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E-lines and E-zones, 318
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stabilization of, 301-305
waves and, 295f

Beatty, Nevada, 457

Bedding planes, 50

Bed load of sediment, 139

Bentonite, 49

Berkeley Pit, 421f

Berms, 295

B horizon, 65, 66f

Big bang, 4

Big Thompson Canyon flood, 149

Bingham Canyon copper mine, 420

Biochemical oxygen demand (BOD), 374-375

Biodiversity
coastal geology and, 98-101
factors affecting, 103-104
human footprint and, 104-106
keystone species, 96
seawalls and, 105-106
stream processes, 96-98
of trees, 95-96

Biofuels, 468-469

Biogenic gas, 441, 442

Biogeochemical cycles, 39-41

Biological engineering, 113

Biological processes, 415-416

Biomagnification, 382

Biopersistence, 527

Bioremediation, 85, 86f, 394f

Biosphere, 94, 495, 497-498

Biotechnology, 425-426

Bison, 101f

Bituminous coal, 436

Black shale, 444

Blocky lava, 271, 272f

BOD (biochemical oxygen demand), 374-375

Bogs, 368-369

Borneo, 440

Boston Harbor, 399

Braided channels, 144

Breakers, 294, 295¢f

Breaker zone, 295

Breakwaters, 302-303

Brines, 413-414, 415

Brittle materials, 44

Brown, Lester, 534

Buffering, 450

Buried faults, 215, 218f

Burner reactors, 453-454

Bush, George W., 400

Calcite, 43

Calcium carbonate, 450-451

Caldera eruptions, 267-268

Calderas, 267-268, 270f, 271f

California Water Project, 360

Cancer, 508

Capacity

Cape Hatteras Lighthouse, 319-320

Cap rock, 442

Carbonate minerals, 43

Carbon dioxide gas, 275, 440, 485f,
489£, 498-500

Capacity
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Abrupt climate change, 500-501

Acceptable risk, 126-127

Acid deposition, 449-451

Acid mine drainage, 385-386, 421, 438f

Acid rain, 449451

Active faults, 216, 219

Active method of construction, 59

Advanced treatment of wastewater, 398

Aentonite, 49

Aerosols, 487-488

Age-dating techniques, 7

Agglomerate, 49

Agricultural practices, 78-80

A horizon, 66f

Air pollution, 422, 512-518

Air toxins, 512-513

Algae contamination, 377

Alluvial fans, 68, 140

Alluvial soils, 137

Alternative energy, 463-469

Aluminum, 416, 426

Alvarez, Luis, 335

Alvarez, Walter, 335

Amazon River, 15f

Amplitude of earthquakes, 208

Anatolian fault, 245, 247f

Andesite, 263

Angular conformity, 55

Animal behavior, 245

Antarctica, 491-492

Anthracite coal, 436

Anthropogenic climate forcing, 488, 490, 491f

Anticipatory responses, 128-129

Anticlines, 52, 53f, 215

Appalachian Mountains, 34, 52, 142, 440

Aqueducts, 361f

Aquifers, 349-351

Arctic National Wildlife Refuge
(ANWR), 446-448

Arctic sea ice, 492f

Area sources, 512

Argillic B, 65

Arsenic, 382-383, 400

ART (average residence time), 14-16,
380-381

Artesian wells, 349, 350f

Asaro, Frank, 335

Asbestos, 515

Ash fall, 272

Ash flows, 273

Asteroids, 7, 235, 322-328, 339-340.
See also Impact craters; Mass
extinctions

Asthenosphere, 30

Athabasca Tar Sands, 448

Atlantic Coast, 306-307

Atmosphere, 476-479, 480f-481f

Atmospheric inversions, 515-516

Atomic mass number, 543

Atoms, 541-543

Attenuation, 224

Avalanches, 198, 199f

Average residence time (ART), 14-16,
380-381

Barrier islands, 306-307

Basalt, 262

Base level of streams, 137

Battle Mountain, 461

Bauxite, 416, 426
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geologic record, 475-476

global warming and, 14
greenhouse effect, 478-479, 481,
483f-484f

mathematical models, 476
natural hazards and, 130

ozone depletion and, 501-502
potential effects of, 490-501
real-time monitoring, 476
reasons for, 482490

temperature change, 481-482, 486f, 487t

Clinton, Bill, 400

Cloud, Preston, 4, 474
Coachella Valley, 467
Coal-bed methane, 443-444
Coal mining, 202-203, 436-440
Coal sludge, 440

Coastal geology, 98-101

Coastal hazards. See also Tsunamis
beach stabilization and, 301-305
development and, 318-320
E-lines and E-zones, 318

erosion, 297-301, 306-308, 315-317
Hurricane Andrew, 315, 316f
Hurricane Floyd, 168
Hurricane Katrina, 308-311, 314f
Hurricane Mitch, 131f, 308
hurricanes, 308, 311-315
rip currents, 296-297
tropical cyclones, 308, 316
typhoons, 308
waves, 291-295

