Gerhard Einsele

SEDIMENTARY

-

--'\-!1:!": - ety Y i i

T Mt e
s s Vi :

-*»-:W‘Hgﬁﬂ.ﬁ-‘ S




Contents

{Overview, detailed contents are listed at the headings of individual chapters)

Part 1 Types of Sedimentary Basins

................................. 1

1 Basin Classification and Depositional Environments ...................... 3
L B 1314 11T 1 3

1.2 Tectonic Basin Classification ............ooiiviin it 3

1.3 Tectonicsand BasinFilling .............. ... ittt 10

1.4 Basin Morphology and Depositional Environments . . ................... 10
Part II Depositional Systems and Facies Models .................... 17
2 Continental Sediments . . ... ... .. ... e 19
2.1 Glacial Deposits of Lowlands, Lakes, andinthe Sea.................... 19
2.2 Fluvial Sediments, Alluvial Fans and Fan Deltas . . .. .. e 29
23 Eolian Sediments ..........un i s 52
2.4 Volcaniclastic Sediments (Tephra Deposits) .......................... 64
25 LakeSediments....... ...t i 75

3 Coastal and Shallow Sea Sediments (Including Carbonates) ............... 94
3.1 Beachand Shoreface Sediments . . .. ..ot iar i 94
3.2 Sediments of Tidal Flats and Barrier Island-Lagoon Complexes . ......... 109
3.3 Sediments of Shallow Seas (Siliciclastics) .. ......................... 125
3.4 Carbonate Buildups and Reef-Lagoon Complexes . . .............,..... 134
3.5 Sediments of Marine Delta Complexes ...................... o000, 153

4 Sediments of Adjacent Seas and Estuaries ............................. 166
4.1 INtroduchon .. ......u. i et 166
42 Water Circulationand Sediments . .......... ..o i it 166
4.3 Sedimentary History of Some Modern Adjacent Seas .................. 173
44 Summary (Adjacent Seas) . ... .. e 181

5 Oceanic Sediments . ...................... e e e e 182
51 Immmoduction ... ... e e 183

5.2 Water Circulationinthe Oceans . ............ ... ... i iiiirinnns 183

5.3 Hemipelagic and Pelagic Deep-Sca Sediments ....................... 188
54 QGravity Mass Flow Deposits and Turbidites ......................... 210

5.5 FErosion and Redeposition of Deep-Sea Sediments ...... e 235

5.6 Paleoceanography ........... ... ... . ... e 238

6 Special Depositional Environments and Sediments . . ............ .. . . . .. 249
6.1 GreenMarine Clays ... ..ot i 249
6.2 OoliicIronstones . ......... ... .. .t eiriaiiaii ittt 252
63 RedBeds. .. ... . ... e 254
6.4 Marine Bvaporites .. ........ouitiiii it s 258

