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Foreword

The second edition of Soil Taxonomy: A Basic System of
Soil Classification for Making and Interpreting Soil Surveys is
the result of the collective experience and contributions of
thousands of pedologists from around the world.

This new edition includes many improvements. Two new
soil orders, Andisols and Gelisols, are added. Low-activity
clays are defined, and taxa are developed. The Aridisol,
Alfisol, Histosol, Inceptisol, Mollisol, Oxisol, Spodosol, and
Vertisol orders are updated. Aquic conditions, episaturation,
and oxyaquic subgroups are defined. Additions and
improvements are made at the family level.

We are indebted to our many colleagues throughout the
world who contributed soil descriptions and data, comments,
suggestions, and criticisms. We are especially grateful to all of
those who organized and hosted workshops and training
sessions. Many pedologists provided input to the International
Committees (ICOM’s), and we are thankful for their
participation. Although we cannot list everyone who offered
assistance, we do want to acknowledge the chairpersons of the
various ICOM’s,

ICOM Chairperson Institute
Low Activity
Clays....coeenn. Frank Moormann............. Univ. of Utrecht

OXisols.....cccueee. Stan BUol .......coceeeevveeneen. North Carolina
State Univ.

Andisols............. Frank Leamy .........ccccceee. Soil Bureau,
Lower Hutt

Aquic Sails ........ Johan Bouma.................... Agricultural Univ.,
Wageningen

Spodosols........... Robert Rouke.................... Univ. of Maine

Vertisols.............. Juan Comerma................. Univ. Centro
Venezuela

Aridisols............. Ahmed Osman................. Arab Center for
the Studies of
Arid Zones and
Dry Lands

Soil Families......BenHajek ........cccoceeuenee Auburn Univ.

Gelisols.............. James Bockheim............... Univ. of Wisconsin

Although many improvements have been made since
Dr. Guy Smith headed the effort to publish the first edition of
Soil Taxonomy, there are still areas that will require a
concerted effort to improve. The taxonomic system will
continue to evolve as the science matures.

The taxonomic system does not adequately address the
anthropogenic effects on soils. Soils in urban/industrial areas
can be drastically atered by landfills, farming, earth
movement, and heavy metal contamination. Agricultural areas
have undergone erosion, ripping, and land leveling. Drastically
disturbed soils are common in regions where precious metals,
rock aggregate, and fossil fuels have been mined. The
International Committee on Anthropogenic Soils
(ICOMANTH), chaired by Dr. Ray Bryant, is currently
meeting the challenge of developing appropriate taxa for these
unique soils.

Soil moisture regimes and intergrades of soil moisture
regimes need to be better defined. Some of the temperature
regimes need refinement. The International Committee on Soil
Moisture and Temperature Regimes (ICOMMOTR), chaired by
Dr. Ron Pagetzold, is gathering data to make needed
improvements.

The system of soil taxonomy currently does not provide for
paleosols formed under remarkably different
palecenvironments. With age, the properties of soils from
paleo and contemporaneous environments become welded.

Yet, when paleosols are well preserved, they are valuable
proxies of the biological and physiochemical evolution of the
earth. Many paleosols are deeper than the 2 m limit set by the
current system of soil taxonomy. There is now and will
continue to be pressure to observe and classify soils beyond the
2 m limit.

Many pedologists developed proposals, made comments and
suggestions, and reviewed chapters for this second edition.
Because of the concerted effort of many, the author of this
publication is identified as the “ Soil Survey Staff.”

We would like to acknowledge those who helped write
chapters or provide data for figures, maps, and tables. They
include Dr. Arnt Bronger, Dr. Hari Eswaran, Dr. Samuel
Indorante, Dr. John Kimble, Henry Mount, Loya Quandt, Paul
Reich, Sharon Waltman, and Dr. John Witty. Dr. Stanley
Anderson had the arduous task of editing the second edition.
Suzann Meierdierks and Dr. Patricia West provided their able
assistance in the editing and formatting process. Adrian Smith,



Christopher Roll, and Nathan Kress provided invaluable GIS
expertise. Lastly, Dr. Robert Ahrens coordinated the effort. He
and Robert Engel worked tirelessly during the past few yearsto
prepare this edition.

Assistance in acquiring photographs for this publication was
provided by the Kentucky Association of Soil Classifiers; the
Washington Society of Professional Soil Scientists; the
University of Nebraska Press and Andrew A. Aandahl; the
AlaskalYukon Society of Professional Soil Scientists; the
Florida Association of Professional Soil Classifiers; the Society

of Soil Scientists of Southern New England—M assachusetts;
the Kansas Association of Professional Soil Classifiers; the Sail
Classifiers Association of Michigan; the Professional Soil
Classifiers Association of Alabama; the Professional Soil
Scientists Association of Texas; and members of the National
Cooperative Soil Survey.

Horace Smith
Director, Soil Survey Division



CHAPTER 1
The Soils That We Classify

heword “soil,” like many common words, has several

meanings. Initstraditional meaning, soil isthe natural
medium for the growth of land plants, whether or not it has
discernible soil horizons. Thismeaning is till the common
understanding of the word, and the greatest interest in soil is
centered on this meaning. People consider soil important
because it supports plants that supply food, fibers, drugs, and
other wants of humans and because it filters water and recycles
wastes. Soil covers the earth’s surface as a continuum, except on
barerock, in areas of perpetua frost or deep water, or on the
bareice of glaciers. In this sense, soil has athicknessthat is
determined by the rooting depth of plants.

About 1870, a new concept of soil was introduced by the
Russian school led by Dokuchaiev (Glinka, 1927). Soilswere
conceived to be independent natural bodies, each with a unique
morphology resulting from aunique combination of climate,
living matter, earthy parent materials, relief, and age of
landforms. The morphology of each soil, as expressed by a
vertical section through the differing horizons, reflects the
combined effects of the particular set of genetic factors
responsible for its devel opment.

This was arevolutionary concept. One did not need to
depend wholly on inferences from the underlying rocks, the
climate, or other environmental factors, considered singly or
collectively; rather, the soil scientist could go directly to the soil
itself and see the integrated expression of all thesein its
morphology. This concept made it not only possible but also
necessary to consider all soil characteristics collectively, in
terms of acomplete, integrated, natural body, rather than
individually. Thus, the effect of any one characteristic or a
difference in any one depends on the others in the combination.
Experience has shown that no useful generalizations about
single characteristics can be made for all soils. Characteristics
are given weight according to the knowledge gained through
research and experience in soil genesis and the responses of soil
to management or manipulation. Both research in genesisand
the responses of soils have vital roles, but they are themselves
one step removed from the taxonomy of the soil, which is based
on combinations of soil characteristics. In short, the new
concept made pedology possible.

The Russian view of soils as independent natural bodies that
have genetic horizons led to a concept of soil as the part of the
earth’s crust that has properties reflecting the effects of local
and regional soil-forming agents. The solum in that concept is
the set of genetic horizons developed by soil-building forces,

but the parent material beneath is nonsoil. This concept has
limitations. If asolumis1or 2 mthick, thereislittle conflict
between the concept of soil as solum and the concept of soil as
the natural medium for the growth of terrestrial plants. If genetic
horizons are thin or absent and unconsolidated parent material
liesat or only afew centimeters below the surface, thereis
serious conflict between the concepts. Dokuchaiev realized this
conflict and, despite the lack of horizons, included young
alluvium and peat in his classification of soil.

Soil in thistext isanatural body comprised of solids
(minerals and organic matter), liquid, and gases that occurs on
the land surface, occupies space, and is characterized by one or
both of the following: horizons, or layers, that are
distinguishable from theinitial material asaresult of additions,
losses, transfers, and transformations of energy and matter or
the ability to support rooted plantsin a natural environment.
This definition is expanded from the previous version of Soil
Taxonomy to include soilsin areas of Antarcticawhere
pedogenesis occurs but where the climate is too harsh to
support the higher plant forms.

The upper limit of soil isthe boundary between soil and air,
shallow water, live plants, or plant material s that have not begun
to decompose. Areas are not considered to have soil if the
surfaceis permanently covered by water too deep (typically
morethan 2.5 m) for the growth of rooted plants. The horizontal
boundaries of soil are areas where the soil gradesto deep water,
barren areas, rock, or ice. In some places the separation between
soil and nonsoil is so gradual that clear distinctions cannot be
made.

The lower boundary that separates soil from the nonsoil
undernesth is most difficult to define. Soil consists of the
horizons near the earth’s surface that, in contrast to the
underlying parent material, have been altered by the
interactions of climate, relief, and living organismsover time.
Commonly, soil grades at itslower boundary to hard rock or to
earthy materialsvirtually devoid of animals, roots, or other
marks of biological activity. Thelowest depth of biological
activity, however, isdifficult to discern and is often gradual.
For purposes of classification, the lower boundary of soil is
arbitrarily set at 200 cm. In soilswhereeither biological
activity or current pedogenic processes extend to depths greater
than 200 cm, the lower limit of the soil for classification
purposesisstill 200 cm. In someinstances the more weakly
cemented bedrocks (paralithic materials, defined | ater) have
been described and used to differentiate soil series (series
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control section, defined later), even though the paralithic
materials below aparalithic contact are not considered soil in

the true sense. In areas where soil has thin cemented horizons
that are impermeable to roots, the soil extends as deep as the
deepest cemented horizon, but not below 200 cm. For certain
management goals, layers deeper than the lower boundary of the
soil that is classified (200 cm) must also be described if they
affect the content and movement of water and air or other
interpretative concerns.

In the humid tropics, earthy materials may extend to adepth
of many meters with no obvious changes below the upper 1 or 2
m, except for an occasional stoneline. In many wet soils, gleyed
soil material may begin afew centimeters below the surface and,
in some areas, continue down for several meters apparently
unchanged with increasing depth. The latter condition can arise
through the gradual filling of awet basin in which the A horizon
is gradually added to the surface and becomes gleyed beneath.
Finally, the A horizon rests on athick mass of gleyed material
that may be relatively uniform. In both of these situations, there
isno alternative but to set the lower limit of soil at the arbitrary
limit of 200cm.

Soil, as defined in this text, does not need to have discernible
horizons, although the presence or absence of horizons and
their nature are of extremeimportancein soil classification.
Plants can be grown under glassin pots filled with earthy
materials, such as peat or sand, or even in water. Under proper
conditions all these media are productive for plants, but they are
nonsoil here in the sense that they cannot be classified in the
same system that is used for the soils of a survey area, county,
or even nation. Plants even grow on trees, but trees are regarded
as nonsoil.

Soil has many properties that fluctuate with the seasons. It
may be alternately cold and warm or dry and moist. Biological
activity is slowed or stopped if the soil becomes too cold or too
dry. The soil receivesflushes of organic matter when leavesfall
or grasses die. Soil isnot static. The pH, soluble salts, amount of
organic matter and carbon-nitrogen ratio, numbers of micro-
organisms, soil fauna, temperature, and moisture all change with
the seasons aswell aswith more extended periods of time. Soil
must be viewed from both the short-term and long-term
perspective.

Buried Soils

A buried soil is covered with a surface mantle of new soil
material that either is50 cm or morethick or is30to 50 cm thick
and has a thickness that equals at least half the total thickness
of the named diagnostic horizons that are preserved in the
buried soil. A surface mantle of new material that does not have
the required thickness for buried soils can be used to establish a
phase of the mantled soil or even another soil seriesif the mantle
affects the use of the sail.

Any horizons or layers underlying a plaggen epipedon are
considered to be buried.

Soil Taxonomy

A surface mantle of new material, asdefined here, islargely
unaltered, at least in the lower part. It may have a diagnostic
surface horizon (epipedon) and/or a cambic horizon, but it has
no other diagnostic subsurface horizons, al defined later.
However, thereremainsalayer 7.5 cm or morethick that failsthe
requirementsfor all diagnostic horizons, as defined later,
overlying a horizon sequence that can be clearly identified as
the solum of aburied soil in at least half of each pedon. The
recognition of a surface mantle should not be based only on
studies of associated soils.

ThePedon, aUnit of Sampling

Few soil properties can be determined from the surface. To
determine the nature of a soil, one must study its horizons, or
layers. This study requires pits or some means of extracting
samples of material from the surface to the base of the soil. The
visible and tactile properties of samples can be studied in the
field. Soil moisture and temperature regimes are studied by
observations of changes over time at points selected to be
representative. Other properties of a soil must be learned by
studies of samplesin an appropriate place, usually alaboratory.
In other words, one learns about most of the properties of a soil
by studying samples extracted to represent a sampling unit, not
by study of the whole soil body that is classified. A concept of
what to sample must be devel oped before soils can be classified
in amanner that meets the needs of the soil survey, and different
concepts might lead to different classifications. The concept
presented in this text is not the only one possible, and, in fact,
itslogic hasbeen scrutinized (Holmgren, 1988).

A soil commonly isnot uniforminall itsproperties. Variability
may be due to accidents; events that lack definite order, such as
the development of fracturesin ahard rock; variationsin
deposits left by running water; or the placement of seeds by
wind or by animals. The influence of the biotic factorstendsto
produce many examplesof variability in asoil. Burrowing
animals, taprooted plants, falling trees, and plants that collect
different elements do not operate uniformly over large areas. A
filled burrow or atrace left by ataproot can result in holesin
horizonsfilled by contrasting materials. Salts collected by a
desert shrub remain concentrated below the shrub until it dies.
Shrink-swell and freeze-thaw processes are other factors that
contributeto soil variahility.

The transition between two soilsthat differ in aparticular
property or set of properties may be of at least two kinds.
Normally, agiven horizon of one soil disappears over
horizontal distance by agradual weakening of its expression.
However, in some places the horizons become intermittent
either with or without a marked decrease in the strength of
expression. The transitional forms having discontinuous
horizons or horizons that vary greatly in thickness or other
properties are not the rule, but the soils have been troublesome
to classify. One must decide whether the areais one soil in
which ahorizon is discontinuous or variable, or two soils.
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Trouble cannot be avoided by arbitrarily saying that two soils
are present if adiagnostic property or horizon is present in
some spots and not present in others. Some limit of area must
be set. If one setsno limit, avertical hole made by aburrowing
animal would be considered “nonsoil.” 1t would become a soil
when filled or, if acoating were present, the coating would be
considered a soil. Thiswould be absurd. Such a soil could not
support plants, could not have structure, and could not be
sampled for determination of its properties. The view that a
minimum areal limit of “asoil” cannot be set, if carried to the
extreme, leadsto other odd conclusions. For example, if
columns or prismswere present, the exteriors of the prisms
would be different soilsfrom the interiorswherever there are
coatings on the exteriors. In a structureless soil, a definition of
the smallest area of “asoil” as equivalent to the size of the
largest ped would have no meaning. No escape from a
minimum limit to the areaof “asoil” seemspossible. The
concept of the pedon (Gr. pedon, ground; rhymes with head on)
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offersapartial solution to this problem and provides aclear
basis for soil descriptions and for the selection of soil samples.

A pedon has the smallest volume for which one should
describe and sample the soil to represent the nature and
arrangement of its horizons and variability in the properties that
are preserved in samples. A pedon is comparable in some ways
to the unit cell of acrystal. It hasthree dimensions. Its lower
limit isthe somewhat vague limit between the soil and * nonsoil”
below. Itslateral dimensions are large enough to represent the
nature of any horizons and variability that may be present. A
horizon may vary in thickness or in composition, or it may be
discontinuous. The minimal horizontal areaof apedonis
arbitrarily set at 1 m?, but it rangesto 10 m?, depending on the
variability inthe soil.

In the usual situation, where all horizons are continuous and
of nearly uniform thickness and composition, the pedon has a
horizontal area of about 1 m2 Photo 1 showsthe normal
situation in which horizons are continuous and relatively

Photo 1.—A soil that has continuous horizons, in an area of Wyoming.
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Photo 2.—A sandy soil near Brugge, Belgium.

uniformin thickness over considerable areas. Themollic
epipedon and calcic horizon extend for hundreds of metersin
areas of this Wyoming landscape. Each pedon includes the
range of variability that is present in asmall volume. The pedon
isroughly polygonal. Onelateral dimension does not differ
greatly from any other. The size of a pedon can be determined
only by examination of avolumethat isappreciably larger than
the pedon.

Where horizons areintermittent or cyclic and recur inlinear
intervals of 2to 7 m (roughly 7 to 23 ft), the pedon includes one-
half the cycle. Thus, each pedon includes the range of variability
that occurs within these small areas, but not necessarily the total
variability included in other similar pedons studied over alarge
area. Wherethe cycleislessthan 2 m, the horizontal areaof a
pedonistheminimumsize, 1 m2,

Depending on the concept of soil and of the pedon, there
could be different classifications of the soils. With the concept
of soil and of the pedon that is outlined here, the pedons of
some soils may include markedly differing sequences of

horizons. The following examples clarify the concept of a pedon
that has intermittent horizons.

Photo 2 illustrates asoil near Brugge, Belgium, in an areathat
is covered by eolian sand of Wisconsin (Wurm) age. The plow
layer, 35 cmthick, isvery dark brown fine sand or loamy fine
sand. Most sand grains are free of visible coatings. The lower
boundary of the plow layer is abrupt and irregular and shows
many clear spade marks.

The next layer is adiscontinuous B horizon that consists of
at least three materials. Thefirst of theseisdark brown (7.5YR
3/4, moist) fine sand with nodules. The nodules range from
about 5to 20 cmin diameter and arefirm or friablein theinterior
but have avery firm crust about one-half cm thick. The crust has
stronger chroma and redder hue than the interior, suggesting the
segregation of iron. Theinteriors of the nodules are free of
roots.

The second material isvery friable, massive, grayish brown
(10Y R 5/2, moist) fine sand that has many fine fibrousroots. It
would normally be considered parent material, the C horizon,
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Photo 3.—A soil in the Yukon Territory of Canada.

where it underlies the nodules of the B horizon; however, it
surrounds the nodules and continues down with little change to
athin layer of buried muck that has been dated by radiocarbon
asAllerod (Two Creeks), about 11,000 years B.P.

Thethird material isvery friable, massivefinesand that is
present in gross, more or less tubular formsas much as60 cmin
diameter. The sand is similar to the second material in color but
has many weak, fine dark gray and very dark gray lamellae or
fibersthat are comparable to those in or below the B horizon of
the sandy soils formed under heath.

The history of this soil has been studied by the staff of the
Institutefor Soil Survey, IRSIA, Ghent.t While under forest,
the soil was brown and had no clearly expressed eluvial or
illuvial horizons. After clearing of the forest and invasion of
the heather (Calluna vulgaris), adark coloredilluvial horizon
that contained amorphous compounds or mixtures of organic
meatter, iron, and aluminum (see spodic horizon) formed.

During the 17th and 18th centuries, flax became an important
crop in Flanders, and the linen was woven in the farm homes

1 Personal communication from R. Tavernier.

inthewinter. To obtain high yields of high-quality flax, large
amounts of manure and chalk were applied to thefields. The
influence of the calcium and nitrogen was to destroy the B
horizon of amorphous materials, first in spots and then
completely. Photo 2 shows that the B horizon has been partly
destroyed. Because discontinuous horizons recur at intervals of
lessthan 1 m, the pedon has an area of 1 m

The processes of either formation or destruction of many
horizons may not operate uniformly and may first produce
intermittent horizons. In places the forces operate with
remarkable uniformity and produce faint but continuous
horizons. Genetically, therefore, the discontinuous horizons can
have significance equivalent to weakly expressed but
continuous horizons.

Many cold soils are subject to physical disturbance as a
result of freezing and thawing. The forces generated through
freezing often produce cyclic or intermittent horizons. Photo 3
showsasoil from the Yukon Territory of Canada. The small
orange sgquares mark the boundary between permafrost and the
active layer. The organic layer isabout 40 cm thick in the low-
lying areas and about 20 cm thick in the areas of higher
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microrelief. This pattern isrepeated at linear intervals of about
1m. Thepedonin photo 3is1 m? Soil taxonomy hastaxaat
the subgroup level of Gelisolsto deal with therangein
thickness of the organic layers.

Although every pedon can be classified, not every pedon
need be classified. The pedon should represent a segment of the
landscape. Sometimes, pedons that represent a segment of the
landscape are referred to as polypedons. Soil scientists should
try to sample, characterize, and classify representative pedons.
Soil taxonomy providesameansof comparing, describing, and
differentiating these various pedons.

Summary

Since the genesis of a soil may not be understood or may be
disputed, it can be used only as a guide to our thinking in
selecting criteriaand forming concepts. Generally, amore or
less arbitrary definition of a pedon serves the purpose of
classification better at thistime than a genetic one. For that
reason, the following definition isused: A pedonisathree-
dimensional body of soil that has lateral dimensionslarge

enough to include representative variations in the shape and
relation of horizons and in the composition of the soil. Its
horizontal arearangesfrom 1 to 10 n?, depending on the
nature of the variability in the soil, and its volume varies,
depending on the depth of the soil. Where the cycle of
variationsislessthan 2 mlong and where al horizons are
continuous and of nearly uniform thickness, the pedon has a
horizontal areaof approximately 1 m2 Where horizonsor
other properties are intermittent or cyclic and recur at linear
intervals of 2to 7 m, the pedon includes one-half of the cycle.
If horizonsare cyclic but recur at intervals of morethan 7 m,
the pedon revertsto an area of approximately 1 m? and more
than one soil is usually represented in each cycle.
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Soil Taxonomy and Soil Classification

he primary objective of soil taxonomy isto establish

hierarchies of classes that permit us to understand, as
fully as possible, the relationship among soils and between
soils and the factors responsible for their character. A second
objective isto provide a means of communication for the
discipline of soil science. Soil taxonomy was originally
developed to serve the purposes of soil survey. During the last
few decades, it has evolved into a means of communication in
soil science.

