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hen our first edition appeared in 1971,

there was a vacuum in historical geol-

ogy instruction. The long-standing ap-
proach was to present a very detailed, dry
descriptive relation of lists of formation names for
many areas, but with little or no unifying theme
and little emphasis upon interpretation and hy-
pothesis testing. That approach was aptly charac-
terized by our friend L. L. Sloss as “The Roll Call of
the Ages.” We selected, instead, an overall chem-
ical-physical as well as organic evolution of the
earth as a central theme, and it was fortunate that
the unifying plate tectonic theory appeared in time
to provide more coherence to physical history. We
also pioneered with the first use of color for figures
in a historical geology book. Looking back, we
take considerable satisfaction that our hoped-for
renaissance in the treatment of earth history has
been successful as evidenced both by the popu-
larity of Evolution of the Earth and by the obvious
influence of many of our innovations upon several
other fine books that have appeared subsequently.
The general response of our own and others’ stu-
dents has been most pleasing of all! Evolution of
the Earth has not escaped the notice of combatants
in the continuing controversy between evolu-
tionists and creationists, either. We receive both
praise and condemnation, for besides being criti-
cized for endorsing evolution, we also have been

PREFACE

Time present and time past

Are both perhaps present in time future,

And time future contained in time past.

T. S. ELIOT,
Four Quartets

scolded for being too soft-spoken on the issue. A
worse fate is to be ignored.

WHAT IS NEW?

Content

The fourth edition of Evolution of the Earth is orga-
nized in much the same way as the third edition,
but there are several innovations. The World Map
Supplement introduced in the third edition is pre-
sented in this edition together with reproductions
of several ancient-life reconstructions in full color.
Chapter 9, Early Life and Its Patterns, has been
modified in several ways. First, the discussion of
the origin of life has been moved to this chapter,
where it seems to fit more logically. Second, a
fuller discussion of different kinds of metabolisms
has been introduced. The treatment of Pre-
cambrian and Cambrian life are kept together in
Chapter 9 as before, but the discussion of Ordovi-
cian life and the establishment of modern eco-
systems has been moved to Chapter 12.

Pedagogy

The new edition features several changes intended
to make it easier for the reader to use the book

xiii



XIV  PREFACE

both as a reference and for reviewing purposes. All
chapter introductions have been rewritten to pro-
vide a clear and succinct “map’’ of the chapter.
These spell out in a straightforward way what will
be emphasized. Chapter summaries have also
been revised to provide a very clear listing of the
essential points of each chapter. Several humorous
anecdotal items and some supplemental details
have been set apart in Boxes so as not to interrupt
the flow of the main theme of a chapter. The
Glossary has been expanded to provide many new
entries. For quick reference, the endpapers provide
a new diagram summarizing the history of major
groups of animals and plants. They also retain the
detailed geologic time scale and the Phanerozoic
global sea-level curve.

Many other changes in the new edition are
less obvious, but are at least as important as those
mentioned above. These include updating of the
text in countless ways and the addition of many
new illustrations. We have expanded the treatment
of the history of life—both in text and illustrations.
Included are the latest concepts of evolution and
extinction, and forthright discussions of the crea-
tionism issue. Also significant are numerous revi-
sions of, or additions to, the treatments of global
tectonics, planetology, Precambrian history, pal-
eoclimate, and cratonic sequences and structures.

APPROACH

Our basic philosophy remains unchanged in this
new edition. As we stated in the Preface to all
previous editions of Evolution of the Earth, we are
committed to the proposition that introductions to
the sciences should be primarily conceptual rather
than informational. Our book reveals the logical
framework of geology, shows relations of the sci-
ence to the totality of human knowledge, and gives
some idea of what it is like to be a participant in
the discipline. Our experience indicates that stu-
dents are stimulated by constant exposure to scien-
tific controversies, occasional spicy personal
feuds, or an amusing faux pas. In this fourth edi-
tion, these are mostly presented in Boxes. The

student also needs to become a partner in the
endless process of hypothesis testing. In this book,
we have tried to use all of these approaches.

