neon, 357-9
burning, 437
isotope ratios, 358, 464
isotopes of, 357-8, 463-4
nepheline, in meteorites, 454
nephelinites, 315
Neptune, 475-6, 478, 483
Nernst equation, 103
Nernst, Walther, 103n
net density of electronic
charge, 258
net proton charge, 259
net transport see transport, net
network formers, 140
network modifiers, 140
neutrinos, 328-9, 434,437,439
neutron capture, 438
neutron number, 7, 323
for stable nuclides, 325
neutron stars, 441
neutrons, 323, 327, 371, 434,
439, 440n
Newton, Isaac, 495
First Law of, 23
nickel, 31415, 314
complexed, 590
in earth’s core, 511
in olivine, 183, 282
nicotinamide adenine
dinucleotide (NAD),
572,573,578
phosphate (NADP), 572,
573, 578
Nier, Alfred, 321, 371
niobium, 278
in continental crust, 542, 544
metal-silicate partition
coefficient, 515
in subduction zone magmas,
550
NIST SRM, 418n
nitrate, 109
nitric acid, dissociation of, 219
nitric oxide, infrared
absorption by, 617-18
nitrification, 565
nitrogen, 273
atoms, 162-3, 163
bacterial cycling of, 600,
600
fixation, 391, 565
isotope fractionation, in
biological processes,
391-2, 392
isotope ratios, 373
isotopes of, 413-14
isotopic composition of, 465
proton and neutron
occupation levels of,
328

nitrous oxide, production, 162
noble metals, 12, 278-9, 516
abundances of, 280
noble (rare) gases, 10-11, 272,
463
non-bridging oxygens
tetrahedral cations ratio
(NBO/T), 288
non-conservative ions, 225
novae, 432, 442
nuclear angular momentum,
326
nuclear energetics, 323-6
nuclear force, 323-4
nuclear physics, 322-30
nuclear reactions, 358
nuclear structure, 323-6
nucleation, 193-7
of diopside, 195-6
heterogeneous, 196
rate of, 194
nuclei
collective model of, 326
decay of, 326-30
alpha, 327, 327
beta, 327-8
gamma, 326-7
electron capture by, 328-9
liquid-drop model of, 324-5
physics of, 322-30
shell model of, 235-6
spontaneous fission by,
329-30
stable, 323, 325, 325, 437
states of, 326
structure of, 322-30
nucleic acids, 572-3
nucleons, 324-7
binding energy of, 324
nucleosynthesis, 363, 430-42
cosmological, 434-5, 435
e-process, 437
explosive, 438-41
in interstellar space, 441
p-process, 440-1, 440
r-process, 439-40, 439-40
s-process, 438, 440
in stellar interiors, 435-8
nucleotides, 572-3
nuclides, 326, 349, 350, 439,
440n, 441, 442, 460-1
cosmogenic, 361, 462
neutron vs. proton number
for, 325
radiogenic, 330-1
rate of decay of, 326
see also radionuclides

obliquity, 399
observation, §
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octahedral crystal-field
splitting, 295
octahedral crystal-field
stabilization energy
(CFSE), 295-6
octahedral site preference
energy (OSPE), 298
octahedrites, 454-5
octanol, 596
oil, 116, 608
crude, 609
composition of, 611-12,
612
formation, 599-614
window, 609
olefinic units, 567
oleic acid, 574
oligarchic growth, 482
olivine, 17-18, 18, 48, 61-2,
89, 129-30
in crust, 531
crystals of, 183, 185
dissolution of, 203, 205
formation from serpentine,
172
geothermometer, 133-5
lunar, 484
in mantle, 500, 530
in melts, 142-3
in meteorites, 444, 450-3,
455, 465, 498
nickel in, 282
oxygen isotope ratios in,
410-11, 410
phase diagram, 299
saturation surface, 134
serpentinization of, 172
structure of, 203
triple junctions of, 308
omphacite, 498
Onuma diagrams, 286-7
Oort cloud, 475-6
ophiolites, 498, 529
orbitals, 8-10,294-5, 294, 296
degenerate, 295
ore deposits, 404-9
and sulphur isotopes, 406-8
organelles, 564
organic acids
dissociation of, 98
and dissolution, 599
organic compounds
biologically important,
570-5
nitrogen-bearing, 572-3
nomenclature of, 565-75
organic geochemistry, 563
organic matter, 580-9
allochthonous, 601, 603-4
autochthonous, 601, 604
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organic matter (cont’d)

