b s B,

. Joseph A.

1



Contents

Preface

. Introduction to Landscape Evolution

How Slow is Slow?
Elevation and Relief
Maps, Cross-sections, and Scale
Geology, Landscape, and Tectonics
Components, Forcing Agents, and Mechanisms
Introduction
Tekton, The Carpenter, The Builder
Climate, The Sculptor
Isostasy, The Equalizer
Sea Level, The Baseline
The Opposing Forcing Agents
Recognizing Landscape Change
Questions

Part |
Components, Forcing Agents, and
Mechanisms

2. Component: Rock/Sediment Type

Weathering and Erosion
The Four Rock/Sediment Types
Introduction
Sedimentary Rock
Crystalline Rock
Volcanic Rock
Unconsolidated Sediment
Total Silica Content of Igneous Rocks
The Rock Cycle
Rock Hardness and Differential Erosion
Landscape in Sedimentary Rocks
Introduction
Karst Landscape in Limestone
Landscape in Crystalline Rocks

xiii

NG R W W RN = =

11
11

A1

12
13
15
15
16
16

-
7

18
18
18
21

Landscape in Volcanic Rocks
Landscape in Unconsolidated Sediment
Questions

. Component: Structural Form

Stress and Deformation

Strike and Dip

The Eight Landscape-forming Structural
Forms
introduction
Folds
Fractures

Topographic Form in Relation to Structural
Form

Influence of Dip on Landscape

Timing of Faulting

Fault Reactivation

Questions

. Forcing Agent: The Tectonic System

The Tectonic Plate
Plate Boundaries
Movement of Tectonic Plates
Continental Margins
Introduction
Rifting and Passive Continental Margins
Active Continental Margins
Tectonic Accretion and Suture Zones
Thermal Plumes and Hot Spots
Questions

. Forcing Agent: The Climate System

Present-day Climate Zones
Proximity to Large Water Bodies
Global Wind Patterns

The Tilt of the Earth’s Axis
Mountains

Questions

P NN
(9]

U W

28
28
28
30

34
34
34
36
37

39
39
40
42
42
42
43
44
45
46

49
50
Bl
51
53
54



vi

6.

Contents

Forcing Agent: Isostasy

Tectonic Verses lIsostatic Uplift ’

Adding and Removing Weight from the Earth’s
Surface

Thermal Changes in the Lithosphere

Crustal Thickening .

Elevation of Continents and Ocean Basins

Questions

. Forcing Agent: Sea Level Change

Cause of Eustatic Sea Level Change

Measuring Present-Day Sea Level Change

Measuring Ancient Sea Level Change

Measuring Ancient Ocean and Air
Temperature

Paleoclimate, Glaciation, and Sea Level
Changes

Influence of Earth’s Orbital Parameters on
Glaciation .

Variation in Northern Hemisphere Climate

Recent History of Co; in the Atmosphere

Questions

8. Mechanisms That Impart Change to
Landscape
Uplift
Introduction B
Measuring Present-Day Uplift Rates ‘
Measuring Ancient Uplift Rates and Elevation
Subsidence
Erosion
Introduction .
Mountain Elevation and Erosion
Measuring Present-Day Erosion Rates
Deposition
Significance of Exhumation
Questions  «
Part 1l

Regional Landscape, Geology, and

Tectonics

9. Physiographic Regions and Provinces

Coastal Plain

Appalachian Mountain System
Interior Plains and Plateaus
Cordilleran Mountain System
Questions

57

57
59
60
61
62

65
65
66

67

68

71
72
72
73

75
79
76
76
78
78
78
78
79
81
81
82

85
86
88
90
92

10.

1.

12;

River Systems

River Erosion and Deposition

Base Level and Graded Rivers

Changes in Discharge and Sediment Supply

Base Level Changes

Knickpoint Migration

River Systems

Primary Drainage Divides

Mississippi River System .