Cogeneration, 469

Cohesion, 71

Colbalt-enriched manganese crusts, 419

Colorado River, 363-366

Color of rocks/minerals, 546, 554

Comets, 322-328

Compaction shale, 50

Competency, 140

Complex landslide, 178f

Composite volcanoes, 263-264

Compounds, 543

Comprehensive Environmental Response

Compensation and Liability
Act (CERCLA), 525
Compressibility, 75
Compressional waves, 220
Concave slopes, 174-175
Concentration factor, 407-408
Cone of ascension, 393
Cone of depression, 350, 351f, 393
Confining layers, 349
Conglomerates, 50
Conservation, 469
Consolidated Edison Company, 533
Construction, 59
Consumptive use of water, 360
Contact metamorphism, 412
Continental collision boundary, 32
Continental drift, 31.
See also Plate tectonics
Continuity equation, 140
Contour interval, 556
Contour plowing, 79
Convection, 32
Convergent boundaries, 32-34
Convex slopes, 174-175
Convex straight slopes, 174-175
Copper, 412, 417
Coral reefs, 103f, 497
Corrosion potential, 75
Covalent bonds, 544
Craters, 267, 327-328, 329{-332f,
334-339. See also Asteroids;
Mass extinctions
Creep, 175-176, 181
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Cape Hatteras Lighthouse, 319-320
Cap rock, 442
Carbonate minerals, 43
Carbon dioxide gas, 275, 440, 485f,
489t, 498-500
Carbon sequestration, 498-500
Carcinogens, 506, 508
Cardiovascular disease, 507-508
Carlsbad Caverns, 358
Carlsbad, New Mexico, 457
Carrying capacity, 12
Case histories
Cape Hatteras Lighthouse, 319-320
Easter Island, 3
Edwards Aquifer, 358-360
flash floods, 153
groundwater, 356
Hudson River, 387
Hurricane Katrina, 309-311
La Conchita landslides, 193-195
Long Island groundwater, 356
Minamata, Japan mercury, 380, 382
Mount St. Helens, 277-282
MLt. Pinatubo, 277
Mt. Unzen, 282
Northridge earthquake, 218-219
sediment pollution, 81
St. Francis Dam, 54-55
Tunguska event, 326
Vaiont Dam, 187-189
Catastrophes, 120-122
Catastrophic earthquakes, 209, 232-235
Cation, 543
Cave formations, 358
Cavern systems, 358
Cavity-filling deposits, 412
Cemented shale, 50
Central Valley Project, 360
CERCLA (Comprehensive Environ-
mental Response Compensation
and Liability Act), 525
CFCs (chlorofluorocarbons), 501-502
Chain reaction, 452
Channelization, 156, 159, 160f, 162f
Channel patterns, 140, 144-145
Channel restoration, 159, 161f
Chemical bonding, 543-544
Chemical sedimentary rocks, 50
Chemical weathering, 185
Chemosynthesis, 417
Chernobyl, 456
Chlorine, 501-502
Chlorofluorocarbons (CFCs), 501-502
C horizon, 66
Chronic disease, 506-507
Churchs Ferry, North Dakota, 168
Cicero, 23
Cinder cones, 264-266
Clay, 50
Clean Air Act, 379, 424
Clean Water Act (1972), 400
Clear cutting, 186-187, 532f
Cleavage of minerals, 546
Climate
atmosphere and, 476-479
defined, 476
forcing, 483, 485, 487, 488f, 491f
and landslides, 182
models, 477f
patterns, 492, 495
response time, 483
and runoff, 347
sensitivity, 483
of the world, 478f
Climate change
abrupt, 500-501
earth’s atmosphere and, 476479
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589 wgolall

Driving forces, 176, 178
Ductile materials, 44
Dust Bowl, 494
Dynamic equilibrium, 141
Earthflow, 177f, 181
Earth history, 4, 5{-6f, 7
Earth materials, 7, 8f
Earthquake cycle, 229-230
Earthquakes
of 1964, 185
Alaska (2002), 252
amplitude of, 206
Anatolian Fault, 245, 247f
catastrophic, 209, 232-235
deaths and damage from, 207, 209,
233,245, 248, 255
deep waste disposal and, 232
depth of focus, 228-229
dilatancy-diffusion model, 230
directivity, 226
effects of, 232-235
faults, 46, 212, 214-220
focus of, 206, 228-229
ground acceleration in, 226
hazard evaluation, 248-251
hazard-reduction programs, 247-248
Kobe, Japan (1995), 210f
Landers, California, 229, 230f, 233f
Loma Prieta, 211, 225-226, 234
magnitude, 206-209
material amplification, 224-226
Mexico City, 224-225
Modified Mercalli Scale, 209, 211
New Madrid, 212, 215f
Northridge, 127-129, 206f,
211-213,218-219, 222, 228f
nuclear explosions, 232
at plate boundaries, 212, 214f
prediction of, 125, 241-245
protective measures, 248, 251-256
reservoir-induced seismicity, 231-232
San Andreas Fault and, 28-29, 35,
46-47,118-120, 211, 220-221,
233,244-249
San Fernando (1971), 212f
Seattle (2001), 229
seismic waves, 220-224
slow earthquakes, 220
supershear, 228
tsunamis and, 235-241, 242f
Earthquake segment, 216
Earth’s climate system, 476
Earth’s energy balance, 479
Earth systems science, 14-17, 474
Ease of excavation, 75
Easter Island, 3
E. coli bacteria, 375-376
Ecological community, 94

