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The use of italics denotes figure references.

abnormal fluid pressures

see geologic forcing of fluid pressures, overpressured

zones
Abu Dhabi 335-6
accretionary prisms 434-8, 435, 439
decollement 435, 437-8
adiabatic decompression 278
adiabatic lapse rate 141, 153
adsorption
see sorption
advection—diffusion equation 4, 96-8, 172
advective heat transport
see heat transport
advective solute transport
see solute transport
agates
see banding, geochemical
age determination of groundwater 168-74

carbon-14-based estimates 169-71, 171, 174

chlorofluorocarbon-based estimates 169

from cosmogenic isotopes 171-2

influence of dispersion on 172—4

paradox of 172

tritium-based estimates 169, 281
age mass 168

see also age determination
Alaska, North Slope 184
albitization 197, 376
angle of internal friction

see coefficient of friction
anhydrite

as a cement 445, 455

in evaporite deposits 327, 328

in salt domes 346-8, 347
anisotropy

mechanical 75

of permeability 1214, 12, 14
Appalachian basin /94, 241, 242

aqueous complexes 114-15
aquifer tests 1518, 35, 1824
Athabasca basin, Canada 21013, 271
Athy’s law 21, 85, 86, 361
Australian MVT ore deposits 203
average linear velocity

see seepage velocity
Azerbaijan 241

bacteria

see microorganisms
banding, geochemical 381-3
Barbados 434, 435, 437, 438, 439
baseflow 321-2
basin-centered gas 241-3, 242, 244
Bernoulli’s equation 6
Black Hills, South Dakota /717, 170—1
black smoker 422
blanket zones 213, 215, 216
blue hole 444

boiling-point-with-depth curves 145, 277-9, 278

bottom simulating reflector 433

boundary conditions
Dirichlet-type 62, 99
for heat transport 13941, 140, 430
hydromechanical 62-3, 65, 79-80
Neumann-type 62, 99
for solute transport 99
for subsea hydrothermal circulation 419

boundary-layer effects 146, 257, 268-9, 430, 455

Boussinesq approximation 142-3, 150, 258
brines 175-6, 198-203, 205, 330-2

evolution during evaporation 337-40, 339

see also evaporites
buoyancy-driven flow 151-2

see also free convection, variable-density flow

Cajon Pass, California 188-90
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calcite compaction-driven groundwater flow 160, 162-3, 165-8,
in dedolomitization 171 199, 3034, 344, 353-71, 357, 361, 363, 368, 436-8,
dissolution in mixing zones 445-9, 446, 447 439
Cam-clay model 70-2 complexation
capillary-pressure effects see aqueous complexes
in oil-water—gas systems 234-5 compressibility
in oil-water systems 226-7, 227 bulk 45
in steam—water systems 136, 137-8 effective 84-5
caprock formation, over salt domes 346-9 plastic 69
carbon uniaxial 77
“dead” 171 computer codes, USGS
carbon-14 for geochemistry 118, 338, 445
see age determination for groundwater flow 35
carbonate compensation depth 415-16 for heat transport 103, 128, 139, 259
carbonate rocks, diagenesis of 441-9 for solute transport 103
carbon dioxide, and seismicity 305-6 concretions 381
Cascade Range, Oregon 184-7, 191, 192 condensation of steam 152
Cascadia margin, and subduction 435, 438 conductive heat transport
cation exchange capacity 114 see heat transport
see also ion exchange confined groundwater systems 25, 25, 32, 160, 314
cenicero zone 216 confining layers 25, 25
cenote 448 evaporites as 341
cementation heat transport in 143
see diagenesis, silica solute transport in 122
chemical divide 329, 330 connate water
chemical geothermometers see brines
see geothermometers conservation of energy 130-1
chemical osmosis 8-10, 119-20, 177 conservation of mass 28-31, 96-7, 129-30
chemistry, principles of aqueous 10819 contact metamorphism 4057
coupled to transport 108—11 continuity equation 4
dissolution/precipitation 116—17 derivation of 28-30
kinetic-rate equations 111-13 continuum approach 26—8
mineral-surface reactions 98, 113-14 convection
speciation 115 near the critical point of water 270-1
Chi-Chi earthquake, Taiwan 322 see also buoyancy-driven flow, free convection,
chloride salts variable-density flow
see evaporites copper
chlorine-36 see ore deposits
see age determination cosmogenic isotopes
chlorofluorocarbons see age determination
see age determination Coulomb’s law of failure 70, 2924
clays application to results at Rangely, Colorado 298-9
and chemical osmosis 177 coupled flow phenomena 8, 105-8, 708, 109
dehydration reactions 162, 438, 439 critical line 426, 427
permeability and porosity of 11 see also critical point of water
coefficient of friction 294, 303 critical point of water 726, 127, 136
of San Andreas fault 308-9 effects of salinity on 426
coefficient of molecular diffusion 90, 107 fluid circulation near 267-71
Colombia crude oil 220
see emeralds see also hydrocarbons
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crustal heat flow 247-53
correlation with age of crust 250, 250
effect of topography on 249-50
global average 247-8
heterogeneity of 250-2
impact of subsea hydrothermal systems on 248, 423—4
measurement of 248-50
perturbation by groundwater flow 252-3
sources of 248
cubic law, for permeability 317, 373

