


Contents

1 Topography of the ocean floor (H. G. GIERLOFF-EMDEN) . . . . . . . . . . . . . . . . . . .. 1
1.0 List of abbreviations . . . . . . . . . . . ... L 1
1.1 Topography . . . . . . . . . . e e e e 2
1.1.1 General remarks on the topography of the ocean floor . . . . . . . . . . . ... ... 2
1.1.2 Exploration of the ocean floor and its topography . . . . . . . . . . . . .. e 2
1.1.3  Units, measurements and parameters of the topography of the ocean floor . . . . . . . 3
1.1.4 The boundaries of theocean . . . . . . . . . . . . . . ... ... ... R
1.1.5 The spatial extension of theocean . . . . . . . . . . . . . . . . .. ... . ... 5
1.1.5.1 The horizontal distribution of the world ocean . . . . . . . . . . . . . . .. 5
1.1.5.2 The horizontal extension of the oceans and the continents . . . . . . . . . . . 8
1.1.5.3 The horizontal classification of the oceans . . . . . . . . . . . . . . . . .. 9
1.1.5.4 Limits and nomenclature of oceansandseas . . . . . . . . . . . . . . . .. 10
1.1.5.5 Spatial dimensions of the oceans and adjacentseas . . . . . . . . . . . . .. 12
1.2 Hypsography . . . . . . . . . . . e e e e e e e e 14
1.2.1 The Hypsographic Curve . . . . . . . . . . . . . . . . . . . . ... 14
1.2.2  Global hypsographic profiles according to the Hypsographlc Curve . . . . .. ... 16
1.2.3 Hypsometric data of theoceans . . . . . . . . .. .. .. ... ... e 1T
1.2.4 Hypsometry of ocean basin provinces based on a physiographic classification . . . . . . 20
1.2.5 Hypsometric Curves of single ocean basins and ocean basin provinces . . . . . . . . . 23
1.3 Bathymetry . . . . . . . . oL L e e 26
1.3.1 The measurable parameters . . . . . . . . . . . . . . P 26
1.3.1.1 The position of a topographicdata . . . . . . . . . . . . . . .. .. ... 26
1.3.1.2 The depth of a topographicdata . . . . . . . . . . . . . . . .. 27
1.3.1.3 Ambiguity of the detected configuration of the topography of the floor of the ocean 27
1.3.1.4 Convertion of sounded data into contourlines of bathymetric maps . . . . . . .30
1.3.2 Topographic features of the ocean floor on profiles 31
1.3.2.1 Bathymetric profiles, geometric conditions . . . . . . . . . . . . . . . .. .3
1.3.2.2 Topographic features of particular oceans on transoceanic bathymetric profiles . . 33

1.3.2.3 Classification of topographic features on acoustic sounded ocean floor and subbottom
stratigraphic reflection (bottom penetrating sounding) profiles . . . . . . . . . 37
1.3.3 Classification of maps and charts presenting ocean floor topography . . . . . . . . . . 38
1.3.3.1 Nauticalcharts . . . . . . . . . . ... 0oL 38
1.3.3.2 Bathymetriccharts . . . . . . . . . . . . . . . . . . . ... 38
1.3.3.3 Physiographic maps of the ocean floor. . . . . . . . . . . . . ... 00 41
1.4 Topography of the ocean floor: features and pattern . . . . . . . . . . . . . . . . . .. . 48
1.4.1 Classification of the ocean floor features . . . . . . . . . . . . . .. ... ... . 48
1.4.1.1 Physiographic provinces of the Atlantic Ocean profile and space dimensions . . . 49
1.4.1.2 Spatial dimensions of the features of submarine topography . . . . . . . . . . 51
1.4.2 Major topographic features of the continental margin complex. . . . . . . . . . . . . 52
1.4.2.1 Terminology of continental margins and adjacent features . . . . . . . . . . . 53
1.4.2.2 Classification of continental margins . . . . . . . . . . . . . . . . .. .. 53
1.42.3 Theshelf . . . . . . . . . . . . e 54
1.4.2.4 The continental slope and rise . . . . . . . . . . . . . . . . ... 57
1.4.2.5 Canyons, abyssal cones, and fans . . . . . . . . . . . . . .. ... 59
1.42.6 Trenches . . . . . . . . . . . ..o 68

