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absorption lines (bands)
solar, 6, 63
stellar, 39
abundances of elements
cosmic, 3, 7
crustal (Earth), 2
solar, 3, 63, 66, 71
solar system, 7, 61, 66, 72-3, 81
abundances of isotopes
molecular clouds, 80
solar system, 72
achondrites
classification, 124
images, 126
magmatic, 127
andesitic, 337
angrites, 127
aubrites, 127
chemical compositions, 336
howardites-eucrites-diogenites (HEDs), 127
oxygen isotopes as classification, 133
primitive, 124
chemical compositions, 334
acapulcoites-lodranites, 125
brachinites, 125
ureilites, 125
winonaites, 125
accretion, 272
core accretion, 393, 375
compositional variations, 380
disk accretion, 373
disk fragmentation, 375
feeding zones for planetary accretion, 386
pebble, 374
time, 317
ages
achondrite parent bodies (accretion, differentiation), 253
CAls, 247
chondrite parent bodies (accretion, metamorphism), 250

chondrules, 249
Earth, 255
galaxy, 99, 238
Mars, 256
martian meteorites, 259
meteorites, 245
Moon, magma ocean, 255
Moon, highlands rocks, 156
shock ages, 259
solar system, 243
Alpher, Ralph, 39
amoeboid olivine aggregates, see refractory inclusions
amorphous
grains, 148
ice, 272, 287
analysis techniques, 400 (Appendix)
Anders, Edward, 9, 87
asteroid
aqueous alteration, 315
analyzed by spacecraft, 329
Centaur, 298
collisions, 318-19
densities, 300
differentiation, 317
families, 319
heat sources, 312
melting, 316
named bodies
Bennu, 13, 299, 305
Cybele, 287
Eros, 13, 299, 329
Hygiea, 300
Ida, 300
Itokawa, 13, 286-7, 299, 303, 330
Mathilda, 299
Pallas, 300
Ryugu, 13, 299, 305, 330
Themis, 287
Vesta, 13, 127, 300, 303, 392
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asteroid (cont.)
near-Earth objects (NEOs), 312
onion shell, 313
orbits, 310
rubble pile, 313, 318
sizes and shapes, 299
thermal evolution models, 313, 315-16
thermal metamorphism, 312
Trojan, 298, 311
asteroid Main belt. 298
Kirkwood gaps, 311
thermal structure, 317
Aston, Francis, 8
atomic number, 20
atmospheres
Earth, 1, 179, 277
exoplanets, 394
Jupiter, 160, 278
Mars, 179, 277
Mercury, 277
Moon, 277
Neptune, 160
Saturn, 160
Sun, 63
Titan, 179
Uranus, 160
Venus, 179, 277

Beth, Hans, 39
Big Bang, 37
element abundances, 39
nucleosynthesis, 39
observational evidence, 38
Black, David, 9
Bohr, Niels, 29
Bournon, Jacques-Louis, de 5
breccia, 120, 127, 130, 318
Brezina, Aristides, 5
Browlee, Donald, 14
Burbidge, Geoffrey, 9
Burbidge, Margaret, 9

calcium-aluminum-rich inclusions (CAls), see refractory
inclusions
Cameron, Allister, 9
Cassidy, William, 13
chalcophile, see geochemical affinities
Chart of the Nuclides, 22-3, 54
chemical bonds, 31
Chladni, Ernst, 5
chondrites, 110
aqueous alteration, 116, 118, 157, 169, 315, 327
carbonaceous (C), 117
average element abundances, 328