Ecology, 93-95, 107-113. See also
biodiversity

Ecosystems, 94-95, 104

Edwards Aquifer, 358-360

Efficiency, 469

Effluent streams, 354

E horizon, 65, 66f

Elastic deformation, 44

Elastic rebound, 229

Elastic strain, 229

Electromagnetic spectrum, 483f

Electrons, 541

Elements, 543

E-lines and E-zones, 318

Elk, 96-98

El Nino, 495, 496-497

Energy resources
acid rain and, 449451
coal, 436-440
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Critical thinking, 23
Crust, 30
Crystal form, 546
Crystal lattice, 544
Crystalline structure, 544, 545f
Crystallization, 38, 42, 545
Crystal settling, 408
Cultural eutrophication, 376-377
Cut banks, 144
Cuyahoga River, 384, 386
Cyclones, 308, 316. See also
Hurricanes
Damages
from earthquakes, 209, 233,
245,255
from flooding, 156
from hurricanes, 308

from natural hazards, 116-117, 120-122

from tsunamis, 235-241
volcanic activity, 259
Dams, 369-370, 466
Darcy’s Law, 352
Dead zone, 377, 378f
Deaths
from air pollution, 512, 515
from earthquakes, 207, 209, 233,
245,248, 255
from floods, 149-150, 154t, 156
from hurricanes, 308-309, 311-312
from impacts, 338-339
from landslides, 189
from natural hazards, 116-117,
120-122, 130-132
from radiation, 456
from radon gas, 508-509
from tsunamis, 235-241
volcanic activity and, 259, 277-282
from water pollution, 373, 375-376
Debris avalanches, 176f, 181
Debris flows, 182, 183f, 276
Deep waste disposal, 232
Deep-well disposal, 527-528
Deforestation, 3, 14
Deltas, 122-123, 124f, 140, 141f

DEMs (digital elevation models), 560-562

Department of Energy, 459
Desalination, 360
Desertification, 86-87, 493-494

Desiderata (Ermann), 4

Design Basis Ground Motion, 248
Detrital sedimentary rocks, 50
Devils Lake, North Dakota, 168
Devil’s Post Pile, 49f

Devonian shale, 444

Diamonds, 408, 409f, 544f

Digital elevation models (DEMs), 560-562

Dilatancy-diffusion model, 230
Dilate, 230

Dinosaurs. See Mass extinctions
Dip-slip faults, 214, 217f

Direct effects of disasters, 127-128
Directivity, 226

Disaster preparedness, 129
Discharge-frequency curve, 146-148
Disconformity, 55

Disease, 235, 375-376, 382, 422, 506-508
Disease of the dancing cats, 382
Dissolved load of sediment, 139
Distant tsunami, 240

Divergent boundaries, 32
Dolomite Mountains, 34f

Donana National Park, 421
Doubling time, 10

Downstream floods, 150, 151f
Drainage basins, 137, 139f, 345, 347
Drainage density, 347

Drainage nets, 347
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downstream floods, 150, 151f

