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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.
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Chapter |

Introduction

Soils form and continually change, at different
rates and along different pathways. They contin-
ually evolve and are never static for more than
short periods of time. Along these lines, we em-
brace Daniels and Hammer’s (1992) statement
that soils are four-dimensional systems. They are
not simply the two-dimensional profile, nor is the
study of the spatial variation in soils (a three-
dimensional effort) enough. Soils must be stud-
1ed in space and time (the fourth dimension). We
incorporate these ideas by synthesizing complex,
overlapping topics and tying them into a cohe-
sive message: soil landscapes - how they form and
change through time. To do this, we necessarily
take a process-based approach.

Soil genesis and geomorphology, the essence
of this book, cannot be studied without a firm
grasp on the processes that shape the distribu-
tions of soils. We will, however, never fully under-
stand the complex patterns of the Earth’s soils.
Even if we do claim to understand it, we must
be mindful that the pattern is ever-changing.
Again we quote Daniels and Hammer (1992: xvi),
“One cannot hope to interpret soil systems accu-
rately without an understanding of how the land-
scape and soils have coevolved over time” (emphasis
ours). Every percolation event translocates mate-
rial within soils, while every runoff event moves
material across their surfaces, changing them
ever so slightly. The worms, termites and bad-
gers that continually burrow, mix and churn soils
make them more different tomorrow than they
were yesterday. Biochemical reactions within soils
weather minerals and enable microbes to decom-
pose organic matter, perpetuating the cycle from

living matter to humus to chemical elements
and back again. Because this can all be quite
complex, we provide information, tools, resources
and background data to bring the reader closer
to deciphering this most complicated of natural
systems.

Whitehead (1925) wrote, “It takes a genius to
undertake the analysis of the obvious.” Soil is
seemingly everywhere, yet, we would argue, com-
paratively few study it. Additionally, soils are usu-
ally hidden from view and require excavation to
be revealed. Soils are not discrete like trees, in-
sects, lakes or clouds, which have seemingly iden-
tifiable outer boundaries. Instead, they seem to
grade continuously, one into another, until they
end at the ocean, a sheer rock face or a lake.
When broken into discrete entities, like a geolo-
gist might break apart a rock, soils appear to lose
their identity. This soil science . . . it’'s not easy.
But therein lies the challenge!

We argue that a geographic approach to the
study of soils is absolutely necessary (Boulaine
1975). Soils are spatial things, varying systemat-
ically across space at all scales. To study them
fully you must understand not only what they are,
but also how they relate to their adjoining coun-
terparts. Soil geography focusses upon the geo-
graphic distributions of soils with emphasis on
their character and genesis, their interrelation-
ships with the environment and humans, and
their history and likely future changes. It is oper-
ationalized at many scales, from global to local.
Soil geography encompasses soil genesis; it is not
simply a part of it. One cannot explain soil pat-
terns without knowing the genesis of the soils



4

| INTRODUCTION

Table 1.1 | Some of the academic domains of soil geography

Distribution of soils and soil taxa across the landscape

Soil survey and mapping
Soil genesis, both within and among pedons

Interactions among soils and the natural and human environment

Paleopedology
Soil geomorphology
Soil-slope and soil catena studies

Soil landscape analysis and the study/explanation of soil pattern

Pedometrics
Cartographic representation of soils
Evolution of soils and landscapes

Not an exhaustive list. In no particular order. Source: Hole

and Campbell (1985).

that comprise that pattern. Soil geography also
incorporates geomorphology; one cannot fully
explain soil patterns without knowledge of the
evolution of the landforms and rocks of which
they form the skin. Soil geography involves soil
evolution; changing patterns of soils over time
are a reflection of a multitude of interactions,
processes and factors, replete with feedbacks, in-
ertia and flows of energy and mass. Soil geog-
raphy is manifested in soil survey (mapping) op-
erations, which are extremely useful databases
but are only as good as our understanding of the
evolution of the soil pattern. This book, then, is
about soil geography and all that it encompasses.
Tandarich et al. (1988) used the term geopedology
to refer to the interesction of the disciplines of
geology, geography and soil science. We embrace
that term and view it as a central component of
this book.

Pioneers of soil science, soil survey
and soil geography

Pedology is the science of soil genesis, classifica-
tion and distribution; to many it is synonymous
simply with soil science. Because soils have sus-
tained human life since its inception, one may
think that pedology has a long history. In fact,
it was a late arrival among the natural sci-
ences (Hole and Campbell 1985). Many attribute
its founding to V. V. Dokuchaev (1846-1903), a

Russian scholar and teacher. Others place empha-
sis on the work of Charles Darwin (1809-1882),
perhaps the world’s most underappreciated soil
scientist. Regardless of who gets the credit for
jump-starting this discipline, pedology is unques-
tionably little more than a century old! Our brief
overview of the founders of soil science (below)
should underscore that they were multifaceted
thinkers who understood that the soil landscape
was a complex system, requiring that it be stud-
ied using a geographic approach. More detailed
accounts of the personalities involved in the de-
velopment of the field are presented elsewhere
(Kellogg 1974, Cline 1977, Tandarich and Sprecher
1994).