colloidal (COM), 580
dissolved (DOM), 580
in natural waters, 580-6
particulate (POM), 580
preservation of, 600-1
sedimentary, 210-11,
599-614
in soils, 586-9
thermal evolution of,
608-12
total (TOM), 580
organic molecules
acid-base properties of, 589
chemical properties of,
589-99
short-hand notations of,
569-70
organisms, phylogenetic
relationships among,
564
Orgueil meteorite, 276, 276
Orion, Great Nebula in, 467,
468
orthoclase, 116, 119-20
dissolution of, 217
orthopyroxenes, 18, 61, 130,
131
in meteorites, 453
orthosilicates, 18, 203
osmiridium, 279, 343
osmium
decay system, 342-5
isotope ratios, 342-3, 343,
528, 528
in mantle, 516

outer sphere complexes see ion

pairs
oxalate ion, 590
oxalates, 203
oxalic acid, 568, 581, 586
oxaloacetate, 390, 390
oxidation, 100-10
bacterial, 602-3
of magnetite, 106-7
oxidation state, 100
oxidation—reduction see redox
oxides, 19
dissolution of simple, 201-3
free energy of formation of,
272
immersed surfaces of, 254,
255
metal, 254
oxo-complexes, 233, 233
oxygen, 100
atmospheric rise of, 408-9,
622
bridging, 140

buffer curves, 110, 110

in core, 513

deviations with glaciation,
397-8, 398

fugacity, 108-10

isotope geothermometry,
386

isotopes of, 372, 382-3,
410-11, 416

isotopic fractionation,
378-9, 383, 385,
392-3, 397

coefficients for, 385
and precipitation, 388

isotopic variation, 466-7,
466-7

in magmas, 416

molecules, 162-3, 163

non-bridging, 140

quaternary marine record,
397-400

oxygenation, of vanadyl, 200,
200
ozone, 269, 466
stratospheric, 383, 383

p-process, 440-1, 440

palaeoclimatology, 372,
396-404

paleosols, 401-4

pallasites, 455, 463

palmitic acid, 581

palmitoleic acid, 570, 581

paraffins, 565, 608

parent/daughter ratios, 347

parsimony, 6

partial differentials, 29

partial molar quantities, 68-9

partial molar surface area, 192

partial molar volume, 68, 69
partial pressure, 67
and calcium equilibrium,
239-40, 240
partition coefficients, 281-2,
287, 596
for basalts, 293
calculation of, 291-2
clinopyroxene-liquid, 290
compositional dependency
of, 287-93
for core, 513-14, 513
factors governing value of,
283-94
gallium, 515
GERM database of, 293
and ionic size and charge,
283-7
metal-silicate, 514-15
mineral-liquid, 293-4, 294

niobium, 515
parameterizing of, 288-9
and pressure, 283
and temperature, 283
partition function, 44, 163,
375
of diatomic molecule, 376
Pascal, Blaise, 28n
path independence, 28-9
Pauli Exclusion Principle, 8,
235
pe, 102, 103=5
pe—pH diagrams, 105-8, 105,
107-8
balancing redox reactions
for, 109
peat, 604-5
peatification, 613
Pee Dee Belemite (PDB)
carbonate standard,
372-3
peptide linkage, 572
peptides, 572, 572
periclase, 47, 76-7
peridotites, 279, 498
alpine, 493
in mantle, 503-4, 504,
525-6, 530, 533
melting of, 144, 144, 306,
552-4
modal mineralogy of, 498
osmium in, 343
phase diagram for, 554
periodic table, 6-8, 7
electronic configuration of,
9
geochemical, 236, 272-81,
273
peritectic, 126
permittivity, 81
relative, 81
perovskite
in mantle, 500
in meteorites, 451-2
PERPLEX, 128
petroleum, 604, 608
biodegradation of, 611
fractionation of, 611
generation of, 608-12
migration of, 611
water washing of, 611
pH, 82, 97, 99
and adsorption, 598, 598
of lead, 256-7
in aquatic systems, 217
and boron occurence, 418
buffer, 228-9
and carbonate system, 221
and complexation, 590



and dissolution, 204-5, 205
and functional groups, 569
of groundwater, 224
and humic substances, 585
paleo, 420-2, 422
of water/atmosphere
equilibrium, 222-3
phase, 62, 191
components, 88
diagrams, 63
anorthite-diopside, 124
iron-nickel, 454
kyanite-sillimanite—
andalusite, 129
for methane clathrate,
604
P-T, 122, 122
for peridotite and water,
554
for silicon dioxide, 122
and T-X, 122, 123, 127
and thermodynamics,
122-8
binary systems, 124-8
upper mantle, 499
elimination reaction, 126
equilibria, 62-7
rule see Gibbs phase rule
phenolic acids, 586
phenols, 568, 581, 586, 589
phenomenological coefficient,
183
phlogopites, 88-9, 411-12,
412, 528
phlorotannins, 603
phosphates, 457
phosphoenolpyruvate
carboxylase (PEP), 390,
577
phospholipids, 574-5
phosphorus, 280, 322
phosphorylation, 572, 576
photodisintegration, 438-9
photoevaporation, 483
photolysis, 383
photons, 323, 328
emission of, 326
photosynthesis, 61, 392, 564,
575-8, 618
C; and C, pathways in, 389,
390
and glaciation, 626
isotope fractionation during,
389-91
physical constants, 635
physics, nuclear see nuclear
physics
phytane, 574, 583, 608
phytol, 574, 608