effects of, 153-154

flash floods, 148-150, 152-153

flood-hazard mapping, 163-167

flood-proofing, 159-160

flood stage, 148

globally, 137f

insurance, 159

Las Vegas, Nevada, 149-150

magnitude and frequency, 146-148

Mid-Atlantic floods, 168, 170f

Mississippi River, 117, 125, 150,

155-159, 163

physical barriers, 155-156

Red River, 136, 150, 150f

Savannah River, 151f

terminology, 146, 148

urbanization and, 150-153

Ventura River, 140, 142, 143f

what to do before and after, 169t

Yangtze River, 131
Floodplains. See also Flooding

illustrated, 138f

land-use planning and, 123f, 128, 136-137

regulation of, 160-162, 163f
relocating people, 168
zoning, 167, 168f
Floodwalls, 155-156
Florida Everglades, 110-111
Flows, 175-176, 177t
Fluid potential, 354-355
Fluid pressure, 230
Flux, 39
Fly ash, 440
Focus of earthquakes, 206, 228-229
Folds, 52
Foliation planes, 51
Forecasts, 124-126
Foreshocks, 230
Forminifera, 543f
Fossil fuels
acid rain and, 449451
carbon dioxide and, 498-500
coal, 436-440
defined, 434
oil and gas, 441449
particulates and, 502
Fossil Trace Golf Club, 427
Four Corners area, 512
Fractures, 52, 546
Free face slope, 174
Frequency, 117, 119-120
Friction, 71
FS (Factor of safety), 177-181
Fugitive sources, 512
Fusion, 459
Gaia hypothesis, 18
Galena, 543
Gaseous pollutants, 512
Gas wells, 445
Geochemistry, 541-547
Geochronology, 563-564
Geologic cycle, 29-38
Geologic maps, 560
Geologic record, 475-476
Geologic time, 4, 19-23, 563-564
Geology, defined, 7
Geothermal energy, 459-463
Geothermal gradient, 459, 461
Geysers, 267, 269f
Geysers facility, 461
Glacial deposits, 56
Glaciation, 56-58, 490-492
Glicken, Harry, 282
Global carbon cycle, 39, 40f, 41
Global dimming, 490
Global Positioning Systems
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conservation, efficiency and
cogeneration, 469
energy units, 435
geothermal energy, 459-463
historical perspectivies, 430, 433
nuclear energy, 452-459
oil and gas, 441-449
peak oil, 431433
policies, 435, 469-470
renewable sources, 463—469
supply and demand, 434-435
Enhanced recovery, 443
Environmental crisis, 14, 534
Environmental geology
components of, 7-8
defined, 7
earth as a system, 14-17
hazardous earth processes, 17-19
human population growth and, 9-13
scientific knowledge and values,
19-23
sustainability, 13-14
Environmental health, 506-512
Environmental impact statements
(EIS), 528-529
Environmental law, 531-534
Environmental Protection Agency
(EPA), 379-380, 395-396, 400,
421,531
Environmental science, 8
Environmental unity, 17
Epicenter, 206
Erodibility, 75
Erosion
of beaches, 297-301, 306-308, 315-317
E-lines and E-zones, 318
landslides and, 185, 532
of soil, 76-78, 346t
wildlife effects on, 348f
Escherichia coli, 375-376
Ethics, 23-24
Eutrophication, 376-377
Evacuation, 129
Evaporite deposits, 413-415
Everglades, 110-111
Evolutionary process, 7
Exajoules, 435
Expansive soils, 75-76
Exponential growth, 9-11
Extraction wells, 394f
Extrusive igneous rocks, 47
Exxon Valdez, 377-378, 378t
Factor of safety (FS), 177-181
Fault activity, 220
Fault gouge, 118, 120f
Faults, 46, 212, 214-220, 245, 247f.
See also San Andreas Fault
Fault scarp, 233
Fault segmentation, 216
Fault-valve mechanisms, 230
Fault zones, 216
Fecal coliform bacteria, 375-376
Feldspar, 42
FEMA (Federal Emergency Management
Agency), 159
Ferromagnesian, 42
Fish habitat, 93f
Fission, 452459
Flash floods, 148-150, 152-153
Flashy discharge, 152
Flood basalts, 269f
Flooding. See also Floodplains
Big Thompson Canyon, 149
causal factors, 153
channelization, 156, 159, 160f, 162f
channel restoration, 159, 161f
deaths and damages, 149-150, 154t, 156
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Hydroelectric power, 465
Hydrogen fuel, 465
Hydrographs, 146-148
Hydrologic cycle, 39, 137-138, 344,
345f, 346f. See alsoWater resources
Hydrologic monitoring, 283-284
Hydrologic processes, 7, 8f
Hydrothermal convention systems,
461-462
Hydrothermal mineral deposits, 410, 412
Hypothesis testing, 19
Ice, 56-59, 490-492
Ice stream, 56, 57f
Igneous processes, 408-410, 412
Igneous rocks, 38, 46t, 47, 49, 554
Impact craters, 327-328, 331{-332f,
334-339. See also Mass
extinctions
Imperial Sand Dunes Recreation Area, 83
Impervious cover, 150, 152
Inactive faults, 216
Indirect effects of disasters, 127-128
Indoor air pollution, 517-518. See also
Radon gas
Industrial ecology, 519
Infectious waste, 519-520
Influent streams, 354-355
Input-output analysis, 14-17
Instream use of water, 360
Insurance, 129, 159, 251
Integrated waste management, 518
Intellectual standards, 23
Intelligent design, 23
Interplate earthquakes, 211
Intraplate earthquakes, 211
Intrusive igneous rocks, 47
Tonic bonds, 544
Irrigation, 388-391
Isocracy, 33
Isotopes, 543
Itai-Itai disease, 422
Jefferson Island Salt Dome, 201-202
Jetties, 303
Joule, 435
Karst topography, 357
Kelp, 98-101
Kesterson Reservoir, 388-391
Keystone species, 96
K horizon, 66
Kimberlite, 408, 409f
Kissimmee River, 107-109
Klamath Falls, Oregon, 462
Koyakuk River, Alaska, 145f
K-T mass extinction, 334-336, 338
Kuiper belt, 323, 324f
Kyoto Protocol, 498
La Conchita, California, 191, 193-195
Lag time, 152, 153f
Lahar, 276
Lake Nyos, Cameroon, 275
Lake Peigneur, Lousiana, 201-202
Land application, 527
Land ethic, 24
Landfills, 520-523
Landslides. See also Slopes
benefits of, 117-118
climate and, 182
correction of, 197-198
earth material type and, 178, 181
earthquake-caused, 233-234
identifying potential areas, 191-192

La Conchita, California, 191, 193-195

minimizing hazards, 203-204
Portuguese Bend, 174f
prevention of, 192, 195-197
sea cliff erosion and, 299-301
slope processes, 174-175
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(GPS), 558

Global warming. See Climate change

Gneiss, 50

Gold, 413, 420, 423, 544

Gould, Stephen Jay, 104

GPS (Global Positioning Systems), 558

Grand Canyon of the Colorado River,
491, 365-366

Granite, 43, 47, 491, 62, 124

Gravel and sand, 413

Great earthquake, 209

Great Lakes, 307-308

Great Southern California Shake
Out, 255

Greenhouse effect, 478-479, 481,
483f-484f, 485t, 489f

Green River Formation, 448

Grinnell Glacier, 492f

Groins, 302

Groundwater. See alsoWater pollution;
Water resources
development of, 14
discharge, 350
movement, 351-352, 354-355
pollution, 386-388, 393-394, 420-421
recharge, 350
supply of, 352, 353f, 370