1.4.2.7 Island arcs and trench systems . . . . . . . . . . . . . . . . . ... .. 7



Contents

1.4.3 The ocean-basin floor complex . . . . . . . . . ... . ... .. 75
1.43.1 Abyssalplains . . . . . . . . . ... 71
1432 Abyssal hills . . . . . . . . . ... 77
1.4.3.2.1 Morphometric classification of the submarine, elevated relief . . . . . 78
1.4.3.3 Submarine plateaus . . . . . . . . . . . ... L0 80
1434 Seamounts. . . . . . . . . .. ... e 82
1.4.3.4.1 Seamount and volcanic arcs and earthquake zones . . . . . . . . . . 85
1.4.3.4.2 Topography of a seamount, surveyed with the Sea-Beam System:

the “Sonne Seamount” south of Hawaii . . . . . . . . . . . ... 86
1.4.3.4.3 Seamounts in the Pacific Ocean and hotspots . . . . . . . . . . . . 87
1.4.4 Major topographic features of Mid-Oceanic Ridge complex . . . . . . . . . . . . .. 91
1.4.4.1 The rift valley of the Mid-Oceanic Ridge . . . . . . . . . . . . .. ... .. 93
1.44.2 Fracture zones . . . . . . . . . . . . ..o e e e 94
1.4.5 Small scale topography of the oceanfloor. . . . . . . . . . . . . .. . ... ... 96
1.4.5.1 Classification of small scale relief and microrelief . . . . . . . . . . . . . .. 96
1.4.52 Diapirs . . . . . . .. oo 98
1.4.5.3 Sandwaves, dunes, classification . . . . . . . . . . . . . ... ..., 99

1.4.5.4 Microtopography of the ocean floor: rock fragments, nodules, ripples, biogenic
features 102
1.4.5.5 Manganese nodules, micro-features of the ocean floor . . . . . . . . . . . .. 102
1.5 Sedimentation of the ocean bottom . . . . . . . . . ... o000 Lo 104
1.5.1 The sediment coverage of the oceanfloor . . . . . . . . . . . . . . . . . ... .. 104
1.5.2 The mass supply of sediments . . . . . . . . . . . . . . . . ... ... 106
1.5.3 Sediment types . . . . . . . . . L L Lo e e e 108
1.5.4 Sediment distribution in the oceans . . . . . . . . . . ... 0oL Lo L. 109
1.5.5 Ocean bottom currents and sediment transport causing microtopography . . . . . . . . 110
1.6 Global geological structure and topography . . . . . . . . . . . . . .. ... 114
1.6.1 Sea floor spreading and global topography . . . . . . . . . . . . . .. ... ... 114
1.6.2 Plate tectonics and ocean floor topography . . . . . . . . . . . . .. .o L. 115
1.6.3 Topography and geometry of sea floor spreading and plate tectonics . . . . . . . . . . 117
1.6.4 Variation of ocean floor topography due to sea floor spreading in time-scale . . . . . . 118
1.6.5 Variation of ocean floor topography due to subsidence in time-scale . . . . . . . . . . 120
1.7 Chronology of sea floor topography . . . . . . . . . . . . . . . .. 121
1.7.1 The time scale as a geologic factor . . . . . . . . . . . . . ..o 121
1.7.2 The geomagnetic time scale . . . . . . . . . . . . . ..o o000 122
1.8 References for 1 . . . . . . . . . . . .. Lo 124
2 In-situ instruments and measuring techniques (G. KRAUSE) . . . . . . . . . . . . . . .. .. 134
2.1 The nature of oceanographic measurements . . . . . . . . . . . . . . . . . . ... 134
2.1.1 Variables to be measured, time and space scales . . . . . . . . . . . . . . .. ... 134
2.1.2 Environmental conditions and accuracy of instruments . . . . . . . . . . . . . . .. 134
2.1.3 Accuracy and standards . . . . . . . . ..o oL oL oL Lo 135
22 Platforms. . . . . . . . . e e e e e e e e e e e e e e e 135
221 Ships . . . . . L L e 135
222 Instrument MOOTINGS . . . . . « « « « v o v e e e e e e e e e e 140
2.2.2.1 Surface moorings . . . . . . . . . . ..o e e e e 140
2.2.2.2 Under-water moorings . . . . . « o « o v o 0 .o e e e e e 142
2.3 Measuring techniques for oceanic motions . . . . . . . . . .. ... L 146
2.3.1 Current sensors and current meters for Eulerian measurements . . . . . . . . . . . . 147
2.3.1.1 Current meters with hydrodynamic sensors . . . . . . . . . . . . . . . . .. 148
2.3.1.1.1 Rotating elements and current vanes . . . . . . . . . . . . . . .. 148
2.3.1.1.2 Dragforcesensors. . . . . . . . . . . . ... e 159
2.3.1.1.3 Hydrodynamic pressure sensors . . . . . . . . . . . . . . . . . . 161