phytoplankton, 391, 601
piclogite, 499
picrite, 499
pigeonite, 132
in meteorites, 450
plon, 323
pitchblende, 321
pK, 92
plagioclase, 61-2, 67-9,
88-90, 122, 125, 127,
130
in crust, 539
crystallization of, 197
dissolution of, 203
lunar, 484-5
in mantle, 499
in meteorites, 453, 455
and oxygen isotopes, 380
partition coefficients, 287
peridotite, 55, 57
plagioclase-liquid system, 127,
127

Planck, Max, 46n
Planck’s constant, 173
planetesimals, 455, 479,
481-3
planets, 474-5, 478
extra-solar, 478
formation of, 480-3, 497
gas giants, 476, 482
icy, 476
terrestrial, 476, 480-1
plants, 389-91
carbon/nitrogen deviations
in, 394, 394
Cs, 389-90, 392
C4, 390, 392, 395, 403
isotope fractionation by,
392-3, 393
nitrogen fixing, 393
plate boundaries
convergent, 17
divergent, 16
transform, 17
plate tectonics, 15-17, 16, 506
platinum, 101
Pleistocene glaciation, 397,
535
pleochroism, 298n
Pluto, 474-5
pMELTS model see MELTS
model
podzolization, 588
point of zero net proton
charge (pznpc), 259,
259

Poisson-Boltzmann equation,
85-7, 261n
Poisson’s ratio, 286
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polar molecules, 13
polonium, 351n
polyelectrolytic acids, 583
polygenetic hypothesis, 432-4
polymerization, 140
polynomial regression, 289
polysaccharides, 571
homogenous, 571
porosity, 302
porphyrins, 576
positrons, 434
post-perovskite, 502
potassium, 515-16
chloride, 145-6
and heat production, 538
isotopes of, 359-60
radionuclides of, 460
power series, 116—17
praseodymium, 281
precession, 399
precipitation, 217, 239-49
and oxygen fractionation,
388-9
predictions, 5
predominance areas, 105
predominance diagrams, 1085,
240, 242, 242
Preliminary Reference Earth
Model (PREM), 496,
497
presolar grains, 452, 465, 479
pressure, 23
and depth, 303
and enthalpy changes,
48-51
and entropy, 47, 304
and equilibrium constant,
96
and Gibbs free energy, 55-6
internal, 41
and isotopic fractionation,
380
in mantle, 531-3, 533
and mantle melting, 532
and melt fraction, 303-7
and molar volume, 83
and partition coefficients,
283
primitive mantle composition,
494, 502
principle of detailed balancing,
172
pristane, 574, 583, 608
process identification, 372
plot, 315, 316
processes, 22
interface, 191-201
spontaneous, 71
prokaryotes, 564, 564, 565
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promethium, 281
propane, 565
properties, extensive and
intensive, 23
propionic acid, 581
propylene bromide, 67
proteins, 572-3
protists, 564
protogalaxies, 435
proton accounting, 218-20
proton balance equation,
218-19, 222
proton mole balance equation,
219-20, 222, 225
proton number see atomic
number
protons, 323, 327, 434, 439
protoplanets, 481
protostars, 462, 468-9
Prout, William, 7
pulsars, 441
pure substance, 24
purine group, 572, 573
pyranyl, 569
pyridinyl, 569
pyrimidine group, 572, 573
pyrite, 19, 624
pyrobitumens, 608
pyrolite, 498-9, 501-2
pyrolysis, 606
pyrope, 8§9-90, 131
pyrophyllite, 247, 250-1
in equilibrium with
aluminum, 247-9,
248
structure of, 251
pyroxenes, 18, 18, 129,
131-3, 282, 536
aluminous, 130-1
from lavas, 144, 144
lunar, 484
in mantle, 499
in meteorites, 450-5, 498
quadrilateral, 133
solvus, 132
pyroxmangite, 129
pyrrhotite, 243
pyruvic acid, 568, 581

quantum numbers, 8, 235
quarks, 323
quartz, 18, 467, 49, 64, 110,
123, 161, 196, 386
dissolution of, 203
dissolving in basalt, 186,
186
and oxygen isotopes, 380
precipitation of, 245
quartzite, 544