surface water and, 352, 354-355, 357-358

zones, 348-349
Groundwater geothermal
systems, 462
Growth rate, 10
Guano, 41, 416
Gulf Coast, 307
Gullies, 77, 78f
Habitat, 94
Hale-Bopp comet, 323
Half life, 563-564
Halite, 545
Hardness of rocks/minerals, 546, 554
Hardpan, 66
Hazardous earth processes, 17-19
Hazardous waste management, 523-528
Health, 506
Heart disease, 507-508
Heavy metals, 380, 382-383, 422-423
High-level radioactive wastes, 458-459
Historical perspectives
of energy resources, 430, 433
of human population, 10-12
of natural hazards, 122-123
of rivers, 137
volcanic activity, 260t
Holocene epoch, 22
Homestake Mine, South Dakota, 425
Honduras, 131
Host rock, 412
Hot springs, 267
Hudson River, 387
Human footprint, 104-106
Hurricanes
Andrew, 315, 316f
deaths and damages from,
308-309, 311-312
Floyd, 168
form and process, 308, 311-315
Katrina, 308-311, 314f
Mitch, 131f, 308
Saffir-Simpson Hurricane Scale,
312-313
Hutton, James, 16, 18
Hydraulic conductivity, 351, 352t
Hydraulic gradient, 351
Hydraulic head, 354-355
Hydrocarbons, 441-449
Hydrochloric acid (HC1), 501-502
Hydroconsolidation, 60
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Materials management, 518-519
Mathematical models, 476
Mauna Loa volcano, 264t
Meanders, 144-145
Media. See News media
Mediation, 531
Meltdown, 454
Mercury, 382, 411f, 422-423
Metallic bonds, 544
Metamorphic processes, 412413
Metamorphic rocks, 38, 46t, 50-51, 554
Metamorphosed rocks, 38
Meteorites, 324-328
Meteoroids, 322-324
Meteor showers, 322
Methane, 443-446, 520
Methane hydrate, 445-446
Methylmercury, 382
Methyl tertbutyl ether (MTBE), 379-380
Mexico City, 130, 224-225
Miami Beach, Florida, 304
Michel, Helen, 335
Microhydropower, 466f
Mid-Atlantic ridge, 266f
Milankovitch cycles, 483
Milankovitch, Milutin, 482-483
Minamata, Japan, 380, 382
Mineral resources. See also Mining
availability of, 406-407
biological processes, 415-416
colbalt-enriched manganese crusts, 419
igneous processes, 408-410, 412
manganese oxide nodules, 417-419
metal concentrations, 407—408
metamorphic processes, 412-413
overview, 403-404
recycling, 425-426
reserves, 404, 406f
rock cycle and, 38
sedimentary processes, 413-415
sulfides, 43, 416-417
sustainability and, 427
types, 42-43, 404-406
value of, 406f
weathering processes, 416-417
Minerals, 38, 42-43, 416-417, 543-547
Mining. See also Mineral resources
acid mine drainage, 385-386, 421,
438t
of coal, 436-440
environmental impact, 14, 419-425
excavating machines, 13f
Mission Creek, 163-167
Mississippi River
delta, 141f
drainage basin, 345, 347
flooding, 117, 125, 150, 155-159, 163
levees, 155f, 157
pollution of, 508
Mitchell Plain, 357
Mitigation, 529
Mobile sources, 512
Modified Mercalli Scale, 209, 211
Mohs scale, 546-547
Moment magnitude of earthquakes, 206
Monitoring, 476, 521
Mountain bikes, 85
Mountains, 33-34
Mount Lassen volcano, 264
Mount Pinatubo, 277, 278f
Mount Rainier, 276-277
Mount St. Helens, 263-264, 277-282
Mount Unzen volcano, 282, 283f
MTBE (Methyl tertbutyl ether), 379-380
MLt. Lassen National Park, 461
Mudflows, 276-277
Multiple land use, 530-531
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terminology, 173
Thistle slide, 195, 197
timber harvesting and, 186-187, 532f
time factors, 185
types of, 175-176, 178f
urbanization and, 17f, 187-190
Vaiont Dam, 187-189
vegetation and, 184-185
volcanic eruptions and, 277, 278f
warning systems, 197
water and, 185

Land-use planning

anticipatory responses to hazards, 128-129

coastal hazards and, 316-317
defined, 7, 8f
dynamic equilibrium and, 141-142
earthquakes and, 248
floodplains and, 123f, 128, 136-137
multiple land use, 530-531
natural hazards and, 130-133
process of, 529-530
scenic resources, 529-530
sequential land use, 530
soil surveys and, 87-89
La Nina, 497
Las Vegas, Nevada, 149-150
Late magmatic processes, 408, 410
Lateral blasts, 272
Lava, 260, 269, 271-272, 273f, 274
Lava tubes, 262, 264t
Law of crosscutting relationships, 51
Law of faunal assemblages, 7
Law of original horizonality, 51
Law of superposition, 51
Leachate, 520
Leaching, 420
Lead poisoning, 507, 515
Left-lateral faults, 214, 217f
Leighton, F.B., 189
Leopold, Luna, 367
Levees, 155-158
Lichens, 564
Lignite, 436
Limestone, 50, 412
Liquefaction, 75, 233
Lithification, 34
Littoral cell, 297
Local tsunami, 241
Loess, 59, 60-61
Logging, 14f
Loma Prieta earthquake, 211, 225-226, 234
Longshore sediment transport,
295-296
Los Angeles, California, 187, 189, 190, 512
Los Angeles River, 162f
Love Canal, 524-525
Lovelock, James, 18
Lovins, Amory, 469
Low-level radioactive wastes, 457
Ludington, Michigan, 386
Luster of minerals, 546-547
Magma, 47, 259
Magnetic monitoring, 283-284
Magnitude, 117, 119-120
Magnitude-Frequency concept, 119
Major earthquake, 209
Mammoth Cave, 357
Mammoth Lakes, 125-126
Manganese oxide nodules, 417-419
Maps, 556-562
Marble, 51
Marcellus shale, 444
Marine evaporites, 413-414, 414f
Marshes, 368-369
Mass extinctions, 7, 328, 331, 333-338
Mass wasting, 173
Material amplification, 224-226
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Ozone depletion, 501-502
Pahoehoe lavas, 271, 272f
Paleoseismic data, 220
Paleoseismicity, 216
Paleoseismology, 216

Pangaea, 35-37

Paricutgn cinder cone, 265
Particulate-matter pollutants, 512-515
Passive method of construction, 59
Passive solar energy, 464
Pathogenic organisms, 375-376
Patrick River, 146-148

Peak oil, 431-433

Pegmatite, 410

Perched aquifers, 349, 350f
Permafrost, 58-59

Permeability, 75

Permeable treatment beds, 394f

Persistent organic pollutants (POPs), 379

Phosphates, 415-416
Phosphorus cycle, 41, 376-377
Photochemical smog, 517
Photovoltaics, 464—465