Vasili Vasilevich Dokuchaev is often called the
father of soil science, although he acknowledged
the influence of several others (particularly in the
field of agricultural chemistry) in the develop-
ment of his ideas (Tandarich and Sprecher 1994)
(Fig. 1.1). Trained in Russia, he wrote his most re-
puted works on the soils of the Russian steppes,
primarily Chernozems. He developed and used
concepts on the nature and genesis of soil pro-
files, as well as soil landscapes, in his research.
His geographic study of soils spanned local to re-
gional scales. Dokuchaev and his students pro-
duced the first scientific classification of soils
and developed soil mapping methods, laying the
foundation for modern soil genesis and soil geog-
raphy (Buol et al. 1997). He is known for develop-
ing the basic A-B-C horizon nomenclature, and
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(a) (b)

m Three influential scholars in the field of soil

science. (a) Vasili V. Dokuchaev (1846—1903), Russian
agriculturalist, geographer and pedologist. Image courtesy of
John Tandarich. (b) Curtis F. Marbut (1863—1935), American

agriculturalist, soil scientist and early developer of the US soil ‘

classification system. Image courtesy of John Tandarich. |
(c) Hans Jenny (1899-1992), Swiss pedologist and agricultural
chemist; professor at the University of California. Image by ‘

R. Amundson. i

a factorial model of soil development in which
soils and soil patterns were seen as a function
of independently varying state factors of the en-
vironment. Although not universal, this model
remains, in various revised forms, the primary
explanatory model for soils worldwide (see Chap-
ter 11). Using this model, Dokuchaev’s work al-
lowed others to develop the concept of the zonal
soil - one which characterized vast tracts of land
and represented the epitome of soil development
for that region. Zonal soil concepts, although
conceptually flawed, essentially jump-started soil
survey and mapping worldwide, and made the
complex world of soils more understandable to
the masses. Dokuchaev’s teachings, carried across
the Atlantic by E. W. Hilgard (1833-1903), were
highly influential on many prominent soil scient-
1sts.

Unfortunately, by omitting the ideas of
Charles Darwin from his writings, Dokuchaev
would essentially bury them. Darwin’s ideas fo-
cussed on local-scale biological origins of many

(c)

soil properties, and on biomechanical processes
in soils, such as mixing by worms (Darwin 1881).
The lack of soil terminology in his works, coupled
with the growing acceptance of Dokuchaev’s fac-
torial model for soil development, doomed biome-
chanical soil processes to the theoretical back seat,
until resurrected years later.

In 1899, the United States started its soil sur-
vey program, under the direction of Professor
Milton Whitney (1860-1927), primarily using ge-
ological concepts of soils, e.g., granite soils and
alluvial soils (Shaler 1890). This practice contin-
ued for some time, e.g., Marbut et al. (1913).
Shortly after this, Curtis Marbut (1863-1935),
who earned his Ph.D. in geology at Harvard
under the eminent geographer William Morris
Davis (1850-1932), was appointed soil scientist in
charge of the US Bureau of Soils (Tandarich et al.
1988) (Fig. 1.1). While at Harvard, Marbut had
been influenced by the writings of Konstantin
Glinka (1897-1927), a student of Dokuchaev, and
the soils-related work of Nathaniel Shaler (1841-
1906). He had translated Glinka’s book Die Typen
der Bodenbildung from German into English and
applied many of the ideas within to the bud-
ding soil survey program (Cline 1977, Tandarich
and Sprecher 1994). Marbut’s impact on soil sci-
ence in the USA proved to be strong and long-
lasting. Indirectly but strongly influenced by the
ideas of Dokuchaev, he changed the way soils
were viewed, emphasizing that they should be
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classified and mapped based on horizon and
profile characteristics, thereby reducing the in-
fluence of geology. Marbut eventually developed
a multicategoric soil classification system (Mar-
but 1928, 1935; see Chapter 7). He thought about
soils geographically, and his ideas translated into
his classification system.

In 1941, Hans Jenny (1899-1992), at the Uni-
versity of California, published a landmark trea-
tise entitled Factors of Soil Formation. Much of this
book is devoted to his functional-factorial model
of soil formation, in which soils are seen as the
product of five interacting factors: climate, or-
ganisms, relief, parent material and time (see
Chapter 11). Jenny developed many numerical soil
functions in this book, each being an equation
showing how soils change as four of the factors
are held constant and one is allowed to vary
(Figs. 1.1, 1.2). In this regard, Jenny (1941a:262)
noted that, “the goal of the soil geographer is
the assemblage of soil knowledge in the form
of a map. In contrast, the goal of the function-
alist is the assemblage of soil knowledge in the
form of a curve or an equation.” He commented
that soil maps display areal arrangement but give
no insight into causal relationships, and that
mathematical curves reveal dependency of soil
properties on state factors but the conversion of
such knowledge to the field is impossible without
a soil map (Arnold 1994). Thus, Jenny proposed
that the union of geographic and functional
methods provided the most effective pedologi-
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cal research. Arnold (1994:105) restated this idea
as follows - spatial soil patterns need to be un-
derstood through functional relationships of the
soil-forming factors in space and time. Since Jenny’s
(1941a) model provided the theoretical frame-
work for soil functional relationships, it stands
today as perhaps one of the most geographic of
the several soil models, because it is used sub-
liminally or overtly by almost every soil mapper
and geographer. More recent models, which re-
fine and elaborate on Jenny’s, as well as those that
propose very different ways of looking at the soil
landscape (Johnson and Hole 1994) are discussed
in Chapter 11.