chemical composition, 66, 71
classification, 116-17, 119
components, 111
cooling rates, 318
enstatite (E), 117
average element abundances, 325
image, 6
microscopy, 5
ordinary (O), 117
average element abundances, 325
oxidation state, 118, 325
oxygen isotopes as classification, 120
petrologic types, 117
Rumaruti (R), 117
average element abundances, 325
shock metamorphism, 117, 120
thermal metamorphism, 116, 118
unequilibrated, 118
chondrules, 111
abundance in chondrites, 111
composition, 82, 111
discovery, 5, 378
formation, 378-9
heating and cooling times, 149
heating mechanisms, 111
image, 112
oxygen isotopes, 121
textures, 111
chronology
crater-count (relative), 257
in situ dating by spacecraft instruments, 265
long-lived radioisotope systems, 196
Ar-40/Ar-39 system, 197
K-40/Ar-40 system, 196
Lu-176/Hf-176 system, 219
Re-187/0s-187 system, 217
Rb-87/Sr-87 system, 199
Sm-147-Nd 143 system, 205
U/Th/Pb system, 209
radiometric age dating limitations, 195
radiometric dating basic principles, 193
short-lived (extinct) radioisotope systems, 220
Al-26/Mg-26 system, 224
Be-10/B-10 system, 231
Ca-41-/K-41 system, 226
Fe-60/Ni-60 system, 227
Hf-182/W-182 system, 230
1-129/Xe-129 system, 223
Mn-53/Cr-53 system, 226
Pd-107/Ag-107 system, 229
Sm-146/Nd-142 system, 230
shock ages, 259
CI chondrites, see chondrites, carbonaceous
Clarke, Frank W., 60
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Clayton, Robert, 181
comets
albedo, 301
activity, 300
CHON particles, 306
densities, 300
named bodies
Borrelly, 13
Churyumov-Gerasimenko, 278, 288, 301
Giacobini-Zinner, 13
Grigg-Skjellerup, 13
Hale-Bopp, 287, 300, 305
Halley, 13, 300, 306, 324
Shoemaker-Levy, 300
Tempell, 13, 288
Tempel2, 301
Wild2, 13, 288, 301, 306-7, 333
nucleus, 300
organic matter, 333
oxygen isotopes, 333
samples returned by Stardust mission, 307
sizes and shapes, 301
spectra, 405
Compte, Auguste, 6
condensation, 17, 34
applicability to solar nebula, 145
50% condensation temperatures, 140
CAIs as condensates, 146, 377
ice, 272
isotope fractionation, 172
sequences, 142, 144
cores, 128, 158-9, 383
cosmic abundance of elements, 61
cosmic-ray, 262, 274
bombardment of presolar grains, 90
exposure age, 9, 262
spallation, 56, 274
terrestrial age, 264
cosmochemistry
definition, 1
historical beginnings, 4
relation to other disciplines, 18
cosmogenic isotopes 262
definition, 9
cumulate, 123
crusts, 159
crystal field theory, 155
crystallization, 35
element partitioning, 154
fractional, 111, 128, 154, 341, 348

dichotomy in nucleosynthetic isotopes, 185
differentiation, 110, 159, 317, 388
diffusion, 35, 178, 314

dwarf planets
Ceres, 13, 157, 287, 292-4, 300, 302, 317, 332
Pluto, 13, 2924

Earth
atmosphere, 277
bulk composition, 384—6
core, 385, 388
crust, 389
hydrologic cycle, 172
magma ocean, 389
magnetic field, 180
oxygen isotopes, 184
water, 387
Eberhardt, Peter, 88
Edgeworth-Kuiper belt, see Kuiper belt
Einstein, Albert, 37
evaporation, 34
CAls, 175
isotope fractionation, 172
exoplanets, 393
atmospheres, 394
compositions, 393
masses, 394
orbits, 393
sizes, 394

fractionation
aeolian, 159
during large impacts, 152, 158
igneous, 153
metal-silicate, 151
metallic liquids, 155
physical sorting in the nebula, 150
pyroclastic eruptions, 159
redox state, 153
solar wind, first ionization potential, 65
Friedman, Alexander, 37
Fowler, William, 9