Atlantic Seaboard and Gulf Coast River
Systems

St. Lawrence River System

Rio Grande and Texas River System

Colorado River System

Columbia River System

California River System

Great Basin River System

Hudson Bay River System

Questions

Glaciated Landscape

Landscape Development in Areas of
Continental Glaciation

Landscape Development in Areas of Alpine
Glaciation

A Daughter of The Snows: The Glacial
Provinces Map

The Glacial Erosion Boundary Across North
America

Glacial Erosion in the United States

Moraines

Proglacial Lakes

Lake Agassiz

Marine Incursions

Drumlin Fields

Kame-Kettle Fields

Eskers

Sand Dune Fields

Loess Deposition

Area South of the Glacial Limit

The Teays River

The Missouri River

Pluvial Lakes of The Cordillera

Questions

Tectonic Setting and Distribution
of Rock

Geologic Time Scale
Geologic Contacts
Pre-, Syn-, Post-, and Intra-

93
97
97
97
98
98
101
102

102
104
104
104
105
105
105
106
106

107

109

114
115
116
124
124
125
126
126
127
128
128
129
130
131
132
134

135
135
136

13.

14.

15

Tectonic Style
Introduction
Orogenic
Epeirogenic
Post-Orogenic
Map of Tectonic Plates
Map of Landscape-Forming Rock Types
Summary of the Appalachian Convergent
Orogen
Summary of the Cordilleran Convergent
Orogen
Questions

Rock Successions and Tectonic
Provinces

Rock Successions
Introduction
The North American Crystalline Shield
Precambrian Sedimentary/Volcanic Rocks
Interior Platform
Miogeocline
Accreted Terranes
Atlantic Miogeocline
The Great Unconformity
Tectonic Provinces
Introduction
The Tectonic Wedge
Accreted Hinterland Belt
Native Hinterland Belt
Foreland Fold and Thrust Belt
Craton
Reactivated Western Craton
Atlantic Passive Margin
Rock Successions/Tectonic Provinces Map
Questions

Active Geology

Active Faults in the Cordillera
Active Faults East of the Cordillera
Active Volcanism in the Cordillera
Present-Day Vertical Land Motion
Recognition of Active Faults

Introduction

Example of Active Faulting in Death Valley
Questions

Structural Provinces

Structural Provinces Map
Introduction
Nearly Flat-lying Sedimentary Layers and
Crystalline-Cored, Mid-Continent

137
137
137
137
138
138
139

141

142
143

145
145
146
147
147
147
147
148
149
157
151
153
153
154
154
155
157
158
158
163

165
168
168
171
172
172
173
175

177
177,

Anticlines and Domes Structural Provinces 177

Contents vii

Foreland Deformation Belt and Hinterland
Deformation Belt Structural Provinces

178

Young Volcanic Rocks of the Cordillera and

Normal Fault Systems
Cascade Volcanic Arc System and the
California Strike-Slip System Structural
Provinces
Questions

Part 111

Landscape and Geology of
Structural Provinces

16. Paths to Landscape Evolution

Z.

Erosional Lowering
Landscape at Topographic Steady-State
Introduction
Steady-State as an End-Product of Erosional
Lowering
Rejuvenation
Reincarnation
Introduction
Reincarnation due to Erosional Uncovering
of a Different Rock Type or Structural
Form
Reincarnation Due to Volcanism
Tectonic Reincarnation
Reincarnation due to Glaciation or Burial

Beneath Unconsolidated Sediment
Summary

Questions

Nearly Flat-Lying Sedimentary
Layers

Landscape Types
The Coastal Plain
Introduction
Barrier Beaches and Barrier Islands
New England to North Carolina
South Carolina to Florida
The Mississippi Embayment
Texas
Ancient Shorelines of the Coastal Plain
The Western Margin of Nearly Flat-Lying
Sedimentary Layers
The Great Plains
Introduction
The Missouri Plateau
The High Plains
The Colorado Piedmont, Pecos Valley,
Plains Border, and Edwards Plateau

181

181
181

185
185
185

186
186
186
186

188
188
188

189
189
190

91
192
192
194
196
203
206
210
210

211
212
212
214
214

220



viii

18.

