, 45–46
Pollen, fossil, 572
Pollution

air, 631
aquifer, 473–74
sedimentation and chemical, 188–89

Polymerization, 90
Polymorphs, 82–83, 242
Pompeii, 141–42
Population growth, 3, 629
Porosity, 461–63
Porphyritic texture, 105, 111
Porphyroblastic texture, 229–30
Porphyry, 105
Positive feedback mechanism, 15, 584,

589–90
Potassium-Argon dating, 262–63
Potassium feldspar, 91, 92
Pothole, 431, 432
Powell, John W., 248
Pratt, J.H., 396
Precambrian, 265, 266–67, 603–9

life during, 613, 614, 615
supercontinents, 606–9

Precession, 508, 509
Primary magmas, 120
Primary waves, 302, 330–31
Priority in the sciences, 50
Proglacial lakes, 504, 506–7
Prokaryotes, 613
Proterozoic eon, 266, 603, 606
Proton, 75, 76, 260
Protoplanets, 599, 657
Protosun, 17, 598, 657
Proxy data, 570–73
Pumice, 73, 113, 135
Pumped water-storage system, 639
P-wave shadow zone, 333, 334
Pyrite, 647–48
Pyroclastic flow, 142–43, 159

Pyroclastic material, 134
Pyroclastic rocks, 114
Pyroclastic texture, 106–7
Pyroxene, 92, 94

Q
Quartz, 91–93
Quartzite, 233
Quaternary period, 611, 612

R
Radar altimeters, 352, 353
Radial pattern, 446
Radiation, 574
Radiation pressure, 676
Radioactive decay, 78
Radioactivity, 259–64
Radiocarbon dating, 263–64
Radiometric dating, 261–64, 267
Radon, 263
Rain forest soils, impact of clearing on,

186–87
Rainshadow desert, 519–20, 521
Rapids, 437, 438
Rays, 660
Recessional moraine, 499, 500
Recrystallization, 207, 227
Rectangular pattern, 446
Recumbent folds, 280
Red Sea, 55, 366, 368
Reefs, 202, 203, 209, 211, 358–59, 573
Refraction, wave, 544
Regional floods, 448–49
Regional metamorphism, 28, 235–36,

238–39
Regolith, 178, 661
Reid, H.F., 298
Relative dating, 6, 249–52, 258
Renewable resources, 628
Reptiles, 618
Reserve, 643
Reservoir rock, 632, 633
Residual soil, 179
Resources, 3, 627–53

consumption, 628, 629, 630
energy, 629–42
mineral, 642–51
nonrenewable, 470–71, 628–29
population growth, 629
renewable, 628
water, global warming and, 586–87

Reverse fault, 284, 286–87
Reverse polarity, 47–49
Rhyolite, 112–13
Richter magnitude, 307–8
Ridge-push, 65
Rift valley, 54, 56, 361, 362, 363
Rift zones, 362
Rills, 184, 426

Ring chronologies, 572
Ring of Fire, 139, 153
Ring systems, planetary, 669–72, 673
Rip current, 545
Ripple marks, 216
River system, 427
Roches moutonnées, 496–97
Rock avalanche, 410
Rock cleavage, 227–29
Rock cycle, 15, 16, 28–30, 568
Rock flour, 492
Rock-forming minerals, 87–97
Rocks. See also Deformation

characteristics, weathering rates and,
177

defined, 73
evidence of continental drift in, 39
types, 25–28. See also Igneous rocks;

Metamorphic rock; Sedimenta-
ry rock

Rockslide, 411–12
Rock units, naming local, 279
Rocky Mountains, 392
Rodinia, 606
Runcorn, S.K., 45
Running water, 423–55. See also Stream
Runoff, 426
Rutherford, F. James, 10

S
Saffir-Simpson Hurricane Scale, 554, 555
Sagan, Carl, 580
St. Helens, Mount, 126, 127–28, 129, 577
St. Pierre, 143
Salt, 650–51
Saltation, 433, 525
Salt dome, 632, 633
Salt flat, 205, 211
Saltwater contamination of ground-

water, 473
San Andreas Fault, 59–60, 290–91, 297,

298, 300, 318
Sand deposits in desert, 529–33
Sandstone, 27, 197–99
San Joaquin Valley, 472
Santorini, 141
Satellites

studying Earth, 9
tracking hurricanes, 556–57

Saturn, 671–72
Schist, 28, 230
Schistosity, 229
Scientific inquiry, 7, 10–12

continental drift and, 41–44
plate tectonics and, 11–12
scientific method, 10–11

Scientific law, 12
Scientific revolution, 36
Scoria, 105, 134, 135, 138
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Scoria cones, 138–39
Scott, W.B., 41
Sea arch, 546, 548
Seafloor sediments, 212–13, 570, 632
Seafloor spreading, 46–50, 54–55,

