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305

maximum greenhouse, 179–181, 193

McMurdo valleys, 216

megastructures, 328, 331, 334

megatrajectories, 134, 135, 143

messenger RNA, 134

metabolism-first origin of life, 99–103

metabolism: definition, 99, 149

metallicity: definition, 194

metallicity: habitability, 194, 197

metals (astronomy), 38

metamorphism, 137, 188, 297

methane: spectral features, 281, 283,

285, 308

methanogenesis, 125, 154, 155, 208,

238, 261

methanotrophy, 154, 156, 193, 239, 254

methylated halogens, 308

metre barrier, 51–53

microbialites: definition, 299
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microbially induced sedimentary

structures, 298

microdroplets, 108, 117

microenvironment, 112, 117, 121

microfossils, 97, 120, 219, 297–299

micrometeorite, 110, 120, 237

microstate, 117

Milankovitch cycles, 192, 204

Miller–Urey experiments, 102, 105,

106, 109, 120

milliarcsecond: definition, 275

Mimas, 231

Miranda, 232

mirror self-recognition test, 243

mitochondria, 127, 128, 133

mixotrophs, 149

moist greenhouse, 178–180, 342

molar concentration, 98, 148, 240, 250

molecular assembly number, 302

molecular clock, 90, 103, 125, 127, 130

molecular clouds, 22, 23, 30, 31, 34, 45

molecular oxygen: spectral features,

281, 285, 305

molybdenum, 36, 116, 125, 136, 241

monosaccharides, 94, 95

Moon formation, 79

motility, 126, 130, 138, 193, 303

Murchison meteorite, 254

N-glycosidic bond, 93

nanofossils, 219

nanopore sequencing, 305

nanotechnology, 344

NASA Astrobiology Institute, 3, 5, 11

NASA definition of life, 7

NASA Exoplanet Archive, 267, 287

natural selection, 7, 8, 100, 101, 115,

122, 192

near-UV radiation, 184

nebular hypothesis, 37

negative climate feedbacks, 176, 178,

187, 189

Neogene, 125, 133

Neoproterozoic, 130, 131, 136, 139

Neoproterozoic Oxidation Event

(NOE), 131, 136

neutrinos, 18, 333

neutron stars, 16, 26, 266

Nice model, 65

niche construction, 130, 142

nicotinamide adenine dinucleotide

phosphate (NADP+), 159, 161, 165

nightside, 192, 284

nitrate reduction, 155, 258

nitrates, 138, 209, 297

nitric acid, 312

nitric oxide, 208

nitrification, 156, 332

nitriles, 29, 261

nitrite, 157

nitrogen fixation, 125

nitrogen-15, 48, 125, 212, 297

nitrous oxide, 84, 175, 281, 283, 308,

332

Noachian, 205, 206, 209, 212, 215, 216

non-terrestrial artefacts (NTAs),

323–325

non-thermal escape, 185, 212, 213, 220

nuclear annihilation, 344

nuclear fission, 324, 349

nuclear propulsion, 348

nuclear pulse propulsion, 349

nucleic acids: function, 93

nucleoside, 93, 108, 111, 116, 117

nucleotide structure, 93

nucleotide synthesis, 108, 117, 237

Nuvvuagittuq belt (Canada), 299

O2–A band, 281, 285, 305

O2–O2 dimer, 306

O-glycosidic bond, 95

obliquity, 192, 193, 198, 204, 230

ocean acidification, 141, 142, 344

ocean planet, 120, 143, 242, 283

octopuses, 243

oligarchic growth, 57

oligonucleotides, 110, 111, 115, 120

olivine, 157

Oort cloud, 223, 243

optical activity, 300

optical depth, 176, 197, 220

orbital circularisation, 191

orbital plane, 192, 268, 273

orderly growth, 54, 56

Ordovician, 125, 132

organelles, 96, 127, 128, 133

organohalide respiration, 155

organosilicon chemistry, 255

osmotic stress, 167, 248

oxalic acid, 109

oxammite, 303

oxidation: definition, 151

oxidising agent: definition, 151

oxygen-18, 48, 49, 82, 212

oxygen-evolving complex (OEC), 158