Contents

The Wyoming Basin
Introduction
Uplift of the Wyoming Basin and Adjacent
Great Plains
The Colorado Plateau
Introduction
Rivers
Physiographic Areas and Boundaries
Broad Folds and Maonoclines
Fractures and Impact Features
The Grand Canyon
Introduction
Major Physiographic Features
Rocks
Geological Structures
Active Faults
Significance of Paleocanyons on the
Hualapai Plateau
East- and Northeast-Flowing Paleorivers
The Modern Colorado River
Argument for a 6 Million-Year-Old Canyon

Argument for a 70 Million-Year-Old Canyon

Geologic History
Interpretations
Summary
Central Lowlands
Introduction
Niagara Escarpment
Osage Plains
Ozark Plateau
Introduction
Salem and Springfield Plateaus
Boston Mountains
Uplift History
The Interior Low Plateaus
Introduction
Bench and Slope Landscape
Deformed Rocks of the Shawnee Hills
Mammoth Cave
Appalachian Plateau
Introduction
Allegheny Plateau
Cumberland Plateau
Comparison of the Pottsville and
Cumberland Escarpments
Questions

Crystalline-Cored Mid-Continent
Anticlines and Domes

Adirondack Mountains
St. Francois Mountains

221
221

229
223
223
223
223
226
232
237
237
237
239
241
241

242
243
243
244
244
245
246
248
248
248
248
249
250
250
253
254
254
255
255
256
258
260
261
261
264
265

268
268

271
273

19.

Wichita, Arbuckle, and Llano Structural
Domes
Middle-Southern Rocky Mountains and
Vicinity
Introduction
Rocks
Distribution of Anticlinal Mountains Cored
with Precambrian Crystalline Shield
Distribution of Intrusive Domal Mountains
The Colorado Mineral Belt
The Front Range
Sawatch Mountains
Origin of the Arkansas River Valley and
Mosquito Range
The Mosquito-Ten Mile-Gore-Park-Sierra
Madre Ranges
Sangre de Cristo Mountains
Needle Mountains
Elk and West Elk Mountains
Wind River Range
Beartooth Mountains
Bighorn Mountains
The Black Hills
Uinta Mountains
Summary of Landscape History
Evidence for Landscape Evolution in the
Middle-Southern Rockies
Evidence for Broad Uplift in the Past
10 Million Years
First There Is a Mountain: The Southern
Rockies
Water Gaps
Cause of the Laramide Orogeny
Superior Upland
Introduction
Geologic Overview
Superior Province
Penokean Province
Iron Formations
Sudbury Meteorite Impact Event
Barron and Baraboo Quartzite
Midcontinent Rift System
Questions

Foreland Deformation Belts

Structural Form of Foreland Thrust Faults

Comparison with the Crystalline-Cored
Anticlinal Structure

Cordilleran Foreland Deformation Belt
Introduction
Northern Rocky Mountains

275

281

283
285
286
290

291

292
293
293
293
294
298
299
301
303
304

305

308

308
310
311
314
311
313
313
314
315
315
316
316
318

321

322
322
322
324

20.

The Rocky Mountain Trench
The Idaho-Wyoming Fold and Thrust Belt
Overview: Appalachian-Ouachita Foreland
Deformation Belt
The Ridge and Valley
Introduction
The Great Valley
Northern Appalachian Ridge and Valley
Central Appalachian Ridge and Valley
Southern Appalachian Ridge and Valley
Fault Zones on the Cumberland Plateau
Distribution of Appalachian Foreland
Deformation
Ouachita Mountains
Introduction

Arkansas River Valley—Northern Mountains

The Fourche Mountains
The Central Mountains
Athens Plateau
The Marathon Basin
Water Gaps in the Ridge and Valley and
Ouachita Mountains
Questions

Hinterland Deformation Belts

Overview: Appalachian Hinterland
Deformation Belt
Blue Ridge Mountains
Introduction
Rocks
The Blue Ridge at Roanoke
The Blue Ridge North of Roanoke
The Blue Ridge South of Roanoke
Level of Exhumation Across the Great
Smoky Mountains
The Great Smoky Mountains
The Balsam Mountains
Asheville Basin
Grandfather Mountain
Piedmont Plateau
The Blue Ridge Escarpment
The Fall Line
New England Highlands
Introduction
Rocks in the New England Highlands
The Green Mountain Highland Trend
The Boundary Ranges Highland Trend
The White Mountain Highland Trend
Isolated Mountain Peaks in New England
Acadia National Park

