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We dedicate this volume to those who have inspired us to write it . . .
through their lifelong scholarship, insatiable curiosity about the world around
them, and their willingness to share it with all who have an interest . . .
innovative thinkers who have made many, including us, stop and think about
the world through different intellectual “filters” . . .

Francis Doan Hole (1913–2002)
and
Donald Lee Johnson (1934–)

Francis D. Hole in 1978. Image courtesy of the University of
Wisconsin, Photo Media Center.

Donald L. Johnson in 1999. Image by RJS.

Soil is the hidden, secret friend . . . the root domain of lively darkness
and silence.

Francis D. Hole

© Cambridge University Press www.cambridge.org

Cambridge University Press
0521812011 - Soils: Genesis and Geomorphology
Randall J Schaetzl and Sharon Anderson
Frontmatter
More information

http://www.cambridge.org/0521812011
http://www.cambridge.org
http://www.cambridge.org


Contents

Preface page xi

Acknowledgements xii

Part I The building blocks of the soil 1

1 Introduction 3

Pioneers of soil science, soil survey and
soil geography 4

Things we hold self-evident . . . 6

The framework for this book 7

2 Basic concepts: soil morphology 9

Texture 9

Color 14

Pores, voids and bulk density 17

Structure 18

Consistence 20

Presentation of soil profile data 22

Soil micromorphology 22

3 Basic concepts: soil horizonation . . . the
alphabet of soils 32

Regolith, residuum and the weathering profile 32

The soil profile, pedon, polypedon and
map unit 33

Soil horizons and the solum 36

Types of soil horizons 36

Buried soils 52

4 Basic concepts: soil mineralogy 54

Bonding and crystal structures 54

Oxides 55

Chlorides, carbonates, sulfates, sulfides,
and phosphates 60

Silicates 61

Identification of phyllosilicates by
X-ray diffraction 73

Identification of iron and aluminum oxides 80

5 Basic concepts: soil physics 82

Soil water retention and energy 82

Soil water movement 85

Soil temperature 87

Soil gas composition and transport 91

© Cambridge University Press www.cambridge.org

Cambridge University Press
0521812011 - Soils: Genesis and Geomorphology
Randall J Schaetzl and Sharon Anderson
Frontmatter
More information

http://www.cambridge.org/0521812011
http://www.cambridge.org
http://www.cambridge.org


viii CONTENTS

6 Basic concepts: soil organisms 93

Primary producers 93

Soil fauna 96

7 Soil classification, mapping and maps 106

Soil geography, mapping and classification 106

The system of Soil Taxonomy 107

The Canadian system of soil classification 146

Soil mapping and soil maps 146

Soil landscape analysis 158

Part II Soil genesis: from parent material to soil 165

8 Soil parent materials 167

Effects of parent material on soils 167

The mutability of timezero 169

A classification of parent materials 170

Lithologic discontinuities in soil
parent materials 215

9 Weathering 226

Physical weathering 227

Chemical and biotic weathering 231

Products of weathering 236

Controls on physical and chemical
           weathering                                                                                                          236

Assessing weathering intensity 238

10 Pedoturbation 239

Classifying pedoturbation: proisotropic vs.
          proanisotropic                                                                                                 239

Expressions of pedoturbation 244

Forms of pedoturbation 245

Lesser-studied forms of pedoturbation 293

11 Models and concepts of soil formation 295

Dokuchaev and Jenny: functional–factorial
           models                                                                                                                296

Simonson’s process-systems model 320

Runge’s energy model 323

Johnson’s soil thickness model 324

Johnson and Watson-Stegner’s soil
evolution model 325

Phillips’ deterministic chaos and
uncertainty concepts 339

Other models 342

The geologic timescale and paleoclimates as
          applied to soils                                                                                                 342

12 Soil genesis and profile differentiation 347

Eluviation–illuviation 353

Process bundles 354

© Cambridge University Press www.cambridge.org

Cambridge University Press
0521812011 - Soils: Genesis and Geomorphology
Randall J Schaetzl and Sharon Anderson
Frontmatter
More information

http://www.cambridge.org/0521812011
http://www.cambridge.org
http://www.cambridge.org


CONTENTS ix

Surface additions and losses 456

Mass balance analysis, strain and
self-weight collapse 460

Part III Soil geomorphology 463

13 Soil geomorphology and hydrology 465

The geomorphic surface 466

Surface morphometry 468

The catena concept 469

Soil geomorphology case studies, models
and paradigms 514

14 Soil development and surface exposure
dating 547

Stratigraphic terminology, principles and
           geomorphic surfaces                                                                                     547

Numerical dating 549

Relative dating 550

Principles of surface exposure dating (SED) 554

SED methods based on geomorphology,
           geology and biology                                                                                     555

SED methods based on soil development 567

Chronosequences 587

Numerical dating techniques applicable
to soils 596

15 Soils, paleosols and paleoenvironmental
reconstruction 619

Paleosols and paleopedology 620

Environmental pedo-signatures 632

16 Conclusions and Perspectives 653

References 657

Glossary 741

Index 791

© Cambridge University Press www.cambridge.org

Cambridge University Press
0521812011 - Soils: Genesis and Geomorphology
Randall J Schaetzl and Sharon Anderson
Frontmatter
More information

http://www.cambridge.org/0521812011
http://www.cambridge.org
http://www.cambridge.org


Preface

This book is about soil geography, which we think
is a difficult and challenging area of study. Our
purpose in writing this book is to assert that only
through a study of the spatial interactions of soils
on landscapes can soil and landscape evolution be
truly resolved.