Dakota Sandstone, US midcontinent 19, 36, 160
Damkohler number 112, 380, 444
Darcy’s law 2—10
multiphase version 131-3
possible limits of 4-6
three-dimensional version 13—14
variable-density version 104, 131-2
Darcy velocity
see specific discharge
dating of groundwater
see age determination
Dead Sea 342
decarbonation reactions
see devolatilization reactions
decollement
see accretionary prisms
deep biosphere 121
deformation 31-2, 38-88, 353-71, 436-8
elastic 43-5, 355
inelastic 6676, 355-64, 365-71
plastic or elastoplastic 67-72, 71, 73, 83, 84, 353, 3556,
365, 366
viscoelastic 724, 73, 74
delayed yield 33
Denver basin 160, 160
dedolomitization 171, 176
devolatilization reactions 162, 163—4, 387-8, 391,
453
diagenesis 371-83
of carbonate platforms 441-9
as a local-scale phenomenon 378-83
in sedimentary basins 373—8
diffusion equation 4, 35, 92, 133, 134
diffusion, molecular
description of 902
into a matrix during transport 173—4
multicomponent interactions 105—8
values for coefficients 91
dimensionless numbers

Index 529

see Damkohler number, Peclet number, Rayleigh number,
Reynolds number, Nusselt number
dispersion
see heat transport, hydrodynamic dispersion, solute
transport
dispersivity
definition of 94-5
field values for 96, 145
scale dependence of 95-6, 145
dissolution
see chemistry, diagenesis
distribution coefficient (Kq) 98
divergence 34
dolomitization 441-5
possible influence on evaporite brine chemistry 332,
333
see also dedolomitization
drained conditions 48, 294, 358-9

earthquakes
see seismicity, fault zones
Earth tides 314, 318
effective compressibility of a multiphase flow 2767
effective porosity
see porosity
effective stress
see stress
elastic deformation
see deformation
elevation head 7
emeralds 21617
enthalpy 125-9, 126, 427
in gas-hydrate systems 434
of a multiphase flow 268
entrapment
see hydrocarbons
epithermal deposits
see ore deposits
Eulerian reference frame 436
evaporites 325-51
bedded 340-2
common minerals 327
in continental environments 333—4
disparities between ideal and observed sequences 326,
328
ideal sequence from evaporation of seawater 326—8
permeability of 340-2
possible influence of hydrothermal brine input on 331-2
possible influence of nonthermal groundwater inflow on
328-9, 336
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evaporites (cont.)
possible influence of nonthermal groundwater outflow on
33640
see also salt domes
exchange capacity
see cation exchange capacity
extensometer 369

failure
see hydraulic fracturing, stress
fault zones
critically stressed 298
heat transport in 1468
thrust 302, 303
transform 304
see also San Andreas fault, seismicity
Fick’s first law 90, 105, 173
Fick’s second law 91-2
fission tracks 225
fluorspar ore districts 176
fluid inclusions 195, 391
fluid pressure
see accretionary prisms, geological forcing of fluid
pressures, hydraulic head, overpressured zones, pressure
head
force equilibrium 52-5, 63, 81
Fourier’s law 3, 133, 248
fractures, permeability of 3224, 323, 373
see also hydraulic fracturing; permeability, in relation to
orientation of critically stressed fractures; permeability,
of fractured rock
free convection 150, 151-2, 201, 201, 204, 210-13, 211, 258,
259,270-1, 343-6, 345,376-7, 377
see also buoyancy-driven flow, variable-density flow
fumaroles 262-3, 263, 264-5, 266, 273, 274
geothermal 263
volcanic 263
see also hot springs, subsea hydrothermal systems

gas hydrates 4324

geologic forcing of fluid pressures 1604, 296, 308, 391, 411
see also overpressured zones