In keeping with our preference for a ““How do
we know?”’ rather than ““What do we know?"" ap-
proach, we stress what assumptions are made by
earth historians, what kinds of evidence (and tools
for gathering that evidence), and what processes of
reasoning and limitations of hypotheses are in-
volved in reconstructing and interpreting the past.
At the same time, we have again in this edition
tried to emphasize that which is more or less
unique about geology as an intellectual discipline.
Its historical nature sets geology apart from the
more familiar nonhistorical sciences; therefore, we
have deliberately tried to draw out and to illustrate
this uniqueness. As readers use the book, we hope
that they will keep in mind the following three
maxims, which seem to us to be of transcendent
importance for all educated people: (1) new con-
cepts of time, (2) the universality of irreversible
evolutionary changes, and (3) the importance
throughout time of ecological interactions—feed-
backs—between life and the physical world.

USING THE BOOK

Initial encounters with the sciences generally in-
volve major shifts of scales—both spatial and
temporal. We have had success by beginning with
discussions of familiar geologic processes that
have affected humans directly in historic times.
We then shift into truly geologic frames of refer-
ence. For the more science-oriented student, we
recommend also simple homework problems that
deal with geologic time and the rates of a wide
variety of geologic processes. Suggested examples
are contained in a supplementary Instructor’s
Manual.

Evolution of the Earth developed first in the
late 1960s from a second-semester course at the
University of Wisconsin, Madison, taken mostly by
first- and second-year college students represent-
ing a broad spectrum of science and nonscience
backgrounds. The modifications incorporated in



this new edition reflect our own experience to-
gether with the constructive criticisms of many
other teachers at a variety of different colleges
having widely differing requirements. We have
also adapted to changing times and rapid ad-
vances in the science. We believe that this new
edition of Evolution of the Earth lends itself to great
flexibility of usage. The book assumes only a prior
knowledge of general geology comparable to a
high-school earth science or first-semester college
physical geology course. We have retained the
classical foundations of earth and life history, but
certain material, especially of a chemical and
physical nature that seems necessary to us for an
adequate understanding of modern geology, may
prove difficult for some readers. We are confident
that the skillful teacher can help students through
such material by drawing out the essential high-
lights without intimidating them. The Glossary
should aid all readers, but especially those with
limited backgrounds.

Historical Approach

The historical elaboration of the development of
basic principles for interpreting earth and life his-
tory invoked in the early chapters is continued in
streamlined form in later ones. First, it provides a
kind of proxy for the reader’s actually recapitulat-
ing discoveries and interpretations accomplished
by past generations that make up the fabric of
geologic principles. Second, it helps to make clear
that the science is a human activity, and that the
quest for the understanding of nature is an on-
going, open-ended process in which readers them-
selves could participate if they should so choose.
Finally, the historical approach reveals the cultural
relationships of the science, which are unusually
rich in the case of geology. Historical geology
provides both a great opportunity and an obliga-
tion to present a broad integration of diverse mate-
rial and to clarify the relevance of science. The first
three chapters in which the historical approach is
most prominently incorporated can be read rather
quicky and understood by most students with a
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minimum of classroom elaboration if the instructor
so chooses; nonscience students especially like
this material.

Relationships to Physical Geology

Chapters 4 through 7 present some of the more
complex principles and concepts basic to inter-
preting earth and life history. These are very
important to the remainder of the book, and expe-
rience shows that they require classroom supple-
mentation. We realize that these chapters overlap
with books on physical geology, which are used as
texts for the first course in geology. Nonetheless,
because they provide the raison d’étre for the re-
mainder of the book, we feel that it is important to
have them here as essential introductions to earth
history. They also help to show the tie between
physical and historical geology.

Topical Approach to Chronology

After these background chapters, which them-
selves contain abundant earth history, we prefer to
bring up new important concepts (and to expand
upon some already-introduced ones) within the
context of the actual historical record as each be-
comes important to the discussion. This is our
rationale for taking up organic evolution after re-
viewing the record of Precambrian and early Pa-
leozoic life. In this way, evolution is discussed
after the need becomes apparent for a general
explanation of the actual fossil record. Similarly,
the principal discussion of mountain building is
reserved until the first major orogeny of the Paleo-
zoic is treated under Ordovician history; mountain
building is further elaborated several times later,
too. And reefs are not discussed in detail until the
middle Paleozoic, when large fossil reefs built by
animals first became widespread.