quaternary marine oxygen
record, 397-400

r-process, 439-40, 439-40
racemization, of amino acids,
171
radiation
damage, 545n
pattern of, 399
self-shielding, 466
radioactive decay, 322
in crust, 536
equation of, 330, 350, 459
and heat production, 538
long-lived systems of, 332,
334-60
lanthanum-cerium, 345
lutetium-hafnium, 340-2
rhenium—-osmium, 342-5
rubidium-strontium,
334-6
samarium-neodymium,
336-40
uranium-thorium-lead,
345-9
rate of, 322
radioactive equilibrium, 351
radioactivity, 281, 321, 351n
radiogenic elements, 3
radiogenic isotopes, 322
basic geochemistry of,
330-4
radiometric chronometers, 456
radionuclides, 330-1, 622
extinct, 458-62
fossil, 363-5
short-lived, 458
radium, 351n
dating by, 354
radon, 281
rainwater, 99
randomness, 5n
Raoult, Francois Marie, 67n
Raoult’s Law, 67, 68, 72,
74-5, 78, 118, 387
rare earth patterns
in crust, 541
shale normalized, 277-8,
277, 535-6, 536
rare earth plots, 275, 276
normalizing values for, 277
rare earths, 9, 12, 275-8
actinide, 275
in basalts, 519-20, 520
concentrations of, 276
enriched and depleted, 550
formation of pyroxene,
289-90
of island arc volcanics, 550

lanthanide, 275, 275
in magmas, 553
rare gases, solubility of,
273
rate constant, 164, 166, 174,
381
and temperature, 177
rate equation, general form of,
166
Rayleigh condensation, 388
Rayleigh distillation, 415
Rayleigh fractionation, 388,
416
reaction affinity, 176
reaction kinetics, 161-72
reaction mechanisms, 160-2
reaction quotient, 93, 176
reaction rates, 162-6
of complex reactions,
166-70
composition dependence of,
162-3
determining steps in,
169-70
relative change in, 165
temperature dependence of,
163-6
reactions
acid-base, 217-31
in aqueous solutions,
217
bacterial, 602
branching in, 168-9
chain, 168-9
complex, 166-70
dissolution, 177
elementary, 161-3, 166-7,
169, 172-3, 176-7
endothermic, 50
and enthalpy changes, 50-1,
173
eutectic, 126
exchange, 133-7
exothermic, 50
Gibbs free energy change in,
54
ionization, 101n
irreversible, 37
order of, 166
overall, 161-2, 172, 176
peritectic, 126
phase elimination, 126
rate-determining steps,
169-70
redox, 61
reversible, 37-8
reactive intermediates, 169,
173
real gas, 75



real solutions, 73-80
and chemical potential,
74-5, 74
mathematical models of,
116-19, 120
reciprocity relation, 29
red giants, 432, 436-8, 442,
461-2, 465
Redlich-Kwong Equation,
25-6, 75
redox, 100
alternative representation of,
103-5
in aqueous solutions,
101-8
balancing reactions for
pe-pH diagrams, 109
in magmatic systems,
108-10
reactions, 61
and catalyzation, 200
reduction, 100-10
reference state, 82, 83
reflectance, 400
spectra, 463, 463
refractory lithophile elements,
504
regression
coefficients, 290
least squares, 333
regular solutions, 117
Ghiorso model for melts,
141-5
remineralization, 600
replication, 5
importance of, 488
resins, 608, 611
respiration, 578-80, 618
retinol, 570, 576
Revelle, Roger, 627
reversibility, 22-3
revolution, scientific, 5-6
Reynolds, John, 463
rhenium, 280, 528-9
decay system, 342-5
rhodonite, 129
ribonucleic acid (RNA), 564,
572-3
ribosomes, 564
ribulose, 571
biphosphate carboxylase,
389
oxygenase (RUBISCO),
389, 391, 576
richterite, 528
Ringwood, Alfred E., 284n
ringwoodite, 500
Ringwood’s substitution rule,
284-5

rocks
felsic, 15
heat production in, 538
lunar, 484, 484
mafic, 15
ultramafic, 15, 498, 498
rotation, 376
rubidium, 130
decay system, 331, 334-6
isotopes of, 322
in mantle, 502
rutile, 135, 136