361–63, 608–9
backarc spreading, 381–82
evidence, 60–61, 62

Sea ice, 584, 589
Sea level, 558–59

global warming and, 587–88
Ice Age, 502, 503
supercontinents and, 608–9

Seamounts, 25, 357–58, 370, 418
Sea stack, 546, 548
Seawall, 550, 551, 553
Secondary enrichment, 647–48
Secondary magmas, 121
Secondary waves, 302, 328, 329, 330, 331
Sediment, 25, 29, 30. See also Soil

biochemical, 201, 202
biogenous, 212–13
hydrogenous, 213
seafloor (ocean), 212–13, 570, 632
stream transport, 431–34
terrigenous, 212
wind transport, 525

Sedimentary rock, 25–27, 29, 30, 193–219
carbon cycle and, 200–201
chemical, 27, 195, 201–5, 207
classification, 207–8
detrital, 27, 195–201, 207
diagenesis, 195, 206–7
environments, 208–13
lithification, 207
organic, 195, 205–6
origins, 194–95
structures, 213–17
texture, 207–8
types, 195–206

Sedimentation, 188–89
Seiches, 312
Seismic anisotropy, 331
Seismic gap, 317, 318, 320
Seismic reflection profile, 352
Seismic tomography, 340–41
Seismic vibrations, destruction from,

310–12
Seismic waves, 21

Moho discovered using, 330–31
primary, 302, 330–31
secondary, 302, 328, 329, 330, 331
“seeing” Earth’s interior through,

326–29
shadow zones, 333

Seismogram, 302, 304
Seismograph, 301–2
Seismology, 300–302
Semidiurnal tidal pattern, 561

Settling velocity, 432, 434
Shale, 27, 196–97
Shear, 275, 276
Sheeted dike complex, 363, 364
Sheet erosion, 184, 185
Sheet flow, 426
Sheeting, 169, 170
Shells, 75
Shield, 23–24, 241
Shield volcano, 135–38
Shiprock, New Mexico, 149
Shock metamorphism, 236–38
Shore, 539
Shoreline, 537–65

coastal classification, 558–59
defined, 539
emergent, 559
erosion problems, 545–46, 549,

552–54
evolving shore, 548
features, 545–48
global warming and, 588
stabilizing, 549–52
submergent, 559

Sidescan sonar, 351–52
Sierra Nevada, 152, 153, 385–86
Silicates, 89–95

weathered products, 174–75
Siliceous oozes, 212, 213
Silicon-oxygen tetrahedron, 89–90
Sillimanite, 242
Sills, 150–51
Silt. See Loess deposits
Sinkhole, 458, 459, 476–77, 478, 479
Slab-pull, 65, 369
Slab suction, 66, 369, 370, 381
Slate, 230
Slaty cleavage, 227–29
Slickensides, 283
Slide, 410
Slip face, 530
Slope orientation, 181
Slump, 410–11, 414
Smith, William, 256
Snow avalanche, 410
Snowline, 490, 491
Socioeconomic drought, 462
Soil, 14, 177–89

controls of formation, 179–81
definition, 178–79
erosion, 183–88
profile, 181–83
types, 183

Soil Taxonomy, 183
Sojourner, 666
Solar energy, 15–16, 636–37

climate-feedback mechanisms,
584–85

fate of incoming, 574–75

Solar nebula, 17, 598, 657
Solar system. See also Planetary geology

minor members, 673–79
origin, 16–17, 18

Solar wind, 345, 601, 676
Solifluction, 415, 417
Solum, 183
Sonar, 350–52
Sorting, 197–98, 434
Specific gravity, 86
Speleothem, 476
Spheroidal weathering, 176
Spit, 210, 212, 546, 547, 548
Spreading centers. See Divergent plate

