
Contents
e

CHAPTER 1_______________
The Dynamic Earth 2

fr

ar
e ' - - base

 
"*

*

1 t

1. 
ar

A * *
 

: ) as
st

Tie 

I

M
e. 

P
vduueot

Prologue 3
Introduction to Earth Systems 4
What Is Geology? 4
Historical Geology and the Formulation of Theories 5
Perspective 1.1: Interpreting Earth History 6
Earth Materials 7

Rocks and the Rock Cycle 7
Earth As a Dynamic Planet 9
Plate Tectonics 11

The Rock Cycle and Plate Tectonics 13
Organic Evolution 13
Geologic Time and Uniformitarianism 14
Summary 15

CHAPTER 2  
Geologic Time: Concepts and Principles 20

, B. PI
s 

,, T
01

2.

) . T
Nite A

-
 —

- on

Prologue 21
Introduction 22
Early Concepts of Geologic Time and the Age of Earth 23
Fundamental Geologic Principles 23

Steno’s Principles 23
Perspective 2.1: The Geologic History of Uluru and Kata Tijuta 24
Establishment of Geology as a Science — The Triumph of

Uniformitarianism over Neptunism and Catastrophism 26
Neptunism and Catastrophism 26
Uniformitarianism 27
Modern View of Uniformitarianism 28

Lord Kelvin and a Crisis in Geology 29
Absolute-Dating Methods 29

Atoms and Isotopes 29
Radioactive Decay and Half-Lives 29
Long-Lived Radioactive Isotope Pairs 33
Fission Track Dating 33
Radiocarbon and Tree-Ring-Dating Methods 33

Summary 35



CHAPTER 3
Rocks, Fossils, and Time 40

7

ws 
one 

1 % 
L *.

-

al
tl

i
N
e 

An

%
 2

Prologue 41
Introduction 42
Stratigraphy 42

Vertical Relationships 42
Lateral Relationships—Facies 45
Transgressions and Regressions 45
Extent, Rates, and Causes of Transgressions and Regressions 48

Fossils 49
Fossilization 50
Types of Fossil Preservation 51

Perspective 3.1: Fossil Frauds and Hoaxes 52
Perspective 3.2: The Abundance of Fossils 55

Fossils and Uniformitarianism 56
Fossils and Time 57
The Relative Geologic Time Scale 58
Stratigraphic Terminology 60
Correlation 62
Quantifying the Relative Geologic

Time Scale 63
Summary 66

CHAPTER 4
Origin and Interpretation of Sedimentary Rocks 72

7

1.

f
o

El
eE

Tt
i 

eo
.a

 • 
I 1 e

Prologue 73
Introduction 74
Features of Sedimentary Rocks 74

Lithology 75
Fossils 76
Sedimentary Structures and Paleocurrents 77

Perspective 4.1: Secondary Sedimentary Structures
and Pseudofossils 78
Geometry 81

Depositional Environments 82
Continental Environments 83
Transitional Environments 83
Marine Environments 86

Environmental Interpretations and Historical Geology 89
Paleogeography and Paleoclimates 90
Perspective 4.2: Stratigraphy and Depositional Environments of the

Rocks in Badlands National Park, South Dakota 94
Summary 95

x CONTENTS



CHAPTER 5  
Evolution 100

Prologue 101
Introduction 102
The Evolution of an Idea 103

Lamarck and the Giraffe’s Neck 103
Charles Darwin’s Contribution 104

Perspective 5.1: The Tragic Lysenko Affair 105
Natural Selection 105

Mendel and the Birth of Genetics 107
Genes and Chromosomes 108

The Modern Synthesis 109
Sources of Variation 109
Speciation and the Rate of Evolution 110
Divergent, Convergent, and Parallel Evolution 112
Evolutionary Trends 112

Perspective 5.2: Convergent Evolution 114
Cladistics and Cladograms 116
Extinctions 118

Evidence for Evolution 119
Classification — A Nested Pattern of Similarities 119
Biological Evidence for Evolution 119