Taxonomy is a narrower term than classification.
Classification includes taxonomy, but it also includes the
grouping of soils according to limitations that affect specific
practical purposes, such as the soil limitations affecting the
foundations of buildings. Taxonomy is the part of classification
that is concerned primarily with relationships. Classifications
are contrivances made by humans to suit their purposes. They
are not themselves truths that can be discovered. A perfect
classification would have no drawbacks when used for the
purpose intended. Each distinctly different purpose, to be
served best, demands a different classification.

For the different purposes of the soil survey, classes are
needed that can be grouped or subdivided and regrouped to
permit the largest number and the most precise predictions
possible about responses to management and manipul ation.
Consequently, not one but many classifications can be drawn
from the basic taxonomy. Flexibility in the classes of the
taxonomic system is achieved by the use of phases and by the
nomenclature. The phases are used to subdivide taxa according
to the practical needs for the purposes of a particular survey or
interpretation. They are discussed later in this chapter.
Flexibility in the hierarchy permits grouping taxa into
successively smaller numbers as one goes from lower to higher
categories. For some purposes it is useful to group taxa that
have been separated at a higher level in the system. For
example, one might want a group that includes all soils that
are waterlogged for extended periods. For other purposes one
might want a group comprised of all soilsthat have a B
horizon affected by sodium or of al soils that have a fragipan
or permafrost. Some soils might be in several of these groups,
so that no matter how a single hierarchy is arranged, it is not
possible to have all desired groups. Therefore, no single
hierarchy can best serve all our purposes. The way we attain
flexibility in the hierarchy is explained in the discussion of the
nomenclature.

As knowledge expands, new facts or closer approximations

of truths not only make improvements in classification possible
but also make some changes imperative. Thus, classifications
are not static but require change as knowledge expands.

Since the original edition of Soil Taxonomy was published in
1975, eight international committees have made proposals

that have been approved and incorporated. These committees
include the International Committee on Low Activity Clays
(ICOMLAC), the International Committee on Oxisols
(ICOMOX), the International Committee on Andisols
(ICOMAND), the International Committee on Spodosols
(ICOMOQOD), the International Committee on Aquic Moisture
Regimes (ICOMAQ), the International Committee on Vertisols
(ICOMERT), the International Committee on Aridisols
(ICOMID), the International Committee on Families
(ICOMFAM), and the International Committee on Permafrost-
Affected Soils ICOMPAS).

Taxonomy of soilsisa controversial subject. In part,
controversy reflects differences in the purposes for which
taxonomic classifications are made and differences in concepts
of soil aswell as differencesin opinion about the taxonomy of
soils. One cannot say that one taxonomic classification is better
than another without reference to the purposes for which both
were made, and comparisons of the merits of taxonomies made
for different purposes can be useless.

The Attributes of Soil Taxonomy

Soil surveys require many nontaxonomic classifications that
can be related to the real bodies of soil and that facilitate
comparisons of both similarities and differences among them
for agreat variety of purposes. These classifications are used to
determine whether experience at one location is applicable to
the soils of other locations. The classifications may have to be
used by a pedologist to apply the experience of others for soils
that are unfamiliar. Many persons with diverse backgrounds
and training are expected to use the classifications accurately to
transfer experience with the behavior of soils under a variety of
uses. These intended uses of the classifications impose some
specific requirements on the taxonomy that stands behind the
classifications. The attributes of soil taxonomy are described in
the following paragraphs.

First, the definition of each taxon carries as nearly as
possible the same meaning to each user. Definitions in soil
taxonomy are operational. It is insufficient to say that the soils
in one taxon are differentiated from others by high organic-
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matter content because what is considered high in one place
may be considered low in another. The disadvantage of
definitions, of course, is that distinctions are made that may
not be meaningful for every conceivable use of the soil. Only by
operational definitions can competent pedologists with diverse
backgrounds arrive at the same classification of the same kind
of soil.

Second, soil taxonomy is a multicategoric system. Many
taxa are needed in the lower categories because many
properties are important to the use of a soil. Specific properties
can vary independently of others, and their importance depends
on their combination with other properties. Taxa in the lower
categories, therefore, must be defined as specifically as possible
in terms of many properties. This requirement results in more
taxa in the lower categories than the mind can comprehend.
Consequently, the taxa must be grouped on some rational basis
into progressively smaller numbers of classes of higher
categories in a manner that permits the mind to grasp the
concepts and relationships of all taxa. The mind readily grasps
5to 12 items, but it cannot deal simultaneously with 100 to
1,000 items without some ordering principle. Higher categories
are necessary for organizing and understanding the lower
categories and, in addition, they can be useful in comparing
soils of large areas. They have only limited value for
transferring experience to a specific site for a specific use.

Third, the taxa represent real bodies of soil that are known to
occupy geographic areas. Pedologists are concerned with
mapping real bodies of soil, and a classification related to these
real bodiesfacilitatesthe mapping (Cline, 1963). Soil taxonomy
does not try to provide for all possible combinations of
properties because the classification of kinds of soil that have
not been studied should not be prejudiced by a closed system
that coversall contingencies. Rather, soil taxonomy provides a
means to recognize new taxa when discovery leadsto new
combinations of properties important to our purposes.

Fourth, differentiae are soil properties that can be observed
in the field or that can be inferred either from other properties
that are observable in the field or from the combined data of
soil science and other disciplines. Some of the most important
properties of the soil are chemical properties, and soil
taxonomy uses criteria in some taxa based on laboratory
measurements. Often data from laboratory measurements can
be interpolated to other areas, or pedol ogists discover physical
or morphological properties that reflect chemical
characteristics. Soil temperature, soil moisture, and other
properties that fluctuate with the seasons are difficult to use in
taxonomy unless they can be inferred by reasoning from the
combined data of soil science and other disciplines, such as
meteorology. Soil mineralogy can usually be inferred by
reasoning from the combined data of soil science and geology.
If there are no data that permit inferences about important but
invisible soil properties, it is probably best to defer classifying a
soil until some knowledge of its important propertiesis
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available. A classification that isbased on extremely limited
knowledge of an object haslittle utility.

Fifth, soil taxonomy is capable of modification to
accommodate new knowledge with a minimum of disturbance.
Taxa can be added or combined in any category without
disturbance of the rest of the system at the same or a higher
categorical level. If the highest category includes a number of
taxa defined by a variety of properties, the number can be
increased or decreased by combining or subdividing taxa
whenever experience convinces us that thisis advisable. If one
taxon in the highest category is divided, no othersin that
category need be affected. If two or parts of two are combined,
only those two or those parts are affected. Obvioudly,
combining taxa at a high level changes classes of lower
categories if they are members of those taxa. Adding taxa may
have no effect on the lower categories if the soils concerned
were not previously included in the system. If the addition isa
consequence of combining classes, it affects the lower
categories.

Sixth, the differentiae keep an undisturbed soil and its
cultivated or otherwise human-modified equivaents in the
same taxon insofar as possible. Changes produced by a single
or repeated plowing that mixes the surface soil to a depth of 18
to 25 cm (7 to 10 in), for example, have the least possible effect
on the placement of a soil in soil taxonomy. Truncation by
erosion does not change the classification of a soil until
horizons or diagnostic features important to the use or
identification of the soil have been lost. Consequently, insofar
as possible, the diagnostic horizons and features should be
those below the part of the soil affected by human activities.
However, significant changes in the nature of the soil by
humans cannot be ignored.

Seventh, soil taxonomy is capable of providing taxa for all
soils on alandscape. Soils form a continuum. The continuum
is broken into a reasonable number of segments that have
limited and defined ranges in properties so that quantitative
interpretations of soil behavior can be made.

Eighth, soil taxonomy provides for all soils that are known,
wherever they may be. Many kinds of soil are poorly
represented or are unknown in the United States. A system that
includes all known soils helps us to see the soils of the United
States in better perspective, particularly if akind of soil is
poorly represented or is very extensive. It also helps us to draw
on experience in other countries with kinds of soil that are
poorly represented or are not extensive in the United States as a
whole but that are extensive locally.

Sdlection of Differentiae

To serve the purpose of the soil survey, the pedon should be
classified by its own properties and the taxa defined strictly in
terms of soil properties. In soil definitions, a given property,
such as particle-size distribution or pH, cannot be treated in an
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identical way for all soils. The significance of adifferencein any
one property depends on the others in the combination that
makes a soil of a certain kind.

Soil color and the soil horizons are obvious properties that
have been used as differentiating characteristics at high
categoric levelsin most taxonomies. Color per se seemsto
have no accessory characteristics. For example, if one
considers all the soils that have brown color, no statement can
be made about them except that they are brown. There are
accessory characteristics for some colors in combination with
other properties, and the use of color as a differentiating
characteristic should be limited to these situations. A more
useful classification can be devised if properties that have more
accessory properties than color are used as differentiae in the
highest categories.

Soil horizons are the result of the dominance of one or more
sets of processes over other processes through time. The
processes themselves are not now suitable for use as
differentiae. The illuviation of clay, for example, cannot be
observed or measured in a soil. If illuviation has been a
significant process in the genesis of a soil, however, there
should be marks in the soil that indicate this process. These
marks need not be the same everywhere, but if the proper
marks are selected, the classification can reflect the dominance
of illuviation over other processes, such as those that mix
horizons and those that prevent the movement of clay.

The nature of the horizons is useful in defining the taxa of
soils that have horizons but is useless for soils that do not have
them. Of course, the absence of horizonsisitself a mark of
significance. Many important properties of soils, however, are
not necessarily reflected by the combinations of horizons, and
many important processes do not themselves produce horizons.
Intensive mixing of soil by animals can destroy horizons. The
leaching of bases, particularly calcium, and the cycling of bases
by plantsin humid climates can be reflected by changes in base
status with increasing depth but can be independent of the
kinds of horizons in a soil. The horizons, therefore, are not the
sole differentiating characteristics in defining taxa.

Some soil properties influence or control specific processes
and, through them, the genesis of the soil. Silicate clays cannot
form in a soil composed entirely of quartz, and apparently they
do not form if a soil istoo cold. The soil moisture regime
influences the base status of a soil and the formation of
horizons with an accumulation of illuvial clay or of carbonates.
These are examples of soil properties that are causes of other
properties and that require consideration when properties are
selected to be used as differentiae for taxa

The differentiae should be soil properties, but the most
useful properties for the higher categories may be either those
that result from soil genesis or those that affect soil genesis
because they have the greatest number of accessory properties.
For example, the clay percentage in soils commonly increases
and then decreases with increasing depth. In many soils
differences in the content of clay are the result of eluviation
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and illuviation. In other soilsthey may be only the result of
stratification of the materials in which the soils developed. If
the horizons are genetic, they have accessory properties,
although the accessory properties may vary with the kind of
soil. If the climate is humid, the eluvial horizons and at |east
part of theilluvial horizons are free of finely divided
carbonates because carbonates tend to immobilize clay and
because the leaching required to form an illuvia horizon is
greater than the leaching required to dissolve and remove the
carbonates. Time of the order of some thousands of years
without significant erosion is required. During this time there
is opportunity for nutrients used by plants to be systematically
concentrated in various horizons. In soils that formed under
grass in humid temperate regions, phosphorus seems to be
concentrated in the surface horizons, a considerable part of it
in organic compounds.

If the clay distribution in a soil is due solely to stratification
of parent materials, few other statements can be made about
that soil. The soil may be calcareous or acid. This example
illustrates why properties that are the result of soil genesis or
that affect soil genesis are important. They have accessory
properties. Some of the accessory properties are known, but it
is likely that many are still unknown.

In soil surveys the pedologist is commonly concerned with
finding the boundaries between map units. The boundaries are
in places where there has been or is a difference in one or more
of the factors that control soil genesis. The mapper learns to
look for these places and uses a knowledge of soil genesisto
improve the accuracy and efficiency of mapping. Genesisis
fundamental to soil taxonomy and to the soil survey. Genesis
itself, however, is unsuitable for direct use in soil taxonomy.
Because the genesis of a soil cannot be observed or measured,
pedol ogists may have widely differing opinions about it, and
the classification of a given pedon is affected by the
background of the pedologist.

Forming and Defining Taxa

When forming and defining the taxa, one must consider all
the known properties, although only afew can be
differentiating. The differentiating properties should be the
ones that are the most important for our purposes or that have
the most important accessory characteristics.

Research and experience indicate that some properties are
important to plant growth. Soil taxonomy attempts to make the
most important statements possible about the taxa. Those
properties that are important to plant growth and that result
from or influence soil genesis are considered in the higher
categories. Those that are important to plant growth but are
unrelated to genesis should be considered only for the lowest
categories. For example, in soils that are only slightly
weathered, the nature and amount of clay may be the result of
geologic accidents. If the differences are not extreme, the
course of soil genesisis not necessarily affected. Although the
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difference betweenillite and smectite isimportant to plant
growth, it is used as a differentiating characteristic only at a
low category in the system, the family.

Determining the similarities among soils is not always a
simple matter. There may be similarity in particle-size
distribution to the members of one taxon and in base status to
the members of another. One must decide which property is the
more important, and this decision must rest on the nature of
the statements that one can make about the classes if the kind
of soil is grouped one way or the other. The best grouping
determines the definition; the definition does not determine the
grouping. If the grouping has imperfections, so does the
definition. The statements are about the nature of the soils and
the interpretations that can be made for the various phases of a
taxon. Interpretations are predictions of the consequences of
specific uses of soils, commonly in terms of plant growth under
specified systems of management but also in terms of
engineering soil behavior after a given manipulation.
Interpretations of the soils indicate the reasonable alternatives
for their use and management and the expected results. The
best grouping is one that helps us to make the most precise and
most important interpretations. Soil taxonomy must continue to
be tested by the nature of the interpretations that can be made.

The taxonomic classification used in soil surveysrequires
flexibility in the classes. It is commonly necessary to subdivide
taxa and regroup those subdivisions into new classes of another
classification for the greatest number and most precise
interpretations possible. Soil taxonomy was designed to
facilitate interpretations, but the interpretations themselves
require at least one additional step of reasoning (Cline, 1963).
The interpretations may also require information that is not
available from the taxonomy. Slope and stoniness are soil
characteristics that must be known or assumed for one to
predict consequences of farming with heavy machinery.
Invasions of locusts, hurricanes, or frequent hailstorms are not
soil characteristics, but their probability must be known or

assumed when crop yields are predicted. These and other
important characteristics may be used as bases for defining
phases of taxa that are necessary for interpretations for
specific fields or farms. The phases are not a part of the
taxonomy. Their nature is determined by the foreseeable
uses of the soilsin a particular survey area. Quite different
phases might be differentiated for the same soils in an area of
general farming in contrast to a national forest or an area
being developed for housing and in an irrigated area in
contrast to the desert grazing land that is above the irrigation
canal. The phases represent a number of classifications
superimposed on the taxonomic classification to give part of
the flexibility that is needed for the wide variety of uses made
of sail.

Inevitably, the conclusions of alarge group of scientists
include some compromises of divergent points of view.
Members of a group representing unlike interests and
experience are likely to see soils differently. Different points
of view about soil produce different ideas about its
classification. Consequently, compromises between the
conflicting desires of a number of individuals not only are
necessary but also are likely to produce a system that has more
genera utility than a system that represents a single point of
view. Compromise may not be the exact word. The truth has
many facets; each person has a somewhat different view of the
truth, and no person can see the whole truth clearly. Soil
taxonomy allows changes in the system as new information
about soils becomes available. Since its inception, soil
taxonomy has been amended many times. Probably, no one
person will approve of al the details of these changes; few will
be able to agree on all the changes.
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Differentiae for Mineral Soilst and Organic Soils

gl taxonomy differentiates between mineral soils and
rganic soils. To do this, first, it is necessary to
distinguish mineral soil material from organic soil material.
Second, it is necessary to define the minimum part of a soil
that should be mineral if a soil isto be classified as a mineral
soil and the minimum part that should be organic if the soil is
to be classified as an organic soil.

Nearly all soils contain more than traces of both mineral
and organic components in some horizons, but most soils are
dominantly one or the other. The horizons that are less than
about 20 to 35 percent organic matter, by weight, have
properties that are more nearly those of mineral than of organic
soils. Even with this separation, the volume of organic matter
at the upper limit exceeds that of the mineral material in the
fine-earth fraction.

Mineral Soil Material

Mineral soil materia (less than 2.0 mm in diameter) either:

1. Issaturated with water for less than 30 days (cumulative)
per year in normal years and contains less than 20 percent (by
weight) organic carbon; or

2. Issaturated with water for 30 days or more cumulative in
normal years (or is artificially drained) and, excluding live
roots, has an organic carbon content (by weight) of:

a. Lessthan 18 percent if the mineral fraction contains 60
percent or more clay; or

b. Lessthan 12 percent if the mineral fraction contains no
clay; or

c. Lessthan 12 + (clay percentage multiplied by 0.1)
percent if the mineral fraction contains less than 60 percent
clay.

Organic Soil Material

Soil material that contains more than the amounts of
organic carbon described above for mineral soil material is
considered organic soil material.

In the definition of mineral soil material above, material
that has more organic carbon than in item 1 is intended to

1 Mineral soilsincludeall soilsexcept the suborder Histelsand the order Histosols.

include what has been called litter or an O horizon. Material
that has more organic carbon than in item 2 has been called
peat or muck. Not all organic soil material accumulates in or
under water. Leaf litter may rest on alithic contact and support
forest vegetation. The soil in this situation is organic only in
the sense that the mineral fraction is appreciably less than half
the weight and is only a small percentage of the volume of the
soil.

Distinction Between Mineral Soilsand Organic
Soils

Most soils are dominantly mineral material, but many
mineral soils have horizons of organic material. For simplicity
in writing definitions of taxa, a distinction between what is
meant by a mineral soil and an organic soil is useful. To apply
the definitions of many taxa, one must first decide whether the
soil ismineral or organic. An exception is the Andisols
(defined later). These generally are considered to consist of
mineral soils, but some may be organic if they meet other
criteriafor Andisols. Those that exceed the organic carbon
limit defined for mineral soils have a colloidal fraction
dominated by short-range-order minerals or aluminum-humus
complexes. The mineral fraction in these soilsis believed to
give more control to the soil properties than the organic
fraction. Therefore, the soils are included with the Andisols
rather than the organic soils defined later as Histosols.

If asoil has both organic and mineral horizons, the relative
thickness of the organic and mineral soil materials must be
considered. At some point one must decide that the mineral
horizons are more important. This point is arbitrary and
depends in part on the nature of the materials. A thick layer of
sphagnum has a very low bulk density and contains less
organic matter than athinner layer of well-decomposed muck.
It is much easier to measure the thickness of layersin the field
than it is to determine tons of organic matter per hectare. The
definition of a mineral soil, therefore, is based on the thickness
of the horizons, or layers, but the limits of thickness must vary
with the kinds of materials. The definition that follows is
intended to classify as mineral soils those that have both thick
mineral soil layers and no more organic material than the
amount permitted in the histic epipedon, which is defined in
chapter 4!

In the determination of whether a soil is organic or mineral,
the thickness of horizons is measured from the surface of the
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soil whether that is the surface of a mineral or an organic
horizon, unless the soil is buried as defined in Thus,
any O horizon at the surface is considered an organic horizon
if it meets the requirements of organic soil material as defined
later, and its thickness is added to that of any other organic
horizons to determine the total thickness of organic soil
materials.

Definition of Mineral Soils

Mineral soils are soils that have either of the following:

1. Mineral soil materials that meet one or more of the
following:

a. Overlie cindery, fragmental, or pumiceous materials
and/or have voids? that are filled with 10 percent or less
organic materials and directly below these materials have
either a densic, lithic, or paralithic contact; or

b. When added with underlying cindery, fragmental, or
pumiceous materials, total more than 10 cm between the soil
surface and a depth of 50 cm; or

c. Constitute more than one-third of the total thickness of
the soil to adensic, lithic, or paralithic contact or have a
total thickness of more than 10 cm; or

d. If they are saturated with water for 30 days or more per
year in normal years (or are artificially drained) and have
organic materials with an upper boundary within

40 cm of the soil surface, have atotal thickness of either:

(1) Lessthan 60 cm if three-fourths or more of their
volume consists of moss fibers or if their bulk density,
moist, is less than 0.1 g/cm®; or

(2) Lessthan 40 cm if they consist either of sapric or
hemic materials, or of fibric materials with less than
three-fourths (by volume) moss fibers and a bulk density,
moist, of 0.1 g/cm?® or more; or

2. More than 20 percent, by volume, mineral soil materials
from the soil surface to a depth of 50 cm or to a glacic layer or
adensic, lithic, or paralithic contact, whichever is shallowest;
and

2 Materialsthat meet the definition of cindery, fragmental, or pumiceous but have more
than 10 percent, by volume, voidsthat arefilled with organic soil materialsare considered to be
organic soil materials.

a  Permafrost within 100 cm of the soil surface; or

b. Gelic materials within 100 cm of the soil surface and
permafrost within 200 cm of the soil surface.