geotherm
crustal-scale 252, 253

geothermal resources 284-5

geothermometers 264, 280, 281, 377

geysers 2814, 316-18

ghost zones 215

“Ghyben—Herzberg” (Du Commun) model for freshwater

lens 176

gold 278, 278-9
granites

possible influence of bacteria on origin of 1201
Great Artesian basin, Australia 171, 178
groundwater flow equation

derivation of 28-35

three-dimensional poroelastic 5661
Gulf Coast 21, 1658, 167, 344, 3467, 360, 361, 375
gypsum

in evaporite deposits 326, 326, 328, 330, 333

in regional aquifers 175

half-life, equation for 98
head
see hydraulic head
heat capacity 23, 127-8, 178, 267
heat flow
see crustal heat flow, heat transport, hydrothermal systems
heat pipes 152-3, 156, 275, 282
heat production 252
heat transport 124-56
advective 23, 144-5, 179-90, 195-7, 401-3
conductive 3, 124, 133-4, 247-52, 250, 253, 401-3
dispersive 131, 135, 137, 146
radiative 131, 137, 251
regional-scale 177-90
heterogeneity, of permeability 12-22, 394-9, 4034
hot springs 2567, 262-7, 263, 272-3, 273, 274, 276,
279-81, 280, 319, 331
effect of geothermal development on 284
heat discharge by 2567, 264-7
permeability structure of 279, 280
see also geysers, subsea hydrothermal systems
Hubbert curve 245
Hubbert, M. King 245
hydraulic conductivity 2, 13, 31
see also permeability, transmissivity
hydraulic diffusivity 35, 277, 321-2
hydraulic fracturing 164-5, 166, 228, 238, 391, 407
hydraulic gradient 2, 5, 36
hydraulic head 6-8, 7, 304, 125, 158, 160-1
hydrocarbons 220-46
biodegradation of 233
cracking of 221
effects of capillary forces on 226-7, 227, 232, 234
entrapment of 230-3, 232
maturation of 221-5
miscible transport of 229
oil window for 221-2
primary migration of 227-8
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secondary migration of 228-30 kinetic energy 6, 128
water washing of 233 Kobe earthquake, Japan 312
hydrodynamic dispersion 946, 100, 172 Kozeny—Carman equation 10—11
influence on apparent groundwater age 172—4 Kupferschiefer ore deposits, Germany and Poland 205
scale-dependence of 95, 95-6
hydrodynamic entrapment Lacq gas field, France 300
see hydrocarbons Lagrangian reference frame 436
hydrodynamic lag 371 Landers earthquake, California 312
hydrostatic pressures 7, 159—60, 165, 167,217, 291, 404 land subsidence 36871
hydrothermal alteration 19, 262 Laplace formula 227
see also diagenesis, metamorphic systems Laplace’s equation 35
hydrothermal ore deposits Lassen, California 153, 257, 265, 266, 272
see ore deposits latent heat of crystallization 2545
hydrothermal systems latent heat of vaporization 125-7, 152, 278
heat discharge from 2567, 262-7 law of mass action 110, 114-15
longevity of 147-8, 2001, 254, 256-7, 259, 394 lead—zinc deposits
near magma bodies 256—60 see ore deposits
thermal pressurization of 260 Liesegang banding
see also buoyancy-driven flow, geysers, heat pipes, hot see banding, geochemical
springs, phase separation, subsea hydrothermal systems,  limestone
vapor-dominated zones see calcite, carbonate rocks
linear elastic behavior
Iceland 313 see deformation
impelling force 230, 231,272, 273 linear transport laws 3—4
incompressible fluid 7, 31 lithostatic pressures 22, 165, 166, 167,217, 243, 291, 390,
induced seismicity 395-6, 400, 404, 435, 452
see seismicity loading efficiency
inelastic deformation one-dimensional 83
see deformation three dimensional
initial conditions 63, 80, 99, 139-40 see Skempton’s coefficient
intrinsic permeability local equilibrium assumption 110, 116, 377
see permeability see also solute transport
ion exchange 113 logistic curve
ion pairs see Hubbert curve
see aqueous complexes Loma Prieta earthquake 22, 319, 320, 320-1
Ireland Long Valley, California 311, 319, 320
see ore deposits Los Angeles basin 23940
isobaric specific heat 277
isotopes Madison Limestone, US midcontinent 1701, /71
in age determination of groundwater 168—72 magma 254-6, 255
in metamorphic fluids 388-90 heat content of 254, 257
Italy 309-10 latent heat of crystallization of 2545
permeability near 2602
Joule—Thomson coefficient 128 as a source of heat to groundwater systems 2567
Joule-Thomson heating (cooling) 128-9 as a source of solutes to groundwater systems
176-7
karst 352, 445-9 magmatic—hydrothermal systems
karstification 372, 372, 445-9, 447 see hydrothermal systems
kerogen 221, 224, 228 marine environments
Kilauea volcano, Hawaii 12, 18-19, 262, 449-50, 450 see carbonate rocks, subsea hydrothermal systems
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mechanical dispersion