Piedmont region, 52, 65, 78f, 82, 83f, 142

Placer deposits, 413

Plastic deformation, 44
Plasticity, 71

Plastic recycling, 519

Plate boundary earthquakes, 211-212
Plate tectonics, 30-38, 266-267
Pleistocene epoch, 19, 25-26
Plutonium, 455

Pocket beaches, 111-112

Point bars, 144

Point sources, 383, 384f, 512
Pools, 145, 146f

POPs (persistent organic pollutants), 379

Population, 9-13, 130

Porosity, 351, 352t

Portuguese Bend landslide, 174f

Positive feedback cycle, 490

Powell, John Wesley, 363

Prairie potholes, 368-369

Precautionary principle, 24-25

Precipitation, 348-349

Precursor events, 125

Prediction of natural hazards, 124-126

Primary pollutants, 513

Primary recovery, 443

Primary treatment of wastewater, 397

Protons, 541

Pulido, Dionisio, 265

P waves, 220

Pyroclastic debris, 47, 49, 262

Quartz, 42

Quartzite, 51

Quick clay, 185

Radioactive decay, 563-564

Radioactive waste, 383, 457-459

Radioactivity, 453-454

Radioisotopes, 563-564

Radon gas, 244, 509-512

Rain shadow, 33

Rapid City, South Dakota, 128

RCRA (Resource Conservation and
Recovery Act), 523-524

Reactive response, 127-128

Reclaimed water, 398

Recurrence interval, 220

Recycling, 13, 426-427

Red River, 136, 150

Reduce, recycle, reuse, 518

Regional metamorphism, 412-413

Relative profile development, 67-68

Relief of topography, 347

Renewable energy, 463-469

Replacement deposits, 412
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Municipal solid waste (MSW), 521
NASA (National Aeronautics and
Space Administration), 339
National Earthquake Hazard Reduction
Program, 247-248
National Environmental Policy Act
(NEPA), 528-529
National Flood Insurance Reform Act
(1994), 159
National Primary Drinking Water
Standards, 395-396
National Water Quality Assessment
Program, 391, 392f
Native elements, 43
Natural gas resources, 441-449
Natural hazards/disasters
benefits of, 117-118
climate change and, 130
death and damage, 116-117, 120-122
defined, 7, 8f
evaluation of, 122-124
human response to, 127-130
land-use changes and, 130-133
magnitude and frequency, 117, 119-120
number of, 131f
population increase and, 130
prediction of, 124-126
risk assessment, 126-127
Near-Earth Asteroid Tracking (NEAT), 339
Near-Earth objects (NEOs), 340
Negative declarations, 529
NEPA (National Environmental Policy
Act), 528-529
Neutrons, 541
Nevada Test Site, 232
Nevado del Ruiz, 132-133
New Madrid earthquake, 212, 215f
New Orleans, Louisiana, 308-311, 314f
News media, 126
Newton, 435
Niche, 94
Nitrogen, 376-377
Nonconformity, 55
Nonmarine evaporites, 413-414
Nonpoint sources, 383-384
Normal faults, 214, 215, 217f
Northridge earthquake, 127-129,
206f, 211-213, 218-219, 222, 228t
No-till agriculture, 79
Nuclear energy, 452-459
Nuclear explosions, 232
Nuclear fission, 452-459
Nuclear fusion, 459
Nuclear reactors, 453-455
Nuclear Waste Policy Act (1982), 459
Oakland, California, 129f
Oak Ridge National Laboratory, 457
Oases, 120f
Ocean conveyor belt, 483, 489f
Off-road vehicles (ORVs), 82-85
Offset alluvial fan, 68, 69f
Offstream use of water, 360
Ohio River, 152
O horizon, 65, 66f
Oil and gas resources, 441-449 Oil shale, 448
Oil spills, 377-378
Oil trap, 443f
Oort Cloud, 323, 324f
Ores, 43, 407-408
ORVs (off-road vehicles), 82-85
Outer Banks, North Carolina, 306f
Outwash, 56
Overbank flow, 146
Overburden, 439
Oxides, 43
Oxygen-demanding waste, 373-375
Ozone, 513, 517
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Sand dunes, 59-60, 60f, 61f, 111-112

Sand spit, 303

Sandstones, 50

Sanitary landfills, 520-523

San Joaquin Valley, 388-391

Santa Cruz Island, California, 175

Santayana, George, 142

SARA (Superfund Amendment and
Reauthorization Act), 525-526

Saturated soils, 69, 71f

Savannah River, 151f

Schist, 50

Scientific method, 19, 20f

Scoping, 529

Sea cliff erosion, 299-301

Seafloor spreading, 31-32

Sea ice, 490-492

Sea level, 495

Sea otters, 98-101

Sea urchins, 98-101

Seawalls, 105-106, 301-302

Secondary enrichment, 416417

Secondary pollutants, 513

Secondary treatment of wastewater, 398

Secure landfills, 527

Sediment, 79t, 80-82, 139, 141-144,
383. See also Runoff

Sedimentary processes, 413-415

Sedimentary rocks, 38, 46t, 49-50, 554

Seismic gaps, 244-245

Seismicity, 220

Seismic waves, 220-224

Seismogram, 221

Seismographs, 208, 221-222, 223f

Sensitivity, 75

Septic-tank disposal systems, 396-397

Sequential land use, 530

SF (safety factor), 177-178, 181

Shake map, 209, 212f

Shale, 50, 124

Shear waves, 220

Shield volcanoes, 262-263

Shoemaker-Levy 9, 328, 332f

Shrink-swell potential, 75

Silicates, 42

Sinkholes, 199-200, 202f, 357

Site selection, 528

Slaking, 50

Slate, 50

Slip planes, 177

Slip rates, 219-220

Slopes, 137, 174-178, 176-178,
181-182. See also Landslides

Slow earthquakes, 220

Sludge, 398

Slumps, 175-176, 185

Smog, 517

Snow avalanches, 198, 199f

Soil
chronosequences, 68
classification, 69-70
clips, 177, 181, 182f, 183f, 184-185
color, 66-67
conservation, 78-80
desertification, 86-87