Perspective 5.3: The Evolutionary Significance of
Vestigial Structures 122
Fossils and Evolution 123

Summary 125

CHAPTER 6__________________________________________________________________________
Plate Tectonics: A Unifying Theory 130

4

hu
e * T

W
e

11

4 
.. all

4.
-1

 

tid
ed

. a
h)
 

‘W
o *

11
1,

 
9

Prologue 131
Introduction 132
Early Ideas About Continental Drift 132

Alfred Wegener and the Continental Drift Hypothesis 133
Additional Support for Continental Drift 135

Paleomagnetism and Polar Wandering 135
Magnetic Reversals and Seafloor Spreading 137
Plate Tectonics and Plate Boundaries 140

Divergent Plate Boundaries 141
Perspective 6.1: Tectonics of the Terrestrial Planets 142

An Example of Ancient Rifting 144
Convergent Plate Boundaries 145
Ancient Convergent Plate Boundaries 147
Transform Plate Boundaries 148

Hot Spots and Mantle Plumes 149
Plate Movement and Motion 149
The Driving Mechanism of Plate Tectonics 150
Plate Tectonics and Mountain Building 151
Perspective 6.2: The Supercontinent Cycle 152

Microplate Tectonics 154
Plate Tectonics and the Distribution of Life 154
Plate Tectonics and the Distribution of Natural Resources 155
Summary 156

CONTENTS xi



CHAPTER 7__________________________________________________________________________

A History of the Universe, Solar System, and Planets 162
2

9

AT
T 4

2-
19

5

13
Po

nt
o 

2.
7J

M
W

 
35

60
 

sa
d : 4 4

# Teu Beat "

3-- :

Prologue 163
Introduction 164
Origin of the Universe 164

Early History of the Universe 165
Changing Composition of the Universe 166

Origin and Early Development of the Solar System 166
General Characteristics of the Solar System 166
Current Theory of the Origin and Early History
of the Solar System 167

Meteorites—Extraterrestrial Visitors 170
Stones, Irons, and Stony-Irons 170

Origin and Differentiation of Early Earth 170
Perspective 7.1: The Tunguska Event and Other

Meteorite Impacts 172
Origin of the Earth-Moon System 175
The Planets 177

The Terrestrial Planets 177
The Jovian Planets 178

Summary 183

CHAPTER 8 __________________________________________________________________________

Precambrian History: The Archean Eon 188

1

1

Le
ti j

W
in

 2 Te
al

Prologue 189
Introduction 190
Hadean Crustal Evolution 190
Shields and Cratons 191
Archean Rocks 192

Greenstone Belts 192
Greenstone Belt Evolution 194

Development of Archean Cratons 195
Archean Plate Tectonics 196
The Atmosphere and Oceans 197
Archean Life 200

The Origin of Life 202
The Earliest Organisms 203

Perspective 8.1: Submarine Hydrothermal Vents and the Origin
of Life 204

Archean Mineral Deposits 206
Summary 207

xii CONTENTS



CHAPTER 9 ___________________________________________
Precambrian History: The Proterozoic Eon 212

id

—
sa

in
 1

h

rd
 1

E:
 .

"m
. v.

"e
 1

*
 
4
,

.

Prologue 213
Introduction 214
Proterozoic Crustal Evolution 215

Early Proterozoic Evolution of Laurentia 215
Middle Proterozoic Igneous Activity 216
Middle Proterozic Orogeny and Rifting 218

Proterozoic Supercontinents 219
Proterozoic Rocks 222

Greenstone Belts 222
Sandstone - Carbonate - Shale Assemblages 222
Glaciation and Glacial Deposits 222

Perspective 9.1: The Rocks of Waterton Lakes National Park, Canada,
and Glacier National Park, Montana 224

The Evolving Atmosphere 226
Banded Iron Formations 226
Red Beds 228

Proterozoic Life 229
A New Type of Cell Appears 230
Multicellular Organisms 230

Perspective 9.2: The Origin of Eukaryotic Cells 232
Proterozoic Mineral Deposits 237
Summary 238

Geology of the Early Paleozoic Era 244

X

so ■ 
Y.