ozone: spectral features, 281, 283, 285,

308

ozone: UV shielding, 136, 137, 182,

186, 193, 195

P680 (Chl a dimer), 158

P700 (Chl a dimer), 158

Péclet number (Pe), 129

Paleocene–Eocene thermal maximum,

133

Paleogene, 125, 132

Paleoproterozoic, 136

paleosols, 136

pandemics, 344

Pangaea, 132, 141

panspermia, 170, 221, 300, 320

Paraná Valles, 205

pebble accretion, 58

pentose, 95, 108, 116

peptide bond, 92, 93, 110, 251

peptide synthesis, 103, 110, 117

peptide world, 103

perchlorate, 155, 167, 208, 209, 213

perchlorate brines, 208

Permian, 125, 132

Permian–Triassic mass extinction, 132,

140, 141

pH: definition, 152

phagocytosing archaeon model, 142

phagocytosis, 128, 130

Phanerozoic, 125, 131, 140, 198, 312,

343

phosphine, 257, 308

phosphite oxidation, 156

phosphodiester bond, 93, 111

phospholipids, 95, 96, 240

phosphorylation, 108, 111, 152

photoautotrophs: definition, 149

photodissociation, 30, 45, 48, 178, 342

photoelectric effect, 158

photoheterotrophs: definition, 149

photolysis, 136, 185, 256, 306

photometry: definition, 279

photon spectral flux density, 170

photosynthetically active radiation

(PAR), 157, 169, 182, 238

photosystem I, 158, 160

photosystem II, 158, 160, 169

phototrophy: definition, 157

phylogenetics, 127, 129, 130, 132

PICERAS: definition, 8

piezophiles, 166, 171, 172

Pilbara Craton (Australia), 299

Planck function, 40, 198, 281

Planet Nine, 243

planetary embryo, 49, 57, 67
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planetary radar, 329, 335, 338

planetary-scale origin of life, 75, 117,

118

plastids, 127, 134

plate tectonics, 78, 84, 188, 189, 214,

229

plurality of worlds, 8, 9, 12, 266

Pluto, 174, 232

polarisation spectroscopy, 310, 311

polycyclic aromatic hydrocarbons, 29,

32, 47, 218

polyextremophiles, 166, 170

polysaccharides, 94, 95, 110

porpoises, 243

positive climate feedbacks, 139, 176,

178

pre-main-sequence star, 23, 41, 306

pre-Noachian, 205, 212, 216, 218

pre-RNA worlds, 99, 103

predation, 126, 128, 242

present atmospheric level (PAL), 123,

126, 131

primates, 132

primordial soup, 101

principle of mediocrity, 122, 322, 327

prokaryotes: definition, 96

protein functions, 91

proteinogenic amino acid, 91, 92, 106,

109, 254, 300

Proterozoic, 125, 126, 312

protocells, 90, 103, 109, 112, 115, 134

protometabolism, 100, 101, 113, 114,

156

proton motive force (PMF), 113, 152,

158, 161, 170

Proxima b, 71, 186, 267, 271, 284, 285

Proxima c, 71

psychrophiles, 165, 166, 215, 254

punctuated habitability, 216

purine nucleobases, 93

Purple Earth, 310

Purple non-sulfur bacteria, 159

Purple sulfur bacteria, 159

pyrimidine nucleobases, 94, 108

pyrite, 100, 136

pyruvate, 154, 155

Quaternary, 133

racemic, 91

radial velocity semi-amplitude, 271

radiation belts, 228, 236

radiation pressure, 330, 349, 352

radiation-resistant organisms, 169, 186,

195, 210

radiative forcing, 177

radio auroral emission, 190

radiogenic heat, 76, 78, 233

radiolysis, 156, 208, 229, 239

Rayleigh instability criterion, 45, 71

Rayleigh number, 78, 84, 232

Rayleigh–Jeans limit, 289

reactive oxygen species, 138, 169

recurring slope lineae, 207, 208

red algae, 130

red beds, 136

red giant, 25, 26, 29, 341

redox couples, 151

redox potential, 151, 154, 158, 160

redox reactions: definition, 149

redshift, 15, 269, 271

reducing agent: definition, 151

reduction: definition, 151

remote-sensing biosignatures:

definition, 294

replication-first origin of life, 99, 107

reptiles, 132

retinal, 161

reverse gyrase, 165

reverse Krebs cycle, 100–102, 159

rhodopsins, 161, 310

ribonucleotides, 108, 109

ribose, 93–95, 107, 108, 110, 117, 152

ribozymes, 99, 121, 237

ribulose 1,5-bisphosphate

carboxylase/oxygenase (RuBisCO),

159

Richmond Mine (USA), 168

RNA functions, 93

RNA world, 99, 103, 107, 116, 165

RNA-peptide world, 103

RNA/DNA nucleobase, 93, 103, 108,

117

rocket equation, 348, 351

runaway greenhouse, 178, 181, 187

runaway growth, 54–57

salinity, 116, 166, 167, 209, 226, 228

Salpeter time, 199

salt-in approach, 167

salt-induced peptide formation, 110

salt-out approach, 167

sea spray, 116

second law of thermodynamics, 118,

119

self-replicating probes, 322, 326, 337

semi-arid aquifers, 116

serine, 106, 248

serpentinisation, 137, 156, 157, 208,

226, 238

SETI: definition, 317

sexual reproduction, 128, 134

Sgr A*, 196, 197, 199

shadow biosphere, 90, 263, 265

Shark Bay (Australia), 243

shock waves: prebiotic chemistry, 106,

109, 111

Siberian Traps, 141

siderites, 297

sievert: definition, 346

signal-to-noise ratio (SNR), 309, 329,

330

signalling molecules, 91, 129

silanes, 255, 256

silicon dioxide, 85, 157, 226, 256, 298,

347

silicones, 256

Silurian, 125, 132

simple multicellularity, 126, 129, 142

SNC meteorites, 218

snow line, 46, 67, 223

Snowball Earth, 126, 131, 139

Soanesville Group, 125

social learning, 243

soda lakes, 166

sodium chloride, 110, 167, 228

solar constant, 178

Space Age, 345

space weather, 173, 186, 305

SpaceX, 346

spark discharge, 102, 105, 120

species richness, 119

specific heat capacity, 76, 87, 204, 247,

248

spectral energy distribution, 20, 40

spectral radiance, 170, 198, 281

Sputnik Planitia, 232

sputtering, 212

stagnant-lid tectonics, 84, 189, 214

standard state, 150, 151

starch, 95

starshade, 285

stellar energetic particles (SEPs), 186,

191, 306

stellar flares: definition, 185

stellar flares: general, 173, 195, 310

stellar flares: habitability, 186, 198

stellar proton events (SPEs), 186, 187,

196

stellar winds: definition, 185
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stellar winds: general, 29, 173, 190, 349