see hydrodynamic dispersion, solute transport

mechanochemical coupling 378
metamorphic systems 385411
high-pressure metamorphic belts 409-10,
43840
nature of permeability in 390—400
oxygen-isotope exchange in 388-90
regional-contact metamorphism 407-8
metasomatism 385
metastable water 318
meteoric water 158, 403
in hydrothermal systems 388-90
in sedimentary basin diagenesis 374, 376
methalpy 128
see also enthalpy
methane 220, 221, 233, 432, 433
see also natural gas
methanogens
see microorganisms
microorganisms
hyperthermophiles 423
in hydrothermal environments 4223
in salt dome caprocks 348
methanogens 423
and origin of granites 1201
role in hydrocarbon degradation 233
and solute transport 121-2
mid-ocean ridges
see subsea hydrothermal systems
mixing zones
see calcite, seawater
Mississippi Valley type deposits
see ore deposits

Mobhr diagram 40-2, 50, 70, 2924, 293, 295

three-dimensional 323
molecular diffusion

see diffusion, molecular; solute transport
multicomponent transport 108—19
multiphase flow

see heat transport, hydrocarbons
MVTs

see ore deposits, Missippippi Valley type lead—zinc

natural gas 221, 234-5, 241-3, 244, 4324
see also hydrocarbons

Navier—Stokes equations 4, 10

Noordbergum effect 63-5, 64

North Sea basin 375-6

North Slope basin, Alaska 184

nucleation threshold 382
see also metastable water

numerical solution techniques 101-3, 104-5, 117-19, 139

Peclet number criterion for stability of 102-3
Rayleigh number criterion for stability of 104-5
and the representative elementary volume 27-8
Nusselt number 148-9, 2701, 401, 402
correlation with Rayleigh number 271

Ohm’s law 3
oil
see hydrocarbons
oil window 221-2, 2234, 225, 246
Onsager relations 106
see also coupled flow phenomena
oozes
biogenic 415
carbonate 415
ore deposits 193-219, 285-7
copper 205-7, 213-16
epithermal 286, 287
hydrothermal 285-7, 287
Irish 203-5, 204
Mississippi Valley type (MVT) lead-zinc /94, 1
196, 200, 201, 2412
redox control of 198, 205, 207, 208, 210, 286
salt-dome associated metal sulfide 347, 348-9
stratiform base-metal deposits 2057

94-205,

supergene enrichment of porphyry copper 213-16, 214,

216
uranium 207-13, 209, 211
0Smosis
see chemical osmosis
Ouachita mountains 197, 199

overpressured zones 24, 160-8, 237-9, 25860, 295-310,

357-64, 365-8, 3901, 4334, 435-6
see also geologic forcing of fluid pressures
oxygen shift 389, 389-90
Ozark mountains 195-6, 199

Papua New Guinea
see ore deposits, copper
Pannonian basin, Hungary 179
Paris basin, France 179
Parkfield, California 304-5
Peclet number 149-50
for basin-scale heat transport 179-81
as a criterion for numerical stability 102-3, 703
permeability 3, 10-24, 392401
of active fault zones 308
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anisotropy of 12—-14, 12, 14
crustal-scale estimates of 20, 392-401
cubic law for 317, 373
depth-dependence of 18-20, 373, 394400
of fractured rock 317-18, 322-4, 323, 373
of halite 340-1
heterogeneity of 12-22
of hot-spring systems 279, 280
limiting values of 224, 23, 401-3
measurements at depth of 19-20, 190
of metamorphic systems 391-400
near magma bodies 2602
of oceanic basement 476, 41718
of oceanic sediments 415-6, 437-8
possible effect of oil generation on 237-8
possible effect of seismicity on 317-8, 319-22
relation to orientation of critically stressed fractures
322-4, 323
relation to porosity 10-11, 77, 19, 21-2, 3634, 397,
446-7
scale-dependence of 15-18, 182, 396-8
time-dependence of 21-2
values inferred from earthquake swarms 309-10, 311
of vapor-dominated zones 275
see also hydraulic conductivity, relative permeability,
transmissivity
Persian Gulf 229, 233
petroleum 220
see also hydrocarbons
phase separation 230, 2317, 272-3, 273, 426
see also supercritical phase separation
phonon conduction 251
Pierre Shale 16, 160, 178
piezometer 7, 36
plastic deformation
see deformation
plastic flow 67
Poisson’s ratio 44, 75
poroelastic theory 5066, 365, 367
porosity 3, 11,26-7,27
crustal-scale estimates of 397
effective 3
evolution in basins 84—6
evolution in freshwater—seawater mixing zones 445-9
relation to depth 19, 21, 85-6, 357-64, 362, 374, 378-80,
381
relation to permeability 10, 71, 397
potential energy 6-8, 128
conversion of gravitational potential energy to heat 153-5,
156