2.
 v

x.
 0 

■

1

,-
ix

.3

Prologue 245
Introduction 246
Continental Architecture: Cratons and Mobile Belts 246
Paleozoic Paleogeography 247
Perspective 10.1: Paleogeographic Reconstructions and Maps 248

Early Paleozoic Global History 249
Early Paleozoic Evolution of North America 249
The Sauk Sequence 249

The Cambrian of the Grand Canyon Region: A Transgressive
Facies Model 251

Perspective 10.2: Pictured Rocks National Lakeshore 252
The Tippecanoe Sequence 252

Tippecanoe Reefs and Evaporites 252
The End of the Tippecanoe Sequence 259

The Appalachian Mobile Belt and the Taconic Orogeny 259
Early Paleozoic Mineral Resources 262
Summary 263

CONTENTS xiii



CHAPTER 11
Geology of the Late Paleozoic Era 270

h
e

Prologue 271
Introduction 272
Late Paleozoic Paleogeogrpahy 272

The Devonian Period 272
The Carboniferous Period 272
The Permian Period 273

Late Paleozoic History of North America 273
The Kaskaskia Sequence 273

Reef Development in Western Canada 276
Black Shales 276
The Late Kaskaskia — A Return to Extensive
Carbonate Deposition 276

The Absaroka Sequence 277
Cyclothems 278

Perspective 11.1: The Canning Basin, Australia — A Devonian Great
Barrier Reef 278
Cratonic Uplift — The Ancestral Rockies 280
The Late Absaroka — More Evaporite Deposits and Reefs 282

History of the Late Paleozoic Mobile Belts 283
Cordilleran Mobile Belt 284
Ouachita Mobile Belt 285
Appalachian Mobile Belt 286

Paleozoic Microplates and the Formation of Pangaea 288
Late Paleozoic Mineral Resources 288
Summary 291

CHAPTER 12
Life of the Paleozoic Era: Invertebrates 298

Prologue 299
Introduction 300
The Cambrian Explosions 300
The Emergence of a Shelly Fauna 301
Paleozoic Invertebrate Marine Life 302

The Present Marine Ecosystem 302
Cambrian Marine Community 304
The Burgess Shale Biota 305
Ordovician Marine Community 307
Silurian and Devonian Marine Communities 309

Perspective 12.1: Mass Extinctions and Their Possible Causes 310
Carboniferous and Permian Marine Communities 311
The Permian Marine Invertebrate Extinction Event 312

Summary 314

xiv CONTENTS



CHAPTER 13  
Life of the Paleozoic Era: Vertebrates and Plants 320

87
.

tvo

h
e

e
n
d
 -

ra
te

 -
Prologue 321
Introduction 322
Vertebrate Evolution 322
Fish 323
Amphibians—Vertebrates Invade the Land 327
Perspective 13.1: An Ordovician Invasion of Land 329
Evolution of the Reptiles—The Land Is Conquered 331
Plant Evolution 334

Silurian and Devonian Floras 335
Late Carboniferous and Permian Floras 338

Summary 339

CHAPTER 14  
Geology of the Mesozoic Era 346

vo
s

an
ui

d 
^

Prologue 347
Introduction 348
The Breakup of Pangaea 348

The Fragmenting of Pangaea 348
The Effects of the Breakup of Pangaea on Global Climates and
Ocean Circulation Patterns 349

The Mesozoic History of North America 349
Continental Interior 353
Eastern Coastal Region 354
Gulf Coastal Region 355
Western Region 356

Mesozoic Tectonics 356
Mesozoic Sedimentation 358

Perspective 14.1: Petrified Forest National Park 360
Perspective 14.2: Dinosaur National Monument 364
Microplate Tectonics and the Growth of Western

North America 366
Mesozoic Mineral Resources 367
Summary 369

CONTENTS xv



CHAPTER 15
Life of the Mesozoic Era 376

oil 
o

Prologue 377
Introduction 378
Marine Invertebrates 379
Fish and Amphibians 382
Primary Producers on Land—Plants 382
Reptiles 383