Definition of Organic Soils

Organic soils have organic soil materials that:

1. Do not have andic soil propertiesin 60 percent or more of
the thickness between the soil surface and either a depth of 60
cm or adensic, lithic, or paralithic contact or duripan if
shallower; and

2. Meet one or more of the following:

a. Overlie cindery, fragmental, or pumiceous materials
and/or fill their interstices? and directly below these
materials have a densic, lithic, or paralithic contact; or

b. When added with the underlying cindery, fragmental, or
pumiceous materials, total 40 cm or more between the soil
surface and a depth of 50 cm; or

c. Constitute two-thirds or more of the total thickness of
the soil to adensic, lithic, or paralithic contact and have no
mineral horizons or have mineral horizons with a total
thickness of 10 cm or less; or

d. Are saturated with water for 30 days or more per year in
normal years (or are artificially drained), have an upper
boundary within 40 cm of the soil surface, and have atotal
thickness of either:

(1) 60 cm or more if three-fourths or more of their
volume consists of moss fibers or if their bulk density,
moist, is less than 0.1 g/cm®; or

(2) 40 cm or moreif they consist either of sapric or
hemic materials, or of fibric materials with less than
three-fourths (by volume) moss fibers and a bulk density,
moist, of 0.1 g/cm?® or more; or

e. Are 80 percent or more, by volume, from the soil
surface to a depth of 50 cm or to a glacic layer or adensic,
lithic, or paralithic contact, whichever is shallowest.

It isagenera rule that a soil is classified as an organic soil
(Histosol) if more than half of the upper 80 cm (32 in) of the
soil is organic or if organic soil material of any thickness rests
on rock or on fragmental material having interstices filled with
organic materials.
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Horizons and Characteristics Diagnostic for the Higher Categories

his chapter defines the horizons and characteristics of

both mineral and organic soils. It isdivided into three
parts—horizons and characteristics diagnostic for mineral soils,
characteristics diagnostic for organic soils, and horizons and
characteristics diagnostic for both mineral and organic soils.

The four highest categories of this taxonomy, in order of
decreasing rank and increasing numbers of taxa, are
distinguished by the presence or absence or avariety of
combinations of diagnostic horizons and characteristics. The
categories themselves are described in

The horizons and characteristics defined below are not in a
key format. Some diagnostic horizons are mutually exclusive,
and some are not. An umbric epipedon, for example, could not
also be amoallic epipedon. A kandic horizon with clay films,
however, could also meet the definition of an argillic horizon.

A soil horizonisalayer that iscommonly parallel to the soil
surface. In some orders, such as Gelisols, Vertisols, and
Spodosols, however, horizons are not always parallel to the
surface. A horizon has some set of properties that have been
produced by soil-forming processes, and it has some properties
that are not like those of the layers directly above and beneath
it (USDA, SCS, 1993). A sail horizon commonly isdifferentiated
from the horizons adjacent to it partly by characteristics that can
be seen or measured in the field, such as color, structure, texture,
rupture-resistance class, and the presence or absence of
carbonates. Inidentifying asoil horizon, however, measurements
inthelaboratory are sometimes required to supplement field
observations. According to the criteriawe use, horizons are
identified partly by their own morphology and partly by
properties that differ from those of the overlying and underlying
horizons.

Many of the layers that are differentiae for organic soils do
not meet the definition of soil horizons. Unlike the layers of
soil that are commonly called horizons, they are layers that
formed in differing environments during the period when the
materials that now constitute the soils accumulated. Some of
the layers that serve as differentiae are soil horizons, but there
are no operational methods that can always distinguish
between “horizons’” and “layers’ that have similar properties.
The importance of making a distinction between horizons and
layers of organic soils is unknown. In the discussion that
follows, the term “soil material” is commonly used as a
broader term that includes both horizons and layers in organic
soils.

The horizon designations used in this chapter are defined in

the Soil Survey Manual (USDA, SCS, 1993) and the Keysto Soil
Taxonomy (USDA, NRCS, 1998).

Horizonsand Char acteristics
Diagnostic for Mineral Soils

The criteria for some of the following horizons and
characteristics, such as histic and folistic epipedons, can be met
in organic soils. They are diagnostic, however, only for the
mineral soils.

Diagnostic SurfaceHorizons: The
Epipedon

The epipedon (Gr. epi, over, upon, and pedon, soil) isa
horizon that forms at or near the surface and in which most of
the rock structure has been destroyed. It is darkened by organic
matter or shows evidence of eluviation, or both. Rock structure
as used here and in other places in this taxonomy includes fine
gtratification (less than 5 mm) in unconsolidated sediments
(eolian, aluvial, lacustrine, or marine) and saprolite derived
from consolidated rocks in which the unwesthered minerals
and pseudomorphs of weathered minerals retain their relative
positions to each other.

Any horizon may be at the surface of a truncated soil. The
following section, however, is concerned with eight diagnostic
horizons that have formed at or near the soil surface. These
horizons can be covered by a surface mantle of new soil
material. If the surface mantle has rock structure, the top of the
epipedon is considered the soil surface unless the mantle meets
the definition of buried soilsin If the soil includes a
buried soil, the epipedon, if any, is at the soil surface and the
epipedon of the buried soil is considered a buried epipedon and
is not considered in selecting taxa unless the keys specifically
indicate buried horizons, such as those in Thapto-Histic
subgroups. A soil with a mantle thick enough to have a buried
soil has no epipedon if the soil has rock structure to the
surface or hasan Ap horizon less than 25 cm thick that is
underlain by soil material with rock structure. Themelanic
epipedon (defined below) is unique among epipedons. It forms
commonly in volcanic deposits and can receive fresh deposits of
ash. Therefore, this horizon is permitted to have layers within
and above the epipedon that are not part of the melanic
epipedon.
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A recent aluvial or eolian deposit that retains stratifications
(5mm or lessthick) or an Ap horizon directly underlain by such
stratified material is not included in the concept of the epipedon
because time has not been sufficient for soil-forming processes
to erase these transient marks of deposition and for diagnostic
and accessory properties to develop.

An epipedon is not the same as an A horizon. It may
include part or al of anilluvial B horizon if the darkening by
organic matter extends from the soil surface into or through the
B horizon.

Anthropic Epipedon

The anthropic epipedon has the same limits as the mollic
epipedon in color, structure, and organic-carbon content. It
formed during long-continued use of the soil by humans, either
as a place of residence or as a site for growing irrigated crops.
In the former case, disposal of bones and shells has supplied
calcium and phosphorus and the level of phosphorus in the
epipedon is too high for a mollic epipedon. Such epipedons
occur in the humid parts of Europe, the United States, and
South America and probably in other parts of the world, mostly
in kitchen middens. The high level of phosphorus in the
anthropic epipedons is not everywhere accompanied by a base
saturation of 50 percent or more, but it is accompanied by a
relatively high base saturation if compared with the adjacent
soils.

In arid regions some long-irrigated soils have an epipedon
that is like the mollic epipedon in most chemical and physical
properties. The properties of the epipedon in these areas are
clearly the consequence of irrigation by humans. Such an
epipedon is grouped with the anthropic epipedons, which
developed under human habitation. If not irrigated, such an
epipedon is dry in all its parts for more than 9 months in
normal years. Additional data about anthropic epipedons from
several parts of the world may permit future improvementsin
this definition.

Required Characteristics

In summary, the anthropic epipedon shows some evidence of
disturbance by human activity and meets al of the
requirements for a mollic epipedon, except for one or both of
the following:

1. 1,500 milligrams per kilogram or more P,O, solublein 1
percent citric acid and a regular decrease in P,O, to a depth of
125 cm; or

2. If the soil is not irrigated, all parts of the epipedon are dry
for 9 months or more in normal years.

Folistic Epipedon

Thefolistic epipedon consists of organic material (definedin
unless the soil has been plowed. This epipedon
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normally is at the soil surface, although it can be buried. If the
soil has been plowed, the organic-carbon requirements are lower
than the requirements for organic soil material because of the
need to accommodate the oxidation that occurs when the soil is
plowed. Folistic epipedons occur primarily in cool, humid
regions of the world. They differ from histic epipedons because
they are saturated with water for less than 30 days (cumul ative)
innormal years (and are not artificially drained). Taxafor soils
with folistic epipedons above the series level are not currently
recognized in thistaxonomy. The folistic epipedon is used only
with mineral soils.

Required Characteristics

Thefolistic epipedon is defined as alayer (one or more
horizons) that is saturated for less than 30 days (cumulative) in
normal years (and is not artificially drained) and either:

1. Consists of organic soil materia that:

a. 1s20 cm or more thick and either contains 75 percent or
more (by volume) Sphagnum fibers or has a bulk density,
moist, of less than 0.1; or

b. 1s15 cm or more thick; or

2. Isan Ap horizon that, when mixed to a depth of 25 cm,
has an organic-carbon content (by weight) of:

a. 16 percent or more if the mineral fraction contains 60
percent or more clay; or

b. 8 percent or more if the mineral fraction contains no
clay; or

c. 8+ (clay percentage divided by 7.5) percent or more
if the mineral fraction contains less than 60 percent

clay.

Most folistic epipedons consist of organic soil material

(defined in chapter 3). Item 2 provides for a folistic epipedon
that is an Ap horizon consisting of mineral soil material.

Histic Epipedon

The histic epipedon consists of organic soil material (peat or
muck) if the soil has not been plowed. If the soil has been
plowed, the epipedon normally has a high content of organic
matter that results from mixing organic soil material with some
mineral material. The histic epipedon either is characterized by
saturation and reduction for some time in normal years or has
been artificially drained. It is normally at the soil surface,
although it can be buried.

Photo 4 shows a very dark histic epipedon that is saturated
for long periods and meets criterion 1 below.

Required Characteristics

The histic epipedon is a layer (one or more horizons) that is
characterized by saturation (for 30 days or more, cumulative)
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and reduction for sometimeduring normal years (or isartificially
drained) and either:

1. Consistsof organic soil material that:

a. 1s20to 60 cm thick and either contains 75 percent or
more (by volume) Sphagnum fibers or has a bulk density,
moist, of less than 0.1; or

b. 1s20to 40 cm thick; or

2. Isan Ap horizon that, when mixed to a depth of 25 cm,
has an organic-carbon content (by weight) of:

a. 16 percent or more if the mineral fraction contains 60
percent or more clay; or

b. 8 percent or more if the mineral fraction contains no
clay; or

c. 8+ (clay percentage divided by 7.5) percent or more if
the mineral fraction contains less than 60 percent clay.

Most histic epipedons consist of organic soil material
(defined in Item 2 provides for a histic epipedon
that is an Ap horizon consisting of mineral soil material. A
histic epipedon consisting of mineral soil material can also be
part of amollic or umbric epipedon.

Melanic Epipedon

The melanic epipedon isathick, dark colored (commonly
black) horizon at or near the soil surface (photo 5). It has high
concentrations of organic carbon, generally associated with
short-range-order minerals or aluminum-humus complexes.
The intense dark colors are attributed to the accumulation of
organic matter from which “Type A” humic acids are
extracted. This organic matter is thought to result from large
amounts of root residues supplied by a gramineous vegetation
and can be distinguished from organic matter formed under
forest vegetation by the melanic index.

The suite of secondary minerals generally is dominated by
allophane, and the soil material has alow bulk density and a
high anion adsorption capacity.

Required Characteristics
The melanic epipedon has both of the following:

1. An upper boundary at, or within 30 cm of, either the
mineral soil surface or the upper boundary of an organic layer
with andic soil properties (defined below), whichever is
shallower; and

2. Inlayerswith a cumulative thickness of 30 cm or more
within atotal thickness of 40 cm, all of the following:

a. Andic soil properties throughout; and

b. A color value, moist, and chroma (Munsell
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designations) of 2 or less throughout and a melanic index of
1.70 or less throughout; and

c. 6 percent or more organic carbon as aweighted average
and 4 percent or more organic carbon in all layers.

Mollic Epipedon

The mollic epipedon is arelatively thick, dark colored,
humus-rich surface horizon (or horizons) in which bivalent
cations are dominant on the exchange complex and the grade
of structure is weak to strong (photos 6 and 7). These properties
are common in the soils of the steppesin the Americas, Europe,
and Asia

Properties

The mollic epipedon isdefined in terms of its morphology
rather than its genesis. It consists of mineral soil material and
is at the soil surface, unless it underlies a histic epipedon or
thin surface mantle, as explained earlier in this chapter. If the
surface layer of organic material is so thick that the soil is
recognized as a Histosol (defined below), the horizon that at one
time was amollic epipedon is considered to be buried and no
longer meets the definition of an epipedon.

The mollic epipedon has soil structure strong enough that
less than one-half of the volume of all parts has rock structure
and one-half or more of the horizon is not both hard, very
hard, or harder and massive when dry. In this definition very
coarse prisms, with a diameter of 30 cm or more, are treated as
if they were the same as massive unless there is secondary
structure within the prisms. The restriction against hardness
and structure applies only to those epipedons that become dry.
A mollic epipedon can directly overlie deposits with rock
structure, including fine stratifications, if the epipedon is 25
cm or more thick. The epipedon does not include any layer in
which one-half or more of the volume has rock structure,
including fine stratifications.

The moallic epipedon has dark color and low chromain 50
percent or more of its matrix. It typically has a Munsell color
value of 3 or less when moist and of 5 or less when dry and
chroma of 3 or less when moist. If its structure is fine granular
or fine blocky, the sample, when broken, may show only the
color of the coatings of peds. The color of the matrix in such
situations can be determined only by crushing or briefly
rubbing the sample. Prolonged rubbing should be avoided
because it may cause darkening of a sample if soft iron-
manganese concretions are present. Crushing should be just
sufficient to mix the coatings with the matrix. The dry color
value should be determined after the crushed sample is dry
enough for continued drying to produce no further change and
the sample has been smoothed to eliminate shadows.

Normally, the color valueisat least 1 Munsell unit lower or
the chroma at least 2 units lower (both moist and dry) than that
of the 1C horizon (if one occurs). Some parent materials, such
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as loess, cinders, basalt, or carbonaceous shale, can also have
dark color and low chroma. Soils that formed in such materials
can accumul ate appreciable amounts of organic matter but
commonly have no visible darkening in the epipedon. In these
dark colored materials, the requirement that the mollic
epipedon have a lower color value or chroma than the C
horizon iswaived if the surface horizon(s) meets all of the
other requirements for a mollic epipedon and, in addition, has
at least 0.6 percent more organic carbon than the C horizon.

Finely divided CaCO, acts as a white pigment and causes
soilsto have a high color value, especially when dry. To
compensate for the color of the carbonates, the mollic epipedon
is allowed to have lighter color than normal if the epipedon
averages more than 15 percent carbonates.

If the fine-earth fraction has a calcium carbonate equivalent
of 15 to 40 percent, the limit for the dry color value is waived.
If it has a calcium carbonate equivalent of 40 percent or more,
the limit for the dry color value is waived and the moist color
valueis5or less.

The mollic epipedon forms in the presence of bivalent
cations, particularly calcium. The base saturation by the
NH,OAc method is required to be 50 percent or more
throughout the epipedon.

The moallic epipedon is thought to be formed mainly through
the underground decomposition of organic residues in the
presence of these cations. The residues that are decomposed are
partly roots and partly organic residues from the surface that
have been taken underground by animals. Accumulation and
turnover of the organic matter in the mollic epipedon probably
are rapid. The radiocarbon age (mean residence time) of the
organic carbon is mostly 100 to 1,000 years. A high percentage
of the organic matter is so-called “humic acid.” The minimum
organic-carbon content throughout the thickness of the mollic
epipedon is 0.6 percent in most mollic epipedons. Exceptions
are (1) aminimum of 2.5 percent organic carbon in epipedons
that have a color value, moist, of 4 or 5 and afine-earth
fraction with a calcium carbonate equivalent of 40 percent or
more and (2) a minimum of 0.6 percent more organic carbon
than in the C horizon in epipedons in which the C horizon has
acolor as dark as or darker than the color of the epipedon.

The maximum organic-carbon content of a mollic epipedon
is the same as for mineral soil material. Some Ap horizons that
approach the lower limit of a histic epipedon can be part of the
mollic epipedon.

The minimum thickness of the mollic epipedon depends on
the depth and texture of the soil. The minimum thicknessis for
soils with an epipedon that is loamy very fine sand or finer and
that is directly above a densic, lithic, or paralithic contact, a
petrocalcic horizon, or a duripan. These soils have a minimum
thickness of 10 cm. Soils that are 10 to 18 cm deep have a
mollic epipedon if the whole soil meets all of the criteriafor a
mollic epipedon when mixed.

The minimum thickness is 25 cm for: (1) all soilswith a
texture throughout the epipedon of loamy fine sand or coarser;
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(2) dl soilsthat have no diagnostic horizons or features below
the epipedon; and (3) soils that are 75 cm or more deep to a
densic, lithic, or paralithic contact, a petrocalcic horizon, or a
duripan, are more than 75 cm deep to the upper boundary of
any identifiable secondary carbonates, and are more than 75
cm deep to the lower boundary of any argillic, cambic, kandic,
natric, oxic, or spodic horizon (all defined below).

The minimum thickness is one-third of the thickness from
the mineral soil surface to any of the features described in the
paragraph above if (1) the texture throughout the epipedon is
loamy very fine sand or finer and (2) depth to the feature
described in the paragraph above is between 54 and 75 cm.

The minimum thickness is 18 cm for all other soils.

The mollic epipedon has less than 1,500 milligrams per
kilogram of P,O, soluble in 1 percent citric acid or has an
irregular decrease in the amounts of P,O_ with increasing depth
below the epipedon, or there are phosphate nodules within the
epipedon. Thisrestriction is intended to exclude plow layers of
very old arable soils and kitchen middens that, under use, have
acquired the properties of a mollic epipedon and to include the
epipedon of a soil developed in highly phosphatic parent
material.

Some part of the epipedon is moist for 90 days or more
(cumulative) in normal years during times when the soil
temperature at a depth of 50 cm is 5 °C or higher and the soil is
not irrigated.

Sediments that have been continuously under water since
they were deposited have a very high water content and are
unable to support livestock. Although many soils that have a
mollic epipedon are very poorly drained, the mollic epipedon is
required to have an n value (defined below) of lessthan 0.7.

Several accessory properties are common in soils that have a
mollic epipedon. Most natural environments (not made by
humans) that produce a mollic epipedon also produce 2:1
lattice clays from minerals that can be altered, preclude serious
toxicity from aluminum or manganese, and ensure a reasonable
reserve of calcium, magnesium, and potassium and of nitrogen
if the soil has not been cultivated for along time. These are
accessory properties that are important to plant growth.
Permeability is another accessory property important to most
uses of the soil. The structure of the mollic epipedon facilitates
the movement of moisture and air whenever the soil is not
saturated with water.

The content of organic matter indicates that the soil has
received enough moisture to support fair to luxuriant plant
growth in normal years. The mollic epipedon must be moist in
at least some part for 90 days or more (cumulative) in normal
years at times when the soil temperature is 5 °C or higher at a
depth of 50 cm and when the soil is not irrigated.

Although the mollic epipedon is a surface horizon that can
be truncated by erosion, its many important accessory
properties suggest its use as a diagnostic horizon at a high
categoric level. Some soils have eroded to the extent that the
epipedon is no longer thick enough to meet the requirements
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for amollic epipedon. In this case human activities have altered
the surface horizon, changing amollic epipedon into an ochric
epipedon (defined below).