s-process, 438, 440
salicylate, 593-5
salicylic acid, 568, 581
titration curve of, 590
salts, activity and molality of,
147-8
samarium, 281, 302
decay system, 336-40,
363-5, 546
in mantle, 505-7, 509,
522
sanidine, 18
saponite, 250
Saturn, 475-6, 478
Schonbein, Christian Friedrich,
1
Schrodinger equation, 8n,
377
science, philosophy of, 4-6
scientific understanding,
building of, 5-6
screw dislocation, 191
seawater, 82, 181, 269
boron in, 418, 420-2, 422
carbohydrates dissolved in,
582, 582
dating of, 353
helium in, 357, 357
lithium in, 422
neodymium in, 340
osmium in, 344, 345
strontium in, 335-6, 335
secondary ionization mass
spectrometry (SIMS),
465n
sediments
aquatic, 604-5
compositional gradients in,
207-10
concentration profiles of,
208
fluxes in, 209-10, 209, 552
and isotope ratios, 342
marine, 601-4
organic rich, 600-5
osmium rich, 343
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sulfate reduction in, 210-11,
211
uranium dating of, 352
seismic anisotropy, 498n
seismic velocity, in crust, 536,
538-9, 539
seismic waves, types of, 495
selective preservation, 606
selectivity constant, 252
self-diffusion, 182-3
frequency factors and
activation energies, 190
semi-permeable membranes,
clays as, 262
semi-volatile elements, 274
septechlorite, 252
serpentine, 95, 172, 250
in meteorites, 452
mud, 555
serpentinites, 424
shale, 535-6
rare earth patterns of, 536
normalized, 277-8, 277
shell model of nucleus, 235-6
shells, 8
shock waves, 451, 468-9, 479,
481
SI units, 28, 636
siderite, 2434
siderophile elements, 236, 271,
271,271, 272
siderophores, 591
silica
in equilibrium with quartz,
245
glass, 140
in melts, 144
opaline, 161
phase diagram for, 122
and seismic velocity, 539
solubility of, 245-6
transitions, 129
tetrahedron of, 18, 140
silicates, 17, 18
dissolution of, 203-7,
247-9
distorted coordination
polyhedra in, 297, 297
heat capacity of, 47
hydrous, 18
and oxygen isotopes, 380,
416
sheet, 18, 18, 204, 249
solidus temperature of, 307
structure of melts, 139-40,
140
silicon, 512
burning, 437
carbide, 464-5, 465
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silicon (cont’d)
dioxide see silica
in meteorites, 446
sillimanite, 64, 130
simplicity, principle of, 5-6
singularities, 441
660 seismic discontinuity,
500-1, 506, 525
skepticism, scientific, 6
smectite, 250-1
snowball earth hypothesis,
624-6
snowline, 481
sodium
bicarbonate, 227, 228
chloride, 78-80, 82
activity coefficient of,
146, 149
activity—molality
relationship of, 147-8,
148
chemical potential of, 145
dissolution of, 94
molar volume of, 83-4,
83
soil water, 98
soils, 4014
organic matter in, 586-9
solar activity, 361
solar composition, 446
solar energy, 15
solar nebula, see nebula
solar system, 1-2, 4, 474-8,
497
building a habitable, 478-89
constraints on formation,
467-78
data on major bodies in,
475
early events in, 461
elements in, 433
isotopic composition of,
456—67
short-lived radionuclides in,
458
solar wind, 432
solid solutions, 88-9
alkali feldspar, 118-19, 119
Margules parameters for,
137
non-ideal, 116-19
solids
crystalline, 88-9
diffusion in, 187-9, 188
energy distribution in, 45-7
multiphase, 301
solubility
constant of barite, 96
of goethite, 247, 247

of metal hydroxides, 246
product, 94
of rare gases, 273
solute, 82
solutions, 67-8
complete see complete
solutions
electrolyte see electrolyte
solutions
high ionic strength, 148-53
ideal see ideal solutions
interaction with mineral
surfaces, 253-64
real see real solutions
saturated, 193
solid see solid solutions
solvation, 81, 87
and activity coefficient, 149,
150
of cations, 81
effects of, 149
energy, 81
number, 81, 149
shells, 81, 149-50, 150,
218, 231
solvent, 82
solvus, 120, 121
equilibria, 132-3
spallation, 357n, 360
in meteorites, 460, 462
speciation, of copper, 594-5
species, 62, 226
choice of, 97
diffusing, 181-2, 181-2
equivalents of, 226n
polymeric, 233
predominant, 105
Sphagnum, 605
spider diagram, 523-4, 524
spin, 235
spinel, 55-6, 61, 130, 309
in mantle, 499-500
in meteorites, 450-2, 465
peridotite, 55, 57
spinodal, 120, 122, 122
spontaneity, criterion for
recognizing, 54
spontaneous fission, 329-30
squalene, 574
stability constants, 231-2,
236, 592-3
of copper, 594
stability diagrams, 242, 248
construction of, 243-5
three-dimensional, 249, 249
stable isotopes see isotopes,
stable
standard mean ocean water
(SMOW), 372-3