stellar winds: habitability, 185, 190

stereoisomers, 95

sterols, 95, 96

Strecker synthesis, 105

Strelley Pool Formation (Australia),

299

stromatolites: definition, 299

stromatolites: general, 298, 299

structural isomers, 111, 300

Sturtian glaciation, 131

subduction, 84, 188, 189, 214

submarine hydrothermal vents, 107,

108, 111, 113, 226, 236

succinate, 155

sugar synthesis, 107

sulfate reduction, 155, 156, 170, 239

sulfates, 138, 167, 210, 229, 239

sulfur cycle, 170, 209

sulfur mass independent fractionation

(S-MIF), 136

sulfur oxidation, 155, 156, 170, 209,

258

sulfuric acid: solvent, 148, 252, 256,

258

supercritical fluid, 249, 253

superflares, 185–187

superintelligence, 344

supermassive black hole (SMBH), 6,

196, 197, 199, 249, 333, 343

supernova, 26, 29, 141, 194, 319, 343

supervolcano, 343

surface tension, 248, 251, 252

synapsids, 132

synchronous rotation, 191, 283

syntrophy, 155

system equivalent flux density, 329

tape of life, 122, 123

tardigrades, 164

technological intelligence, 135, 139

technosignatures: definition, 317

temperate zone, 173

termites, 242

terraforming, 347

tertiary structure, 93

Tethys, 232

tetrapods, 132

tetrapyrroles, 309

Tharsis bulge, 205

Theia, 79

thermal buffering, 204, 247, 248, 252

thermal escape, 183, 184, 212, 220

thermal phase curve, 284

thermodynamic disequilibrium, 17, 88,

118

thermophiles, 165, 168

thiocyanate, 167

thrombolites, 299

thymine, 94

tidal disruption events (TDEs), 197

tidal force, 85, 191, 192, 225

tidal heating, 225, 228, 229, 233, 234,

244

tidal height, 121

tidal locking, 191, 192

tides, 116, 121

Titania, 232

transit depth, 273, 280, 282, 288

transit probability, 273

transit: definition, 273

transmission spectroscopy: definition,

280

transmission spectrum: definition, 280

transmitter rate, 334, 335

TRAPPIST-1, 183, 198, 267, 283, 285

TRAPPIST-1b, 284

TRAPPIST-1c, 71, 284

TRAPPIST-1e, 283, 286

TRAPPIST-1f, 71

TRAPPIST-1h, 71

Tree of Life, 128

Triassic, 125, 132

Triassic–Jurassic mass extinction, 132,

140, 141

triglycerides, 95, 96

Triton, 232

Type I migration, 62

Type I reaction centre, 159–161

Type Ia supernovae, 194

Type II migration, 63, 65

Type II reaction centre, 159–161

Type II supernovae, 194

Ultraviolet radiation: prebiotic

chemistry, 236

uracil, 94, 109

uraninite, 136

uranium reduction, 155

urea, 29, 108

Utopia Planitia plain, 220

UV radiation: damage, 116, 138, 168,

182, 186, 210

UV radiation: prebiotic chemistry, 34,

106, 109, 114, 181

UV-B radiation, 137, 193

UV-C radiation, 182

valence electron, 255, 256

Van Maanen 2, 266

vascular plants, 132, 242, 343

vegetation red edge, 285, 309–311, 333

vertebrates, 132, 242, 343

Vesta, 85, 87

Viking: Gas chromatograph/mass

spectrometer (GCMS), 217, 218

Viking: Gas exchange (GEX), 217, 218

Viking: Labelled release (LR), 217,

218

Viking: Pyrolytic release (PR), 218

virus, 8, 12, 93, 103, 120

virus world, 103, 120

vitrification, 164

warm little pond, 101, 114

warp drives, 347

waste heat, 330, 333

water activity, 167, 210, 258

water hole, 329, 330

water problem, 116, 250

water world, 82, 120, 124, 242

water–rock reactions, 107, 156, 226,

231, 235, 238

water: spectral features, 281, 285

waterbelt state, 127, 131

Watson–Crick–Franklin base pairs,

165, 169, 248, 251

Watson–Crick–Franklin base pairs, 94

wet–dry cycles, 109, 111, 112, 115,

116

wet-dry cycles, 110

whales, 243

white dwarf, 21, 26, 195, 266

Wien’s displacement law, 278, 281, 288

wollastonite, 188

Wood–Ljungdahl pathway, 101, 102,

113

world ship, 350, 352

X-rays, 47, 168, 212, 237, 305

xanthine, 109, 254

xerophiles, 167

XUV radiation: definition, 184

yeast, 97, 155

young stellar object, 40

Young–Laplace equation, 248

zirconium(IV) silicate (zircons), 79

zoo hypothesis, 325

zoonosis, 344

zwitterions, 91

www.cambridge.org/9781009411219
www.cambridge.org