330
330

331
332
332
333
334
338
338
346

346
346
346
348
348
348
349
349

350
352

355
356
356
356
358
358
360

362
363
366
367
368
371
371
373
373
373
375
375
377
378
380
380

21

Contents ix

Erosional History of the Appalachian
Mountains

Relict Erosion Surfaces in the Southern Blue

Ridge
Overview: Cordilleran Hinterland
Deformation Belt
Southern Idaho
Central Idaho, Montana, and Oregon
Northern Washington
Introduction
North Cascade Mountains and Okanogan
Range
Okanogan Highlands, Kettle River Range,
and Selkirk Range
San Juan Islands
The Grenville Front
Introduction
Grenville Front at Van Horn, Texas
Questions

Young Volcanic Rocks of the
Cordillera

Magma Types and Common Volcanic
Landforms
Columbia Plateau
Introduction
Columbia River Flood Basalt
Columbia Basin
Blue Mountains
Olympic-Wallowa Lineament
High Lava Plains
Snake River Plain
Introduction
Owyhee Upland
Yellowstone Plateau
Origin of Volcanism on the Columbia
Plateau and High Lava Plains
Mid-Tertiary Ignimbrite Flare-Up
Introduction
Sanpoil and Challis Volcanic Fields
Absaroka Volcanic Field
Mogollon-Datil Volcanic Field
Sierra Blanca
Trans-Pecos Volcanic Field
San Juan Mountains and Surrounding Areas
Central Nevada-Utah Volcanic Fields
Additional Volcanic Fields in the Cordillera
Introduction
Northern Great Plains
North and South Table Mountain

383
385

386
386
389
390
390

390

394
395
396
396
397
399

401
404
404
404
406
409
412
412
414
414
416
417

417
418
418
419
420
422
422
422

426
429

429

429
429
429



Contents

Navajo Volcanic Field and Shiprock

Pinnacles, Neenach, and Nine Sisters

Uinkaret and Markagunt Volcanic Fields

San Francisco Volcanic Field

Hopi Buttes Volcanic Field

Grand Mesa

Jemez Lineament

Carrizozo Lava Flow

Northern Nevada Rift Zone

The Northwest Basin and Range and
Northern Sierra Nevada

Long Valley Caldera and the Inyo-Mono
Craters

Sutter Buttes

Questions

22. Normal Fault Systems

Structural Character of Normal Faults
Introduction
Horst and Graben, and Half-Graben
Structure
Detachments
Fault-Block Mountains
Isostatic Response to Normal Faulting
Rollover Anticlines and Depressions
The Basin and Range
Introduction
Physiographic Character
Structural Provinces
Vertical Displacement and Horizontal Land
Extension
Crustal Thinning and Volcanism
Landscape Evolution of a Fault-Block
Mountain
Metamorphic Core Complexes
The Nevadaplano
Geology,
The Sr; = 0.706 Line
Cause of Basin and Range Extension
Rocky Mountain Basin and Range
The Teton Mountains
Wasatch Mountains
Rio Grande Rift System
Introduction
Monoclines and Normal Faults in the
Big Bend Area, Texas
Rio Grande Bolson Deposits
White Sands National Park
Great Sand Dunes National Park
Triassic Lowlands of the Appalachian
Mountains
Introduction

430
430
431

432
432
433
433
436
436

437

437
439
439

441
441

441
442
443
443
444
444
444
446
446

448
448

449
451
453
458
460
461
461
462
464
466
466

467
470
472
473

475
475

23.

24,

Hartford Basin
Newark Basin
Triassic Lowland Valleys South of the
Newark Basin
Questions

Cascade Volcanic Arc System

The Juan De Fuca Plate
The Pacific Coastline
The Oregon Coast Range
Introduction
Cause of Uplift Along the Oregon Coast
Geology of the Oregon Coast Range
Inland Valleys and the Forearc Basin
The Central-Southern Cascade Mountains
Introduction
Geology of the Central-Southern Cascade
Mountains
Clockwise Block Rotation
Normal Faults Along the Crest of the High
Cascades
The Olympic Mountains
Introduction
Geology of the Olympic Mountains
A Case for Topographic Steady-State
The Klamath Mountains
Introduction
Landscape History of the Klamath
Mountains
Geology of the Klamath Mountains
Questions