standard state, 824, 83, 92
data for minerals, 52
starch, 571
stars
classification of, 431
condensation sequence of,
471-4
evolutionary path of core,
436
hydrogen, helium and
carbon burning, 435-7
neutron, 441
protostellar evolution of,
467-71
structure at supernova stage,
437
state
equations of, 24-6
functions, 23
states
metastable, 22
records of past, 22
of systems, 21
static state, 21
statistical mechanics, 20, 31-8
steady state, 21
and equilibrium, 170-2
steam, 53
stearic acid, 569-70, 574, 581
stearic factor, 164
step, 191
Stephan’s Law, 617
stereoisomers, 565
Stern layer, 261-2, 262
steroids, 575
stoichiometric activity
coefficient, 146, 166
stoichiometric coefficients, 226
stoichiometric constituents,
269
Stokes-Einstein equation, 190
stratosphere, 162
oxygen isotopic composition
in, 383
strictly regular solution, 117n
strong force, 323
strontium, 130, 198
decay system, 334-6
isotope chronostratigraphy,
336
isotope evolution diagram,
334
isotope geochemistry, 331
isotope ratios, 337, 339,
339, 527, 527, 551
isotopes of, 322
modeling isotope evolution,
340
in oceanic basalts, 518



in pore water, 1834
reference initial, 458
subduction, 16-17, 16
erosion, 525, 547
magma genesis in, 552-6
of sediment, 550-2
zone, 554
processes, 547-56
subshells, 8
substances
fully activated, 45
hydrophobic, 595-6
substitution
coupled, 286
Goldschmidt’s rules of,
284-5
sucrose, 571, 571
Suess, Hans, 626
sugars, simple, 571
sulfates, 19, 604
assimilatory/dissimilarity
reduction, 393
reduction in sediments,
210-11, 211

sulfides, 19, 274, 393, 406-7,

414-15
and ore genesis, 408
sulfur, 100, 274, 512
bacterial cycling of, 600,
600
deviation, 407
isotope ratios, 373
isotopes of, 382-3, 406-8,
414-15
isotopic fractionation, 385,
393
coefficients for, 286
oxidation of, 624-5
reservoirs of, 406-7
sources of, 408
Sun, 6, 474, 476, 635
brightness of, 622
composition of, 447
supernovae, 432, 434, 437n,
438, 440, 461-2, 468
1987A, 438, 438
structure of, 437
surface acidity constants, 260
surface charge
determination of, 259-60
development of, 258-64
as function of pH, 259
of sedimentary materials,
258
surface complex charge, 259
surface complex formation,
253, 255, 258
surface complexation model,
254

surface free energy, 191-2
and equilibrium, 192
surface potential, 260-2
effect on adsorption, 2624
effect on surface speciation,
263-4
surface speciation, of ferric
oxide, 263-4
surfaces, 191-201
suroundings, 21
symmetric solution model,
117-18
systems, 21
adiabatic, 21, 38, 303
closed, 21, 240-1
CMAS, 130
heterogeneous, 62
homogeneous, 62
isoentropic, 303-4
isolated, 21
mafic, 293-4
multicomponent, 182-7
open, 21, 240
oxidised, 100
potassium-argon, 359
reduced, 100
states of, 21, 22
ternary, 135, 136
thermodynamic, 21-4
ultramafic, 293-4

T-Tauri stars, 469-70, 470,
471, 479
taenite, in meteorites, 451,
454-5
talc, 18, 250-1
tannins, 575, 586
tantalum, 278
in continental crust, 542,
544
in subduction zone magmas,
550
isotopes of, 442
tartaric acid, 586
Taurus-Auriga cloud complex,
468
Tayor series expansion, 143n
technetium, 281
technology, 2
tectonic activity, decline in,
622
telenite, 607
temperature, 26—7
absolute, 13
characteristic, 45
Debye, 46
and diffusion coefficient,
187-9, 189
and dissolution, 206-7

INDEX 657

Einstein, 45

and enthalpy changes,
48-51

and entropy, 47, 304

and equilibrium constant,
95-6

and fractionation factor,
377-80

and Gibbs free energy, 55-6

global annual, 628, 628

and isotopic fractionation,
416

and luminosity, 431, 431

of mantle, 531-3, 533

and melt fraction, 303-7,
306

microscopic interpretation
of, 36

and molar volume, 83

and nebular condensation,
471-4

overstep, 177-8

and partition coefficients,
283

and petrol generation,
610-11

and rate constant, 177

and reaction rates, 163-6

solidus, 303-4, 307, 309

of stars, 431

temperature—pressure diagram,

transformations on, 50

terpenoides, 574, 574
terrestrial fractionation line,

466

tetrahedral crystal-field

stabilization energy
(CFSE), 298

Theia, 486

theoleiites, 315, 538
theories, scientific, 5
thermobarometers, 128, 139

exchange reaction, 133-7
practical, 129-37

solvus equilibria, 132-3
univariate reaction, 129-32

THERMOCALC, 128
thermodynamic (absolute)