Required Characteristics

The mollic epipedon consists of mineral soil materials and has
thefollowing properties:

1. Whendry, either or both:

a. Structural unitswith adiameter of 30 cm or less
or secondary structure with a diameter of 30 cm or less;
or

b. A moderately hard or softer rupture-resistance class;
and

2. Rock structure, including fine (less than 5 mm)
gtratifications, in less than one-half of the volume of all parts;
and

3. One of the following:
a. All of thefollowing:

(1) Colorswith avalue of 3 or less, moist, and of 5 or
less, dry; and

(2) Colorswith chroma of 3 or less, moist; and

(3) If the soil has a C horizon, the mollic epipedon has
acolor value at least 1 Munsell unit lower or chroma at
least 2 units lower (both moist and dry) than that of the C
horizon or the epipedon has at least 0.6 percent more
organic carbon than the C horizon; or

b. A fine-earth fraction that has a calcium carbonate
equivalent of 15 to 40 percent and colors with a value and
chroma of 3 or less, moist; or

c. A fine-earth fraction that has a calcium carbonate
equivalent of 40 percent or more and a color value, moist, of
5 or less; and

4. A base saturation (by NH,OAc) of 50 percent or more; and
5. An organic-carbon content of:

a. 2.5 percent or more if the epipedon has a color value,
moist, of 4 or 5; or

b. 0.6 percent more than that of the C horizon (if one
occurs) if the mollic epipedon has a color value less than 1
Munsell unit lower or chroma less than 2 units lower (both
moist and dry) than the C horizon; or

c. 0.6 percent or more; and

6. After mixing of the upper 18 cm of the mineral soil or of
the whole mineral soil if its depth to a densic, lithic, or
paralithic contact, petrocalcic horizon, or duripan (all defined
below) is less than 18 cm, the minimum thickness of the
epipedon is asfollows:
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a. 10 cm or the depth of the noncemented soil if the
epipedon is loamy very fine sand or finer and is directly
above a densic, lithic, or paralithic contact, a petrocalcic
horizon, or a duripan that is within 18 cm of the mineral
soil surface; or

b. 25cmor moreif the epipedon isloamy fine sand or
coarser throughout or if there are no underlying diagnostic
horizons (defined below) and the organic-carbon content of
the underlying materials decreases irregularly with
increasing depth; or

c. 25cmor moreif all of the following are 75 cm or more
below the mineral soil surface:

(1) The upper boundary of any pedogenic lime that is
present as filaments, soft coatings, or soft nodules; and

(2) Thelower boundary of any argillic, cambic, natric,
oxic, or spodic horizon (defined below); and

(3) The upper boundary of any petrocalcic horizon,
duripan, or fragipan; or

d. 18 cmif the epipedon isloamy very fine sand or finer in
some part and one-third or more of the total thickness
between the top of the epipedon and the shallowest of any
features listed in item 6-c is less than 75 cm below the
mineral soil surface; or

e. 18 cm or moreif none of the above conditions apply;
and

7. Phosphate:

a. Content less than 1,500 milligrams per kilogram
soluble in 1 percent citric acid; or

b. Content decreasing irregularly with increasing depth
below the epipedon; or

¢. Nodules are within the epipedon; and

8. Some part of the epipedon is moist for 90 days or more
(cumulative) in normal years during times when the soil
temperature at a depth of 50 cmis 5 °C or higher, if the soil is
not irrigated; and

9. Thenvaue (defined below) islessthan 0.7.

OchricEpipedon

The ochric epipedon fails to meet the definitions for any of
the other seven epipedons because it is too thin or too dry, has
too high a color value or chroma, contains too little organic
carbon, has too high an n value or melanic index, or is both
massive and hard or harder when dry (photos 8 and 9). Many
ochric epipedons have either aMunsell color value of 4 or
more, moist, and 6 or more, dry, or chroma of 4 or more, or
they include an A or Ap horizon that has both low color values
and low chroma but is too thin to be recognized as a mollic or
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umbric epipedon (and has less than 15 percent calcium
carbonate equivalent in the fine-earth fraction). Ochric
epipedons also include horizons of organic materials that are
too thin to meet the requirements for a histic or folistic
epipedon.

The ochric epipedon includes eluvial horizons that are at or
near the soil surface, and it extends to the first underlying
diagnostic illuvia horizon (defined below as an argillic,
kandic, natric, or spodic horizon). If the underlying horizon is
a B horizon of ateration (defined below as a cambic or oxic
horizon) and there is no surface horizon that is appreciably
darkened by humus, the lower limit of the ochric epipedon is
the lower boundary of the plow layer or an equivalent depth
(18 cm) in a soil that has not been plowed. Actually, the same
horizon in an unplowed soil may be both part of the epipedon
and part of the cambic horizon; the ochric epipedon and the
subsurface diagnostic horizons are not all mutually exclusive.
The ochric epipedon does not have rock structure and does not
include finely stratified fresh sediments, nor can it be an Ap
horizon directly overlying such deposits.

The ochric epipedon by itself has few or no accessory
characteristics, but an ochric epipedon in combination with
other diagnostic horizons and features has many accessory
characteristics. For example, if there is an underlying horizon
inwhich clay hasaccumulated (defined later asan argillic
horizon) and if the epipedon is seldom or never dry, carbonates
are absent and base saturation is moderate or low in the major
part of the epipedon unless the soil has been limed. If the
texture is loamy, the structure breaks down easily when the soil
is cultivated.

Plaggen Epipedon

The plaggen epipedon is a human-made surface layer 50 cm
or more thick that has been produced by long-continued
manuring (photo 10). In medieval times, sod or other materials
commonly were used for bedding livestock and the manure was
spread on fields being cultivated. The mineral materials
brought in by this kind of manuring eventually produced an
appreciably thickened Ap horizon (as much as 1 m or more
thick). In northwestern Europe this custom was associated with
the poorly fertile, sandy Spodosols. The practice more or less
ceased at the turn of the 19th century, when fertilizers became
available.

The color of a plaggen epipedon and its organic-carbon
content depend on the materials used for bedding. If the sod
was cut from the heath, the plaggen epipedon tends to be black
or very dark gray, to be rich in organic matter, and to have a
wide carbon-nitrogen ratio. If the sod came from forested soils,
the plaggen epipedon tends to be brown, to have less organic
matter, and to have a narrower carbon-nitrogen ratio.
Commonly, the organic-carbon content ranges from 1.5to 4
percent. Values commonly range from 1 to 4, moist, and
chromas are 2 or less.
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A plaggen epipedon can be identified by several means.
Commonly, it contains artifacts, such as bits of brick and
pottery, throughout its depth. There may be chunks of diverse
materials, such as black sand and light gray sand, as large as
the size held by a spade. The plaggen epipedon normally shows
spade marks throughout its depth and also remnants of thin
stratified beds of sand that were probably produced on the soil
surface by beating rains and were later buried by spading. A
map unit delineation of soils with plaggen epipedons would
tend to have straight-sided rectangular bodies that are higher
than the adjacent soils by as much as or more than the
thickness of the plaggen epipedon.

Umbric Epipedon

Theumbric epipedonisarelatively thick, dark colored,
humus-rich surface horizon or horizons (photo 11). It cannot be
distinguished by the eye from amollic epipedon, but laboratory
studies show that the base saturation is less than 50 percent (by
NH,OAc) insomeor all parts.

The umbric epipedon is used for defining taxa at different
levels. For those soils in which the content of organic matter is
roughly proportional to the darkness of the color, the most
satisfactory groupings appear to be those that assign soils with
athick, dark colored surface horizon and soils with a light
colored or thin surface horizon to different suborders.
Structure, bulk density, cation-exchange capacity, and other
properties are related to the amount and type of organic matter
in these soils. In those kinds of soil where dark color is not
related to the content of organic matter, the soils that have light
colored epipedons are separated from the soils that have dark
colored epipedons only at lower categoric levels, if at all.

Properties

The umbric epipedon consists of mineral soil material and is
at the soil surface, unless it underlies either a recent deposit
that is less than 50 cm thick and has fine stratification if not
plowed or athin layer of organic soil material. If the surface
layer of organic material is so thick that the soil is recognized
as aHistosol (defined below), the umbric epipedon is considered
to be buried.

The umbric epipedon has soil structure strong enough so
that one-half or more of the horizon is not both hard, very
hard, or harder and massive when dry. Very coarse prisms,
with a diameter of 30 cm or more, are treated as if they were
the same as massive if there is no secondary structure within
the prisms. The restriction against massive and hardness
applies only to those epipedons that become dry.

The umbric epipedon has dark color and low chromain 50
percent or more of its matrix. It has a Munsell color value of 3
or less, moist, and of 5 or less, dry, and chroma of 3 or less. If
its structure is fine granular or fine blocky, the sample when
broken may show only the color of the coatings of peds. The
color of the matrix in such situations can be determined only
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by crushing or briefly rubbing the sample. Prolonged rubbing
should be avoided because it may cause darkening of a sample
if soft iron-manganese concretions are present. Crushing
should be just sufficient to mix the coatings with the matrix.
The dry color value should be determined after the crushed
sampleis dry enough for continued drying to produce no
further change and the sample has been smoothed to eliminate
shadows.

Normally, the color value is at least 1 Munsell unit lower or
the chroma at least 2 units lower (both moist and dry) than that
of the C horizon (if present). Some parent materials, such as
loess, cinders, alluvium, or shale, can also have dark color and
low chroma. Soils that formed in such materials can
accumul ate appreciable amounts of organic matter but
commonly show no visible darkening in the epipedon. In these
dark colored materias, the requirement that the umbric
epipedon have a lower color value or chroma than the C
horizon iswaived if the surface horizon(s) meets all of the
other requirements for an umbric epipedon and, in addition,
has at least 0.6 percent more organic carbon than the C
horizon.

Base saturation by the NH,OAc method is required to be
less than 50 percent in some or all parts of the epipedon.

The umbric epipedon is thought to be formed mainly by the
decomposition of organic residues. The residues that are
decomposed are partly roots and partly organic residues from
the surface that have been taken underground by animals.
Accumulation and turnover of the organic matter in the umbric
epipedon probably are slower than in the mollic epipedon. The
aluminum ions may be somewhat toxic to some kinds of soil
micro-organisms. The minimum organic-carbon content
throughout the thickness of the umbric epipedon is 0.6 percent.

The minimum thickness of the umbric epipedon is
dependent on the depth and texture of the soil. The minimum
thickness is for soils with an epipedon that is loamy very fine
sand or finer (when mixed) and that is directly above a densic,
lithic, or paralithic contact, a petrocalcic horizon, or a duripan.
These soils have a minimum thickness of 10 cm. Soils that are
10 to 18 cm deep have an umbric epipedon if the whole soil
meets al of the criteriafor an umbric epipedon when mixed.

The minimum thickness is 25 cm for (1) all soilswith a
texture throughout the epipedon of loamy fine sand or coarser;
(2) all soils that have no diagnostic horizons or features below
the epipedon; and (3) soils that are 75 cm or more deep to a
densic, lithic, or paralithic contact or a duripan and are more
than 75 cm deep to the lower boundary of any argillic, cambic,
kandic, natric, oxic, or spodic horizon (all defined below).

The minimum thickness is one-third of the thickness from
the mineral soil surface to any of the features in the paragraph
above if (1) the texture in some or al parts of the epipedon is
loamy very fine sand or finer and (2) depth to the feature listed
in the paragraph above is between 54 and 75 cm below the
mineral soil surface.
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Theminimum thicknessis 18 cmfor &l other soils.

The umbric epipedon has less than 1,500 milligrams per
kilogram of P,O, soluble in 1 percent citric acid or has an
irregular decrease in the amounts of P,O, with increasing depth
below the epipedon, or there are phosphate nodules within the
epipedon. Thisrestriction is intended to exclude plow layers of
very old arable soils and kitchen middens that, under use, have
acquired the properties of an umbric epipedon and to include
the epipedon of a soil developed in highly phosphatic parent
material.

Some part of the epipedon is moist for 90 days or more
(cumulative) in normal years during times when the soil
temperature at a depth of 50 cm is 5 °C or higher and the soil is
not irrigated.

Sediments that have been continuously under water since
deposition have a very high water content and are unable to
support livestock. Although some soils that have an umbric
epipedon are very poorly drained, the umbric epipedon is
required to have an n value (defined below) of lessthan 0.7.

Several accessory properties are common in soils that have
an umbric epipedon. These soils have the potential for toxicity
from aluminum, and they are commonly low in calcium,
magnesium, and potassium if lime and fertilizer have not been
applied. These are accessory properties important to plant
growth. The structure of the umbric epipedon facilitates the
movement of moisture and air whenever the soil is not
saturated with water.

The content of organic matter indicates that the soil has
received enough moisture to support fair to luxuriant plant
growth in normal years. The umbric epipedon must be moist in
at least some part for 3 months or more (cumulative) in normal
years at times when the soil temperature is 5 °C or higher at a
depth of 50 cm and when the soil is not irrigated.

Although the umbric epipedon is a surface horizon that can
be truncated by erosion, its many important accessory
properties suggest its use as a diagnostic horizon at a high
categoric level.

Some plaggen epipedons meet all of the requirements for an
umbric epipedon but also show evidence of a gradual addition
of materials during cultivation, whereas the umbric epipedon
does not have the artifacts, spade marks, and raised surfaces
that are characteristic of the plaggen epipedon.

Required Characteristics

The umbric epipedon consists of mineral soil materials and
has the following properties:

1. When dry, either or both:

a. Structural units with a diameter of 30 cm or less or
secondary structure with a diameter of 30 cm or less; or

b. A moderately hard or softer rupture-resistance class;
and
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2. All of thefollowing:

a Colorswith avalueof 3 or less, moist, and of 5 or less,
dry; and

b. Colorswith chroma of 3 or less, moist; and

c. If the soil has a C horizon, the umbric epipedon has a
color value at least 1 Munsell unit lower or chroma at least
2 units lower (both moist and dry) than that of the C
horizon or the epipedon has at least 0.6 percent more
organic carbon than that of the C horizon; and

3. A base saturation (by NH,OAc) of less than 50 percent in
some or al parts; and

4. An organic-carbon content of:

a. 0.6 percent more than that of the C horizon (if one
occurs) if the umbric epipedon has a color value less than 1
Munsell unit lower or chroma less than 2 units lower (both
moist and dry) than the C horizon; or

b. 0.6 percent or more; and

5. After mixing of the upper 18 cm of the mineral soil or of
the whole mineral soil if its depth to a densic, lithic, or
paralithic contact or a duripan (all defined below) is less than
18 cm, the minimum thickness of the epipedon is as follows:

a. 10 cm or the depth of the noncemented soil if the
epipedon is loamy very fine sand or finer and is directly
above a densic, lithic, or paralithic contact or a duripan that
is within 18 cm of the mineral soil surface; or

b. 25 cm or more if the epipedon isloamy fine sand or
coarser throughout or if there are no underlying diagnostic
horizons (defined below) and the organic-carbon content of
the underlying materials decreases irregularly with
increasing depth; or

c. 25cmor moreif the lower boundary of any argillic,
cambic, natric, oxic, or spodic horizon (defined below) is 75
cm or more below the mineral soil surface; or

d. 18 cmif the epipedon isloamy very fine sand or finer in
some part and one-third or more of the total thickness
between the top of the epipedon and the shallowest of any
features listed in item 5-c is less than 75 cm below the
mineral soil surface; or

e. 18 cm or moreif none of the above conditions apply;
and

6. Phosphate:

a. Content less than 1,500 milligrams per kilogram
soluble in 1 percent citric acid; or

b. Content decreasing irregularly with increasing depth
below the epipedon; or

¢. Nodules are within the epipedon; and
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7. Some part of the epipedon ismoist for 90 days or more
(cumulative) in normal years during times when the soil
temperature at a depth of 50 cm is 5 °C or higher, if the soil is
not irrigated; and

8. Thenvalue (defined below) islessthan 0.7; and

9. Theumbric epipedon does not have the artifacts, spade
marks, and raised surfaces that are characteristic of the

plaggen epipedon.

Diagnostic Subsurface Horizons

The horizons described in this section form below the surface
of the soil, although in some areas they form directly below a
layer of leaf litter. They may be exposed at the surface by
truncation of the soil. Some of these horizons are generally
regarded as B horizons, some are considered B horizons by
many but not all pedologists, and others are generally regarded
as parts of the A horizon.

AgricHorizon

The agric horizon is an illuvial horizon that has formed
under cultivation and contains significant amounts of illuvial
silt, clay, and humus. When a soil is brought under cultivation,
the vegetation and the soil fauna as a rule are changed
drastically. The plow layer is mixed periodically, and, in effect,
anew cycle of soil formation is started. Even where the
cultivated crops resemble the native vegetation, stirring of the
plow layer and the use of amendments, especially lime,
nitrogen, and phosphate, normally produce significant changes
in soil structure, flora, and fauna.

After a soil has been cultivated for along time, changesin
the horizon directly below the plow layer become apparent and
cannot be ignored in classifying the soil. The large pores in the
plow layer and the absence of vegetation immediately after
plowing permit a turbulent flow of muddy water to the base of
the plow layer. The water can enter wormholes or fine cracks
between peds at the base of the plow layer, and the suspended
materials are deposited as the water is withdrawn into capillary
pores. The worm channels, root channels, and surfaces of peds
in the horizon underlying the plow layer become coated with a
dark colored mixture of organic matter, silt, and clay. The
accumulations on the sides of wormholes become thick and can
eventually fill the holes. If worms are scarce, the accumulations
may take the form of lamellae that range in thickness from a
few millimeters to about 1 cm. The lamellae and the coatings
on the sides of wormholes always have a lower color value and
chroma than the soil matrix.

The agric horizon can have somewhat different formsin
different climates if there are differences in soil fauna. In areas
of ahumid, temperate climate where soils have audic moisture
regime and amesic soil temperature regime (defined below),
earthworms can become abundant. If there are wormholes that,
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including their coatings, constitute 5 percent or more (by
volume) of the horizon and if the coatings are 2 mm or more
thick and have a color value, moist, of 4 or less and chroma of
2 or less, the horizon is an agric horizon. After long
cultivation, the content of organic matter in the agric horizon
is not likely to be high, but the carbon-nitrogen ratio is low
(generally less than 8). The pH value of the agric horizon is
close to neutral (6 to 6.5).

In areas of aMediterranean climate where soils have axeric
soil moisture regime (defined bel ow), earthworms areless
common and the illuvial materials accumulate as lamellae
directly below the Ap horizon. If these lamellae are 5 mm or
more thick, have a color value, moist, of 4 or less and chroma
of 2 or less, and constitute 5 percent or more (by volume) of a
horizon 10 cm or more thick, this horizon is an agric horizon.

The agric horizon in these xeric soilsis also part of an
argillic horizon. An agric horizon may form in severa of the
other diagnostic horizons, but not in a mollic or anthropic
epipedon. A soil in which an illuvial horizon has formed in the
mollic epipedon is distinguished by other means.

Required Characteristics

The agric horizon is directly below an Ap horizon and has the
following properties:

1. A thicknessof 10 cm or moreand either:

a.  5percent or more (by volume) wormholes, including
coatings that are 2 mm or more thick and have a value,
moist, of 4 or less and chroma of 2 or less; or

b. 5 percent or more (by volume) lamellae that have a
thickness of 5 mm or more and have a value, moist, of 4 or
less and chroma of 2 or less.

AlbicHorizon

Thealbic horizon (photo 12) isan eluvial horizon, 1.0 cm or
morethick, that has 85 percent or more (by volume) albic
materials (defined below). It generally occursbelow an A
horizon but may be at the mineral soil surface. Under the albic
horizon there generally is an argillic, cambic, kandic, natric, or
spodic horizon or afragipan (defined below). The abic horizon
may lie between a spodic horizon and either a fragipan or an
argillic horizon, or it may be between an argillic or kandic
horizon and a fragipan. It may lie between a mollic epipedon
and an argillic or natric horizon or between a cambic horizon
and an argillic, kandic, or natric horizon or a fragipan. The
albic horizon may separate horizons that, if they were together,
would meet the requirements for a mollic epipedon. It may
separate lamellae that together meet the requirements for an
argillic horizon. These lamellae are not considered to be part of
the abic horizon.

In some soils the horizon underlying the abic horizon is too
sandy or too weakly developed to have the levels of
accumulation required for an argillic, kandic, natric, or spodic
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horizon. Some soils have, directly below the albic horizon, either
adensic, lithic, or paralithic contact or another relatively
impervious layer that produces a perched water table with
stagnant or moving water.

ArgillicHorizon

Anargillic horizonisnormally asubsurface horizon with a
significantly higher percentage of phyllosilicate clay than the
overlying soil material (photo 13). It shows evidence of clay
illuviation. The argillic horizon forms below the soil surface,
but it may be exposed at the surface later by erosion.

Genesis

Because there is little or no evidence of illuvia clay
movement in soils on the youngest landscapes, soil scientists
have concluded that the formation of an argillic horizon
requires at least a few thousand years. On some late-
Pleistocene landscapes, argillic horizons are more strongly
expressed in soils under forest vegetation than in soils under
grass. Therefore, the kind of flora and associated fauna is
thought to have an influence on the rate of development or
degree of expression of the argillic horizon. Climate also isa
factor. There are few or no examples of clay filmsin soils with
perudic soil moisture regimes, such as the soils in parts of
southeastern Alaska, the Olympic Peninsula of Washington,
and the British highlands where water percolates through the
soils during all seasons. Argillic horizons are common on the
adjacent lowlands in Great Britain, under climates where the
soils undergo wetting and drying cycles.

Textural differentiation in soils with argillic horizons results
from one or more processes acting simultaneously or
sequentially, affecting surface horizons, subsurface horizons, or
both. The degree to which a process or several processes
operate varies widely from soil to soil. In some soils clay
illuviation is significant, while in others clay illuviation is
overshadowed by in situ weathering. Not all of the processes
are completely understood. The ones thought to be most
important are summarized in the following paragraphs.

1. Clay eluviation and illuviation.—Some suspended clay
is carried downward in the soil water. The movement of clay
can take place from one horizon to another or within a horizon.
There is a strong mineralogical similarity between the fine clay
in an eluvial horizon and that in a deeper illuvia horizon. This
similarity supports the idea that clay migrates dominantly as
clay rather than as the products of decomposition that were
later synthesized to form clay-sized particles.

Clay mobility isinfluenced by anumber of factors. If clay
platel ets are aggregated by sesquioxides or other cementing
agents, the cement must be dissolved prior to clay movement.
Phyllosilicates with thick, diffuse double layers of adsorbed
cations are dispersed more easily than those with thin double
layers. If the ionic strength of the soil solution is high, clays
tend to flocculate. Wetting a dry soil seemsto lead to



30

disruption of the fabric and to dispersion of clay unlesstheionic
concentration is high. Sodium ionsin solution, between critical
limitsof activity, increase clay dispersion. Optimal clay
dispersion occurs when the pH at the zero point of net charge
on the clay particle is distinctly different from the pH of the
soil solution. This dispersion commonly occurs between pH
values of 4.5 and 6.5.

In soilsthat are periodically dry, the clay suspension moves
downward and stops in the dry subsoil as the soil solution is
absorbed. During absorption of the soil solution, the surface of
the ped acts as a filter and keeps clays from entering the
interior of the ped. The clay platelets then coat the surface of
the ped or void wall and are oriented with their long axes
parallel to the surface on which they were deposited. They are
called clay films. These layers of oriented clay can be
distinguished from the rest of the clay through the use of a
petrographic microscope.