boundaries
Springs, 465–68, 469–70
Spring tide, 561
Stable platforms, 24
Stalactite, 476, 477
Stalagmite, 476
Star dune, 531, 532–33
Steno, Nicolaus, 249–50
Steno’s Law, 81, 82
Steppe, 517, 518
Stick-slip motion, 300
Stocks, 152
Stokes, William L., 6
Stony-iron meteorites, 21, 678
Stony meteorites, 21, 678
Stoping, 153
Storm surge, 555
Strain, 276
Strata, 213, 214, 215
Stratified drift, 497, 500–502
Stratigraphic trap, 632, 633
Stratosphere, 602
Stratovolcanoes, 139–40
Streak, 84
Stream

antecedent, 447
base level, 436–37
braided, 435–36
channels, 434–36
defined, 427
deposits, 434, 440–44
discharge, 429–30, 435
drainage patterns, 444–47
ephemeral, 520, 522
erosion, 431, 432
gaining, 460–61
gradient, 428–29, 430–31, 434, 436
before and after Ice Age, 503–4
interaction with groundwater, 460–61
losing, 460–61
meandering, 434, 435, 439–40
piracy, 446, 447
sediment transport, 431–34
superposed, 447, 448
terraces, 440, 441
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trunk, 427
valleys, 437–40
velocity, 428–30

Stress, 275–76
Striations, 91, 93
Striations (glacial), 492
Strike, 278–79
Strike-slip fault, 287–88, 291
Stromatolites, 601, 613, 615
Structural geology, 274–75. See also De-

formation
Subduction zone, 56–58, 59, 369–72,

380–85
Subduction zone metamorphism, 235
Submarine canyons, 355
Submarine mass wasting, 418
Submergent coast, 559
Subsidence, 314–15, 397, 471–72, 502,

503
Subsystems, 14
Subtropical high, 518
Sulfide deposits, 366
Sulfur, 650
Sun

energy from, 15–16, 574–75, 584–85,
636–37

formation, 17
solar variability and climate, 

578–80
Sunspots, 578, 579, 580
Supercontinent cycle, 606–7
Supercontinents, 606–9
Supernova, 17, 598
Superplume, 396
Superposed stream, 447, 448
Superposition, law of, 6, 249–50, 258
Surf, 541, 543
Surface waves, 302
Surge, 490, 491
Suspended load, 432, 525
Suture, 387
S-wave shadow zone, 333
Symmetrical folds, 280
Syncline, 280–81, 282
System, 14–15

T
Tablemounts, 358
Tabular (plutons), 149
Talus slope, 167, 168, 408, 410
Tambora, Mount, eruption of, 576–77
Tarn, 495, 496
Tar sands, 634–35
Taylor, David, 479
Taylor, F.B., 50
Tectosphere, 341
Tektites, 237
Temperature. See also Climate; Climate

change

global increase, 582–84
sunspots and, 580

Temporary base level, 436
Tenacity, 85
Tensional stress, 276
Terminal moraine, 499, 500
Terrace, 440, 441

marine, 545, 546
Terrane, 390–91, 393, 604, 605
Terrestrial planets, 657–58, 659
Terrigenous sediment, 212
Tertiary period, 611
Tethys Sea, 38
Texture(s), 104, 226

igneous, 104–7
metamorphic, 226–30, 238
sedimentary rock, 207–8

Theory, 10, 12
Thermal (contact) metamorphism, 28,

224, 233–34
Thermal expansion, 169
Thin sections, 109
Thrust fault, 286–87
Tidal delta, 547, 562
Tidal flat, 212, 560, 561
Tidal power, 640–42
Tidal waves, 542
Tides, 559–62

causes, 559–61
currents, 561–62
Earth’s rotation and, 562
neap, 561
patterns, 561, 562
spring, 561

Till, 497–500
Tillite, 506
Time, soil formation and, 180
Titan, 672
Tombolo, 546, 548
Topography, soil formation and, 180–81
Topset beds, 441, 442
Tower karst, 477, 478
Trace elements, 82
Trace gases, 582–84
Transform fault boundaries, 54, 58–60,

288, 291
Transform faults, 50, 58–60, 288, 291
Transitional environments, 212
Transition zone, 19–20, 332
Translucence, 84
Transparence, 84
Transpiration, 426
Transported soil, 179–80
Transverse dune, 531, 532
Travertine, 202
Tree rings, 571–72
Trellis drainage pattern, 446
Triangulation, 304
Triassic period, 610, 611