engineering properties, 7071, 75-76

erosion, 7678, 346t
fertility, 68-69
horizons, 65-66
land-use planning, 89
mechanics, 72-75
off-road vehicles and, 82-85
overview, 64-65
pollution, 85

profile development, 67
profiles, 65-68
properties, 77t
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Reservoir-induced seismicity, 231-232
Reservoir rocks, 441
Reservoirs, 79t, 231-232, 369, 388-391
Residual ore deposits, 416
Resisting forces, 176, 178
Resource Conservation and Recovery
Act (RCRA), 523-524
Restoration ecology, 107-113
Retaining walls, 130f, 192, 196f
Retention ponds, 155f
Reverse faults, 214, 217f
R horizon, 66
Richter, Charles, 208
Richter magnitude, 208
Riffles, 145, 146f
Right-lateral faults, 214, 217f
Rills, 77, 78f
Rio de Janeiro, Brazil, 187, 189
Rio Earth Summit, 24
Rio Negro, 15f
Rip currents, 296-297
Riprap, 159, 161f
Risk assessment, 126-127
Riverine environment, 145
Rivers. See also Flooding; Mississippi
River;
Streams; Surface-water;
Water pollution
Amazon, 15f
channel patterns, 144-145
Colorado, 363-366
Cuyahoga River, 384, 386
discharge, 139-140
historical perspectives, 137
Hudson, 387
Kissimmee River, 107-109
Koyakuk River, Alaska, 145f
land-use changes and, 143-144
Ohio River, 152
Patrick, 146-148
profile, 139f
Red, 136, 150, 150f
Savannah River, 151f
sediment in, 139, 143-144
slopes of, 137
stage of, 148
streams and, 137-139
urbanization and, 150-153
velocity, 139-140
Yangtze River, 131, 133
Yuba, 156
Rock cycle, 38-41
Rockfalls, 175-176, 183f
Rock-forming minerals, 42
Rocks
laws of, 51

minerals, 38, 42-43, 416-417, 543-547

properties of, 554-555

strength of, 43-47, 554

structures of, 52-53, 55

types of, 38, 47-51
Rocky Mountain Arsenal, 232
Rotational slides, 175-176, 177, 177f
Royal Society of Edinburgh, 18
Runoff, 151f, 155f, 300-301,

344-348, 420. See also Sediment
R waves, 221
Safe Drinking Water Act (1974), 395
Safety factor (SF), 177-181
Saffir-Simpson Hurricane Scale, 312-313
Salt beds, 457
Salt domes, 415
Salt mining, 200-202
Saltwater intrusion, 391-393
San Andreas Fault, 28-29, 35, 4647,

118-120, 211, 220221, 233, 244-249

Sand and gravel, 413
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TCE (Trichloroethylene), 394
Tectonic creep, 220, 221f
Tectonic cycle
earth’s lithosphere and
crust, 29-30
environmental geology and, 38
Pangaea and, 35-37
plate action rates, 34-35
plate boundaries, 32-34
plate tectonics, 30-32
Tectonic framework, 249
Tephra, 262
Terracing slopes, 79-80
Terzagi, Carl, 72
Teton Dam, 49
Texture of rocks, 555
Theory, defined, 19
Thermal monitoring, 283-284
Thermal pollution, 383
Thermal springs, 267
Thermogenic gas, 441-442
Thistle slide, 195, 197
Three Gorges Dam, 466
Three Mile Island, 456
Thrust faults, 214, 217f
Tidal power, 465
Tight natural gas, 444-445
Timber harvesting, 186187, 532f
Times Beach, Missouri, 85
Tivalu, 495, 496f
Topographic maps, 556-560
Topographic monitoring, 284
Total load of sediment, 139
Toxicology, 506
Trace elements, 541
Trans-Alaska pipeline, 446-448
Transform boundaries, 32
Translational sliding, 175-176, 177, 184, 185
Transuranic waste, 457
Trapper Mine, Colorado, 439f
Trees, 95-96. See also Timber harvesting
Trichloroethylene (TCE), 394
Triple junctions, 34
Tropical cyclones, 308, 316
Tropopause, 476
Troposphere, 476
Tsunamis, 125, 235-241, 242f
Tuff, 49
Tunguska event, 322f, 324, 326-327, 339-340
Typhoons, 308
Unconfined aquifers, 349
Unconformities, 52, 55
Unified soil classification system, 70, 71t
Uniformitarianism, 16
United Nations Framework Convention
on Climate Change, 498
Universal soil loss equation, 80
Universe origin, 4
University of California, Santa Barbara,
111-112
Unsaturated zone, 349
Uranium, 452-453
Urbanization
flooding and, 150-153
landslides and, 17f, 187-190
and runoff, 301, 348
soils and, 82, 84f
U.S. Chamber of Commerce, 400
U.S. National Flood Insurance
Program, 159
Vadose zones, 348-349
Vaiont Dam, 187-189
Van der Waals bonds, 544
Vapor extraction, 394f
Velocity of rivers, 139-140
Vents, 262
Ventura River, 140, 142, 143f
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relative profile development, 67-68
sediment pollution, 79t, 80-82, 383
strength, 71
structure, 67, 68f
surveys, 87-89
taxonomy, 70
texture, 67
unified soil classification system, 70, 71t
universal soil loss equation, 80
urbanization and, 82, 83f
water in, 69
Solar energy, 464-465
Solar forcing, 487
Solar system, 324f
Solid waste disposal, 519-523
Source rock, 441
Southern California Earthquake Center, 255
Spacewatch, 339
Specific gravity, 546, 554
Spent fuel, 458-459
Spreading ridges, 32
Springs, 350, 351f
Stage of rivers, 148
Stationary sources, 512
St. Francis Dam, 54-55
Stone industry, 413
Storm King Mountain, 533-534
Storm surge, 313-314, 316
Straight slopes, 174-175
Strain, 44
Stratosphere, 476
Stratovolcanoes, 263
Streams. See also Rivers
effluent and influent, 354
flow monitoring, 122, 123f
processes, 96-98
rivers and, 137-139
vegetation effects on, 347, 348f
Stress, 44
Strike-slip faults, 214, 217f
Strip mining, 438-439
Strong earthquake, 209
Subbituminous coal, 436
Subduction zones, 32
Subsidence, 173, 176, 198-203
Sudbury, Ontario, 424
Sulfide minerals, 43, 416-417
Sulfur dioxide gas, 275
Sulfuric acid, 385-386, 438
Sulfurous smog, 517
Summit caldera, 263
Superfund Amendment and Reauthorization
Act (SARA), 525-526
Superfund sites, 525-526
Supershear, 228
Surface-water. See also Rivers; Streams
development of, 14
groundwater and, 352, 354-355, 357-358
Hudson River, 387
pollution, 383-384, 386-388
runoft, 344-348
Surface waves, 221
Surficial processes, 56-62
Surf zone, 295
Suspended load of sediment, 139
Sustainability, 13-14, 427, 534-535
Sustainable energy policy, 470
Swamps, 368-369
Swash zone, 295
S waves, 220-221
Swell, 291
Synclines, 52, 53f, 215
Synthetic organic chemicals, 378-380
System, defined, 14
Talus slopes, 174
Tar Creek, Oklahoma, 385-386, 421
Tar sands, 448
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oil, 377-378
overview, 372-373