This book can be used in courses on soil geog-
raphy, soil genesis, pedology and soil geomorphol-
ogy. Our assumption is that the readers have had
some background in the natural sciences, and
are eager to learn more about soils. We do not
assume, nor does the reader need, a substantial
background in soils to read and comprehend this
book. Difficult as the task may seem, our goal was
to write a soils text that could serve both as an
initial soils text and as a cutting-edge resource
book of research grade. Only time will tell if we
met that goal.

Our emphasis, beyond that of soil geogra-
phy, is deliberately intended to be broad. Other
books of similar ilk (Daniels and Hammer 1992,
Birkeland 1999) focus on geomorphology and the
initial geologic setting as a guiding framework
for the understanding of soil landscape evolution.
We emphasize these issues in later chapters. Buol
et al. (1997) and Fanning and Fanning (1989) focus
on soil genesis while at the same time emphasiz-
ing classification.

Our book relies heavily on concepts and im-
agery to convey ideas. We have compiled a suite of
figures, images and graphics that, in and of them-
selves, convey messages that cannot be put into
words. Throughout the text we include brief ‘‘out-
takes” on soil landscapes from around the world.
We call these excursions ‘‘Landscapes,” and be-
lieve that they convey, with pictures and graph-
ics, what would otherwise take many hundreds
of words to tell.

We believe in the necessity of soil taxonomy
and soil classification; we use its terminology in
the book but do not focus on it. Taxonomy ex-
ists to serve those who study and communicate

about soils; it is not an end in and of itself. Be-
cause we feel that one of the best ways to ‘‘learn”
and use taxonomy is to examine it in the context
of landscapes, we include taxonomic descriptions
within many ‘‘Landscapes.”

We are proud of the extensive literature list-
ing that our book makes use of. We hope that
we have cited all the major works, both the clas-
sic ones and the recent cutting-edge papers. If
we have missed something, we urge our read-
ers to call it to our attention; we will be recep-
tive. Where possible, we have tried to cite mainly
papers and studies that are readily accessible in
most academic libraries. That is, we have steered
clear of papers that are difficult to find or in
the gray literature, as well as theses and disserta-
tions, unless we felt that they were essential read-
ing. The end result is a book that relies heavily
on work published in national and international
scholarly journals and books. If you wish to have
a digital copy of our References Section entries,
just email us and ask.

The glossary is rich in terms, many of which
are only marginally touched upon in the text.
Our philosophy with regard to the glossary was
simple: if the reader needed to know a term to
understand the book, include it in the glossary
and define it clearly. The glossary adds length to
the book but makes it more ‘‘readable.”

We intend to continue to work at updating
this book, without necessarily making it longer.
We encourage you, the reader, to help us. For ex-
ample, if you wish any topics added to the glos-
sary or the body of the book, contact us with
your request. More importantly, alert us to your
papers, send reprints and citations, email or write
to inform us of new findings or breakthroughs;
we will include them as best we can. Contact
us with your perceptions of the book, positive
or otherwise. Help us make this book better and
we promise to continue to work hard toward this
goal.

© Cambridge University Press www.cambridge.org

Cambridge University Press
0521812011 - Soils: Genesis and Geomorphology
Randall J Schaetzl and Sharon Anderson
Frontmatter
More information

http://www.cambridge.org/0521812011
http://www.cambridge.org
http://www.cambridge.org


Acknowledgements

We thank the many, many people who have made
this book possible. We especially want to thank
those who have inspired and taught us over the
years. Too many to name, those of particular note
are:
� My (RJS) family: my wife, Julie Brixie, has been a

steadfast supporter of me, my work, my career,
and this book, not to mention a solid proof-
reader and chapter/figure organizer. I could
not have done it without her. My (RJS) chil-
dren (Madeline, Annika and Heidi) have helped
with many small tasks and have put up with
their dad being at the office far too much; I
will be home more now. My parents instilled
within me, through example rather than spo-
ken word, the importance and pay-offs of hard
work.

� Don Johnson, a true academic free spirit and
genuine thinker who is not afraid to look at
the world through different glasses.

� Francis Hole, a one-of-a-kind scholar who will
always hold a special place in my (RJS) heart
and mind. I (RJS), like so many, would not have
‘‘found” the disciplines of soil science and soil
geography were it not for Francis Hole.