Trilobites, 608, 616
Triton, 673
Tropical Rainfall Measuring Mission

(TRMM), 9
Tropical rain forests soils, clearing and,

186–87
Troposphere, 575
Truncated spur, 493
Trunk stream, 427
Tsunami, 312–14, 542
T-Tauri phase, 601
Tube worms, 365
Tuff, 114
Tunguska event, 675
Turbidity currents, 355, 357
Turbulent flow, 428

U
Ultimate base level, 436
Ultramafic, 108, 110
Uluru, Mount (formerly Ayers Rock),

524
Unconformity, 251–52, 253
Uniformitarianism, 4–5
Unit cells, 81, 82
Unloading, 168–69
Unsaturated zone, 459
Upper mantle, 19
Uranium, 636
Uranium-238 decay products, 263
Uranus, 672–73
Urbanization, flash floods and, 449–50
Ussher, Archbishop James, 4

V
Vadose zone, 459
Valence electron, 75, 76
Valley, 437–40

narrow, 437–38, 439
rift, 54, 56, 361, 362, 363
wide, 438–39

Valley glacier, 485, 493–96
Valley train, 501
Vegetation removal, mass wasting and,

405
Vein deposit, 645
Velocity

escape, 658–59
groundwater, 465
settling, 432, 434
stream, 428–30

Venetz, Ignaz, 505
Vent

hydrothermal, 365, 613
volcanic, 135

Ventifact, 528
Venus, 603, 664, 665
Vertebrates, 616–17
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Very Long Baseline Interferometry
(VLBI), 63–64

Vesicular texture, 104, 105
Vesuvius, 140–42
Vine, Fred, 47, 48–49, 50
Viscosity, 126–28, 131
Volatiles, 103, 115–16, 130–31, 133–34
Volcanic activity, 126–49, 153–59

climate change and, 576–78, 579
cryovolcanism, 673
Great Permian Extinction, 619
materials extruded, 131–34
monitoring, 160–61
nature of eruptions, 126–31
plate tectonics, 153–59
types, 134–40

Volcanic breccia, 114
Volcanic hazards, 159–60
Volcanic island arc, 22, 25, 58, 154–55,

356, 380, 381, 382, 390, 391, 604
Volcanic neck, 149
Volcanic pipes, 148–49
Volcanoes, 125–49

anatomy, 135
cinder cone, 138–39
composite cone, 139–44
living with, 159–61
shield, 135–38
sizes, 136

W
Wadati-Benioff zone, 305
Walcott, Charles D., 615
Wallace, Alfred, 50
Water

hydroelectric power from falling,
639, 640

on Mars, theories on, 666–67, 668, 670
mass wasting and, 404–5
resources, global warming and,

586–87
tidal power, 640–42

Water balance, 425, 426
Water dowsing, 468
Waterfalls, 437, 438, 439
Water gap, 446, 447, 448
Water table, 459–61
Water vapor in air, 573
Watkins, N.D., 50
Wave-cut cliff, 545, 548
Wave-cut platform, 545, 546
Wave energy, 642
Wave height, 540
Waves, 540–45

characteristics, 540–41
erosion, 542–43, 549
longshore transport, 544–45
refraction, 544
seismic, 21, 302, 326–31, 333
surf zone, 541, 542, 543
tidal, 542
types, 540–41

Weather, 569. See also Climate
Weathering, 5, 25, 29, 30, 166–79

chemical, 166, 171–76
differential, 177
mechanical, 166, 167–71
ore deposits, 647–48
products, 175
rates, 177–79
spheroidal, 176

Wegener, Alfred, 36, 37–43, 50
Welded tuff, 114, 134
Well, 468–70

West Wind Drift, 607, 608
Wetlands, 445
Wilson, J. Tuzo, 49, 58
Wind, 525–34

deposits, 528–33
erosion, 184, 187, 188, 526–28, 529
hurricane damage, 555–58
planetary circulation, 519
sediment transport, 525
solar, 345, 601, 676

Wind energy, 638–39

X
Xenoliths, 153

Y
Yardang, 528
Yazoo tributaries, 443
Yellowstone-type calderas, 144, 

145–47

Z
Zone of accumulation (glacier), 490,

491–92
Zone of accumulation (soil), 182
Zone of aeration, 459, 460
Zone of fracture, 489, 490
Zone of saturation, 459, 460
Zone of soil moisture, 459
Zone of wastage, 490, 491–92
Zones of metamorphism, 233
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