2.3.1.1.4 Heat transport SENSOTS . . . . . . . . . . . . . . . . 161



Contents X1
2.3.1.2 Current meters based on general effects of motion. . . . . . . . . . . . . .. 164
2.3.1.2.1 Electromagnetic induction by the Earth magnetic field . . . . . . . . 164
2.3.1.2.2 Electromagnetic current sensors . . . . . . . . . . . . . . .. .. 169
2.3.1.2.3 Acoustic Doppler effect . . . . . . . . . . ... 171
2.3.1.2.4 Optical Dopplereffect . . . . . . . . . . . . .. ... 172
2.3.1.2.5 Travel time current meters . . . . . . . . . . . . . . ... 177
2.4 Elevation of theseasurface . . . . . . . . . . . . . . . . . .. ... ... .. ... . 180
2.41 Surface elevation for tidal and subtidal periods . . . . . . . . . . . . ... oL 180
2.41.1 Geometrical measurement of surface elevations . . . . . . . . . . . . .. 180
2.4.1.2 Deep-sea tide gauges . . . . . . . . . ... ..o oo . .. 182
2.42 Surface elevations in the range of wind waves and swell . . . . . . . . . . . . . . 185
2.5 Variables of state . . . . . . . . . . . L oL Lo e e 187
2,51 Temperature . . . . . . . .. L 0.0 e e e e e e e e e e e 187
2.5.1.1 Temperature profiles . . . . . . . . . . . . .. Lo 189
2.5.1.2 Slow-response thermometers . . . . . . . . . . . . . . ... 193
2,52 Conductivity . . . . . . . . L L e e e e e 194
2,53 Pressure . . . ... .. oo e e e e e e e e 198
2.54 STD/CTD-instrumentation . . . . . . . . . . . . . . . . . .. e e e 202
2.6 Basic methods of observation . . . . . . . . . . . . e e 208
2.6.1 Observations at grid points . . . . . . . . . . . L .. oo Lo e e 208
2.6.1.1 Spatial observations along hydrographic sections . . . . . . . . . . . . . . . 208
2.6.1.2 Repeated profile measurements at a fixed position. . . . . . . . . . . .. .. 212
2.6.1.3 Measurement of time series . . . . . . e e e s 216
2.6.2 Lagrangian observations . . . . . . . . . . . . .. Lo 217
2.6.2.1 Surfacedrifters. . . . . . . . . . ... e e .. 217
2.6.2.2 Subsurface drifters . . . . . . . . . . ..o Lo oL . 223
2.7 References for 2. . . . . . . . L . L L L e e e e e e 225
3 Properties of sea water . . . . . . . . . . . . L L L ... L L e 233
3.1 Physical properties (general) (G. SIEDLER, H. PETERS) . . . . . . . . . . . . . . . . . . .. 233
3.1.0 List of symbols and abbreviations . . . . . . . . . . . .. ..o 233
3.1.1 Thermodynamic variables. . . . . . . . . . . . . . . ... 234
3.1.2 Salinity . . . . . L Lo e 235
343 Density . . . . ... Lo 237
3.1.4 Compressibility . . . . . . . . ... oL . 242
3.1.5 Thermal expansion, density maximum . . . . . . . . . . . . . . . . . . . . 244
3.1.6 Specificheat . . . . . . . .. ..o 0oL e . . 247
3.1.7 Adiabatic lapse rate, potential temperature . . . . . . . . . . . . ... ... 250
3.1.8 Vapour pressure, boiling point, freezing point . . . . . . . . . .. ..o 252
3.1.9 Heat of fusion, heat of evaporation . . . . . . . . . . . . . . . ... L. 256
3.1.10 Thermal conductivity . . . . . . . . . . . . . . oo ... 256
3111 Diffusion . . . . . . . . . o o e e e e e e e e e 257
3112 VisCOSIty . . . . . . . oo o e e 258
3.1.13 Surface tension . . . . . . . . . . ... ... e e .. 261
3.1.14 OSMOtIC PIESSUTE . . . . .« o o o e e e e e e e e 261
3.1.15 Brunt-Vaisild frequency . . . . . . . . . .. Lo 262
3.1.16 Referencesfor 3.1 . . . . . . . . . . . ... ... e e e e 263
3.2 Acoustical properties of the ocean (P. WILLE) . . . . . . . . . . . . . . . . .. ... 265
3.2.0 List of symbols and abbreviations . . . . . . . . . . . .. . 265
321 Introduction . . . . . . . . . L. e e 266
3.2.2 Models of sound propagation . . . . . . . . . . . .. 268
3121 Wavemodels. . . . . . . . . . . . .o 269
3.222 Raymodels . . . . . . ..o L. 270
3.2.2.3 SONAR €quations . . . . . . . . . o o o e e e 272