As soil solution enters unsaturated subsoils, water
movement occurs in fine pores. Pore water velocity is reduced
as afunction of pore wall friction. Some clay deposition may
occur simply because fluid velocity istoo low to keep the clay
suspended.

Capillarity affects water movement both downward and into
the peds. If a soil horizon is underlain by a horizon of
considerably coarser texture (i.e., larger pores), capillary
continuity is broken and water tends to remain in the fine
capillaries above the zone of contact. When water evaporates or
is withdrawn by roots, suspended and/or dissolved materials,
including clay, are left. This action accentuates the original
difference in pore-size distribution, and clay is deposited
directly above the coarse textured strata or lenses.

Clays that are deposited from suspension in sediments, such
as shale or glacial till, are commonly oriented parallel to the
depositional or stress surface. In contrast, clays formed in place
within the soil generally are oriented according to the crystal
structure of the original mineral grains from which they
formed. Neither the mineral grains nor the planes in the shale
or till are consistently oriented with respect to any pedogenic
features. Consequently, the thin sections of many soils indicate
layers of oriented clays in peds and on the surfaces of pores and
peds.

Accumulation of clay in some soils occurs predominantly
through flocculation. The dispersed clay stops moving
downward if alayer with different pH or electrolyte
concentration, or both, is present in the subsoil. The
flocculated clays will have little or no orientation with respect
to the features of the microfabric. Thus, distinguishing
flocculated clays from clays formed in situ is difficult.

The above discussion is not intended to imply that al of the
clay increase in an argillic horizon is the result of illuviation.
The conclusions of many studies range from those indicating
that most of the clay increase is the result of translocation to
those indicating that most of the clay formed in situ with
minimal translocation.
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2. Clay dissolution in the epipedon.—Dissolution of clay-
sized phyllosilicates can lead to aloss of clay in soils. The loss
generally isgreatest in the upper horizons, where weathering
processes are most intense. Because this process generally
affects surface horizons more than subsurface horizons, a
vertical textural differentiation can result.

3. Selective erosion.—Raindrop splash and subsequent
surface soil erosion cause the smaller soil particles to be moved
farther downslope than the larger particles. Eventually, part of
the fine fraction is eliminated from the surface layer of sloping
soils, leaving a concentration of the coarser textured part. The
speed of this process depends on many factors. In areas where
highly erosive rain falls on soils with little surface cover, the
process can occur rapidly. The surficial movement of clay
downslope seems to be widespread, and selective erosion likely
is a process that contributes to textural differentiation in some
soils.

4. In situ clay formation.—Vertical textural
differentiation is enhanced in some soils when the surface
horizon dries and evaporation ceases but the subsoil remains
moist. The presence of water allows hydrolysis in the subsoil
and the subsequent production of clay. This processis
important in many soils.

5. Clay destruction in a subsurface horizon.—Clay
destruction may occur in a soil through the process of
ferrolysis. Ferrolysis causes loss of clay from the upper
horizons by decomposition from the upper layers. The process
consists of a sequence of repetitive cyclesinvolving an
oxidative phase and a reductive phase. During the reductive
phase, the ferrous iron displaces exchangeable cations, which
are then removed by leaching. During the oxidative stage,
oxidation of exchangeable ferrous iron produces exchangeable
hydrogen, part of which attacks the phyllosilicate. In every
cycle, cations are removed by leaching and part of the
phyllosilicate is destroyed. With continued ferrolysis, a
seasonally wet soil, even if base saturated, can develop a gray,
silty or sandy horizon with alow clay content and a low cation-
exchange capacity. Ferrolysisis the process that may help to
develop abic materia in a number of soils, including Albolls
and Albaqualfs.

Regardless of the process responsible for textural
differentiation, clay illuviation in one form or another is
common to all argillic horizons.

Significance to Soil Classification

The argillic horizon represents a time-landscape
relationship that is locally and regionally important. A taxon
that includes all soils that have an argillic horizon would have
very few other common properties. Yet, the horizon is a mark
of landscape stability with respect to the formation and
preservation of afiner textured subsurface horizon, as opposed
to processes that destroy or remove clay from the horizon or
that mix horizons. Because an argillic horizon forms at a
relatively slow rate, its presence indicates that the geomorphic
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surface has been relatively stable and that the period of stability
has been long.

If theargillic horizon occursin an areaof an aridic moisture
regime (defined below) and israrely moist or hasfree carbonates
throughout, it probably indicates an old soil and stable
geomorphic surface of such great age that the climate has
changed since the formation of the horizon. In the present
environment, the precipitation is not sufficient to remove
carbonates from the soil or to translocate clay to the base of the
argillic horizon.

On the steppes, savannas, and grasslands in areas of
subhumid climates, the argillic horizon is a useful means of
distinguishing between surfaces of Holocene or late-Pleistocene
age and older surfaces.

In cool, humid regions the argillic horizon seems to be
impermanent. It forms slowly, but there is evidence that with
time it is moved to a greater depth in the soil and is finally
destroyed. In its place, a glossic or spodic horizon may form.

In humid, temperate and tropical regions, the presence of an
argillic horizon has other meanings. In humid, temperate
regions that are forested, the argillic horizon is mainly a mark
of a stable surface. In the humid tropics the clay fraction of the
argillic horizon commonly is low in silicon because of intense
weathering. The high degree of weathering is reflected by a
dominance of 1:1 layer lattice clays and oxyhydroxides of iron
and by a general absence of 2:1 layer lattice clays, except for
hydroxy-interlayered vermiculite. Gibbsite can occur in the
most weathered argillic horizons. In humid, temperate and
tropical regions where cycling of bases by plantsis the chief
mechanism by which basic cations are retained against
leaching from the soils, the available nutrients of ped exteriors
relative to ped interiors are significant to root development. In
some of these soils, the roots do not enter the peds of the
argillic horizon but occur along faces of the peds. The peds are
coated by continuous clay films with significantly more
nitrogen, phosphorus, and potassium than the available
nutrients in the interior of the peds.

I dentification

Since the argillic horizon can result from one or more
processes acting simultaneously or sequentially and affecting
surface horizons, subsurface horizons, or both, one or more sets
of properties can be used for its identification. Positive
identification of the argillic horizon is difficult in some
situations. No one feature is common to all argillic horizons
and absent from all other horizons. Nearly all argillic horizons
have at least two of the following features:

1. Thereismoresilicateclay intheargillic horizonthaninan
overlying horizon. The boundary between the eluvial horizon
and theargillic horizon isgenerally clear or abrupt, and
commonly it isirregular. The clay content (percent, by weight,
lessthan 2 micrometers, excluding clay-sized carbonates) of the
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argillic horizon must be at least 1.2 timesthe clay content of an
overlying eluvial horizon, and generally the increase must be
larger to be consistently detected in the field. The required
increase in clay content occurs within avertical distance of 15
cmin most pedons, but it can occur within avertical distance as
great as 30 cm and still meet the requirementsfor an argillic
horizon.

2. There are coatings of oriented clay on the surfaces of pores
and peds or orientated clay as coatings or as bridges between
sand grains somewhere within many argillic horizons. An
experienced pedologist can often identify the layers of oriented
clay on the surfaces of peds and in pores, called clay films,
with a10 X hand lens. The clay films used to identify an
argillic horizon should occur on more than just the vertical
sides of peds. Examination of the surfaces of peds and pores
under a 10- to 20-power hand lens usually discloses one or
more of the features common to most clay films. The films may
differ from the interiors of the pedsin color as well as texture.
Clay films should also have an observable thickness, whereas
many pressure faces do not. Pores that are open on the lower
side of a ped can have irregular lips where the clay protrudes.
Commonly, the surfaces have an irregular shape and show
channels and flow lines that apparently were formed by soil
solution moving through the soil._Photo 14 shows a prominent
clay film in apore and a faint clay film on the surface of a ped
of an argillic horizon in a medium textured soil under
magnification. The pore has a prominent, dark gray coating,
and the surface of the ped has a distinct, brownish coating. The
broken surface that reveals the interior of the ped, on the right,
has no coating. The scaleis 2 mm. Photo 15 showsilluvial clay
in sand. The clay coats the sand grains, and an occasional pore
has a clay film. Very commonly, the coatings occur only in part
of the horizon. Some argillic horizons have clay films only
toward the base of the argillic horizon.

3. Theratio of fine clay (particles less than 0.2 micrometer in
diameter) to total clay can be larger in an argillic horizon than
in the overlying horizons. This difference is more common in
soils with higher amounts of 2:1 phyllosilicates than 1:1
phyllosilicates. Thetable " Clay Distribution and Ratio of Fine
Clay to Total Clay in Two Soils That Have Argillic Horizons”
illustrates the difference in the size of clay particlesin the
various horizons. The ratio of fine clay to total clay istypicaly,
but not always, highest in the argillic horizons with 2:1
phyllosilicates.

4. Rock structureis evident in less than half of the volume of
the argillic horizon. In this context rock structure includes fine
gtratification (less than 10 mm) in unconsolidated sediments
(eolian, aluvial, lacustrine, or marine) and saprolite derived
from consolidated rocks in which unweathered minerals and
pseudomorphs of weathered minerals retain their relative
positions to each other.
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Clay Distribution and Ratio of Fine Clay to Total Clay in Two
Soils That Have Argillic Horizons

(Datafor theargillic horizonsare printed initalic type)

Clay distribution

oean o) it

Lessthan | 0.002to | Lessthan

0.002 mm {0.0002 mm|0.0002 mm
Percent Percent Percent Ratio
0-18......... 22.6 15.8 6.8 0.30
18-25......... 26.2 18.8 7.4 .28
25-36......... 45.3 25.1 20.2 .45
36-58......... 42.8 26.6 16.2 .38
58-74 ......... 34.7 25.2 9.5 27
74-89......... 32.9 24.0 8.9 27
0-18......... 331 24.6 8.5 .26
18-25......... 324 23.2 9.2 .28
25-40......... 40.4 24.6 15.8 .39
40-53......... 45.0 25.0 20.0 .45
53-71........ 41.4 23.3 18.1 44
71-120....... 38.0 23.3 14.7 .39
120-140....... 205 15.6 49 .23
140-205....... 20.3 15.3 5.0 .25
205-250....... 12.3 9.5 2.8 .23

5. Theargillichorizoniscommonly parallel or nearly parallel to
the surface. If the epipedon has been truncated, the argillic
horizon can occur at the soil surface.

Special Problems

Thissection isdivided into five parts: (1) soilsthat formed in
uniform parent materialswith clay illuviation; (2) truncated soils,
cultivated soils, and soils that formed in stratified parent
materials; (3) problems associated with determining the top of
the argillic horizon; (4) problems associated with determining
the base of the argillic horizon; and (5) destruction of the
argillic horizon.

1. Soilsthat formed in uniform parent materials with
clay illuviation.—It is believed that many soils are derived
from multiple parent materials rather than a single, uniform
material. Argillic horizons forming in uniform parent
materials are described first because they are the least
complicated. In soils that formed in uniform parent material
and have 15 to 40 percent clay in the overlying eluvia horizon,
no truncation, and no Ap horizon directly above the illuvial
horizon, the clay content in the illuviated horizon is at least 1.2
times greater than the clay content in the eluvia horizon. The
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thickness of theilluvial horizon must be at least one-tenth that
of the overlying horizons, but as a minimum an illuvial

horizon must be at least 7.5 cm thick before it is considered an
argillic horizon. The thickness of the transition zone from the
eluvial horizon to the argillic horizon must be 30 cm or less.
Theratio of fine clay to total clay in the argillic horizon is
commonly at least 1.2 times greater than the ratio in the eluvial
horizon.

In soilswith less than 15 percent clay in any part of the
overlying eluvial horizon, the illuvial horizon can be either
continuous vertically or composed of lamellae (photo 16). The
required ratio of clay in theilluvial horizon to that in the
eluvia horizon is somewhat higher than is required in both
medium textured and clayey soils. Soils that have less than 15
percent clay in any part of the eluvial horizon must have at
least 3 percent (absolute) more clay in theilluvial horizon. For
example, if the eluvial horizon has 4 percent clay, then the
illuvia horizon must have at least 7 percent clay.

In soils with less than 15 percent clay, the illuvial horizon
must be 15 cm or more thick to be an argillic horizon. If the
argillic horizon is composed of lamellae, which can be spaced
at intervals ranging from a few centimeters to a few decimeters
or more, only the lamellae 0.5 cm or more thick are considered
in determining whether the horizon meets the clay content and
thickness requirements for an argillic horizon.

In soils that have at least 40 percent clay in the eluvial
horizon, that formed in uniform material, and have no
truncation, the difference in clay content between the eluvial
horizon and the illuvial horizon must be 8 percent (absolute
difference) or more. For example, if the eluvial horizon has 42
percent clay, the illuvial horizon must have at least 50 percent
clay before it can be considered an argillic horizon. The
thickness of theilluvial horizon should be at |east one-tenth
that of the overlying horizons. As a minimum, the illuvial
horizon must be at least 7.5 cm thick.

In areas where climates have distinct wet and dry seasons
and illuvial horizons have clayey textures and expansive 2:1
phyllosilicates, appreciable interped pressures are generated as
the clays swell. The pressures produce irregular but smooth
surfaces of peds and a strong degree of stress orientation of
clay throughout the ped. In many such clayey horizons,
identifying clay filmsis difficult or impossible.

If the coefficient of linear extensibility of the horizon
exceeds 0.04 and there are periods with distinct differences in
moisture content, the evidence of clay illuviation is satisfied if
the ratio of fine clay to total clay in theilluvial horizon is
greater by 1.2 times or more than the ratio in an overlying
horizon.

2. Truncated soils, cultivated soils, and soils that
formed in stratified parent materials—Soils that formed in
stratified parent materials and truncated soils in which the
eluvial horizon has been removed or the illuvial horizon has
been mixed into an Ap horizon present special problemsin the
identification of the argillic horizon. If both the eluvial
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horizonsand theilluvial horizonsformed in materialswith
different amounts of clay initially, differencesin clay content
between the horizons cannot always be used to identify the
argillic horizon. Likewise, in soils that have been cultivated
and in which the Ap horizon is directly above the argillic
horizon, the argillic horizon may not be recognizable on the
basis of aclay increase. The plow layer may contain the most
clayey part of the original argillic horizon.

For soils that have an Ap horizon and do not have a
sufficient clay increase between the Ap horizon and the illuvial
horizon (as described above), the argillic horizon is determined
by the identification of evidence of clay illuviation, such as clay
films, clay linings on pores, or oriented clay in thin sections of
the matrix in some subhorizon.

In soils that have a lithologic discontinuity at the boundary
between the eluvial horizon and the illuvial horizon, clay
illuviation is evidence of an argillic horizon. Since it is critical
in these soils, clay illuviation must be prominent enough to
obscure fine sand grains on at least 10 percent of the surfaces
of peds, the clay illuviation must be nearly continuous in some
pores, or thin sections must show oriented clay coatings on at
least 1 percent of the horizon before the horizon is considered
to be an argillic horizon.

3. Thetop of the argillic horizon.—The top of the
argillic horizon in soils that are not truncated and that have no
lithologic discontinuity between the eluvia and illuvial
horizons occurs at the depth where the requirement for clay
increase is met. Soils that have an abrupt or clear boundary
between the eluvial and illuvial horizons have an argillic
horizon that starts near the top of theilluvial layer. If
properties of an argillic horizon are present but the upper
boundary is gradual, the top of the argillic horizon is the depth
at which the percentage of clay exceeds that of a horizon
higher in the profile by the appropriate amount after fitting a
smooth curve. Although the top of the argillic horizon is
defined on the basis of a clay increase, there are other
properties that provide clues to its identification. In many soils
the argillic horizon has stronger chroma, redder hue, or larger
structural units than the eluvia horizon. Clay films may or
may not be present at the depth designated as the top of the
argillic horizon.

In soils where the argillic horizon is degrading, such as soils
that have a glossic horizon, the top of the argillic horizon is the
point where the clay increase is met after mixing. For example,
an E/Bt horizon may be part of the argillic horizon if its clay
content, after mixing, exceeds the clay content of the overlying
horizon by the required amount. More commonly, Bt/E
horizons rather than E/Bt horizons have the required clay
increase.

The top of the argillic horizon in truncated soils that do not
exhibit the required clay increase and that do not have a
lithologic discontinuity is the bottom of the Ap horizon.

For soils that have a lithologic discontinuity between the
eluvial horizon and the illuvial horizon and that do not have
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the required clay increase described above, the top of the argillic
horizon is considered to be at the contact between the two
meaterials.

4. The base of the argillic horizon.—The base of the
argillic horizon is obvious in many soils that overlie root-
limiting layers, such as duripans or bedrock. In other soils the
lower boundary of the argillic horizon is gradual and
commonly isirregular. In these soils describing the base of the
argillic horizon is difficult, but a definition is needed for
identification of proper taxa.

The bottom of argillic horizons that have clay filmsis at the
depth where the combination of both structure with mean
horizontal dimensions of 10 cm or less and clay illuviation are
no longer identifiable. In sandy soils that have argillic horizons
without structure, the bottom of the argillic horizon is at the
depth where clay bridging of the sand grainsis no longer
identifiable. The base of the argillic horizon is alowed to have
less total clay than the eluvia horizon.

Argillic horizons that do not have clay films, such as some
of the argillic horizons with a high shrink-swell potential, have
different criteria. The base of the argillic horizon in soils with
a high shrink-swell potential and no clay filmsis at the depth
where both the pressure faces and structure with mean
horizontal dimensions of 10 cm or less are no longer
identifiable.

5. Destruction of the argillic horizon.—An argillic
horizon can be formed and later destroyed. Destruction of
argillic horizons can occur in many ways and is by no means
limited to the following examples.

Argillic horizons that formed in paleoenvironments with
more effective precipitation than that in the present
environment can be engulfed by carbonates and more soluble
salts. This process commonly occurs in areas that are presently
arid. Asthe argillic horizon is engulfed, salt crystals grow and
plug the horizon. Concurrently, the salt crystals disrupt the soil
fabric and the cutans, including the clay films. In time, the
entire argillic horizon could be engulfed by salts and all
evidence of clay illuviation could be destroyed.

Mixing of horizons by animals, by frost, or by shrinking and
swelling can destroy argillic horizons or inhibit their
formation. Humans can rapidly change a soil and in some cases
destroy an argillic horizon.

Detailed studies of the micromorphology of some soils that
have an argillic horizon (e.g., Glossudalfs) provide evidence of
the destruction of argillic horizons. Clay films are absent from
the surfaces of peds, and skeletans, which are bleached silt or
sand grains that result from the loss of clay and iron, are
common. Oriented clay within the peds apparently persists. In
a degrading argillic horizon, the clay films on surfaces of peds
or in pores commonly are most abundant in the lower part of
the argillic horizon and in the underlying transitional horizon.
In advanced stages of degradation, there may be no clay films
within or on peds in the upper part of the argillic horizon.
Normally, a degrading argillic horizon also has an irregular



upper boundary that is marked by narrow to broad penetrations
of the eluvia horizon. Small nodular remnants of the argillic
horizon commonly occur in the lower part of the present
eluvial horizon.

An argillic layer that is being degraded or is subject to
pedoturbation must meet the requirements for clay increase
outlined above before it is considered an argillic horizon.

Required Characteristics

1. All argillic horizons must meet both of the following
reguirements:

a. One of the following:

(1) If the argillic horizon is coarse-loamy, fine-loamy,
coarse-silty, fine-silty, fine, or very-fine or isloamy or
clayey, including skeletal counterparts, it must be at least
7.5 cm thick or at least one-tenth as thick as the sum of
the thickness of all overlying horizons, whichever is
greater. For example, if the overlying horizons are more
than 150 cm thick, then the argillic horizon must be 15
cm or more thick; or

(2) If the argillic horizon is sandy or sandy-skeletal, it
must be at least 15 cm thick; or

(3) If theargillic horizon is composed entirely of
lamellae, the combined thickness of the lamellae that are
0.5 cm or more thick must be 15 cm or more; and

b. Evidenceof clay illuviation in at least one of the
following forms:

(1) Oriented clay bridging the sand grains; or
(2) Clay filmslining pores; or

(3) Clay films on both vertical and horizontal surfaces
of peds; or

(4) Thin sections with oriented clay bodies that are
more than 1 percent of the section; or

(5) If the coefficient of linear extensibility is 0.04 or
higher and the soil has distinct wet and dry seasons, then
the ratio of fine clay to total clay in theilluvial horizon is
greater by 1.2 times or more than the ratio in the eluvial
horizon; and

2. If an eluvia horizon remains and there is no lithologic
discontinuity between it and the illuvial horizon and no plow
layer directly above theilluvial layer, then the illuvial horizon
must contain more total clay than the eluvial horizon within a
vertical distance of 30 cm or less, asfollows:

a. If any part of the eluvial horizon has less than 15
percent total clay in the fine-earth fraction, the argillic
horizon must contain at least 3 percent (absolute) more clay
(10 percent versus 13 percent, for example); or

b. If the eluvial horizon has 15 to 40 percent total clay in
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the fine-earth fraction, the argillic horizon must have at | east
1.2 timesmore clay than the eluvial horizon; or

c. If theeluvial horizon has40 percent or moretotal clay in
the fine-earth fraction, the argillic horizon must contain at
least 8 percent (absolute) more clay (42 percent versus 50
percent, for example).