In developing new emphases in historical ge-
ology, we have minimized the encyclopedic “‘Roll
Call of the Ages”’ so prevalent in the past. Chapter
8 and 11 through 18 treat the historic record for
the earth with North American data integrated
more closely with that for other continents than in



XVl PREFACE

prior editions. But whether a given discussion con-
cerns North America or some other part of the
world, the purpose always is to illustrate how geol-
ogists unravel and interpret the historical record
more than to burden the reader with a formidable
mass of factual detail and terminology. Instead,
while a broad chronologic framework is provided
throughout, chief emphasis is placed upon inter-
pretation of physical and biological environments,
reconstruction of paleogeography, and evolution.
Our unifying theme throughout is that of overall
chemical evolution of the earth! Interaction or
feedback between the living and the nonliving are
emphasized, as are major stratigraphic and tec-
tonic patterns that recur in both time and space. In
this way, each of the North American chapters, as
noted above, tends to be topical as well as chrono-
logical, with only one or a few rather unique cir-
cumstances (such as evaporite deposition and
organic reefs in Chapter 13) developed fully in
each at the expense of more mundane, nonunique
stratigraphic detail. Factual detail that is presented
is for documentation only; students should not be
expected to memorize much of it but rather to
understand the principles and logic of the histor-
ical arguments for which the facts provide essen-
tial evidence.

The concluding chapter reminds the reader of
the three fundamental maxims that follow from a
study of earth history, which were stated above.
Brief illustrations of each are discussed, and then
the extrapolation of some implications of these
maxims into humanity’s future are developed
briefly in order to suggest some conclusions fol-
lowing from a study of earth history that have
relevance to all members of the human race.
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Polar Programs, and the Graduate School of the And | have written books on the soul,
University of Wisconsin, Madison, which allowed Proving absurd all written hitherto,

one or both of us to visit and to study several And putting us to ignorance again.

foreign areas, including Antarctica. Indirectly, (So said Robert Browning's

these opportunities have enhanced greatly the fi- skeptical philosopher Cleon.)

nal product. Finally, we extend special thanks to

Daniel Kaizer and Curt Berkowitz for their cheerful Robert H. Dott, Jr.
and professional editorial assistance with a diffi- Roger L. Batten

cult project.






10

1

Preface

TIME AND TERRESTRIAL CHANGE

FLOODS, FOSSILS, AND HERESIES: Is
There “No Vestige of a Beginning—
No Prospect of an End’’?

THE RELATIVE GEOLOGIC TIME SCALE
AND MODERN CONCEPTS OF
STRATIGRAPHY

THE NUMERICAL DATING OF THE EARTH

ORIGIN AND EARLY EVOLUTION OF THE
EARTH

MOUNTAIN BUILDING AND DRIFTING
CONTINENTS

THE DEEP-SEA FLOOR AND PLATE
TECTONICS

PRECAMBRIAN (PREPHANEROZOIC)
HISTORY: An Introduction to the Origin
of Continental Crust

EARLY LIFE AND ITS PATTERNS

ORGANIC EVOLUTION: A Storm of
Controversy and a Triumph of Human
Intellect

EARLIEST PALEOZOIC HISTORY: An
Introduction to Cratons and Epeiric Seas

xiii

19

245

269

CONTENTS
IN BRIEF

12

13

14

15
16

17

18

19

THE LATER ORDOVICIAN: Further Studies
of Plate Tectonics and the Paleogeography
of Orogenic Belts

THE MIDDLE PALEOZOIC: Times of Reefs,
Salt, and Forests

LATE PALEOZOIC HISTORY: A Tectonic
Climax and Retreat of the Sea

PANGEA: Its Makeup and Breakup

THE MESOZOIC ERA: Age of Reptiles and
Continental Breakup

CENOZOIC HISTORY: Threshold of the
Present

PLEISTOCENE GLACIATION AND THE
ADVENT OF MANKIND

THE BEST OF ALL POSSIBLE WORLDS?