6.5 Nonactualistic (Precambrian) Depositional .......................... 283



X Contents
7 Sequences, Minor Cycles, and Event Stratigraphy ....................... 291
7.1 General Characteristics of Cyclic Sediments ......................... 292
7.2 Sequence Stratigraphy: Basic Concepts ..............ccivviunn .. 297
7.3 Sequence Stratigraphy of Coastal and Shallow-Marine
Siliciclastic SyStems . ... ... i i 313
7.4 Marine Deltas, Deep-Sea Fans, and Oceanic Sediments . ................ 325
7.5 Sequence Stratigraphy of Marine Carbonate Systems . .................. 328
7.6 Sequence Stratigraphy of Transitional Systems ....................... 337
7.7 Continental Sequence Stratigraphy . ........... ... ... ... 0. 345
7.8 Hierarchy of Sedimentary Cycles, Their Superposition and Causes . ....... 354
7.9 Cyclo-and Event Stratigraphy . . ..... ... i 359
7.10  General Discussion (Sequence and Event Swatigraphy) ................ 381
Part III Subsidence, Flux Rates, and Sediment Budget ..... ... ... 385
8 Subsidence ..... ... ..., 387
8.1 General Mechanisms Controlling Subsidence . . ....................... 387
8.2 Methods for Determining Subsidence of Sedimentary Basing ............ 393
8.3 Subsidence of Model Basins and Observed Subsidence History .......... 400
8.4 Subsidence Related to Tectonic Loading, Subduction, and
Strike-SLp MOLON . ... ..o e e 411
9 Denudation: Solute Transport and Flux Rates of Terrigenous Sediment ... 414
9.1 Weathering, Soils, and Formation of Terrigenous Sediments . ..........., 414
9.2 Chemical Denudation (Quantitative Aspects) .. ...........0cvvrivunnn. 424
9.3 Mechanical Denudation . ....... ... . ... . e, 434
9.4 Modemn Chemical vs. Mechanical Denudation Rates .. ................. 442
9.5 Long-Term Denudation Rates from Landform Reconstruction .. .......... 443
9.6 Steady State and Dynamic Denudation Systems . ...................... 447
9.7 DenudationRates, Summary ........... ..., 454
10 Sedimentation Rates and Organic Matter in Various Depositional
Environments . ... .. ... e e 455
10,1 General ASpPects . . .. ... .. ittt i e e 455
10.2 Sedimentation Rates in Various Depositional Environment, ............. 459
10.3 Production of Organic Matter in Various Environments .. ............... 463
10.4 Organic Matterinthe Oceans .......... ... viiirnrrininnianeenn. 466
10.5 Organic Matter Preservation in Marine Sediments . .................... 469
11 The Interpiay Between Sediment Supply, Subsidence, and Basin Fill .. ... .. 480
101 Introduction . ... . ... ot ie i sttt 480
11.2 Denudation-Sediment Accumulation (DA) Systems . .............c...... 482
11.3 Dynamic Denudation-Accumulation (DA) Systems .................... 494
1.4 Chemical Sediments (Evaporites) in Basin Filling ..................... 512
11.5 Distribution of Clastic Sediments in Water-Filled Basins ., ,............. 517

116 Consequences for Stratigraphic Sequences and Facies Associations
(OVBIVIEW ) L i et 533

11.7 Preservation and Recycling of Older Sediments . ...................... 536
PartIV Basin Evolution ............. .. ... ..... .. ... ... ...... 541
12 Basin Evolution and Sediments . .. ........... e e e e, 543

121 RifLBasing . . ... ..o e e e 543

122 Continental Margin and Slope Basins . ..., ........c.cooinivenennn. .. 561

12.3 Mega-Rifting and Mesozoic Sedimenis in Europe (Overview)............ 571t

12.4 Intracontinental Sag Basins



Contents X1

12.5 Deep-Sea Trenches, Forearc, Backarc and Retroarc Basins ... ........... 579
12.6 Remnant and Foreland Basins .. ......... ... ... .0 . ... iieiiuiinn 606
12.7 Coilision-Related Basins ............ciiiiininiinrininiiinneunn. 622
12.8 Pull-Apart Basins ..........uviviniirieinnneranareannnaniaenanas 630
12.9 Basin-Type Transitions (Polyphase Basins) . ......................... 637
Part V Diagenesis and Fluid Flow ... . ... ... .. .. ... ... ..., 645
13 Mechanical and Chemical Diagenesis ..............................00 647
13.1 General Aspects of Mechanical and Chemical Diagenesis .............. 647
13.2 Compaction, Compaction Flow, and Other Flow Mechanisms ..,........ 653
13.3 General Processes in Chemical Diagenesis .......................... 668
13.4 Early Diagenesis of Major Sediment Types .....................oc00s 685
13.5 Late, Deep-Burial Diagenesis . ............ ..., 689
13.6 The Transition from Diagenesis to Metamorphism ................... 697
13.7 Thermalt Historyof Basin Fills ...............ccooiiiiiinii ot 697
13.8 Special Methods and Processes in Diagenesis ........................ 700
13.9 Summary (Chemical Diagenesis) ................ ... ..o, 705
14 Hydrocarbonsand Coal . .......... ... it iaie s 706
14.1 Source Rocks, Kerogen Types, and Hydrocarbon Potential . . ............ 706
14.2 Generation and Migration of Hydrocarbons . ... ...................... 709
14.3 Examples of Hydrocatbon Habitats .............. ..o, 713
144 Bvolutionof Coal . ... ... . i e 723
ReferemOes .. .. ... e 729

SubjectIndeX ... .. ... ... e e 781