galaxy
chemical evolution, 57, 100
origin, 56
Gamow, George, 39
gas giants, 160, 290, 390
Jupiter. 160
atmosphere composition, 160, 278, 390-1
core, 391
exploration, see spacecraft, Jupiter
formation time, 381
mean density, 160
metallic hydrogen and liquid helium, 160
orbital migration, 318, 381
Saturn, 160
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Index
gas giants (cont.) snowline, 272
atmosphere composition, 160, 391 ice giants, 160, 290
exploration, see spacecraft, Saturn Neptune, 160
mean density 160 atmosphere, 160, 3901
metallic hydrogen and liquid helium, 160 core, 391
orbital migration, 318, 381 ices, 160
geochemical affinities, 148 mean density. 161
atmophile, 2 Uranus, 160
chalcophile, 2, 325, 327, 330 atmosphere, 160, 3901
lithophile, 2, 325, 327, 330 core, 391
siderophile, 2, 325, 327, 330, 388 ices, 160
geochemistry mean density, 161
definition, 2 icy satellites, see moons of the giant planets
planetary, 2 impacts, 158
geothermometer, 168, 312 formation of the Moon, 392
giant planet migrations giant impact on Mercury, 392
Grand Tack model, 392 late heavy bombardment, 260, 355, 392
Nice model, 392 interplanetary dust particles (IDPs), 121
giant planets, see gas giants and ice giants chondritic porous (CP), 121, 288
Goldschmidt, Victor, 7, 61 chondritic smooth (CS), 121
comet origin, 306
Harkins, William, 7, 61 compositions, 122, 333
Harvey, Ralph, 13 GEMS, 123
helium image, 14, 121
discovery, 6 mineralogy, 122
Jupiter, Saturn, Uranus, Neptune, see gas giants, ice giants organic matter, 123
solar abundance, 64, 71 recovery in stratosphere, 14, 121
Herzprung-Russell (H-R) diagram, 40 interstellar medium (ISM), 1, 181, 241, 272, 286
Holmes, Arthur, 9 iron meteorites, 128
Houtermans, Fritz, 9 chemical compositions, 341
Howard, Edward, 5 classification, 124
Hoyle, Fred, 9 chemical, 128
Hubble Constant, 39 structural, 128
Hubble, Edwin, 37 cooling rates, 314
hydrogen Widmanstatten pattern, 128
D/H ratios isotopes
comet samples, 333, 387 clumped, 170
Earth’s oceans, 387 cosmogenic, 25
IDPs, 123 delta scale (6), 166
Jupiter, Saturn, Uranus, Neptune, 292, see gas giants, ice discovery, 8
giants equilibrium fractionation, 166
martian meteorites, 361 epsilon scale (g), 166
molecular clouds, 90 kinetic fractionation, 166, 172
Sun, 65 mass-dependent variations, 120, 165, 315
organic matter, 180, 284, 288 mass-independent variations, 120, 166, 181
planetary atmospheres, 278 notation, 20
phase diagram, 390 nucleosynthetic effects and anomalies, 166, 187, 380
solar abundance, 64 radioactive, 25
water-equivalent hydrogen radiogenic, 20
in Ceres, 334
in Vesta, 343 Jarosewich, Eugene, 16, 323
Jupiter, see gas giants, Jupiter
ices
abundance, 273 Kallemeyn, Gregory, 323
condensation, 272 Kant, Immanuel, 4
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kinetics, 18
Kuiper belt, 298, 311-12
Kuiper belt objects (KBOs), 298
cold, 311
hot, 311
named objects
Arrokoth, 13, 301, 307
Eris, 306
Makemake, 306
Triton as captured KBO, 301, 306
Pluto as captured KBO, 301, 306
Kuroda, P. K., 26

lithophile, see geochemical affinities
Laplace, Pierre-Simon Marquis, 4
Lee, Typhoon, 9
Lemaitre, Georges, 37
Lockyer, Joseph, 6, 60
long-lived radionuclides
radiometric dating, 9, 196
lunar samples, 130
ages, 130, 392
highlands rocks, 130, 348
anorthosite (ferroan, FAN), 130, 348
KREEP, 131, 348
magnesium-rich suite, 130, 348
volcanic glasses, 131, 354
lunar soils (regolith), 131
mare basalts, 131, 349
chemical classification, 349

Mars
aeolian sorting, 159
atmosphere, 277
bulk composition, 385
core, 364, 385
crust, 159, 360
exploration, see spacecraft, Mars
highlands, 355
global geochemical maps, 361, 363
lowlands, 355
magma ocean, 364
mantle, 363
martian samples, see martian meteorites
ocean, 180
polar caps, 289
rocks analyzed by rovers, 360-1
sedimentary rocks, 157, 362
stratigraphic ages, 355
water, 361, 387
weathering, 157, 362
martian meteorites, 132, 358
ages, 133
ALH 84001, 133
chassignites, 133