APPENDIX | A Synoptic Classification of Plants

and Animals

APPENDIX Il English Equivalents of Metric

Measures

GLOSSARY
INDEX

305

339

385

431

461

A8
G1
I

sese



Preface

TIME AND TERRESTRIAL
CHANGE

CHAPTER 1

DRAMATIC GEOLOGIC EVENTS IN HUMAN
HISTORY
SUBTLE GEOLOGIC EVENTS IN HUMAN
HISTORY
Climate
Glaciers and Sea Level
Crustal Changes
Box 1.1: Human Beings as Geologic Agents
HOW FAST IS FAST? TIME AND RATES OF
GEOLOGIC PROCESSES
Geologic Time
CATASTROPHIC VERSUS UNIFORM VIEWS
OF CHANGE AND THE AGE OF THE EARTH
SUMMARY
READINGS

CHAPTER 2 FLOODS, FOSSILS, AND
HERESIES: Is There ““No
Vestige of a Beginning—
No Prospect of an End’"?

WHAT IS A FOSSIL?
Early Questions
Da Vinci’s Insight
Steno’s Principles

xiii

10

13
15
16

19

20

CONTENTS

Box 2.1: Robert Hooke and the Meaning
of Fossils
UTILITY OF FOSSILS
Fossils and Geologic Mapping
The Principle of Fossil Correlation and Index
Fossils
EXPLANATIONS OF CHANGE
AMONG FOSSILS
Catastrophism
Descent by Evolution
Box 2.2: Mark Twain Winks at Paleontology
THE FOSSIL RECORD
FIRST UNIFIED HYPOTHESES OF THE EARTH
The Cosmogonists
Buffon’s Break with Genesis
First True Geologic Chronology
NEPTUNISM
A. G. Werner
The Heated Basalt Controversy
PLUTONISM—THE BEGINNING OF MODERN
GEOLOGY
James Hutton
An Old Dynamic Earth
“Nothing in the Strict Sense Primitive”’
Basalt
Granite and Mineral Veins
Evidence of Upheaval of Mountains
CHARLES LYELL'S UNIFORMITY OF NATURE
Evolution—Lyell’s Ultimate Challenge
Equilibrium and Feedback
The Doctrine of Uniformity Today
Box 2.3: Uniformitarianism in the Public Eye

24
24

28

30
31
33

34

36

40

42



Vi CONTENTS

THE SCIENTIFIC METHODOLOGY OF
GEOLOGY
Historical Science
Geological Reasoning
SUMMARY
READINGS

CHAPTER 3 THE RELATIVE GEOLOGIC
TIME SCALE AND
MODERN CONCEPTS OF
STRATIGRAPHY

EARLY MAPPING AND CORRELATION OF
STRATA
THE MODERN RELATIVE TIME SCALE
Box 3.1: Nothing Quite Like A Good Fight . . .
Box 3.2: Corollaries to Superposition for
Determining Relative Age
ROCKS VERSUS TIME
THE FORMATION
LATERAL VARIATIONS
DEPOSITIONAL ENVIRONMENTS AND
SEDIMENTARY FACIES
Definition
Regional Analysis of Facies
Transgression and Regression By the Sea
Local versus Worldwide Transgression and
Regression
BIOSTRATIGRAPHIC CONCEPTS
UNCONFORMITIES
Some Refinements
Unconformity-bounded Sequences
ADDITIONAL RELATIVE TIME SCALES
A SENSE OF TIME AND RATES
SUMMARY
READINGS

CHAPTER 4 THE NUMERICAL DATING
OF THE EARTH

EARLY ATTEMPTS TO DATE THE EARTH
Box 4.1: Absolute Measures of Time
KELVIN’S DATING OF THE EARTH
RADIOACTIVITY

FIRST DATING OF MINERALS

THE CONCEPT OF DECAY

44

46

@1
w N

[~}

N

=]

(5% IR, BRS |
= =]

-~
o
-

66
67

Box 4.2: Mathematics of Radioactive Decay

MODERN ISOTOPIC DATING
The Decay Series Used
Daughter Lead Ratios
Carbon-14—A Special Case
Fission-Track Dating
Discordant Dates From Resetting
Accuracy of Isotopic Dates