� François Courchesne was a driving force behind
the development of this book.

� Scott Isard, my (RJS) academic conscience and
motivator, always willing to discuss academics
and scholarship.

� Curt Sorenson, who taught me (RJS) to simply
love soils and instilled within me a passion to
excel.

� Leon Follmer, who taught me (RJS) to look
closely at soils, and made me realize that soils
and paleosols are truly remarkable things.

� Duke Winters, who put up with a young col-
league (RJS) who was infatuated with soil sci-
ence, while at the same time mentoring me to
become a soil geographer first and foremost.

Those who assisted in the production, editing, or
compilation of the book deserve special mention.
� Matt Mitroka, Ellen White, Beth Weisenborn,

Peter Dimitriou and Beth Kaupa assisted Paul

Delamater in the production of the figures,
arguably the strength of the book. Paul was
the consummate QA/QC person for graphics.
His diligence and high standards permeate the
book, and for that reason this is as much his
book as it is ours. Thank you Paul!

� Ron Amundson, Dave Cremeens, Chris Evans,
John Hunter, Don Johnson, Warren Lynn,
Fritz Nelson, Jenny Olson, Paul Reich, John
Tandarich, Charles Tarnocai, Pat Webber, Beth
Weisenborn and Antoinette WinklerPrins pro-
vided images, graphs, charts and figures of
soils and landscapes that have been reproduced
within the book. Without these images, the
book would have been much weaker.

� Bill Dollarhide, John Gagnon, Charles Gordon,
Bill Johnson, Mike Risinger, Richard Schlepp,
Bruce Thompson and Cleveland Watts (of the
USDA–NRCS), and David Cremeens provided us
with data and block diagrams from various
NRCS soil surveys.

� Exceptional editing and reviews of individ-
ual chapters were provided by Bob Ahrens,
Alan Arbogast, Linda Barrett, Janis Boettinger,
Julie Brixie, Alan Busacca, François Courchesne,
David Cremeens, Missy Eppes, Leon Follmer,
Vance Holliday, Geoff Humphreys, Christina
Hupy, Joe Hupy, Don Johnson, Christina Ku-
las, Johan Liebens, Jonathan Phillips, Greg
Pope, Paul Rindfleisch, Mark Stolt, Julieann
van Nest, Natasa Vidic, Beth Weisenborn, Gary
Weissmann and Indrek Wichman.

� Patricia Brixie proofed the book in its entirety.
It was then reviewed by Art Bettis, Donald
Johnson, Vance Holliday and Dan Muhs.

� Judy Hibbler typed many of the tables, down-
loaded text from the web and was an invaluable
‘‘gal friday.”

� Many others were quick to help or offer advice
when a question or issue arose: Bob Ahrens,
Alan Arbogast, Art Bettis, Steve Bozarth, George
Brixie, David Cremeens, Bob Engel, Leon
Follmer, Bill Frederick, Don Johnson, Bruce
Knapp, Bruce Pigozzi, John Tandarich, Greg
Thoen and Dan Yaalon.

© Cambridge University Press www.cambridge.org

Cambridge University Press
0521812011 - Soils: Genesis and Geomorphology
Randall J Schaetzl and Sharon Anderson
Frontmatter
More information

http://www.cambridge.org/0521812011
http://www.cambridge.org
http://www.cambridge.org


ACKNOWLEDGEMENTS xiii

Funding for the many costs associated with the
development of a book of this type were provided
by various agencies of Michigan State University:
the Agricultural Experiment Station, the Office
of the Vice President for Research and Gradu-
ate Studies, and the Department of Geography.
Some of the data on Michigan soils and land-
forms was developed in conjunction with NSF
grants made to RJS (NSF awards BCS-9819148
and SBR-9319967); any opinions, findings, and
conclusions or recommendations expressed in
this material are, however, those of the authors
and do not necessarily reflect the views of the
National Science Foundation or Michigan State
University.

We thank the professional staff at Cambridge
University Press (CUP) and their affiliates for their
help on, and support of, this book project. Matt
Lloyd, our editor, has been a strong supporter of
the book from its inception. The staff at CUP, es-
pecially Jayne Aldhouse, Sally Thomas and Anna
Hodson, made the typescript and figures into
a book. We also thank the many ‘‘behind the
scenes” people whose tireless work often goes un-
seen and unappreciated; we did it!

Last and most important, we acknowledge
that we have approached this book from the per-
spective of St. John Vianney, the Curé of Ars,
when he said, ‘‘I have been privileged to give great
gifts from my empty hands.”

© Cambridge University Press www.cambridge.org

Cambridge University Press
0521812011 - Soils: Genesis and Geomorphology
Randall J Schaetzl and Sharon Anderson
Frontmatter
More information

http://www.cambridge.org/0521812011
http://www.cambridge.org
http://www.cambridge.org