Index 533

potential flows 133, 272
precipitation, of minerals
see chemistry, principles of aqueous; diagenesis; silica
cementation
pressure compartments 243, 244
pressure head 7
pressure solution 378-80, 379, 381
principal stresses
see stress

radiative heat transfer
see heat transport
radioactive decay 98-9, 101, 169-70, 171-2
Rangely, Colorado 298-9
Rayleigh number 104-5, 150-1, 270, 271, 377
reactive transport
kinetically based 111-13
local-equilibrium based 113-17
multicomponent 108—19
single-species 97-9
regional metamorphism 391, 407-9
relative permeability 131-3, 732, 138, 228, 234, 237,318
representative elementary volume 26-8, 27, 52, 56
reservoirs, hydrocarbon
diagenesis of 373—-6
hydrodynamic entrapment within 2301, 232
retardation factor 98
reverse 0smosis
see ultrafiltration
reverse water-level fluctuations
see Noordbergum effect
Reynolds’ number 5
rheology 67
elastic 43-5, 355
elastoplastic 67-70, 72, 356, 365
plastic 67, 83, 355, 358
viscoelastic 72-5, 78
viscoelastoplastic 74
Rhine Graben 223-5, 223, 224
Rocky Mountain Arsenal 2968, 297

sabkha 334-6
salt domes 342-9, 343
caprock formation above 346-9, 347
convection near 3436, 345
diapiric rise of 342-3
San Andreas fault 19, 187-90, 188, 189, 299-300, 3001,
304-9, 305, 4001
sandstones
porosity and permeability of 11, 13
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sandstones (cont.) shear stress
porosity-depth relations for 360-3, 362, 374, 378-80, 381 see stress
see also diagenesis, in sedimentary basins Siberia 222
saturation curve single-pass or U-tube model 429, 430
see vaporization curve silica cementation in sandstones 374, 376-8
Saudi Arabia 229 Skaergaard, East Greenland 262, 405-7, 406
scale effects Skempton’s coefficient 59
on dispersivity 95, 95-6 table of values 60
on permeability 15-18, 396-8 smectite—illite transition
with respect to the representative elementary volume see clay dehydration
(REV) 27 snow line
see also dimensionless numbers see carbonate compensation depth
seafloor hydrothermal systems solute transport 89—-123
see subsea hydrothermal systems advective 23, 92-3, 402-3
seamounts 418, 431-2, 432 diffusive 90-2, 92, 105-8, 106, 108, 109, 173,
seawater 1734
chemical effects of mixing with groundwater 176, 443, dispersive 93-6, 99, 100, 145, 146, 172
445-9, 446 influence of microbes on 121-2
Ghyben—Herzberg (Du Common) model for freshwater reactive 10819, 121-2, 210-13, 212, 214-16, 374-5,
lens 176 382-3, 445-9
influence of hydrothermal input on chemistry of 332-3, regional-scale 168—77
424-5 sorption 98, 100, 7017, 113-14
major-element composition of 327 effect on evolution of groundwater chemistry
see also evaporites 174-5
SEDEX ore deposits speciation
see stratiform base-metal deposits see chemistry, principles of aqueous
seepage velocity 3, 92 specific discharge 3
seismicity 295-324 specific storage 31-2
associated with elevated fluid pressures 295-310 three-dimensional 59
on critically stressed faults 298, 311-12 specific yield 33
induced by fluid injection 296-300 delayed yield phenomenon 33
induced by natural fluid sources 309—10 springs
possible association with CO, discharge of 304—6 acid-sulfate 263, 264, 273, 275
possible hydrologic precursors to 312—13 high-chloride 2634, 265-6, 273, 276
possible influence on regional permeability 31718, temperature of 153-5, 154, 156, 279-80, 280
319-22, 323 see also geysers, hot springs
response of geysers to 316—18 squeegee model
response of streamflow and springs to 375, 318-22, 320 see tectonic squeegee model
response of water wells to 313—16, 315 storage coefficient 32
seasonally modulated 311-12 storativity
see also fault zones see storage coefficient
shales 9, 13, 16, 21, 87, 160, 177, 178 strain 39, 42-5, 47-9
as source rock for hydrocarbons 221, 222, 226, 227, elastic 43-5
228 inelastic 66, 67, 69, 72-3, 358
porosity—depth relations for 360-1, 362, 362-3 purely vertical 80-3
see also chemical osmosis, overpressured zones, Pierre strain efficiency of a well 313—14
Shale strain hardening/softening 67
shear failure 50, 292 stratiform base-metal deposits
shear modulus 51 see ore deposits
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stream function approach 142-3, 258
stress
components 39-40
differential 293, 294
effective 19, 45-50, 290, 298-304, 3534
hydrostatic 291
normal 39-40
principal stresses 40, 165, 166, 291, 293
shear 39-42, 39, 41, 70, 187, 190, 292, 303
stress — heat flow paradox 187-90
stylolites 376, 380
subduction zones 409-10, 438-40, 4514
see also accretionary prisms
subsea hydrothermal systems 419-30
importance to Earth’s thermal budget of 4234
influence on ocean chemistry of 333, 424-5
quantitative description of 428-30
see also supercritical phase separation
sulfidation (state) 286
superconvection 267, 269, 271
supercritical phase separation 426
see also phase separation
surface tension
see capillary-pressure effects
surface traction 40