chemical compositions, 361
life in a martian meteorite controversy, 15, 170, 290
nakhlites, 133
NWA 7034 and NWA 7533, 133
organic matter, 230
oxygen isotopes, 133
shergottites, 132
recognition, 11
water contents in magmas, 289, 361
mass number, 20
mass spectrometer
inductively coupled plasma (ICPMS), 166
invention, 90
secondary-ion (SIMS), 166
thermal-ionization (TIMS), 166
matrix in chondrites, 115
McKay, David, 15, 290
melting, 35
element behavior, 123, 154
partial, 123, 154
Mendeleev, Dmitri, 27
Mercury
atmosphere, 277
bulk composition, 385
core, 385, 392
crust, 159
exploration, see spacecraft, Mercury
giant impact, 158, 392
water ice at poles, 289, 387
metals
condensation, 115
in chondrites, 115
iron-nickel-cobalt grains, 115
refractory nuggets, 115
iron meteorites, 128
origins, 146
metamorphism
shock, 117
thermal, 116
meteorites
Antarctic, 13, 265
chondritic, 110
clasts in lunar soils and meteorite breccias, 134
cooling rates, 315
desert, 14, 265
differentiated, 123
falls, 13
finds, 13
history, 5
lunar, 130
martian, see martian meteorites
naming conventions, 135
named meteorites
Acapulco, 126
Acfer 094, 249
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meteorites (cont.)
Al Rais, 171
Angra dos Reis, 127, 204
ALH 84001, 15, 132-3, 170, 172, 290
ALH 85085, 117
Allende, 5, 10, 87, 111, 146, 185, 204, 222, 225, 226, 231,
253
Asuka 881394, 254
Bench Crater, 134
Bencubbin, 117
Bishunpur, 228
Brenam, 130
DaG 476, 169
D’Orbigny, 126, 247
EET 79001. 11
Efremova, 146, 226
Estherville, 130
Indarch, 223
Juvinas, 204
Kaba, 190
Karoonda, 117
Krymka, 228
Lafayette, 132
L’Aigle, 5
LAP 02342, 282
Lodran, 126
Mighei, 117
MIL 03346, 156
Millibillilie, 126, 304
Muonionaslusta, 128
Murchison, 10, 15, 88, 91, 94, 151, 279, 286
NWA 942, 126
NWA 1401, 126
NWA 1878, 130
NWA 7034, 132-3, 157
NWA 7533, 133
Omolon, 254
Orgueil, 14, 88, 224, 279, 282, 290, 306, 324
Ornans, 117
Renazzo, 86, 117
Richardton, 219, 223
SaU 008, 169
Semarkona, 228, 249
Shallowater, 223, 247
Sioux County, 204
Sutter’s Mill, 279
Tagish Lake, 15, 279, 283, 286
Tieschitz, 6
Vaca Muerta, 254
Vigarano, 117
Yamato 81020, 249
Zagami, 132
micrometeorites, 14
nonchondritic, 123
on Mars, 134

mineralogy, 113

molecular clouds, 1, 370
dust, 370
ices, 272
gas density, 1, 370
isotopic composition, 80, 90
short-lived radionuclide abundances, 242
Sun’s parental cloud, 148

Moon
atmosphere, 277
core, 354
crust, 159, 350
regolith, 348
exploration, see spacecraft, Moon
formation by giant impact, 158, 354, 392
geologic time units, 347
global geochemical terranes, 351
highlands, 347
late heavy bombardment, 260
magma ocean, 159, 348, 354
mantle, 352
maria, 347, 349
oxygen isotopes, 184
rare earth element patterns, 353
remote sensing, 11
returned samples, 10, 130, 348, see lunar samples
solar wind in lunar soil, 69, 275
space weathering in lunar soil, 304
stratigraphy (formations), 347
water, 289, 354

moons of giant planets, 161
Callisto, 161
Enceladus, 157, 161, 2924
Europa, 161, 2934
Ganymede, 161
icy shells and subsurface oceans, 161
Titan, 2934
Triton, 292-3
mean densities, 161

Mosley, Henry, 29

Nagy, Bartholomew, 14
nebula, see solar nebula
Neptune, see ice giants, Neptune
Nier, Alfred, 8
noble gases, 272
abundances in planetary atmospheres, 277, 387

abundances in solar wind, lunar regolith, and meteorites, 275

analysis, 9

exotic components as tracers, 9
isotopes, 274

nuclear components, 274
planetary components, 276
planetary interiors, 278

solar abundances, 71
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solar component, 274
solar wind, 65
nuclear binding energy, 21, 72
nucleosynthesis
Big Bang, 39
cosmic-ray spallation, 56
helium burning, 52
hydrogen burning, 49
CNO cycles, 44, 50
explosive, 52, 54
proton-proton chain, 43, 50
isotope anomalies, 145
neutron capture, 53
r-process, 54-5
s-process, 54, 95
nucleosynthetic sources of elements, 58
presolar grains as probes, 98
radioactive decay, 56
quiescent burning of carbon, neon, oxygen, silicon, 52
nucleosynthetic isotope dichotomy, 380