THE ISOTOPIC TIME SCALE

MEMORABLE DATES

AN ASSESSMENT

SUMMARY

READINGS

CHAPTER 5 ORIGIN AND EARLY
EVOLUTION OF THE

EARTH

DISTRIBUTION OF THE ELEMENTS
PROBABLE ORIGIN OF THE EARTH
Hot Origins
A Cold Beginning
The Solar Nebula
Recent Modifications
PLANETOLOGY OF THE INNER SOLAR
SYSTEM
LEFTOVERS—ASTEROIDS, METEORITES AND
COMETS
NATURE OF THE EARTH’S INTERIOR
Early Speculations
Analogies from Meteorites
Seismological Evidence of Internal
Structure
Further Evidence from the Magnetic Field
CHEMICAL COMPOSITION OF THE DEEP
INTERIOR
Box 5.1: Major Minerals and Rocks of the
Earth’s Crust and Upper Mantle
THE DAWN OF EARTH HISTORY
Chemical And Thermal Evolution
Origin of the Crust
ORIGIN AND EVOLUTION OF THE
ATMOSPHERE AND SEA WATER
The Problem
Outgassing Hypothesis
Photochemical Dissociation Hypothesis
Oxygen from Photosynthesis
Origin of Sea Water

83
84

89
91
93
93
94

97

98
99

104

105
106

109

110
111



OCEAN-ATMOSPHERE REGULATORY
SYSTEMS
The Global Chemostat
The Global Thermostat and Climate
Box 5.2: Behind the Greenhouse Effect
Climatic Zonation
Geologic Indicators of Climate
SUMMARY
READINGS

CHAPTER 6 MOUNTAIN BUILDING
AND DRIFTING
CONTINENTS

STRUCTURE OF THE CRUST

What Are Continents?

Why Do Continents Persist?

The Mechanism of Isostasy

Present Structural Features
OROGENIC BELTS AND MOUNTAIN

BUILDING
The Geosynclinal Concept—
Made in America

Vertical versus Horizontal Tectonics

A Shriveling Earth and Crustal Shortening

Continental Drift as a Cause of Mountain

Building
Thermal Convection—Panacea for
Mountain Building and Drift?

Drift in Eclipse
PALEOMAGNETISM—DRIFT’'S RENAISSANCE
OTHER HYPOTHESES

A Shrinking Earth Revived

An Expanding Earth
SUMMARY
READINGS

CHAPTER 7 THE DEEP-SEA FLOOR
AND PLATE TECTONICS

GENERAL NATURE OF THE SEA FLOOR
Rates of Continental Erosion and Oceanic
Sedimentation
Ocean Ridges
SEA-FLOOR SPREADING—A
BREAKTHROUGH

117

120

124
125

129

131

135

144
147

149
150

153

155

158

CONTENTS

Rifts And Hot Mantle Plumes
Age Distribution of Oceanic Islands and
Seamounts
Coral Atolls and Flat-topped Seamounts
Major Oceanic Escarpments And Transform
Faults
CONFIRMATION OF SEA-FLOOR
SPREADING
Sea-Floor Magnetic Anomalies
Magnetic-Polarity-Reversal Time Scale
Spreading History
PLATE TECTONICS
What Drives Them?
Convergent Margins
PLATE COLLISIONS
GLUING TOGETHER BROKEN OLD PLATES
SUBSIDENCE OF PLATES AND THE
ACCUMULATION OF SEDIMENTS
Causes of Subsidence
Box 7.1: Sediment Loading as a Cause of
Subsidence
Plate Tectonics and Sedimentary Basins
SUMMARY
READINGS

CHAPTER 8 PRECAMBRIAN
(PREPHANEROZOIC)
HISTORY: An Introduction
to the Origin of Continental
Crust

DEVELOPMENT OF A PREPHANEROZOIC
CHRONOLOGY
Sedgwick In Wales
Box 8.1: How to Define the Base of the
Phanerozoic?
The Canadian Shield
The Great Lakes Region
Great Lakes Correlations
Correlation beyond the Great Lakes
EVIDENCE OF CRUSTAL DEVELOPMENT
FROM IGNEOUS AND METAMORPHIC
ROCKS
The Importance of Granite
Significance of Isotopic Date Patterns
INTERPRETATION OF CRUSTAL
DEVELOPMENT FROM SEDIMENTS
Bias of the Record

vii

163

167
172
173
174
176

180
181

185

188

189

196

199



CONTENTS

Terrigenous versus Nonterrigenous
Sediments
Textural Maturity
Compositional Maturity
Box 8.2: Geology’s First Important Instrument
STRATIFICATION
THE PREPHANEROZOIC SEDIMENTARY AND
VOLCANIC RECORD
Ancient Archean Rocks
Early Proterozoic Sediments
Late Proterozoic Rocks
THE PREPHANEROZOIC OCEAN AND
ATMOSPHERE
The Orthodox View
Box 8.3: Possible Highlights in the Chemical
Evolution of the Precambrian Atmosphere-
Ocean System
An Alternate View
PREPHANEROZOIC CLIMATE
Meager Evidence
Early Proterozoic Glaciation
Late Proterozoic Glaciation
LIFE RECORD BEFORE PHANEROZIC TIME
SUMMARY
READINGS