XII

3.23

324

3.25

3.2.6

Contents

Applications . . . . . . ... L0 e e e e 274
3.2.3.1 Remote sensing methods (RSM) . . . . . . . . . . . . . . . ... .... 274
3.2.3.1.1 Measuring quantities and parameters of remote sensing (RS) . . . . . 276
3.23.1.2 Connection with environmental properties . . . . . . . . . . . .. 276
3.2.3.1.3 Sound reflection/geometrical contour . . . . . . . . . . . . . . .. 277
3.2.3.1.4 Sound refraction/sound speed field . . . . . . . . .. .. ... .. 278
3.2.3.1.5 Sound scattering/object features . . . . . . . . . . . . . .. ... 278
3.2.3.1.6 Doppler shift/object velocity . . . . . . . . . ... .. .. ... 279
3.2.3.1.7 Sound radiation/motion processes . . . . . . . . . . . . . . ... 280
3.2.3.2 Signal transmission methods . . . . . . . . . . . ... ... ... 280
3.23.21 Navigation . . . . . . .. oL L 280
3.23.22 Communication . . . . . . . . . .. ... 281
3.23.23 Datatelemetry . . . . . . . . ... .. 281
32324 Beaconms . . . . . . ... ..... e 281
323.25 Remotecontrol . . . . . . . . .. ... 281
3233 In-situmethods. . . . . . . . ... ... 281
32331 Soundspeed . . . . . .. ... 282
32332 Current . . . . ... 0L e 282
32333 Airsuspension . . . . . ... ... 282
Sound transducer characteristics . . . . . . . . . . . . ... ... 282
3.2.41 Sound sourcesfreceivers . . . . . . . . . . . .. ... 282
3.2.4.2 Directional resolution . . . . . . . . . . . . ... 283
3.2.4.3 Time/frequency resolution . . . . . . . . . . . . . . . ... ... 285
Sound speed . . . . . . .o L L L 285
3.2.5.1 Definition, database . . . . . . . . . . . . . .. ... 285
3.2.5.2 Specifications of the parameters determining sound speed . . . . . . . . . . . 286