temperature, 13

thermodynamics, 2-3

of electrolyte solutions,
80-8, 145-53

First Law of, 27-30

fundamental equation of, 38

fundamental variables of,
23-4

irreversible, 20, 176

and kinetics, 172-9

perspective on, 20
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thermodynamics (cont’d)
and phase diagrams, 122-8
binary systems, 124-8
of phase distribution, 282
second law of, 30-8
systems of, 21-4
third law of, 47-8
zeroth law of, 26-7
thermometer, 26
ideal gas, 26
thiophenyl, 569
tholeiites, 484, 546, 549, 549
crystallization sequence of,
549
Thomson, William, 27n, 30n,
321, 463
thorium, 280-1
decay series isotopes,
349-55
decay system, 345-9
fission in, 329
and heat production, 538
time, and the solar system,
456-67
time-invariant states, 21-2
tin, 281
titan-augite, 296
titanium
binding energy of, 329
dioxide, 200
in magmas, 549
titanomagnetite, 136, 136,
137
Margules parameters for,
137
titration curves, 227-8, 228
torbanites, 612
total alkalinity see alkalinity
TOTH proton mole balance
equation, 219-20, 222,
225
tourmaline, 418
trace diffusion coefficients,
190
trace elements, 3, 268-9, 524
complexation of, 5§92-3
definition of, 269-70
distribution of
during crystallization,
310-15, 311
during partial melting,
299-310
in magmas, 550
in oceanic crust, 531
phase distribution of, 281-2
relative enrichment/depletion
of, 300
tracer diffusion, 182-3
coefficients, 190-1

tracers, 372
radioactive, 322
transient states, 21-2
transition metals, 236, 236,
275
crystal-field splittings and
stabilization energies in,
298
electronic configuration and
CFSE in, 297
first series, 278
magnetism of, 296
transition state theory, aspects
of, 173-9
transmission coefficient, 174
transpiration, and
fractionation, 393
transport, net, 182
Traube’s Rule, 597
tremolite, 178
actinolite, 18
trichloromethane, 583
tridymite, 123
triglycerides, 573, 573, 581
generation of acids from,
587
triterpenoids, 608
trivariant assemblage, 125
troilite, 373, 446
in meteorites, 450, 458
troposphere, oxygen isotopic
composition in, 383
Truesdell-Jones equation,
152-3
Truesdell-Jones parameters,
152, 152
tungsten, 281
isotope ratios, 487
isotopes of, 486-9
radionuclides, 365
tunneling, 327

ulvospinel, 136, 136, 138
unified atomic mass unit (),
323n
univariant reaction, 129-32
univariant systems, 126, 126
unstable states, 22
uraninite, 624
uranium, 280-1, 321
decay series isotopes,
349-55, 545
decay system, 345-9
fission in, 329-30
half-life, 347
and heat production, 538
and sediment dating, 352
valence states of, 100
Uranus, 476, 478, 483

urelites, 452-3
Urey, Harold, 321, 371, 397,
404, 463

valence, 11-12
number, 100
states, 100-1, 233, 235,
274-5, 278-80, 283,
299
of oxygen, 17
of sulfur, 406
valeric acid, 581
Van der Waals constants, 25
Van der Waals equation, 25
Van der Waals forces, 197
Van der Waals interactions,
13-15, 13, 596-7
Van Krevelen diagram, 606
vanadate, 200-1
vanadium, 201
binding energy of, 329
vanadyl, oygenation of, 200-1,
200-1
Van’t Hoff equation, 96
Van’t Hoff, Jacobus H., 164n
vapor pressure, 68
vaporization, 123
variables of state, 23
variance, 64
velocity, of molecules, 164
ventilation time, 619-20
Venus, 475, 477-8, 482, 622
vermiculite, 250-1
vibration, 45-6, 374, 376-7
vibrational partition function,
377
vinegar, 116
Virial Equation, 26
viscosity, 190
vitrinite, 606, 607, 613-14
reflectance, 609
volatile elements, 272-4
volcanism, 16-17, 620-1
oceanic, 523
subduction-related, 278, 555
volume, 23
change, fractional, 24
energy associated with, 41-2
and entropy, 36, 47
and ideal solutions, 72-3
vulcanization, 604-5

wadsleyite, 500

water, 67-8, 68-9, 72
age of, 361
alkalinity of, 229
alkanes in, 583
amino acids in, 582
bridging, 597-8