CHAPTER 9 EARLY LIFE AND ITS
PATTERNS

THE ORIGIN OF LIFE
Early Concerns
Conditions for Life
The Production of Amino Acids
Synthesis of Larger Molecules and Cells
ENERCGY SOURCES AND PHOTOSYNTHESIS
Box 9.1: Communities Without Sunlight:
Deep-Sea Hydrothermal Vent Faunas
THE LIFE RECORD BEFORE THE PALEOZOIC
The Early Precambrian Record
The Middle Precambrian
The Late Precambrian Record
Trace Fossils
The Ediacarian Record
CAMBRIAN LIFE
The Acquisition of Skeletons
The Trilobites
Other Organisms of the Cambrian

202
203

205

212

213

215

218
218
219

223

224

227

228
229

235

Box 9.2: Find of the Century: Middle Cambrian
Burgess Shale

RELATIONS OF FOSSILS TO EARLY
PALEOZOIC FACIES

SUMMARY

READINGS

CHAPTER 10 ORGANIC EVOLUTION:
A Storm of Controversy
and a Triumph of Human
Intellect

SOME BACKGROUND AND A LOOK AT THE
FUNDAMENTALS
Buffon’s Evolution
Erasmus Darwin: Did He Begin It All?
THE LAMARCKIAN THEORY OF EVOLUTION
Inheritance of Acquired Characteristics
CHARLES DARWIN AND NATURAL
SELECTION
Darwinism Tackles the Giraffe
How Good Is Darwin’s Theory?
A Test of Natural Selection
A STRIKING DISCOVERY
THE RELATIONSHIP OF PHYLOGENY TO
ONTOGENY
How Natural Selection Works
THE FOSSIL RECORD AND EVOLUTION
Phyletic Gradualism
Punctuated Equilibrium
Missing Links and Gradualism
PHYLOGENY and CLASSIFICATION
Homology, Analogy, Convergence
Cladistics
Adaptive Radiation
A Biogeographic Debate
EVOLUTION VERSUS CREATIONISM
SUMMARY
READINGS

EARLIEST PALEOZOIC
HISTORY: The Sauk
Sequence—An Introduction
to Cratons and Epeiric Seas

CHAPTER 11

EDIACARIAN HISTORY
Tectonic Framework

240

240
242
243

245

246

248

250

254

255

256

259

265
266
267

269

271



Box 11.1: A Primer on Geologic Maps and
Diagrams
THE CAMBRIAN CRATON
Structural Modifications of Cratons
Development of Arches and Basins
THE SAUK TRANSGRESSION
General Setting
Mature Quartz Sandstones
Change To Carbonate Deposition
Importance Of Oolite
Depth of the Sauk Sea
Modern Analogues for the Sauk Epeiric
Sea
Importance of Episodic Events
EARLY PALEOZOIC PALEOCLIMATE
SUMMARY
READINGS

CHAPTER 12 THE LATER ORDOVICIAN:

Further Studies of Plate
Tectonics and the
Paleogeography of
Orogenic Belts

ORDOVICIAN LIFE
Contrasts with the Cambrian Fauna
Debuts
Modern Marine Ecosystems Established
ORDOVICIAN OF THE CRATON
Mid-Ordovician Regression and the
St. Peter Sandstone
Box 12.1: Unconformity-Bounded Sequences
Revisited
Later Ordovician (Tippecanoe) Epeiric Sea
Shaly Deposits of Later Ordovician Time
Box 12.2: Dividends from Volcanic Ash
Cratonic Basins and Arches
ORDOVICIAN MOUNTAIN BUILDING
IN THE APPALACHIAN OROGENIC BELT
Evidences of Increasing Structural Mobility
Evidence for Dating the Mountain Building
PALEOGEOGRAPHY AND SEDIMENTATION
WITHIN OROGENIC BELTS
Background
Early Ideas Of Borderlands
Modern Concepts of Borderlands
Sources of Sediments within Orogenic
Belts