tectonic squeegee model 199, 366
temperature gradients
effect of lateral groundwater flow on 146-8, 147, 179-90,
180, 187,192
effect of vertical groundwater flow on 143-6, 144, 185,
192,223-5,225,252-3
effect of uplift/subsidence on 178-9, 202, 237-8
global average 179
inferred for Mississippi Valley type deposits 195-6
tensile failure 291
terrigenous sediments 416
The Geysers, California 137-8, 153, 274, 275, 284-5
thermal conductivity 133-4
anisotropy of 178
geometric-mean model for mixtures of materials 133—4
measurement of 248
in sedimentary basins 178
temperature-dependence of 251
in volcanic terrane 249-50
thermal dispersion
see heat transport
thermal equilibrium 131, 136
thermal expansivity 150

Index 535

thermal pressurization
see hydrothermal systems
thrust faulting
see fault zones
time-integrated fluid flux 386
topographically driven groundwater flow 25, 158-60, 159,
160, 171,179, 183, 199-202, 200, 208, 237, 273, 279,
414
tortuosity 91
transmissivity 35
see also hydraulic conductivity, permeability
triaxial tests 2924, 293
drained conditions 294
undrained conditions 294
tritium
see age determination

Uinta basin, Utah 16, 17, 182-3, 236-9, 238
ultrafiltration 119-20
unconfined groundwater systems 25, 25, 32-3
undrained conditions 56, 59, 88, 294, 359
uranium

see ore deposits

vapor-dominated zones 1523, 273-6, 274
permeability structure of 273-5
vaporization curve 125, 126, 426
see also boiling point-with-depth curves
vaporstatic pressures
see vapor-dominated zones
variable-density flow 104-5, 124-56, 231, 273, 343-6, 345,
376-8, 418-20, 420, 432
velocity, of groundwater
see seepage velocity
velocity head 6, 128
vitrinite reflectance 221, 224
volcanism
see hydrothermal ore deposits, hydrothermal systems,
magma, subsea hydrothermal systems
volume flux 3
see also specific discharge

water

global mass balance 4514

properties of 125-9, 126, 425-8, 427
water—rock ratio 258, 375, 388, 390
water table 24-5, 25, 33, 180, 281
water washing

see hydrocarbons
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weathering
distinguished from diagenesis 352
effects of on regional groundwater chemistry 174
and the first appearance of granites 121
well tests
see aquifer tests
Western Canada basin 181-2, 183, 229, 232, 233, 241
‘White Pine ore deposit, Michigan 206, 2067

Yellowstone, Wyoming 256, 265-6, 281, 283, 316-17, 318
Young’s modulus 44, 45, 51
table of values 44

zebrastone

see banding, geochemical
zinc

see ore deposits
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