carbohydrates dissolved in,
582,582

correction for concentration
of, 148-9

dissociation constant for,
217

dissolved organic carbon in,
581

in equilibrium with
atmosphere, 222-3

in equilibrium with carbon
dioxide, 98

fresh, 181, 236-8

speciation in, 237-8

fugacity coefficients, 75

fulvic acid composition in,
584

ground, 222

hard, 223

humic acid composition in,
584

humic substances in, 583-6,
584

hydrocarbons in, 569,
582-3

infrared absorption by,
617-18

isoprenoids in, 583

isotopic composition of, 397

and melting, 554-5

melting point of, 78-80

meteoric, 389, 403, 403,
404

methane in, 582-3, 583

LIST OF EXAMPLES

Activities using the local
charge balance model,
90-1

Activity coefficients in a brine,
153

Adsorption of lead on hydrous
ferric oxide as a
function of pH,
256-7

Balancing redox reactions for
pe—pH diagrams, 109

Calcite solubility in a closed
system, 240-1

Calculating activities using the
Debye-Hiickel
equation, 86

Calculating activities using the
mixing-on-site model,
90

Calculating the alkalinity of
spring water, 229

molecular structure of, 80
molecules
bonding of, 14
disruption of, 595
nature of, 80-2
organic matter in, 580-9,
580
pe—pH diagram, 108
pore, 183-4
vapor, 381-2, 387-8
water washing, of petroleum,
611
water—rock ratios, 404-6
waxes, 574
weathering, 15-16, 61, 556
and adsorption, 598-9
of anorthite, 161
Wegener, Alfred, 321
weight fraction, 82
Wein’s Law, 617
white dwarfs, 432-3, 436-7,
442
Widmanstaten pattern, 454
Wiechert, Emil, 511
Winonaites, 452
wollastonite, 18, 196
work, 23, 28, 30
PV, 28-9
reversible, 28
wistite, 110, 135, 136

X-rays, 461, 469, 471
X-winds, 462, 466, 469-70
model of, 470

Calculating binding energies,
329

Calculating buffer intensity,
230

Calculating enthalpy and
entropy changes, 53

Calculating equilibrium
constants and
equilibrium
concentrations, 95

Calculating the hydrogen scale
potential of net
reactions, 104

Calculating isobaric enthalpy
changes, 49

Calculating isochrons and
ages, 333

Calculating magma
temperatures using the
olivine geothermometer,
134-5
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xenoliths, 144, 144, 344,
493
harzburgitic, 526
Mg/Si variation in, 504
peridotite, 410, 410, 527
isotope ratios in, 527-8,
527
modal mineralogy of, 498
xenon, 330
isotopes of, 463-5
isotopic composition, 464
radionuclides, 363-4, 458

Young’s modulus, 285-6
ytterbium, 442
yttrium, 275-8

zero point of charge (ZPC),
259
zero point energy (ZPE), 374
zeroth law, of
thermodynamics, 26-7
zinc
complexation of, 232
deposits, 407
electron exchange, 101
partitioning of, 288-9,
288-9
reduction of, 103
sulfide, 407
zircon, 342, 346, 544
dating of, 545-6
solubility in basalts, 287
zone refining, 301

Calculating melting curves,
124

Calculating neodynium model
ages, 338-9

Calculating partition
coefficients, 291-2

Calculating single ion activity
coefficients from mean
1onic activity
coefficients, 146

Complexation of lead, 234

Computing activities using
Margules parameters,
119

Configurational entropy,
48

Constructing stability
diagrams, 243-5

Determining the growth rate
of a manganese nodule,
3534
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Determining the pH of
rainwater from its
composition, 99

Dffect of surface potential on
surface speciation of
ferric oxide, 263-4

Diffusion in a crystal, 183

Enthalpies (or heats) of
reaction and Hess’s
Law, 51

Entropy in reversible and
irreversible reactions,
37

Equilibration between a
mineral grain and pore
water, 183—4

Estimating free energy change
for the aragonite-calcite
transition, 174-5

Interdiffusion coefficients,
187

Manipulating reactions and
equilibrium constant
expressions, 92

Mean ionic parameters for a
fully dissociated
electrolyte, 147

Measuring enthalpies of
reaction, 40

Modeling partial melting, 302
Modeling the strontium and
neodynium isotope
evolution of the crust
and mantle, 340
Nucleation of diopside, 195
Oxidation of ferrous iron,
168
Oxygen isotope
geothermometry, 386
Parameterizing partition
coefficients, 288-9
pH of a solution with fixe
total carbonate
concentration, 224
pH of water in equilibrium
with atmosphere, 223
Predicting the equilibrium
pressure of a mineral
assemblage, 56-7
Predicting isotopic
fractionations, 378-9
Predicting rates of reversible
metamorphic reactions,
178
Proton, mass, and charge
balance equations for
sodium carbonate
solution, 222

Racemization of amino acids,
171

Rate of hydration of carbon
dioxide, 167

Soil organic acid, 98

Speciation of copper in fresh
water, 594-5

Speciation in fresh water,
237-8

Speciation of organic ligands
in fresh water, 593

The graphite-diamond
transition, 65-6

The Langmuir isotherm,
198

The tableau method of Morel
and Hering, 226

Using fugacity to calculate
Gibbs free energy,
767

Using Gibbs free energy to
predict equilibrium, 55

Using the iron—titanium oxide
geothermometer, 138

Using the solubility product,
94

Volume and free energy
changes for finite
compressibility, 57-8