3.2.5.2.1 Variability of temperature, salinity and depth combinations; ‘“Neptunian
waters” . . .. L L L Lo e e e 286
3.25.22 Temperaturescale . . . . . . . . . . . . ... L. 289
3.2.5.2.3 Depth-equivalent of pressure . . . . . . . . . . . . ... L. 289
3.25.24 Salinityconcept . . . . . . . . . . ..o 289
3.2.5.2.5 Influence of suspensions” . . . . . . . . . . . . .. L. L. 290
3.2.5.3 Tablesof sound speed . . . . . . . . . . . . . ..o 290
3.2.5.3.1 Sound speed table for pure water under atmospheric pressure . . . . . 290

3.2.5.3.2 Sound speed tables for sea water; temperature, salinity and pressure
dependence . . . . . . . . ..o Lo 290
3.2.5.4 Approximation formulae of sound speed . . . . . . . . . . . ... 291

3.2.5.41 Approximation formula of sound speed in pure water under atmospheric
PIESSUIE . . . . . .« v o e e e e e e e e e e 291
3.2.5.4.2 Approximation formula of sound speed in sea water . . . . . . . . . 292
3.2.54.3 Simplified sound speed formula . . . . . . . .. ..o 0oL L 306
3.2.5.5 Deep-sea sound speed profiles . . . . . . . . . . ..o Lo 306
3.2.5.6 Shallow-water sound speed profiles . . . . . . . . . . . . . .. ... .. 310
Sound absorption/transmission loss . . . . . . . . . ..o oL o L. 320
3.2.6.1 Definitions. . . . . . . . . . L Lo e e e 320
3.2.6.2 Deep-ocean transmission loss. . . . . . . . . . . . ... L. 320
3.2.6.21 Measuring methods . . . . . . . . .. oL 0oL 321
3.2.6.2.2 Geometrical spreadingloss . . . . . . . . .. ..o 324
3.2.6.2.3 Viscous absorption/pure-water absorption. . . . . . . . . . . . .. 324
3.2.6.2.4 Absorption by MgSO, . . . . . . . . .. e e e e e e 325
3.2.6.2.5 Absorption by BOH); . . . . . . . e 327
3.2.6.2.6 Absorption by further relaxation processes . . . . . . . . . . . .. 332
3.2.6.2.7 Propagation loss due to scattering . . . . . . . . . . . .. ... 333
3.2.6.2.8 Propagation loss due to diffraction. . . . . . . . . . . . .. . .. 335
3.2.6.2.9 Special phenomena . . . . . . . . ... L L. ... 336
3.2.6.2.10 Complete approximation formula for sound attenuation in sea water . . 336