Archosaurs and the Origin of Dinosaurs 383
Dinosaurs 383

Perspective 15.1: How Large Was the Largest Dinosaur? 386
Perspective 15.2: What Did Dinosaurs Have on the Outside? 390

Flying Reptiles 392
Marine Reptiles 392
Crocodiles, Turtles, Lizards, and Snakes 393

Birds 394
From Reptile to Mammal 396

Cynodonts and the Origin of Mammals 396
Mesozoic Mammals 397
Mesozoic Climates and Paleogeography 399
Mass Extinctions — A Crisis in the History of Life 401
Summary 405

Cenozoic Geologic History: Tertiary Period 412

1
*

Prologue 413
Introduction 415
Cenozoic Plate Tectonics—An Overview 415
Cenozoic Orogenic Belts 417

The Alpine - Himilayan Orogenic Belt 417
The Circum - Pacific Orogenic Belt 419

Perspective 16.1: History of the Mediterranean 420
The North American Cordillera 421

The Laramide Orogeny 421
Cordilleran Volcanism 426
Basin and Range Province 428
Colorado Plateau 429
Pacific Coast 430

Perspective 16.2: Volcanoes of the Cascade Range 432
The Interior Lowlands 437
The Gulf Coastal Plain 440
Eastern North America 443

Cenozoic Evolution of the Appalachians 443
The Atlantic Continental Margin 443

Tertiary Mineral Resources 444
Summary 447

xvi CONTENTS



CHAPTER 17  
Cenozoic Geologic History: Quaternary Period 452

Prologue 453
Introduction 454

The Onset of the Ice Age 454
Pleistocene Paleogeography and Climate 454

Paleogeography 454
Climate 456

Pleistocene and Holocene Geologic History 457
Terrestrial Stratigraphy 458
Pleistocene Deep-Sea Stratigraphy 460

The Effects of Glaciation 462
Glacial Landforms 462

Perspective 17.1: The Geologie History of Cape Cod,
Massachusetts 464
Changes in Sea Level 466
Glaciers and Isostasy 466
Pluvial and Proglacial Lakes 467
History of the Great Lakes 469

Causes of Pleistocene Glaciation 469
Perspective 17.2: The Channeled Scablands of Eastern Washington —

A Catastrophic Pleistocene Flood 470
The Milankovitch Theory 472
Short-Term Climatic Events 473

Quaternary Mineral Resources 473
Summary 474

CHAPTER 18_________________________________________________________________________
Life of the Cenozoic Era 478

f :

Prologue 479
Introduction 482
Marine Invertebrates and Phytoplankton 482
Cenozoic Birds 483
Perspective 18.1: Florida's Fossil Mammals 484
The Age of Mammals Begins 485
Diversification of Placental Mammals 486

Insectivores, Rodents, Rabbits, and Bats 487
Primates 489
Carnivores 490
Hoofed Mammals 491
Giant Mammals — Elephants and Whales 496

Mammals of the Pleistocene Epoch 497
Perspective 18.2: The Giant Irish "Elk" and Other Horned or Antlered

Mammals 500
Pleistocene Extinctions 502
Cenozoic Vegetation and Climate 503
Intercontinental Migrations 504
Summary 506

CONTENTS xvii



CHAPTER 19 _______________________________________
Evolution of the Primates and Humans 510

Prologue 511
Introduction 512
Primates 512
Prosimians 513
Anthropoids 513
Hominids 516

Australopithecines 517
Perspective 19.1: Footprints at Laetoli 518

The Human Lineage 519
Neanderthals 520
Cro-Magnons 521

Summary 525

EPILOGUE 529
APPENDIX A
English - Metric Conversion Chart 531
APPENDIX B
Classification of Organisms 532
APPENDIX C
Earth Materials: Minerals and Rocks 536
GLOSSARY 547
ANSWERS TO MULTIPLE-CHOICE REVIEW QUESTIONS 557
CREDITS 559
INDEX 565

xviii CONTENTS