California Strike-Slip System

Landscape Associated with Strike-Slip Faults

Introduction
Jogs and Steps
The San Andreas Fault System
Introduction
Earthquakes and Creep Along the San
Andreas Fault
History of the San Andreas Fault
A Relict Subduction Zone Landscape
Introduction
The Ancient Accretionary Prism
The Ancient Forearc Basin
The Ancient Volcanic Arc
The California Coast Ranges
Introduction
Age of Landscape
Mountain Alignment Relative to the San
Andreas Fault

475
476

478
478

481

484
486
486
488
490
490
492
492

495
496

497
499
499
500
500
503
503

503
505
506

Si1
511
511
513
513

514
516
517
517
518
519
519
519
519
520

521

Deformation History Prior to Surface Uplift

Mechanism and Cause of Surface Uplift
The Transverse Ranges

Introduction

Rotation of the Transverse Block
Peninsular Ranges
Salton Sea
Sierra Nevada

Introduction

The Sierra Nevada Frontal Fault System

Sierra Nevada Uplift History
The Walker Lane Belt

Introduction

A Tale of Three Landscapes

The Inyo-Mono Section

White Mountains

Inyo Mountains

Death Valley-Panamint Valley Region
Questions

Part IV
Mountain Building

25. Early Theories on the Origin of

26.

Mountain Belts

Questions

Keys to the Interpretation of
Geological History

Geologic Field Mapping

Sedimentary Rocks and Earth History

Fossils and Depositional Environment

Depositional Basins

Flysch and Molasse

Fossils and Accreted Terranes

Unconformities and Cross-cutting
Relationships

The Breakup Unconformity

Crystalline Rocks and Earth History

Volcanic Rocks and Earth History

Development of the Geologic Time Scale

Metamorphism

Plutonism

Volcanic arc Complexes

Subduction Complexes (Suture Zones)

Ophiolite

Collision

Basement-Cover Sequences

Mountain Belt Terminology

523
524
524
524
526
527
527
528
528
531
534
237
539
539
539
542
545
547
551

558

561
562
563
563
564
564

565
567
567
567
568
569
572

573

573

574

574
574
574

Contents xi

Absolute Age Dating Methods
Introduction
Closure Temperature
U-Pb Geochronology
Calculating Rates of Exhumation
Detrital Zircon Geochronology
Questions

27. Growth and Gravitational Collapse
of a Convergent Orogen

Formation of an Orogenic Mountain System
Figure 27.1A
Figure 27.1B
Figure 27.1C
Figure 27.1D
Figure 27.1E
Gravitational Collapse of a Mountain
Lateral Extrusion
Lithospheric Delamination
Questions

28. The Appalachian Orogen

Setting the Stage
Physical Extent
Orogenic Summary
The Disconnect Between the Northern
Appalachians and the Central-Southern
Appalachians
The Tectonic Map
Appalachian Realms
Late Cambrian-Early Ordovician
Paleogeography
Flysch and Molasse Basins: Dating
Appalachian Orogeny
Laurentian Continental Realm
Introduction
Laurentian Foreland
Laurentian Hinterland
Ouachita Mountains
Transitional Laurentian Continental Realm
The Frontal Suture Zone
Internal Massifs
lapetus Oceanic Realm
Introduction
lapetus Oceanic Realm in the Northern
Appalachians
lapetus Oceanic Realm in the South—Central
Appalachians
Peri-Gondwana Microcontinental Realm
Introduction

575
575
576
576
577
578
579

581
581
581
583
584
584
585
586
586
587

589
589
590

590
591
597

597

599
603
603
604
605
606
606
607
607
607
607

608
609

610
610



xii

Contents

Carolina

Ganderia

Avalon

Meguma

Sequence of Appalachian Collision

Introduction

Fig. 28.12A, Middle to Late Cambrian

Fig. 28.12B, Late Cambrian to Early
Ordovician

Fig. 28.12C, Early to Late Ordovician

Fig. 28.12D, Late Ordovician to Middle-Late
Silurian

Fig. 28.12E, Late Silurian to Middle
Devonian

610
611
612
612
613
613
613

613
616

616

617

Fig. 28.12F, Late Devonian to Early
Mississippian
Fig. 28.12G, Middle Mississippian to Middle
Permian
Sequence of Events in the South-Central
Appalachians
Questions

References
Index

617
617
617
618

619
641



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6