ocean worlds, 292, also see moons of the giant planets
Oddo, Giuseppe, 61
Oddo-Harkins rule, 61, 72, 82
Oort cloud, 298, 311
organic matter, 272
abundances, 282
amino acids, 281, 289
carbonaceous chondrites, 279
chirality, 281
IDPs, 123, 288
insoluble organic matter (IOM), 283
isotopic compositions, 284
on Mars, 290
martian meteorites, 290
methane, 290
nomenclature, 280
Orgueil meteorite controversy, 14
origins, 285
polycyclic aromatic hydrocarbons (PAHs), 181, 288, 290
soluble compounds, 279
Stardust particles, 288
structures, 282
oxidation state, 153
oxygen isotopes
CAls, 78, 88, 181
chondrites, 120
CO self-shielding model, 182
Comets, 333
definition of §'%0, 165
differentiated meteorites, 133
Earth, 184
magmatic achondrites, 337
Moon, 184
presolar grains, 95

primitive achondrites, 335
solar wind, 78

Patterson, Clair, 9, 255
Payne, Cecilia, 7, 64
Penzias, Arno, 39
Pepin, Robert, 9
Periodic Table
cosmochemical, 4
elements, 27
elements with isotopic anomalies, 187
geochemical, 3
planets
bulk composition, 382-3
accretion of chondritic planetesimals, 386
accretion of differentiated planetesimals, 386
chondrite mixing model, 384
equilibrium condensation model, 383
heterogeneous accretion model, 384
differentiation, 388
formation
giant, 374
timescale, 374
terrestrial, 374
mean density, 382, 382
moment of inertia factor, 383
presolar grains
abundance in chondrites, 90, 105
circumstellar condensates, 85
diamonds, 88, 276
GEMS, 90, 104
graphite, 89, 276
interstellar grains, 85, 104
isolation, 9, 88
isotope compositions and anomalies, 86, 95
oxides, nitrides, silicates, 90
silicon carbide, 88, 276
stellar sources, 93
nova grains, 98
AGB stars grains, 93
supernova grains, 97
Prior, George, 6

Ramsey, William, 28
radioactivity
nucleosynthesis, 56
origin of short-lived radionuclides, 372
radionuclides used as chronometers, 196, 221
refractory elements
definition, 3, 141
enrichments, 147
nuggets in chondrites, 115
refractory inclusions, 111
amoeboid olivine aggregates (AOAs), 115
age, 115
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refractory inclusions (cont.)
cooling times, 150
condensates, 115
image, 112, 146
mineralogy, 115
type A, type B, 146

calcium-aluminum-rich inclusions (CAls), 111

age, 112
in comet particles, 309
condensates, 112, 377, 380
evaporation residues, 115
FUN inclusions, 185, 248
image, 112
migration, 380
mineralogy, 112
oxygen isotopes, 88, 181
thermal history, 380
regolith
breccias, 134, 275, 305
lunar, 131, 304, 346
resonances, orbital, 311-12
Reynolds, John, 9, 87
Rose, Gustav, 5
Russell, Henry, 7, 64

Saturn, see gas giants, Saturn
Schrodinger, Erwin, 29
short-lived radionuclides
aluminum-26, 9
discovery, 9
iodine-129, 9
sodium-22, 374
used as chronometers, 221

siderophile, see geochemical affinities

Signer, Peter, 274
Soddy, Fredrick, 8
solar nebula
definition, 1
formation models, 5
hot nebula paradigm, 112, 374
shock waves, 379
snowline, 272, 380
solar wind

collection by Genesis spacecraft, 14

fractionation during ejection, 65

implantation into regolith, 275
Sorby, Henry Clifton, 5, 378
Spacecraft missions

asteroids, dwarf planets, KBOs

Dawn, 13, 130, 134, 161, 293, 300, 302, 317, 332, 339
Hayabusa, 13, 286, 299, 303, 330

Hayabusa2, 13, 299, 303, 330

NEAR Shoemaker, 12, 299, 329

New Horizons, 13, 293, 301
OSIRIS-REXx, 13, 299, 305

comets
Deep Impact, 13, 288
Deep Space 1, 13
Giotto, 13, 306
ICE, 13
Rosetta, 278, 288, 301