CalcicHorizon

The calcic horizon is an illuvia horizon in which secondary
calcium carbonate or other carbonates have accumulated to a
significant extent (photo 17). Calcic horizons must be 15 cm or
more thick. They must have 15 percent calcium carbonate
equivalent and either have at least 5 percent more calcium
carbonate equivalent than the underlying horizon or have 5
percent or more identifiable secondary carbonates unless the
particle-size class is sandy, sandy-skeletal, coarse-loamy, or
loamy-skeletal and the clay content is less than 18 percent. If
the clay content is less than 18 percent and the particle-size
classis sandy, sandy-skeletal, coarse-loamy, or loamy-skeletal,
there must be at least 5 percent more calcium carbonate
equivalent than in an underlying horizon. In order to indicate
pedogenic accumulations of calcium carbonate, calcic horizons
require either identifiable secondary carbonates or more
calcium carbonate equivalent than an underlying horizon. If a
horizon with secondary carbonates is indurated or cemented to
such a degree that it meets the requirements for a petrocalcic
horizon, it is considered a petrocal cic horizon (defined bel ow).

A calcic horizon may occur in conjunction with various other
horizons, such asamoallic epipedon, an argillic horizon, or a
natric horizon.

Most calcic horizons have identifiable secondary carbonates.
For reasons not fully understood, accumulations of carbonate in
some soils do not form filaments but are disseminated.
Disseminated carbonates have been observed in soils that are
high in gypsum or sodium and in soils where accumulations of
carbonate form through capillary rise.

The genetic implications of a calcic horizon vary. In arid
and semiarid regions with parent materials, including the dust
that falls, high in calcium carbonate, the precipitation is
insufficient to leach bases and salts. In these situations
carbonates accumulate in the larger voids, often first as
filaments along root channels and as thin, discontinuous
coatings on the bottom of rock fragments. With time,
continuous coatings of carbonate form on the rock fragments,
the carbonate filaments enlarge, and carbonate nodules and
concretions can form. With continued deposition of carbonates,
the horizon becomes plugged with carbonates. Finally, some
parts of a calcic horizon may become cemented or indurated,
though typically air-dry fragments of a calcic horizon slake in
water, except for disconnected carbonate concretions and
pendants under rock and pararock fragments.

In soils where ground water near the surface contains
appreciable amounts of calcium bicarbonate, capillary rise and
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evaporation and transpiration cause precipitation of calcium
carbonate. Depending on the depth from the surface to the
capillary fringe, the top of the zone of calcium carbonate
accumulation may be from the surface to a depth of about 60
cm. In such soils, the accumulation of calcium carbonate is
comparable to the accumulation of more soluble salts in desert
playas. Depending on the position of the water table, these soils
may occupy depressions. If water was ponded, a soil that has a
calcic horizon commonly forms a circular outline around the
deeper depressions and can aso occur on microhighs in the
depressions.

In the situations above, one might attach a high genetic
significance to a calcic horizon. In some other circumstances,
however, one can attach little genetic significance to the
absolute amount of carbonates in a horizon or layer of
carbonate accumulation. Deposition from ground water at a
depth of 3 m or more is likely a geologic rather than a
pedologic process. In soils that formed in calcareous materials
on steppes, the amount of calcium carbonate in horizons that
contain secondary calcium carbonate is a partial function of the
amount of calcium carbonate in the parent materials.

Some plant species growing in soils with calcic horizons
often exhibit “lime-induced chlorosis,” in which
micronutrients, such as iron, manganese, and zinc, are
rendered unavailable to the plants. Plant species that occur
naturally in arid environments frequently do not exhibit this
chlorosis, but many agriculturally grown plant species, such as
citrus, avocados, corn, and beans, are susceptible to
micronutrient deficiencies in calcareous soils.

Required Characteristics
The calcic horizon has all of the following properties:
1. 1s15cm or more thick; and

2. Isnot indurated or cemented to such a degree that it meets
the requirements for a petrocalcic horizon; and

3. Hasone or more of the following:

a. 15 percent or more CaCO, equivalent (see below), and
its CaCO, equivalent is 5 percent or more (absolute) higher
than that of an underlying horizon; or

b. 15 percent or more CaCO, equivalent and 5 percent or
more (by volume) identifiable secondary carbonates; or

c. 5 percent or more calcium carbonate equivalent and
has:

(1) Lessthan 18 percent clay in the fine-earth fraction;
and

(2) A sandy, sandy-skeletal, coarse-loamy, or loamy-
skeletal particle-size class; and

(3) 5 percent or more (by volume) identifiable
secondary carbonates or a calcium carbonate equivalent
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(by weight) that is 5 percent or more (absolute) higher
than that of an underlying horizon.

CambicHorizon

A cambic horizon (photo 18) isthe result of physical
alterations, chemical transformations, or removals or of a
combination of two or more of these processes.

Physical aterations are the result of the movement of soil
particles by freezing and thawing, shrinking and swelling, root
proliferation, wetting and drying, or animal activities
(including human activities) to such an extent as to destroy
one-half or more of the original rock structure or to form
aggregations of the soil particlesinto peds, or both. Rock
structure in this context includes fine stratification (less than 5
mm thick) in unconsolidated sediments (eolian, aluvial,
lacustrine, or marine) and saprolite or residuum derived from
bedrock in which the unweathered minerals and pseudomorphs
of weathered minerals retain their relative positions to each
other.

Chemical transformations in the cambic horizon are the
result of (1) hydrolysis of primary minerals, which forms clays
and liberates sesquioxides; (2) solution and redistribution or
removal of carbonates or gypsum; (3) reduction and
segregation or removal of iron; or (4) a combination of these
processes.

Alteration by the accumulation of silicate clay, sesquioxides,
or organic matter or by the removal of calcium carbonate or
gypsum can aso produce a cambic horizon. The accumulation
of clay and sesquioxides can be identified by field or laboratory
tests. The accumulation must be too little or the layer too thin
to meet the requirements for any other diagnostic subsurface
horizon. The cambic horizon also excludes layers that are part
of an anthropic, plaggen, folistic, histic, melanic, mollic, or
umbric epipedon but can include parts of some ochric
epipedons in unplowed soils. The cambic horizon and the
ochric horizon are not necessarily mutually exclusive.

The cambic horizon is commonly a subsurface horizon. It
normally lies in the position of a B horizon and in most pedons
is considered to be a B horizon, but it can include some A, E,
and transitional horizons. The cambic horizon is considered
part of the solum, and it normally occurs within the zone that
is reached by the roots of native plants. Some truncated soils
have a cambic horizon at the surface. Otherwise, the cambic
horizon is below one of the diagnostic epipedons. Regardless of
its mode of formation or position in a soil, the cambic horizon
must be 15 cm or more thick. The thickness requirement can
be met by combining lamellae that are 0.5 cm or more thick if
the other required criteria are met. The cambic horizon can
also include the illuvial materials that occur between the
lamellae. Although a cambic horizon requires a thickness of
only 15 cm, the base of the horizon must be 25 cm for most
taxa. (Seethe ' Key to Soil Orders’| in chapter 8.)
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Below many argillic and spodic horizons, thereare BC and CB
horizonsthat are transitional to the C horizon and in which
weathering and alteration have occurred. The ateration of
these transitional horizons in many soils is comparable to that
of other cambic horizons. There are also transitional horizons,
such as AB, EB, or BA horizons between an A or E horizon
and an argillic or kandic horizon, that may have the diagnostic
properties of a cambic horizon. Such transitional horizons are
considered cambic horizons. These cambic horizons are not
considered diagnostic above the series level in this taxonomy.

I dentification

Cambic horizons may have several somewhat contrasting
forms, but each of these grades in places imperceptibly into the
others. The genetic significance of the cambic horizon varies
somewhat with the kind of soil. The properties of a cambic
horizon consistently carry the implication of a horizon that has
been altered. One could define severa kinds of cambic
horizons and give them distinctive names, but understanding
the limits of the transitional forms would be difficult. The
possible benefits of separating the contrasting forms do not
seem to justify the complications that would result if one tried
to distinguish clearly the transitional forms. Nevertheless, it is
important to understand that cambic horizons vary in
appearance and in genetic significance. The typical forms that
the cambic horizon may have under varying combinations of
the soil-forming factors are described in the following

paragraphs.

1. A cambic horizon can form in the presence of aquic
conditions. If the level of ground water fluctuates near the soil
surface, free iron generally is removed from the individual
particles of sand, silt, and clay. Either thisiron is lost from the
horizon, or some of it is concentrated, forming redoximorphic
concentrations. Gray redox depletions and red, brown, and
black redox concentrations are associated with the fluctuating
ground water. Because these features can develop rapidly in a
wet soil, they alone do not indicate sufficient alteration for the
identification of a cambic horizon. The processes of reduction
or of reduction and segregation of the iron must have been
intense enough to produce a horizon dominated by low chroma.
In addition, there must be soil structure or rock structure in less
than one-half of the volume before alayer can be identified as a
cambic horizon.

A cambic horizon normally does not form if aquic
conditions are present in a horizon at al times. Soils that
formed under these conditions have a reduced matrix with
colors that are commonly neutral or consist of shades of green
or blue. Soils with a reduced matrix change color on exposure
to air. Ordinarily, these changes are visible within a few
minutes if amoist clod is briefly exposed to the air and then is
broken so that the colors of the interior and the exterior can be
compared. Horizons with a reduced matrix are excluded from
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the concept of the cambic horizon on the assumption that losses
of iron have been negligible.

A horizon forming under aquic conditionsisacambic horizon
if it hasfluctuating aquic conditions within 50 cm of the surface
or the soil isartificially drained and the dominant colors (moist)
on faces of peds or in the matrix are characterized by the
following:

a.  No changein hue on exposureto air; and
b. A vaueof 3orlessand chromaof O; or
c. A valueof 4 or moreand chromaof 1 or less; or

d. Anyvalue, chromaof 2 or less, and redox
concentrations.

2. Cambic horizons that are in subhumid and humid,
temperate regions and do not have aquic conditions near the
surface normally are brownish. Because free iron oxides have
been liberated, the chroma commonly is higher or the hue is
redder in the cambic horizon than in the C horizon or the
overlying horizon. Feldspars, volcanic glass, and easily
weatherable minerals, such as biotite, some pyroxenes, and
some amphiboles, show evidence of alteration under the
microscope. Oxides of iron derived from iron removed from
primary minerals can form coatings on individual soil paticles.
These coatings may be responsible for brownish and reddish
colors in the horizon. In humid, tropical regions the colors
commonly are more reddish than brownish.

Considerable time is required for the partial destruction of
iron-bearing minerals necessary for the development of color or
for the formation of clay. Structure, however, can form in short
periods. If there is sufficient clay and the soil material has a
relatively high coefficient of linear extensibility, expression of
structure takes place within afew years of the deposition of
sediment. Illuviation is insufficient to meet the requirements
for diagnostic horizons, and the peds generally do not show
distinctive coatings. In thin sections the microfabric
characteristics may include some distinctive features, such as
stress-oriented plasma domains. Illuviation argillans are
generaly rare in cambic horizons. If there is a marked change
in pH because of the presence of calcareous materials
underlying the horizon or there is saprolitic material
underlying the cambic horizon, however, these underlying
materials may have significant amounts of translocated clay.
The presence of this clay implies that clay movement has taken
place in the soil, but the B horizon is not characterized by an
accumulation of translocated clay.

3. A cambic horizon that forms under a humid or subhumid
climate and from highly calcareous material commonly has
granular structure produced by soil fauna. In areas of temperate
and warm climates, earthworms, in particular, are ordinarily
active in mixing material from different horizons.
Consequently, the soil commonly is cal careous throughout its
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thickness, even though there has been a considerable | oss of
carbonates. In calcareous materials there may be little or no
evidence of the weathering of feldspars and other silicate
materials. Evidence of the loss of carbonates is furnished by
weathered remnants of limestone fragments, by solution pitting
that can be seen on the faces of limestone pebbles, or by an
increasing content of carbonates with increasing depth. In
addition, the percentage of silicate clay commonly decreases
gradually with increasing depth.

4. Inareas of arid and semiarid climates, the cambic horizon
commonly has still other forms. Gypsum and, especially,
calcium carbonate are common but are not present everywhere.
Except in areas that have Cicadidae or other burrowing
insects, the soil fauna are less significant to soil structure than
in humid regions. Changes in volume accompanying seasonal
changes in moisture content tend to produce prismatic
structure, and in some soils the prisms are very coarse. In arid
regions the tops of the prisms commonly lie only avery few
centimeters below a platy surface horizon. Other things being
equal, it appears that, up to a point, the lower the mean annual
precipitation, the closer the prisms are to the surface. Rock
structure, including fine stratification of sediments, is absent in
at least one-half of the volume of the cambic horizon, primarily
because the materials have been moved by roots and by
animals. In addition to soil structure or the absence of rock
structure, the cambic horizon shows evidence of the
redistribution of carbonates or gypsum. The mere redistribution
of salts more soluble than gypsum is insufficient evidence of a
cambic horizon because salt removal and accumulation can
occur very rapidly and change with the season. Calcium
carbonate and/or gypsum in transit through the cambic horizon
may be reprecipitated there, particularly on the undersides of
rock fragments, in pores, and on the faces of peds.

If calcium carbonate and gypsum are absent from the parent
material and from the dust that falls, there may be no
secondary carbonates or gypsum in the soil. In this situation,
the cambic horizon isidentified by soil structure or the absence
of rock structure in more than one-half of the volume of the
horizon and any combination of redder hues and higher
chromas than in the underlying material or accumulations of
clays or sesgquioxides. The clay content commonly decreases
with increasing depth in cambic horizons. Because of the
presence of lithologic discontinuities, however, determining
whether clay has been formed in the soil is difficult.

Features Common to Cambic Horizons

In spite of the diversity in appearance of cambic horizons,
there are some common features.

The degree of alteration of primary minerals may be slight
to very strong, but some weatherable minerals are present in
most cambic horizons. These include the clay minerals that
have a 2:1 lattice and amorphous clays as well as the various
alterable minerals that yield bases or iron to the soil solution.
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Cambic horizons normally have soil structure, but some are
structureless.

A cambic horizon does not include layers that are part of the
following diagnostic horizons—an anthropic, histic, folistic,
melanic, mollic, plaggen, or umbric epipedon; an argillic,
calcic, gypsic, natric, oxic, petrocalcic, petrogypsic, placic, or
spodic horizon; or a duripan or fragipan (all defined in this
chapter).

A cambic horizon can include layers that are part of the
following diagnostic horizons—an ochric epipedon and an
agric, albic, glossic, or sombric horizon.

Required Characteristics

In summary, the cambic horizon is an altered horizon 15 cm
or more thick. If it is composed of lamellae, the combined
thickness of the lamellae must be 15 cm or more. In addition,
the cambic horizon must meet all of the following:

1. Hasatexture of very fine sand, loamy very fine sand, or
finer; and

2. Shows evidence of alteration in one of the following forms:

a. Aquic conditions within 50 cm of the soil surface or
artificial drainage and all of the following:

(1) Soil structure or the absence of rock structure in
more than one-half of the volume; and

(2) Colorsthat do not change on exposure to air; and

(3) Dominant color, moist, on faces of peds or in the
matrix as follows:

(8 Vaueof 3 orlessand chromaof O; or
(b) Value of 4 or more and chroma of 1 or less; or

(c) Any vaue, chromaof 2 or less, and redox
concentrations; or

b. Does not have the combination of aquic conditions
within 50 cm of the soil surface or artificial drainage and
colors, moigt, as defined in item 2-a-(3) above, and has soil
structure or the absence of rock structure in more than one-
half of the volume and one or more of the following
properties:

(1) Higher chroma, higher value, redder hue, or higher
clay content than the underlying horizon or an overlying
horizon; or

(2) Evidence of the removal of carbonates or gypsum;
and

3. Has properties that do not meet the requirements for an
anthropic, histic, folistic, melanic, mollic, plaggen, or umbric
epipedon, a duripan or fragipan, or an argillic, calcic, gypsic,
natric, oxic, petrocalcic, petrogypsic, placic, or spodic horizon;
and
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4. Isnot part of an Ap horizon and does not have a brittle
manner of failurein morethan 60 percent of the matrix.

Duripan

A duripan (L. durus, hard; meaning hardpan) is a subsurface
horizon that is cemented by illuvial silicato the degreethat less
than 50 percent of the volume of air-dry fragments slake in water
or during prolonged soaking in acid (HCl). See photos 19 and 20.
Duripansvary in the degree of cementation by silica. In addition,
they commonly contain accessory cements, chiefly calcium
carbonate. As a conseguence, duripans vary in appearance.
They generaly arevery firm or firmer and are alwaysbrittle, even
after prolonged wetting. They grade into and can occur in
conjunction with petrocalcic horizons, mostly in semiarid and
arid regions. They also grade into noncemented earthy materials
and into the fragipans of humid regions.

Genesis

Duripansoccur mostly in soilswith axeric or aridic moisture
regime (defined later), that is, in soilsthat are seasonally dry or
are usually dry. Most soils that have a duripan have a moisture
regimein which soluble silicamight be expected to be
translocated into lower horizons but not out of the soils.

Geographically, duripans arelargely in areas affected by
volcanism. Soils may show evidence of recent ash deposition,
or they may be forming in sediments derived from pyroclastic
materials, such as tuffs and ignimbrites. Many duripans occur
in soils that contain an appreciable amount of volcanic glassin
the overlying horizons, which suggests the importance of
soluble silica to the genesis. Glass tends to weather readily, and
the weathering can liberate soluble silicates at a rapid rate.
Duripans are not limited to soils derived from volcanic
materials. Weathering of ferromagnesian minerals and
feldspars may also contribute to the formation of a duripan.

The parent materials of many soils that have a duripan
contain only a small amount of calcium. If calcium is
abundant, a calcic or petrocalcic horizon tends to occur with
the duripan.

In the initial stages of duripan formation, much of the silica
cementation appears to occur at or close to the weathering site
of the mineral grain or glass chard. Monosilicic acid in the
solution is adsorbed on soil grains, polymerizes, and
precipitates as the soil dries. Silt- and clay-sized particles can
then be cemented to the grains by the precipitated silica,
forming microaggregates. These microaggregates can grow in
size.

Alternatively, silicais adsorbed to the surface of the soil
particles, forming bridges that cement grains without
completely plugging small voids between the grains. This
process continues until roots and the downward movement of
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the soil solution are stopped. At this point laminar caps
composed dominantly of silicaand calcite can develop.

Once formed, aduripan may become broken into blocky
fragments, perhaps by earthquakes or dight volume changes
resulting from wetting and drying. Before a layer can be
considered a duripan, the lateral spacing of cracks wide enough
to allow the entry of feeder roots must average 10 cm or more.

Appearancein an Arid Climate

The strongly cemented to indurated duripansin areas of arid
climates (an aridic moisture regime, defined |ater) have an abrupt
upper boundary and are commonly platy. The plates are roughly
1to 15 cm thick. In many of these pans, the pores and the
surfaces of the plates are coated with opal and with some
birefringent material that is probably a microcrystalline form of
silica. Carbonates generally are present in small to large
amounts. Roots commonly are between the plates. More than
50 percent of the cementation can be destroyed by alternately
soaking fragments of the pan in acid and concentrated alkali.
The acid is used to destroy any cementation by carbonates. If
some of the cements are carbonates or if a petrocalcic horizon
is present, less than 50 percent of the cementation is destroyed
by soaking the fragments in acid, but more than 50 percent is
destroyed by soaking the fragments in concentrated alkali,
either as a single treatment or by alternating treatments with
acid. The presence of athin, continuous layer of opal, which is
insoluble in acid, indicates enough cementation by silica to
satisfy the requirements for a duripan. A duripan and a
petrocalcic horizon can occur together within the same
horizon. If a horizon is cemented and meets the criteria for a
petrocalcic horizon, any continuous horizon within the
cemented layers that does not slake, in 50 percent or more of
the volume, in acid is also considered a duripan. Commonly, a
nearly continuous layer of secondary silica occurs in the part of
the horizon that does not slake in acid.

The forms of a duripan that are transitional to regolith in
arid regions are mostly massive and firm or very firm when
moist and are brittle at all moisture states. Laminar caps of
silica and coatings of silica on plates are uncommon. For a
horizon to be a duripan, more than 50 percent of the horizon
must not slake in water or in HCl and the horizon must have at
least (1) afew vertical opal coatings, (2) some opal or other
forms of silica partly filling interstices or forming bridges
between sand-sized mineral grains, or (3) some silica coatings
or pendants on the undersides of rock and pararock fragments.
Moistened specimens of these forms of the duripan commonly
show a dull glassy luster when viewed under a hand lens. The
most weakly cemented forms of these transitional duripans can
be penetrated with some difficulty by a hand-powered soil
auger. Under irrigation, such horizons commonly are slowly
permeable to water, and, except in cracks, they are virtually
impenetrable to the roots of most plants.
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Appearancein aMediterranean Climate

In areas of Mediterranean climates (axeric moistureregime,
defined later), the pan commonly has an abrupt upper boundary
and is broken into very coarse prisms or into polyhedrons that
areroughly 30 cmto 3 m or morein diameter. Coatings of opal
partly line the faces of the prisms and many of the pores. Roots
are absent in the prisms, except in cracks, and are commonly
matted on the upper boundary of the pan and on the sides of the
prisms. The prisms may have been formed by the slight volume
changes that result from wetting and drying. This process of
formation is suggested by the absence of prismsin the duripans
of arid regions.