oxygen-demanding waste, 373-375

pathogenic organisms, 375-376
saltwater intrusion, 391-393
San Joaquin Valley, 388-391
sediment, 79t, 80-82, 383
surface water, 383-384
thermal pollution, 383
toxic substances, 378-380

wastewater treatment, 396400

water quality standards, 395-396

Water power, 465-466

Water Quality Act (1987), 400

Water resources. See also
Groundwater; Runoff
aquifers, 349-351
conservation, 363
dams, 369-370
desalination, 360
globalization of, 367
management of, 363-367
shortages, 352, 353f, 362-363, 370
supply, 346t
surface water, 14, 344-348, 352,
354-355, 357-358
use of, 360-364
water cycle, 39, 344, 3451, 346f
wetlands, 368-369

Watersheds, 137, 345

Water table, 75, 348-349

Watts, 435

Wave period, 224

Waves, 291-295

Weather, 476

Weathering, 38, 65

Wegener, Alfred, 31-32, 35

Wetlands, 368-369, 398

Weyburn oil field, 500

Wheeling, West Virginia, 449

Wildfires, 129f

Wind, 59-61

Wind power, 466467

Winter Park, Florida, 200

Wolves, 96-98, 102-103

Yangtze River, 131, 133

Yellowstone National Park, 24, 96-98,
267-268, 461

Yosemite National Park, 85, 138f,
156, 174, 181, 183f

Yosemite Valley, 49f

Youngquist, Walter, 448

Yuba River, 156

Yucca Mountain, Nevada, 459

Zone of accumulation, 65

Zone of leaching, 65

Zone of saturation, 348-349
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Vernal pools, 368-369
Virtual water, 367
Vog, 275
Volcanic ash, 49
Volcanic breccia, 49
Volcanic crisis, 287
Volcanic domes, 264
Volcanic forcing, 487-488
Volcanoes
benefits of, 118
Cascade Range, 268f
cinder cones, 264-266
debris flows, 276
features of, 267-269
forecasting, 282-286
historic events, 260t
Kilauea, 271, 285f
Lake Nyos, Cameroon, 275
lava flows, 269, 271-272
Mauna Loa, 264t
Mount Helgafell, 272, 274f
Mount Pinatubo, 277, 278f
Mount Rainier, 276-277
Mount St. Helens, 263-264, 277-282
Mount Unzen, 282, 283f
Mt. Lassen, 264t
mudflows, 276-277
Nevado del Ruiz, 132-133
origins, 266-267
poisonous gases, 273, 275-276
prediction of, 124, 126
pyroclastic activity, 272-273
Redoubt, 273-274, 276
ring of fire, 262f
types, 260-266
in U.S., 261f
Volvanic vents, 267
Walkerton, Ontario, 375-376
Warnings of natural hazards, 125
Waste management, 518-523. See also
Hazardous waste management
Wastewater renovation and conservation
cycle, 398
Wastewater treatment, 396-400
Waterborne disease, 375-376
Water hardness, 507-508
Water pollution

acid mine drainage, 385-386, 421, 438
average residence time (ART), 380-381

Boston Harbor, 399

coal mining and, 438-439

Cuyahoga River, 384, 386

Federal legislation, 400
groundwater, 386388, 393-394
mining and, 420-421

National Water Quality Assessment
Program, 391, 392f

nutrients, 376-377
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