274
274

282

295
296
297

305

306

312

314

319

321

322

CONTENTS

A Modern Analogue
Sea Level, Sedimentation, And Subsidence
PLATE-TECTONIC INTERPRETATION OF
TACONIAN MOUNTAIN BUILDING
Early Paleozoic Passive-Margin Shelf
Thrust-Loading of the Continental Margin
by Collision
RELATIONS ACROSS THE NORTH ATLANTIC
SUMMARY
READINGS

CHAPTER 13 THE MIDDLE PALEOZOIC:
Time of Reefs, Salt, and
Forests

MIDDLE PALEOZOIC LIFE
Invertebrate Animals
Devonian Faunal Provinces
The Fishes
Invasion of the Land
Box 13.1: Fossils as Calendars
THE SILURIAN AND EARLY DEVONIAN
CONTINENT
Aftermath of the Taconian Orogeny
A Carbonate-rich Craton
ORGANIC REEFS
General Characteristics
Silurian and Devonian Reefs
MODERN VERSUS ANCIENT CARBONATE
SEDIMENTATION
MARINE EVAPORITE DEPOSITS
The Michigan Basin
Restricted-Basin Evaporites
Supratidal Sabhka Evaporites
Postdepositional Changes
Box 13.2: Origin of Dolomite Rocks
PALEOCLIMATE AND PALEOGEOGRAPHY
DEVONIAN STRATA OF THE CRATON
Regression and Transgression Again
Cratonic Basin Deposition
Cratonic Arches
THE ACADIAN OROGENY IN THE
APPALACHIAN BELT
Evidence of Devonian Orogeny
Dating the Orogeny
The Catskill Clastic Wedge
THE CHATTANOOGA BLACK SHALE
ENIGMA

1X

331

335
335
336

339

340

348

349

352

355
357

360
361
363

369

371



X CONTENTS

Box 13.3: Origin of Petroleum
COLLISION OF EUROPE AND AFRICA
WITH NORTH AMERICA
The Caledonian Orogenic Belt
Structural Symmetry
Catskill-Old Red Sandstone Facies
Intercratonic Orogenic Belts
MOUNTAIN BUILDING IN THE ARCTIC AND
WESTERN CORDILLERA
PHYSICAL AND ORGANIC EVOLUTION
SUMMARY
READINGS

CHAPTER 14 LATE PALEOZOIC
HISTORY: A Tectonic
Climax and Retreat of the
Sea

MISSISSIPPIAN ROCKS
Last Widespread Carbonates
Sedimentary and Tectonic Changes
LATE PALEOZOIC REPETITIVE
SEDIMENTATION
Sedimentary Cycles
Coal Swamps
Paleogeographic Reconstruction
TERMINAL PALEOZOIC EMERGENCE OF
THE CONTINENT
Permo-Triassic Geography
Box 14.1: The Red Color Problem
PERMO-TRIASSIC PALEOCLIMATE
TECTONICS
Cratonic Disturbances
Appalachian Orogeny
Significance of Thrust Faulting
Late Paleozoic Mountain Building
in Eurasia
LATE PALEOZOIC ANIMAL LIFE
General Patterns
Invertebrate Animals
EVOLUTION OF EARLY LAND LIFE
Invasion of the New Habitat
Box 14.1: The Advantages of Seeds
Paleozoic Land Plants
Northern versus Southern Floras
Vertebrate Animals
THE TERMINAL PALEOZOIC CRISIS

372

373

377
379
380
381

385

388

393

398

400
402
404

412

418

419

427

SUMMARY
READINGS

CHAPTER 15 PANGEA: Its Makeup and
Breakup

EVIDENCE FOR PANGEA
GONDWANA HISTORY
Precambrian
Early Paleozoic Assembly of
Gondwanaland
Late Paleozoic Highlights
Box 15.1: Paleomagnetic Reconstructions
for Drifting Continents
The Gondwana Rocks
The Glossopteris Flora
Animal Fossils
ANTARCTICA—A TRIUMPH OF PREDICTION
PALEOGEOGRAPHY AND PALEOCLIMATE
OF PANGEA
SOME ASPECTS OF PANGEAN
BIOGEOGRAPHY
THE GREAT PANGEA BREAKUP
Laurasia
Tethys Sea
Gondwanaland
SUMMARY
READINGS