3.2.6.2.11 Simplified approximation formulae for the deep water channel attenuation 337



327

3.2.8

3.29 Referencesfor 3.2 . . . . . . . .

3.263

3.2.64

Contents

Shallow-water transmission loss. . . . . . . . . . . . . . . ... .. ...
3.2.6.3.1 Measuring methods . . . . . . . . . . . ... ... ...
3.2.6.3.2 Geometrical spreadingloss . . . . . . . . . . . . .. ... ...
3.2.6.3.3 Absorption by the seavolume . . . . . . . . . . . . . ... ...
3.2.6.3.4 Influence of the sound refraction by the sea volume . . . . . . . . .
3.2.6.3.5 Absorption by bottomloss . . . . . . . . ... ...
3.2.6.3.6 Influence of the sea surface . . . . . . . . . . . .. ...
3.2.6.3.7 Depth dependence of transmission loss . . . . . . . . . . . N
3.2.6.3.8 Special phenomena . . . . . . . . . . ... L. L.
3.2.6.3.9 Approximation polymomials . . . . . . . . . . . .. .. Coe
Fluctuation of transmitted sound . . . . . . . . . . . . . . .. ... ...
3.2.6.41 Temporal fluctuation. . . . . . . . . . . . . . ... ... ...
3.2.6.42 Spatial coherence . . . . . . . . . . ... L.

Ambient noise . . . . . . . oL L L L L e,

32741
32,72
3273
32.7.4
3.2.7.5
3.2.7.6
3277
3.2.7.8

3.2.79

Scattering and reverberation . . . . . . . . . . . . . . . ... L.

3.2.8.1
3.28.2

3283

3284

Definitions, general remarks . . . . . . . . . . . . . . . .. .. .. ...
Hydrostaticeffects . . . . . . . . . . . . . . . . . .
Hydrodynamic effects . . . . . . . . . . . . . . .. . ... ... ...
Seismic activity . . . . . . . . . . L L L Lo
Ship traffic . . . . . . . .. ..
Sea surface agitation . . . . . . . . . . .. . ... L
Thermalnoise . . . . . . . . . . . . . . . ...
Special/intermittent noise sources . . . . . . . . . . . . ... ...
32781 Rain. . . . . ..o
32782 Iee . . . ..o
32.7.8.3 Biological . . . . . . . . . . . . .
3.2.7.8.4 Technical noise of other origin . . . . . . . . . . . .. ... ..
Further properties of ambientnoise . . . . . . . . . . . . . ... .. ...
3.279.1 Depthdependence . . . . . . . . . . . . . .. ...
3.2.7.9.2 Directional characteristics. . . . . . . . . . . . . ... ...
3.279.3 Level distribution . . . . . . . . . . . . . ... L.

Definitions. . . . . . . . . . . L ..o Ce
Scattering by the sea volume . . . . . . . . . . . . . . ... L.
3.2.8.2.1 Backscattering by individual organisms, geometrical region Coe
3.2.8.2.2 Backscattering by individual organisms; long-wave-length region . . . .
3.2.8.2.3 Backscattering by distributed organisms (scattering layer) . . .
3.2.8.2.4 Scattering by sound speed structures . . . . . . . . . . . . Coe
3.2.8.2.5 Scattering by air buble layers . . . . . . . . . . . ..o L.
3.2.8.2.6 Scattering by sediment suspensions. . . . . . . . . . . . . . . ..
Scattering by the sea surface . . . . . . . . . . . . . .. ...
3.2.8.3.1 Scattering by the free sea surface . . . . . . . . . .. .. ...
3.2.8.3.2 Frequency distribution of scattered sound . . . . . . . . . . .
3.2.8.3.3 Scattering byicecovers. . . . . . . . . . .. ... L
Reflection and scattering by the sea bottom . . . . . . . . . . . . . . ...
3.2.8.4.1 Reflection at the sea bottom . . . . . . . . . . . . . .. ...
3.2.8.42 Scattering at the sea bottom . . . . . . . ... .00 00
3.2.8.4.3 Scattering at sediments with gaseous enclosures . . . . . . . . . . .
3.2.8.4.4 Scattering by morphological features (bedforms) . . . . . . . . . . .

3.3 Optical properties of sea water (N. K. HosersLEV) . . . . . . . . . . . . . . . . . . ...
Basic facts and equations . . . . . . . . . .. L L L. oo

331

3.3.141
3.3.1.2
3313
3314

Definitions and nomenclature . . . . . . . . . . . . .. oL Lo L.
Quantities related to radiance and irradiance . . . . . . . . . . . . . . . ..
Inherent properties . . . . . . . . . . . . L. Lo
Equations of radiative transfer . . . . . . . . . . . . . . ..o L.