Things we hold self-evident...

Following the lead of Buol et al. (1997) and Hole
and Campbell (1985), we provide below a listing
of concepts or truisms in soil science and soil
geography, slightly modified from their original
sources.

* Complexity in soil genesis is more common
than simplicity.

* Soils lie at the interface of the atmosphere,
biosphere, hydrosphere and lithosphere. There-
fore, a thorough understanding of soils requires
some knowledge of meteorology, climatology,
ecology, biology, hydrology, geomorphology, ge-
ology and many other earth sciences.

* Contemporary soils carry imprints of pedo-
genic processes that were active in the past,
although in many cases these imprints are dif-
ficult to observe or quantify. Thus, knowledge
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of paleoecology, paleogeography, glacial geol-
ogy and paleoclimatology is important for the
recognition and understanding of soil genesis
and constitute a basis for predicting the future
soil changes.

Five major, external factors of soil formation
(climate, organisms, relief, parent material and
time), and several smaller, less identifiable
ones, drive pedogenic processes and create soil
patterns.

Characteristics of soils and soil landscapes, e.g.,
the number, sizes, shapes and arrangements of
soil bodies, each of which is characterized on
the basis of horizons, degree of internal ho-
mogeneity, slope, landscape position, age and
other properties and relationships, can be ob-
served and measured.

Distinctive bioclimatic regimes or combina-
tions of pedogenic processes produce distinc-
tive soils. Thus, distinctive, observable morpho-
logical features, e.g., illuvial clay accumulation
in B horizons, are produced by certain combi-
nations of pedogenic processes operative over
varying periods of time.

Pedogenic (soil-forming) processes act to both
create and destroy order (anisotropy) within
soils; these processes can proceed simultane-
ously. The resulting profile reflects the balance
of these processes, present and past.

The geological Principle of Uniformitarianism ap-
plies to soils, i.e., pedogenic processes active in
soils today have been operating for long peri-
ods of time, back to the time of appearance of
organisms on the land surface. These processes
do, however, have varying degrees of expression
and intensity over space and time.

A succession of different soils may have de-
veloped, eroded and/or regressed at any par-
ticular site, as soil genetic factors and site
factors, e.g., vegetation, sedimentation, geomor-
phology, change.

There are very few old soils (in a geological
sense) because they can be destroyed or buried
by geological events, or modified by shifts in
climate by virtue of their vulnerable position
at the skin of the earth. Little of the soil con-
tinuum dates back beyond the Tertiary period
and most soils and land surfaces are no older
than the Pleistocene Epoch.

* Knowledge and understanding of the genesis
of a soil is important in its classification and
mapping.

e Soil classification systems cannot be based en-
tirely on perceptions of genesis, however, be-
cause genetic processes are seldom observed and
because pedogenic processes change over time.

* Knowledge of soil genesis is imperative and ba-
sic to soil use and management. Human influ-
ence on, or adjustment to, the factors and pro-
cesses of soil formation can be best controlled
and planned using knowledge about soil gene-
sis.

* Soils are natural clay factories (clay includes
both clay mineral structures and particles less
than 2 pm in diameter). Shales worldwide are,
to a considerable extent, simply soil clays that
have been formed in the pedosphere and eroded
and deposited in the ocean basins, to become
lithified at a later date.

The framework for this book

In this book, we introduce the building blocks of
soil in Part I, because we do not require that the
reader be extremely well grounded in the funda-
mentals of soil; those with a strong background
may choose to skim this section. We continue
adding to the basic knowledge base in Part II
(Chapters 8-12), but add a great deal more mate-
rial on theory and soil genesis/processes. In Chap-
ter 11, for example, we introduce a large dose
of pedogenic and geomorphic theory, which in
combination with the previous chapters allows
us to discuss soil genesis and pedogenic processes
at length in Chapter 12. Knowledge of soil genesis
provides important information to scientists who
classify them. Finally, we pay considerable atten-
tion in Part III (Chapters 13-15) to examining soil
landscapes over time and how soils can be used
as dating tools and as keys to past environments.
This is how and when we really bring in the con-
cept of change over time - the fourth dimension.
Part III is the synthesis section, for within it we
pull together concepts introduced previously and
apply them to problems of dating landscapes and
understanding their evolution. Lateral flows of
materials and energy link soil bodies to adjoining