The more strongly cemented pans of Mediterranean regions
have opal coatings over the tops of the polyhedrons as well as
on the sides, and the coatings are thicker than in the more
weakly cemented pans. Water often perches on top of the pan
during the rainy season. Coatings of iron, manganese, and
oriented clay may be observed on many of these pans.
Subsequent deposits of opal could engulf such coatings and
give rise to a cementation that can be broken down only by
repeated alternating treatments with solutions of acid and
concentrated alkali. Carbonates may be present above the pan
or in any part of it, or they may be completely absent. These
observations indicate that carbonates are not an essential part
of the pans.

The most weakly cemented forms of the duripansin a
Mediterranean region are mostly transitional to regolith.
Brittleness is pronounced at all moisture states, but most of the
pans can be penetrated with some difficulty by a hand-powered
soil auger. When dry, most of the pans are very hard and are
slowly permeable.

In areas of more humid climates (a.udic moistureregime,
defined later), many of the duripans arein soils that have andic
soil properties (defined later) in some overlying horizons. Some
have characteristics transitional to a fragipan (described
later). Some have redoximorphic features of gray and strong
brown. Secondary carbonates and salts are absent in these
pans. The cementation in the pan must be strong enough for
less than 50 percent of dry pan fragments to slake when placed
inwater. Some horizons meet the requirementsfor afragipanif
more than 50 percent of dry pan fragments slake when placed in
water.

Required Characteristics

A duripanisasilica-cemented subsurface horizon with or
without auxiliary cementing agents. It can occur in conjunction
with a petrocalcic horizon.

A duripan must meet all of the following requirements:

1. The pan is cemented or indurated in more than 50 percent
of the volume of some horizon; and

2. The pan shows evidence of the accumulation of opal or
other forms of silica, such as laminar caps, coatings, lenses,
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partly filled interstices, bridges between sand-sized grains, or
coatings on rock and pararock fragments; and

3. Lessthan 50 percent of the volume of air-dry fragments
dakesin 1IN HCIl even during prolonged soaking, but more
than 50 percent slakesin concentrated KOH or NaOH or in
alternating acid and alkali; and

4. Because of lateral continuity, roots can penetrate the pan
only along vertical fractures with a horizontal spacing of 10 cm
or more.

Fragipan

A fragipan (modified from L. fragilis, brittle, and pan;
meaning brittle pan) is an altered subsurface horizon, 15 cm or
more thick, that restricts the entry of water and roots into the
soil matrix. It may, but does not necessarily, underlie an
argillic, cambic, albic, or spodic horizon. It is commonly
within an argillic horizon, but some are within an abic
horizon. The fragipan has strongly developed fragic properties
(defined below). Commonly, it hasarelatively low content of
organic matter and a high bulk density relative to the horizons
above it. The fragipan has a hard or harder rupture-resistance
class when dry. When moigt, it has a brittle manner of failure
in 60 percent or more of the volume. The term “manner of
failure” refersto the tendency of a ped or clod to rupture
suddenly rather than to undergo slow deformation when
pressure is applied. Air-dried fragments slake when submerged
in water.

Most fragipans have redoximorphic features, show evidence
of translocation of clay, and have low or very low saturated
hydraulic conductivity. Some fragipans consist of albic
materials (defined below).

Most fragipans have very coarse prismatic structure. Some
have weak to strong, thick platy or lenticular structure within
the prisms. In others, the secondary structure is more nearly
weak coarse blocky than platy. Some fragipans have
transitional structure between platy and blocky. Some have no
secondary structure, and some appear to be massive. Many
have bleached, roughly vertical faces or borders of prisms that
look like seams in vertical cross section. The spacing of any
separations or bleached seams that are between the structural
units and allow the entry of roots averages 10 cm or more on
the horizontal dimensions.

The seams commonly have less clay in the upper part than
inthelower part. They form apolygonal pattern in horizontal
cross section. Most commonly, a fragipan has an abrupt or
clear upper boundary at a depth of 50 to 100 cm below the
original soil surface. The pan rangesfrom about 15 to 200 cm
in thickness. The lower boundary commonly is gradual or
diffuse. A fragipanisvirtualy free of roots, except in the
bleached seams and on the faces of prisms. In many fragipans
the bleached materials are not brittle when moist, although
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they may be hard when dry. Photo 21 shows a fragipan that
begins at a depth of about 50 cm and has bleached seams
between peds. Clay films are on the faces of peds or on pore
fillings. Oriented clay isin the matrix of somefragipans.
Fragipans consisting of albic materials commonly do not have
bodies of oriented clay.

Significanceto Soil Classification

Any continuous horizon that impedes movement of water
and the growth of roots is important to soil classification,
particularly for interpretations of soils for plant growth and for
engineering manipulations. Water stands above the pan in a
level soil and moves laterally along the top of the pan in a
doping soil. Even though the processes that produce fragipans
are imperfectly known, these pans are restricted in their
climatic range and natural vegetation and are believed to be
genetic.

Genesis

The genesis of fragipansis obscure (Grossman and Carlisle,
1969). Theformation of the density and brittleness of afragipan
has been varioudly attributed to physical ripening, the weight of
glaciers, permafrost processes, and other events during the
Pleistocene. Some of the properties of some fragipans are
inherited from buried paleosols. The authors cited in the review
by Grossman and Carlisle @l consider fragipans to be pedogenic
soil horizons, regardless of whether or not the density and
brittleness are pedogenic, on the basis of the following
evidence:

1. Fragipans show evidence of pedogenesis, other than
density and brittleness, including one or more of the
following—oriented clay in the matrix or on the faces of peds,
albic materials or coatings of albic materials on the faces of
peds or in seams, soil structure, and redoximorphic features in
the matrix or on the faces of peds.

2. Thefragipan isroughly parallel to the soil surface.

3. The upper boundary of most fragipans has a narrow depth
range of about 50 to 100 cm below the surface, if the soil is not
eroded. This range in depth has been observed in northern
Michigan, in southern Mississippi, in New Zealand, in
Scotland, and in Italy. The extreme range in depth from the
surface in soils that have not been eroded or buried seemsto be
from about 25 to 150 cm. This narrow range would be a
remarkable coincidence if the fragipans were not soil horizons.

4. The parent materials have common features, including a
loamy texture, few or no carbonates, and an appreciable
content of silt or very fine sand.

5. Fragipans of similar morphology underlie a variety of
horizons, including spodic, argillic, cambic, and albic
horizons.

6. Fragipans form only in soils in which water moves
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downward through the profile. They are commonly at depths
that rarely freeze.

7. Ifasoil hasan E horizon and aB’t horizon, the fragipan
may be in the lower part of an argillic horizon or even in the
eluvia horizon that separates the two B horizons. Thus, it
occurs in otherwise eluvial or illuvia horizons.

8. Fragipans most commonly occur in soils that formed under
forest vegetation.

The polygonal network of bleached materialsis formed by
reduction of free iron after water has saturated the cracks. The
bleached materials commonly are bounded by athin zone in
which iron has been concentrated. Other things being equal,
the structural units are smallest in the finest textured materials.
For a given texture, structure tends to be larger if the dry
season is short or mild rather than long or intense. Structural
units, with bleached surfaces, are rare or absent in the coarsest
textured materials.

If an argillic horizon overlies a fragipan, movement of clay
down the faces of structural units generaly is indicated by
relatively thick clay films on the lower parts of the structural
units and by pedotubules within the peds.

Examination of the interiors of prisms shows close packing
of the mineral grains and bodies of oriented clay. The close
packing is consistent with the high bulk density of the fragipan
relative to the density of the overlying horizons.

The hardness of the fragipan when dry is largely attributed
to the close packing and to binding by clay. Binding by clay
alone, however, does not account for the brittleness of the pan
when it is moist. The brittleness may be the result of weak
chemical binding by one or more agents, not necessarily the
same in al kinds of soil. The higher pH of a fragipan that
underlies a spodic horizon suggests some consistent difference.
Hydrogen bonding with amorphous aluminosilicates has been
suggested in the literature. One piece of field evidence
supporting the hypothesis of weak chemical binding is that one
can find fragipans in which the brittleness appears to have
been partly or completely destroyed. Some soilsin very old
arable fields in Belgium lack brittleness, but they retain the
color pattern. A weak fragipan is present in the adjacent fields.
The patterns of polygonal bleaching can be very well
developed, but the brittleness may be observable in only a small
part of the horizon near the center of the prisms. Fine feeder
roots ramify the nonbrittle parts of the prisms. The amount of
nonbrittle materials ranges from none to well over two-thirds
of the volume of the horizon.

A second piece of field evidence for weak chemical binding
is that, when exposed on streambanks, at least some fragipans
seem more stable than either the overlying horizons or the
underlying materials. The overlying and underlying materials
commonly slump in the exposures, and the fragipan protrudes.
The bleached materials on the sides of the prismsin the
protruding fragipan are commonly washed out by rain, after
which the brittle parts are exposed as separated prisms. At this
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time, the evidence about the cause of the brittlenessis
conflicting.

Whereafragipan formedintill, itsrelatively high bulk density
may be attributed partly to the weight of the glaciers, to physical
ripening, or to consolidation within alayer of permafrost. Yet,
many if not all of the fragipans seem to reflect the influence of
other factors. One factor is presumed to be pressure generated
by very dlight shrinking and swelling. When dry, apan normally
has very fine cracks between the prisms, and very fine sand, silt,
and clay might be washed into these cracks when the dry
season ends. Then, when the pan is remoistened, it swells very
dightly. Theforce of swelling, however, is opposed by the
materials that have moved into the cracks between the prisms
and by the weight of the soil above. The internal pressure thus
generated may be responsible for part of the compaction. A
second factor isthe inertness of the pan. Swelling and shrinking
produce little soil movement. Soil fauna seem to be absent, and
roots, restricted to the bleached zones between the prisms, are
mostly oriented vertically and do not lift the soil asthey grow.
The pressure generated by the growth of the woody tree roots is
lateral, not vertical. The common flattened shape of the roots
atteststo the pressure. Freezing and thawing are minimal. In
areas that support native vegetation, it is doubtful that many
fragipans ever freeze. Freezing is unlikely because of the depth
of the fragipan and the insulation provided by the O horizons
and by snow.

I dentification

Four factors areimportant in identifying afragipan.

First, a fragipan must have a minimum thickness. A
thickness of 15 cm or more is thought to be thick enough to
impart the interpretations for plant growth and for engineering
manipulations and to separate the fragipan from plowpans,
other compacted surface layers, or compacted layers near the
surface.

Second, a fragipan shows evidence of pedogenesis, in
addition to density and brittleness. This evidence, in the
matrix, on faces of peds, or in seams, isin the form of bodies of
oriented clay, clay films, albic materials, and/or both
redoximorphic features and soil structure. The evidence of
pedogenesis is needed to separate the fragipan from dense
parent materials (densic materials), such as dense till and
volcanic mudflow material.

Third, a fragipan has a combination of properties that
restrict the penetration of roots and water from 60 percent or
more of the volume of the horizon. Roots are restricted, except
in nearly vertical zones that form the boundaries between very
coarse structural units. The structural units are commonly
polyhedral in horizontal cross section and average 10 cm or
more across. Material within the structural units is massive, is
platy, or has weak blocky structure and has a firm or firmer
rupture-resistance class and a brittle manner of failure at or
near field capacity. Some fragipans are massive and are
restrictive throughout the horizon.
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Fourth, air-dry fragments of the natural soil fabric, 5to 10
cmin diameter, from more than 50 percent of the horizon slake
when they are submerged in water. This property separates
fragipans from duripans and other cemented horizons.

In the United States, soils that have a small amount of
plinthite normally are brittle in at least some parts of the
horizons that contain the plinthite. Some of these horizons
meet the requirements for a fragipan. At this stage of
knowledge, it is not clear that such horizons should be
considered fragipans. Where they are at depths comparable to
those of fragipans in other soils, however, the effects on plants
and on engineering uses of the soils are the same. For
pragmatic reasons, therefore, such horizons that have an upper
boundary within 100 cm of the mineral soil surface are
considered fragipans.

Required Characteristics

To beidentified as afragipan, alayer must have all of the
following characteristics:

1. Thelayer is 15 cm or more thick; and

2. Thelayer shows evidence of pedogenesis within the
horizon or, at a minimum, on the faces of structural units; and

3. Thelayer has very coarse prismatic, columnar, or blocky
structure of any grade, has weak structure of any size, or is
massive. Separations between structural units that allow roots
to enter have an average spacing of 10 cm or more on the
horizontal dimensions; and

4. Air-dry fragments of the natural soil fabric, 5to 10 cmin
diameter, from more than 50 percent of the horizon slake when
they are submerged in water; and

5. Thelayer has, in 60 percent or more of the volume, afirm
or firmer rupture-resistance class, a brittle manner of failure at
or near field capacity, and virtualy no roots.

GlossicHorizon

The glossic horizon (Gr. glossa, tongue) develops as aresult
of the degradation of an argillic, kandic, or natric horizon from
which clay and freeiron oxides are removed (photo 22). The
material between the peds resulting from this removal is albic
material (defined below). The process of eluviation gradually
progresses from the exteriors of the peds to their interiors. In
the early stages of development, the peds of the remnant
argillic, kandic, or natric horizon still form structural units that
extend throughout the glossic horizon, constituting close to 85
percent of its volume. In this early stage, the albic materials,
when viewed in vertical cross section, resemble tongues
extending into the horizon from the top. In the later stages,
some of these structural units no longer extend throughout the
horizon, and in the most advanced stages of the degradation
process, remnant peds congtitute little more than 15 percent (by
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volume) of the glossic horizon and are completely surrounded
by albic materials. The boundary between theilluvial and eluvial
parts of the glossic horizon may be either abrupt or clear and
either irregular or broken.

A glossic horizon generally occurs between an overlying
albic horizon and an underlying argillic, kandic, or natric
horizon or fragipan. It can lie between an argillic, cambic, or
kandic horizon and a fragipan. In the early stages of the
degradation process described above, a glossic horizon can be
within an argillic, kandic, or natric horizon or within a
fragipan if the fragipan shows evidence of the degradation of
an argillic horizon. An albic horizon may be below, or between
subhorizons of, the glossic horizon.

Argillic horizons consisting of lamellae and intervening
albic materials are not within the concept of the glossic
horizon.

Required Characteristics
Theglossic horizon is5 cm or more thick and consists of:

1. Anduvia part,i.e., abic materials (defined below), which
congtitute 15 to 85 percent (by volume) of the glossic horizon;
and

2. Anilluvia part, i.e., remnants (pieces) of an argillic,
kandic, or natric horizon (defined below).

GypsicHorizon

The gypsic horizon is an illuvia horizon in which
secondary gypsum has accumulated to a significant extent
(photo 23). Most gypsic horizons occur in arid environments
where the parent materials are rich in gypsum. In soils that
have ground water near the surface, capillary rise and
evaporation plus transpiration can result in significant
accumulations of gypsum.

Gypsum may accumulate uniformly throughout a matrix of
sand and finer textured material or as masses or clusters of
crystals. In gravelly or stony material, it may accumulate in
pendants below the rock fragments.

Because of its solubility, gypsum can dissolve in soils and
cause damage to buildings, roads, irrigation delivery systems,
earthen dams, and other structures.

Required Characteristics
A gypsic horizon has all of the following properties:
1. 1s15cm or more thick; and

2. Isnot cemented or indurated to such a degree that it meets
the requirements for a petrogypsic horizon; and

3. 1s5 percent or more gypsum and 1 percent or more (by
volume) secondary visible gypsum; and

4. Hasaproduct of thickness, in cm, multiplied by the
gypsum content percentage of 150 or more.
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Thus, ahorizon 30 cm thick that is 5 percent gypsum
qualifiesasagypsic horizonif it is 1 percent or more (by
volume) visible gypsum and is not cemented or indurated to
such a degree that it meets the requirements for a petrogypsic
horizon.

The gypsum percentage can be cal culated by multiplying the
milliequivalents of gypsum per 100 g soil by the
milliequivalent weight of CaSO,-2H,0, which is 0.086.

Kandic Horizon*
Genesis

A kandic horizon is a subsurface horizon that has a
significantly higher percentage of clay than the overlying
horizon or horizons and has an apparent CEC of 16 cmol(+) or
less per kg clay (by 1IN NH,OAc pH 7) and an apparent ECEC
of 12 cmol(+) or less per kg clay (sum of bases extracted with
1IN NH,OAc pH 7 plus IN KCl-extractable Al) in 50 percent or
more of the soil volume in the upper 100 cm or to a densic,
lithic, paralithic, or petroferric contact if shallower. The clay-
sized fraction is composed predominantly of 1:1 layer silicate
clays, mainly kaolinite, with varying amounts of oxyhydroxides
of iron and aluminum. Clay films may or may not be present.
(The percentage of clay is either measured by the pipette
method or estimated to be 2.5 times [percent water retained at
1500 kPa tension minus percent organic carbon], whichever
value is higher, but no more than 100.)

Textural differentiation in pedons with kandic horizons may
result from one or more processes acting simultaneously or
sequentially, affecting surface horizons, subsurface horizons, or
both. These processes are not all clearly understood, although
the most important ones can be summarized as follows:

1. Clay duviation and illuviation.—In some soilsit is
often difficult to find clear evidence, even by
micromorphological analysis, that the higher clay content in
the B horizon is aresult of accumulation by illuviation of layer
silicate clays. Specifically, clay films (cutans) may be
completely absent, or they may be present only at depths below
the control section used in classification. In other soils clay
films may have been destroyed by biological activity or
pedoturbation processes. High concentrations and strong
activity of soil faunain soils of tropical and subtropical aress,
where kandic horizons are common, may cause the partia or
total disappearance of clay films to a considerable depth over
time.

Many of the soils with kandic horizons that probably have
formed by illuvial processes occur on stable geomorphic
surfaces. On stable surfaces the illuviation process may no
longer be operative or at least may be acting so slowly that
mixing by soil organisms is more rapid than the formation of

1The concept of the kandic horizon and the“ kandi” and “kanhapli” great groups of soils
represent thework of the International Committee on the Classification of Low Activity Clays
(ICOMLAC), chaired by Dr. Frank R. Moormann.
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clay films. Under these conditions, clay filmsmay be evident in
some pedons but not in other nearby pedons that otherwise
have similar morphol ogy. Even within the same horizon of a
single pedon, some peds may have clay films while others do
not.

2. Clay destruction in the epipedon.—Weathering of
layer silicates may lead to arelative loss of clay in soils. The
loss generally is greatest in the upper horizons, where
weathering processes are most intense. Elimination of bases
and some silicais enhanced by high surface soil temperatures
in well drained soils with high rates of leaching. Because this
process affects surface horizons more than subsoil horizons, a
vertical textural differentiation may result. This process may
also have resulted in the absence of clay filmsin the lower
horizons of highly weathered soils on old stable surfaces. A
related process that occurs in surface horizons that are
periodically wet may also result in similar textural
differentiation.

3. Selective erosion.—Raindrop splash and subsequent
surface soil erosion cause the smallest soil particlesto be
moved farther downslope than the larger particles. Eventually,
part of the fine fraction may be eliminated from the surface
layer of doping soils, leaving a coarser textured surface layer.
The speed of this process depends on many factors. It may be
very rapid in climates with highly erosive rains or on soils with
little plant cover. The surficial movement of clay downslope
seems to be widespread, and selective erosion probably is a
major process leading to textural differentiation. The process
appears to be enhanced by periodic fire or by intermittent
cultivation, such as the shifting cultivation practiced for
thousands of years in areas where these soils occur.

4. Sedimentation of coarsetextured surface
materials—Lithologic discontinuities are probable on stable
landscapes in many intertropical areas. In many of the soils of
these areas, the surface layer is coarser textured than the
subsoil. Because al of the soil material is highly weathered,
however, stratification is not evident. If the finer textured
subsoil fulfills the requirements for the kandic horizon and the
surface layer is not composed of fine strata of recent material,
the subsoil horizon is classified as a kandic horizon.

Significance to Soil Classification

The kandic horizon provides a basis for differentiation
among soils with clay accumulation in the subsoil. The argillic
horizon alone does not provide an adequate diagnostic criterion
to differentiate all Ultisols and Alfisols from Oxisols and
Inceptisols. The kandic horizon is a diagnostic horizon that
separates Ultisols and Alfisols in which the clay fraction has
clay minerals with low CEC, comparable to Oxisols, from
Ultisols and Alfisols that have clay minerals with high CEC.
Textural differentiation in most low-activity clay soils by itself
is believed to be sufficiently important for the understanding of
soil development and use and should be recognized at a high
level of the classification system. In soils with clayey surface
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horizons, however, the textural differentiation |oses much of its
significance. Most low-activity clay (LAC) soilsthat have, after
mixing of the upper 18 cm, morethan 40 percent clay inthe
surface horizon will be Oxisols, although a few that have LAC
and the clay increase necessary for an argillic or kandic
horizon but have significant amounts of weatherable minerals
will remain “kandi” Ultisols or Alfisols.