CHAPTER 16 THE MESOZOIC ERA: Age
of Reptiles and Continental
Breakup

EXTENSIONAL TECTONICS—OPENING OF
THE NORTH ATLANTIC
The Newark Rifts
Ocean Basins and Aulacogens
COLLAGE TECTONICS—THE CORDILLERAN
OROGENIC BELT
Suspect Terranes
Sonoman Orogeny
Late Triassic and Early Jurassic Volcanic
Arc
TRIASSIC OF THE CRATON
JURASSIC OF THE CRATON
The Ancient Navajo Desert

427
429

431

432
433

437

445

446

449
451

457
459

461

463

466

470
474



Return of the Epeiric Sea
A Clastic Wedge and Dinosaur Graveyard
THE CORDILLERAN OROGENY (LATE
MESOZOIC—EARLY CENOZOIC)
Cause of Orogeny on Andean-Type Plate
Margins
Granites Revisited
CRETACEOUS TRANSGRESSION AND
SEDIMENTATION
Effects worldwide
Effects in the Pacific Coast Region
Effects on the Craton
Effects in Gulf and Atlantic Coastal Plains
LATE MESOZOIC PALEOCLIMATOLOGY
Paleontologic and Sedimentary Evidence
Oxygen-lsotope Paleothermometers
Cretaceous Climate
THE BLACK SHALE PROBLEM
LIFE IN THE MESOZOIC
The Plants
The Invertebrates
The Vertebrates
Box 16.1: A Tooth, a Rib, and Some Footprints
THE LATE CRETACEOUS EXTINCTIONS
The Regression Model
The Alvarez Asteroid-Impact Hypothesis
The Alternatives
SUMMARY
READINGS

CHAPTER 17 CENOZOIC HISTORY:
Threshold of the Present

CENOZOIC CORDILLERAN HISTORY
The Eastern Cordillera (U.S. Rocky
Mountains)
The Central Cordillera
Box 17.1: Geologic Pioneers of the Heroic
West
Pacific Coastal Ranges
CAUSE OF THE LATE CENOZOIC TECTONIC
REVOLUTION
Western North America and the Pacific
Basin
Northeast Pacific Basin Tectonics
The Hawaiian Mantle Plume
Western and Southern Pacific Tectonics

482

491

494

497
498

508
512

530

%7
W
~

CONTENTS

CENOZOIC TECTONICS OF EURASIA
Early Cenozoic Events
The Alpine-Himalayan Belt of Eurasia
Effects of India’s Collision upon
Southeastern Asia
When the Tethys Dried Up
Cratonic Rifting and Mantle Plumes
COASTAL PLAINS AND CONTINENTAL
SHELVES
Passive Successors of and Predecessors
to Orogenic Belts
The Atlantic Coastal Province and
Appalachian Rejuvenation
Gulf of Mexico Coastal Province
Arctic Coastal Plain
LIFE OF THE CENOZOIC
Invertebrates
Flowering Plants

Box 17.2: The Advantage of Flowers
SOME ASPECTS OF CENOZOIC
BIOGEOGRAPHY

Problems of Dispersal

Southern Temperate Forest

Some Cenozoic Animal Distributions
SUMMARY
READINGS

CHAPTER 18 PLEISTOCENE
GLACIATION AND THE
ADVENT OF MANKIND

WHAT IS THE PLEISTOCENE?
RECOGNITION OF CONTINENTAL-SCALE
GLACIATION—A TRIUMPH OF REASONING
DIVERSE EFFECTS OF GLACIATION
General
Isostasy
Lakes
Wind Effects
Worldwide Changes of Sea Level
PLEISTOCENE CHRONOLOGY
WHAT HAS CAUSED GLACIATIONS?
Climatologic Background
Late Cenozoic Climatic Deterioration
Types of Glacial Hypotheses
Astronomical or Orbital Hypotheses

Xi

i
Wi
-~

NN

1 o
N -

587

592