Stardust, 13-14, 62, 288, 306, 308, 333

Vega 1, 2, 13, 306

Jupiter, Saturn, Uranus, Neptune, and their moons

Cassini, 12, 293

Galileo, 12, 161, 278, 293

Juno, 12, 391

Voyager 1 and 2, 12, 292
Mars

InSight, 12

Mariner 4, 6, 7, 8, 11

Mars 2020 (Perseverance), 12

Mars Exploration Rovers (Spirit, Opportunity), 11, 157, 358

Mars Express, 11, 289, 358

Mars Global Surveyor, 11, 289, 356
Mars Odyssey, 11, 289, 356

Mars Pathfinder (Sojourner), 11, 358
Mars Reconnaissance Orbiter, 11

Mars Science Laboratory (Curiosity), 11, 157, 266, 289-90,

358
MAVEN, 11
Phoenix, 11, 358
Trace Gas Orbiter, 11, 290
Viking 1, 2, 11, 289-90, 358
Mercury
Mariner 10, 12
MESSENGER, 12, 289
Moon
Apollo, 10, 70, 130, 289, 348, 351
Chang’e 5, 11, 348
Clementine, 11, 348, 350-1
Chandrayaan-1, 289
GRAIL, 11
LADEE, 11, 289
Luna, 10, 130, 348
Lunar Prospector, 11, 348, 351

Lunar Reconnaissance Orbiter/LCROSS, 11, 289

sample-return missions, 10, 348
Sun and solar wind
Genesis, 14, 63, 65, 68, 70, 77, 275
SOHO, 65
Venus
Magellan, 12
Pioneer Venus, 12
Venera, 12
Vega, 12
Venus Express, 12

spectrometers (on spacecraft)

alpha-particle X-ray (APXS), 11, 358-9

gamma-ray (GRS), 11, 13, 16, 330-2, 348, 356
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mass, 13, 17
Mossbauer, 358
neutron, 11, 289, 331-2, 348, 356
Raman, 12
thermal emission (TES, THEMIS), 11, 356
visible/near-infrared, 11, 17, 332, 348, 358
X-ray fluorescence (XRF), 11-13, 329, 331,
358
spectroscopy, 6, 61, 91
spectra
asteroid classification, 302
comets, 305
KBOs, 306
meteorites, 302
meteorite-asteroid analogs, 303
red-shifted, 39
solar, 63
space weathering, 304
stellar, 39
taxonomy, 303
visible/near-infrared, 155
stars
asymptotic giant branch (AGB), 46
binary, 48
black dwarf, 47
black hole, 47
evolution, 46, 48
formation timescale, 370
FU-Orionis, 243
Harvard spectral classification, 41
luminosity, 40
lifetime, 40
main-sequence, 40
mass function, 41
masses, 40
metallicity, 102
neutron, 47
protostar, 42
red giant, 44
spectra, 64
stages of star formation, 2434
supergiant, 48
T Tauri, 243
white dwarf, 38, 467
Wolf-Rayet, 48
young star systems, 375
stony-iron meteorites
mesosiderites, 130
pallasites, 129
Story-Maskelyne, Nevil, 5
Suess, Hans, 8, 61, 274
sulfides, 115, 128
Sun
element segregation, 65
faint young Sun, 45
granularity, 63

helioseismology, 63

magnetic field, 65

metallicity 63

oxygen isotope composition, 78

percent mass of solar system, 3

spectrum, 63

supernova trigger, 372
supernova, 371

type I, 48

type Ia, 38

type Ib, 48

type Ic, 48

type II, 47-8

thermodynamics, 17, 142, 166
Thompson, J. J., 8
trace elements, 154
compatible and incompatible, 154
partitioning models, 155
rare earth elements (REE), 155, 353
transneptunian objects (TNOs), see Kuiper belt objects
Tschermak, Gustav, 5
Turner, Grenville, 9

Uranus, see ice giants, Uranus
Urey, Harold, 8, 142

Van Schmus, Randall, 6, 117
Venus

atmosphere, 277

bulk composition, 385

core, 385

crust, 159

exploration, see spacecraft, Venus
volatile elements

definition, 3, 141

depletions, 147-9, 317, 387
volatility, 3, 139, 271

Wanke, Heinrich, 8

Wasserburg, Gerald, 9, 185

Wasson, John, 128

water
abundance in comets, 287
absorption onto nebular dust, 387
chemical bonding, 33
geochemical properties, 33
global distribution on Mars, 289
phase diagram, 292

Wiik, Hugo, 16

Wilson, Robert, 39

Wood, John, 6, 117

X-wind model, 310, 372, 379

Yoshida, Masaru, 13
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