X1V Contents

3.3.2 Optical properties of water . . . . . . . . . . . ... L 395
3.3.2.1 Optical properties of pure water and pure sea water . . . . . . . . . . . . . . 395
3.3.2.2 Optical properties of natural sea waters . . . . . . . . . . . . .. .. ... 399

3.3.3 Optical classifications of sea water . . . . . . . . . . . . . . .. .. .. ... .. 404
3.3.3.1 General principles of classification . . . . . . . . . . . ... ... ... 404
3.3.3.2 The original optical classification . . . . . . . . . . . . . . .. .. ... 407
3.3.3.3 Classification of sea water in terms of quanta irradiance . . . . . . . . . . . . 412
3.3.34 Classification of sea water in terms of the color of thesea . . . . . . . . . . . 414
3.3.3.5 Classification of sea water in terms of the downward irradiance in a narrow or broad

wavelengthband . . . . . . . . ... L0 418

3.3.3.6 Classification of sea water in terms of light attenuation and light scattering coefficients 420
3.3.3.7 Classification of sea water in terms of light absorption propert1es of suspended

and dissolved matter . . . . . . . . . . . . .. oo 426

334 Daylightinthesea . . . . . . . . . . .. L 428
3.3.4.1 Irradiance on theseasurface . . . . . . . . . . . . . . .. .. ... ... 428

3.3.4.2 Reflection and albedo at the sea surface . . . . . . . . . . . . . ... ... 430

3.3.43 Irradianceinthesea . . . . . . . . . . . . . .. . ... .. 433

3344 Radianceinthesea . . . . . . . . . . . . . . .. ... 439

3.3.5 Visibilityinthesea . . . . . . . . L L L L L 446
3.3.5.1 Basic definitions . . . . . . . . . . L L L L. 446

3352 The Secchidisc. . . . . . . . . . . . . . 447

3.3.6 Passiveremotesensing . . . . . . . . . . .. ... e 452
33.7 Referencesfor 3.3 . . . . . . . . ... L 459

3.4 Chemical properties of sea water (G. WEICHART) . . . . . . . . v v« v v v v v v v v v 463
3.4.0 List of symbols and abbreviations . . . . . . . . . . . .. ... 463
341 Generalremarks. . . . . . . . L. L L L L L L L e e e 463
3.4.2 Chlorinity, chlorosity, salinity . . . . . . . . . . . . . . . ... ... ... 463
3.4.3 Chemical composition of sea Water. . . . . . . . . . . . .. 464
3.4.3.1 Major constituents, alkalinity, pH. . . . . . . . . . . . .. ... ... .. 465

3.4.3.2 Minor constituents . . . . . . . . . . ... .. e e e e 465

3.4.3.3 Dissolved atmosphericgases . . . . . . . . . . . . . . ... e e e 468

3.43.4 Organiccompounds. . . . . . . . . . ... 0o e 468

3.44 Residence times of elements in the oceans . . . . . . . . . . . . . ... ... .. 469
34.5 Solubility of gases insea water . . . . . . . . . . . . . .. 0w e e e 470
34.6 Artificial sea water. . . . . . . . . . L L L Lo e e e e e e 474
347 Referencesfor3.4 . . . . . . . . . . .o oL s 474

4 QOcean circulation . . . . . . . . . . . . L Lo oL oL Lo See Subvolume V/3b
5 Ocean turbulence. . . . . . . . . . . . . . ..o Lo See Subvolume V/3b
6 Ocean waves . . . . . . . . ... e e e e e e See Subvolume V/3c
7 Upwelling regions . . . . . . . . . . .. e e e e e See Subvolume V/3c
8 Iceintheocean . . . . . . . . . . . . ..o See Subvolume V/3c

9 Coastal oceanography . . . . . . . . . . . . . ..o See Subvolume V/3c






	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8