The presence of a kandic horizon indicates a high degree of
weathering of the mineral soil material, such as that in soils on
old surfaces where weathering has taken place under warm
climatic conditions with moderate to high precipitation. The
high degree of weathering is reflected by a dominance of 1:1
layer silicate clays and oxyhydroxides of iron and aluminum,
although small amounts of 2:1 layer silicate clays may aso be
present. There is a general absence of short-range-order
minerals, such as allophane or imgolite. The composition of
the 0.02 to 0.2 mm fraction does not always reflect the same
degree of weathering, especially in soils that formed in
weathering products of crystalline rocks. Thus, no weatherable
mineral content is specified in the definition of the kandic
horizon.

I dentification

The kandic horizon is a vertically continuous subsurface
horizon (not composed of lamellae) with a significantly finer
texture than the overlying horizon or horizons. It may underlie
an ochric, umbric, anthropic, or mollic epipedon. The upper
boundary normally is clear or gradual, although it may be
abrupt. It is never diffuse. The increase in clay content is
reached within a vertical distance of 15 cm or less.

The top of the kandic horizon is within one of the following
depths:

1. If the particle-size class throughout the upper 100 cm is
sandy, the upper boundary is at a depth between 100 and 200
cm from the soil surface in most of the pedon.

2. If the clay content of the surface horizon is less than 20
percent and the particle-size class (of part or al of the upper
100 cm) is finer than sandy, the upper boundary is at a depth of
less than 125 cm from the soil surface.

3. If the clay content of the surface horizon is 20 percent or
more, the upper boundary is at a depth of less than 100 cm
from the mineral soil surface.

Textures coarser than loamy very fine sand are excluded
from the definition of the kandic horizon. The presence or
absence of clay films, identified by field examination, or cutans
in thin sections, is not a differentiating characteristic for
kandic horizons.

Other field characteristics of kandic horizons are not
normally diagnostic, since these horizons may have properties
of theargillic, cambic, or oxic horizon. Some soilswith kandic
horizons resemble those with argillic horizonsin that they have
awell developed subangular blocky structure, while bleached



grains of sand and silt may be present in the overlying coarser
textured horizon or horizons. Theratio of fineclay (particles
smaller than 0.2 micrometer) to total clay may belarger inthe
kandic horizon than in the overlying coarser textured horizon or
horizons but is not diagnostic.

Other kandic horizons have one or more properties of oxic
horizons and would be called oxic horizons if they did not have
adistinct increase in content of clay at the upper boundary.
This rationale is comparable to that used for pedons dominated
by more active clays where an argillic horizon would be called
a cambic horizon if it did not have the characteristic increase
in content of clay at the upper boundary.

A kandic horizon is not overlain by layers more than 30 cm
thick that show fine stratification and/or have an organic-
carbon content that decreases irregularly with increasing depth,
unless it is a buried horizon. The kandic horizon also does not
show fine stratification and/or have an organic-carbon content
that decreases irregularly with increasing depth.

Required Characteristics
The kandic horizon:

1. Isaverticaly continuous subsurface horizon that underlies
a coarser textured surface horizon. The minimum thickness of
the surface horizon is 18 cm after mixing or 5 cm if the
textural transition to the kandic horizon is abrupt and there is
no densic, lithic, paralithic, or petroferric contact (defined
below) within 50 cm of the mineral soil surface; and

2. Hasits upper boundary:

a. At the point where the clay percentage in the fine-earth
fraction, increasing with depth within a vertical distance of
15 cmor less, is either:

(1) 4 percent or more (absolute) higher than that in the
surface horizon if that horizon has less than 20 percent
total clay in the fine-earth fraction; or

(2) 20 percent or more (relative) higher than that in the
surface horizon if that horizon has 20 to 40 percent total
clay in the fine-earth fraction; or

(3) 8 percent or more (absolute) higher than that in the
surface horizon if that horizon has more than 40 percent
total clay in the fine-earth fraction; and

b. At adepth:

(1) Between 100 cm and 200 cm from the mineral soil
surface if the particle-size class is sandy or sandy-skeletal
throughout the upper 100 cm; or

(2) Within 100 cm from the mineral soil surface if the
clay content in the fine-earth fraction of the surface
horizon is 20 percent or more; or

(3) Within 125 cm from the mineral soil surface for all
other soils; and
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3. Hasathicknessof either:
a. 30cmor more; or

b. 15cmor moreif thereisadensic, lithic, paralithic, or
petroferric contact within 50 cm of the mineral soil surface
and the kandic horizon constitutes 60 percent or more of the
vertical distance between a depth of 18 cm and the contact;
and

4. Hasatexture of loamy very fine sand or finer; and

5. Has an apparent CEC of 16 cmol(+) or less per kg clay (by
1IN NH,OAc pH 7) and an apparent ECEC of 12 cmol(+) or
less per kg clay (sum of bases extracted with IN NH,OAc pH 7
plus IN KCl-extractable Al) in 50 percent or more of its
thickness between the point where the clay increase
requirements are met and either a depth of 100 cm below that
point or a densic, lithic, paralithic, or petroferric contact if
shallower. (The percentage of clay is either measured by the
pipette method or estimated to be 2.5 times [percent water
retained at 1500 kPa tension minus percent organic carbon],
whichever is higher, but no more than 100); and

6. Hasaregular decrease in organic-carbon content with
increasing depth, no fine stratification, and no overlying layers
more than 30 cm thick that have fine stratification and/or an
organic-carbon content that decreases irregularly with
increasing depth.

NatricHorizon

The natric (modified from natrium, sodium; implying the
presence of sodium) horizon is a special kind of argillic
horizon (photo 24). The dispersive properties of sodium
accelerate clay illuviation. Research has shown that natric
horizons form in Holocene-age soils, even in arid or semiarid
environments.

The effect of sodium on dispersion of clay and on the
formation of a B horizon of illuvia clay has long been
recognized. The effect of magnesium ions on dispersion of clay,
however, is till inconclusive. Laboratory studies seem to show
but dlight difference between the effects of magnesium and the
effects of calcium. Yet, it is common for soils with alarge
amount of exchangeable magnesium to have poor physical
properties. The reasons for the poor physical condition are
uncertain. Magnesium is considered in the definition of the
natric horizon because, as sodium is removed, magnesium
follows in the leaching sequence if chlorides are low and
sulfates high. If leaching continues, the magnesium is
eventually replaced. When replacement reaches the point
where the amount of exchangeable sodium is less than 15
percent and the amount of magnesium and sodium is less than
that of calcium and exchange acidity in upper subhorizons that
have a total thickness of 40 cm or more, the horizon is no
longer considered natric. The remains of such former natric
horizons are evident in soils in which the columnar structure is



Horizons and Characteristics Diagnostic for the Higher Categories

clearly evident but all other properties have been atered
because of a greatly changed environment or continued
leaching.

Required Characteristics

The natric horizon has, in addition to the properties of the
argillic horizon:

1. Either:

a. Columns or prisms in some part (generally the upper
part), which may break to blocks; or

b. Both blocky structure and eluvial materials, which
contain uncoated silt or sand grains and extend more than
2.5 cm into the horizon; and

2. Either:

a. An exchangeable sodium percentage (ESP) of 15
percent or more (or a sodium adsorption ratio [SAR] of 13
or more) in one or more horizons within 40 cm of its upper
boundary; or

b. More exchangeable magnesium plus sodium than
calcium plus exchange acidity (at pH 8.2) in one or more
horizons within 40 cm of its upper boundary if the ESP is
15 or more (or the SAR is 13 or more) in one or more
horizons within 200 cm of the mineral soil surface.

Ortstein

Ortstein is a cemented horizon that consists of spodic
materials.
Ortstein has one of the following orientations:

1. Asareatively horizontal layer. This type of orientation
tends to be root restrictive and occurs primarily in Aquods.

2. Asvertical to irregular columns, tongues, pillars, or
bridges. This orientation tends to be less root restrictive than
the horizontal orientation. Vertical orientation occurs primarily
in Orthods.

3. Asnodules. These may be remnants of one of the
orientations listed above.

Ortstein is 25 mm or more thick and 50 percent or more (by
volume) cemented. Continuous ortstein is 90 percent or more
cemented and has lateral continuity. Because of this continuity,
roots can penetrate only along vertical fractures with a
horizontal spacing of 10 cm or more.

Ortstein is differentiated from a placic horizon within
spodic materials solely on the basis of thickness. Placic
horizons within spodic materials are less than 25 mm thick,
and ortstein is 25 mm or more thick.

Required Characteristics
Ortstein has all of the following:
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1. Consistsof spodic materials; and
2. lIsinalayer that is50 percent or more cemented; and

3. Is25mmor morethick.

OxicHorizon

The oxic horizon is a mineral subsurface horizon of sandy
loam or afiner texture with alow cation-exchange capacity
and alow content of weatherable minerals. It is at least 30 cm
(12 in) thick. The clay-sized fraction generally is dominated by
kaolinite with or without iron and aluminum oxyhydrates and
with few or no other lattice silicate minerals, except for
hydroxy interlayered vermiculites. The silt and sand fraction of
the oxic horizon is generally dominated by quartz with some
other resistant minerals. Weatherable minerals that are
potential sources of plant nutrients (K, Ca, and Mg) may be
present only if they do not exceed 10 percent of the 50- to 200-
micron fraction. Rock fragments or lithorelicts may be present
only if they are coated with sesquioxides or if the included
weatherable minerals are completely altered.

Where dispersion is a problem, 3 times (percent water
retained at 1500 kPa tension minus percent organic carbon) is
used to estimate clay content. The apparent CEC, by the 1IN
NH,OAc pH 7 method, is equal to or less than 16 cmol(+) per
kg of clay, and the apparent effective CEC (ECEC), as
determined by the sum of NH,OAc displaced bases plus 1IN
K Cl-extractable aluminum, is equal to or less than 12 cmol(+)
per kg of clay. The mineralogy and charge characteristics
exclude horizons containing significant quantities of short-
range-order minerals. The oxic horizon does not have andic
soil properties. Some oxiclike horizons may have high amounts
of low-chargeillite, but they have more than 10 percent
muscovite in the 50- to 200-micron fraction and are thus
excluded from oxic horizons because muscovite is considered a
weatherable mineral.

The upper boundary of the oxic horizon is either 18 cm
below the mineral soil surface or at the lower boundary of an
Ap horizon, whichever is deeper, or it is at a greater depth
where mineralogical and charge characteristics meet the
requirements for the oxic horizon. Any increase in clay content
at the upper boundary must be diffuse. The lower boundary of
the oxic horizon is also defined by its mineralogical and charge
requirements and may, in addition, be defined by the presence
of saprolite with rock structure.

Significance to Soil Classification and Use

One important attribute of the oxic horizon isthat it is
almost devoid of primary weatherable minerals. Thus, further
weathering will release few plant nutrients.

Another important attribute is that in many soilswith oxic
horizons the clay content is relatively constant with increasing
depth, indicating little or no clay mobility, which suggests a
high order of stability in the clay fraction of these soils. This
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stability has been attributed to cementation by sesquioxides.
Oxic horizons generally have only traces of water-dispersible
clay if their net charge is near zero, but this characteristic is
also shared by some other horizons.

A third attribute of most oxic horizonsis a stable fine and
very fine granular structure and thus the friable and porous
nature of the horizon. Bulk densities are generally low,
commonly near 1 g/cm? in fine and very-fine particle-size
classes. Macrostructure may be angular or subangular blocky,
but the grade of blocky structure is generally weak.

These and other attributes directly or indirectly influence
the performance of soils having oxic horizons. The very low
cation-exchange capacity is an important consideration in soil
management. In addition, some oxic horizons have a high
capacity to adsorb anions and make some of the anions,
especially phosphates, unavailable to plants. Large amounts of
phosphate may need to be added as an initial amendment to
overcome the fixation capacity. Cations may need to be added
frequently and in small amounts to compensate for leaching
losses. The low CEC, where dominated by exchangeable Al, is
often an advantage in that only small amounts of basic cations
are needed to increase the base saturation percentage. Further,
the ease with which basic cations are leached makes the
chemical deepening of the root zone feasible via continued
applications of lime or gypsum.

Although oxic horizons commonly contain high amounts of
clay, their tendency to form a strong grade of very fine or fine
granular structure may give them characteristics similar to
those of sands. The horizons have alow available water-
holding capacity because most of the pores are either very large
between the granules (and thus do not retain water against the
forces of gravity) or are very small within the granules (and
thus retain water at too great a tension to be extracted by
plants). Plants may show evidence of moisture stress after only
aweek without rain. Although the low available water-holding
capacity is most limiting to shallow-rooted plants, yields of
deep-rooted trees, such as rubbertree and oil pam, are also
known to decline because of moisture stress.

It is considered desirable to identify soil horizons that are
nearly sterile mineralogically because they are unable to supply
basic cations through the continued weathering of primary
minerals. As such, the oxic horizon can be considered a
counterpart of the cambic horizon, which has a greater content
of weatherable minerals. As with the cambic horizon, the
exclusion of certain sandy textures is admittedly arbitrary. In
the case of the oxic horizon, however, it is considered
necessary to preserve the uniformity of the horizon with
materials that have enough clay to reflect the low CEC nature
and structural tendencies.

When considered in the vertical sequence of a sail profile,
an increase in clay content with increasing depth may be
associated with increased grades of blocky structure not
common to the central concept of the oxic horizon. Where the
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increase in clay content isbelow coarser textured surface
horizons, a small increase in the amount of clay appears more
significant to moisture relationships than where the surface
horizon is clayey. Thisincrease is especially significant in the
interpretation of soils that have been subject to accelerated
erosion. Where the coarser textured surface horizons are
eroded in cultivated areas and finer textured subsoil material
becomes incorporated into the plow layer, spatial heterogeneity
with respect to the characteristics of the plow layer develops.
Thus, this pattern is considered more closely related to soils
that have argillic horizons than to soils that do not have rather
abrupt increases in clay content with increasing depth.
Therefore, some horizons with many oxic horizon properties,
such as low CEC and an absence of weatherable minerals, are
classified as kandic horizons and may be part of Ultisols and
Alfisols rather than Oxisols if there is less than 40 percent clay
in the upper 18 cm.

The identification of an oxic horizon in most soils requires
that the increase in clay content with increasing depth not
exceed 1.2 times the clay content in the overlying horizons
within a vertical distance of 15 cm (gradual boundary limit) if
the surface horizon contains 20 to 40 percent clay. If the
surface horizon contains more than 40 percent clay, an oxic
horizon must have an absolute clay content increase of less
than 8 percent within avertica distance of 15 cm. If the
surface horizon contains less than 20 percent clay, the oxic
horizon must have an absolute clay content increase of less
than 4 percent in avertical distance of 15 cm. These are
admittedly arbitrary limits, but they lend themselves to
consistent identification in the field and rather easy verification
by laboratory techniques.

Genesis

Oxic horizons are generally in soils on very old stable
geomorphic surfaces. They may occur in soils on younger
surfaces if the parent rock is basalt, serpentine, or other easily
weathered rock or if the parent material is preweathered. Oxic
horizons are not common in soils on steep slopes where
rejuvenation of the soils takes place through erosion,
truncation, or lateral flow of base-enriched subsurface water.

Soils on old geomorphic surfaces that may date to the mid
or late Tertiary generally have been reworked. Many of the
surficial deposits are preweathered, transported over short
distances, and deposited, perhaps several times. After
deposition and stabilization of the landscape, weathering and
soil formation start anew. Stone lines composed of quartz or
petroplinthite are common in some of these soilsif the original
material could supply the stones. Quartz veins may be traced
through the saprolite but end abruptly or taper off at the stone
line, indicating that the material above the stone line has been
transported. Particle-size sorting may take place during
transport and deposition, and lithologic discontinuities are
common, although materials are very similar.
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Aswasindicated earlier, the parent materials may be
strongly preweathered. Weathering continues after deposition.
Theintensity of the weathering is afunction of environmental
conditions. In areasof aridic climates, thisisminimal, anditis
supposed that the oxic properties were attained during
previous, more humid phases of the climate or in poorly
drained environments or developed as the material weathered
in transport.

In the more easily weathered parent materials and when
climatic conditions are favorable, oxic horizons form in soils
on young surfaces and over arelatively short period. Leaching
and desilicification are the most important processes, resulting
in a deep solum. The weathering front moves rapidly down the
soils, and on many basic and ultrabasic rocks, there is no real
saprolitic zone because the oxic horizon rests on rock or on a
thin weathering crust. Primary minerals are altered to
kaolinite, and, simultaneously or at alater stage, gibbsite and
geothite also accumulate. Accidents of nature may occur,
leaving behind some partially weathered rock or mineral
fragments in the oxic horizon. These fragments are generally
rare and, if present, are frequently coated with sesguioxides.
Pseudomorphs of olivine and augite may be present in some
oxic horizons, but these are not considered indicators of a lack
of weathering.

On stable surfaces time has permitted homogenization of the
soil material by pedoturbation processes. It is also possible that
the active pedoturbation has disrupted and assimilated any
evidence of lessivage, such as clay films. Consequently, most
oxic horizons are uniform in color, texture, and other
mineralogical or chemical properties to great depths in the soil.
The pedoturbation processes have a so disrupted any rock
structure. In some saprolites weathering results in a
pseudomorphic alteration of feldspar phenocrysts to gibbsite,
the aggregates of which retain the original fabric.
Mineralogically and chemically, the saprolite may meet the
requirements for an oxic horizon, but it is not considered an
oxic horizon if it retains more than 5 percent rock fabric.
Booklets of kaolinite that formed through the pseudomorphic
alteration of biotite are considered weatherable mineras. In an
oxic horizon, these are disrupted and assimilated in the soil
material.

Soils with oxic horizons frequently occupy the upper part of
the landscape. The silica potential is very low in such soils.
These soils have a leaching environment in which there is no
possibility for synthesis of 2:1 clay minerals. Even in the wet
soils with oxic horizons, the recharging water may be so low in
bases and silica that, despite a high water table, the soils are
continuously flushed and leached. Isohyperthermic soil
temperature regimes and udic or perudic soil moisture regimes
are often considered optimal for the formation of oxic horizons,
but soils with oxic horizons are common in areas with ustic
soil moisture regimes or with isothermic soil temperature
regimes. They are rare in areas with aridic soil moisture
regimes and isomesic soil temperature regimes. Some oxic
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horizons are present in areas of soil temperature regimes other
than iso regimes, and, although paleoclimatic factors have been
attributed to their formation, parent material is also probably a
major contributor.

Required Characteristics

In summary, the oxic horizon is a subsurface horizon that
does not have andic soil properties (defined below) and has all
of the following characteristics:

1. A thickness of 30 cm or more; and

2. A texture of sandy loam or finer in the fine-earth fraction;
and

3. Lessthan 10 percent weatherable minerals in the 50-
to 200-micron fraction; and

4. Rock structure in less than 5 percent of its volume, unless
the lithorelicts with weatherable minerals are coated with
sesquioxides; and

5. A diffuse upper boundary, i.e., within a vertical distance
of 15 cm, a clay increase with increasing depth of:

a. Lessthan 4 percent (absolute) in its fine-earth fraction
if the fine-earth fraction of the surface horizon contains less
than 20 percent clay; or

b. Lessthan 20 percent (relative) in its fine-earth fraction
if the fine-earth fraction of the surface horizon contains 20
to 40 percent clay; or

c. Lessthan 8 percent (absolute) in its fine-earth fraction
if the fine-earth fraction of the surface horizon contains 40
percent or more clay); and

6. An apparent CEC of 16 cmol(+) or less per kg clay (by 1N
NH,OAc pH 7) and an apparent ECEC of 12 cmol(+) or less
per kg clay (sum of bases extracted with IN NH,OAc pH 7 plus
1IN KCl-extractable Al). (The percentage of clay is either
measured by the pipette method or estimated to be 3 times
[percent water retained at 1500 kPa tension minus percent
organic carbon], whichever value is higher, but no more than
100).

PetrocalcicHorizon

Thepetrocalcic horizonisanilluvial horizoninwhich
secondary calcium carbonate or other carbonates have
accumulated to the extent that the horizon is cemented or
indurated (photo 25).

In some soilsforming in parent materialsthat arerichin
carbonates or that receive regular additions of carbonatesin
dust, the calcic horizon tends in time to become plugged with
carbonates and cemented into a massive, continuous horizon.
There is also evidence that a petrocalcic horizon can form
through a process of limestone alteration by in situ dissolution



and reprecipitation of carbonates. Petrocalcic horizons are
mainly in soils older than the Holocene and seem to be a mark
of advanced soil evolution.

In areas with an abundant source of carbonates and silica,
petrocalcic horizons and duripans can occur within the same
pedon.

The petrocalcic horizon is indurated or cemented
throughout each pedon by calcium carbonate or, less
commonly, by calcium and magnesium carbonate, with or
without accessory silica, to such a degree that dry fragments do
not slake in water and roots cannot enter, except in cracks that
have a horizontal spacing of 10 cm or more. If the fragments
are soaked in acid, cementation of the petrocalcic horizon is
destroyed in half or more of its lateral extent in each pedon.
The horizon is commonly massive or platy and is very hard or
harder when dry and very firm or firmer when moist. Its
saturated hydraulic conductivity commonly is moderately low
to very low unless the horizon is fractured.

A laminar cap may be present but is not required. If oneis
present, carbonates normally constitute half or more, by
weight, of the laminar horizon. Gravel, sand, and silt grains
have been separated by the crystallization of carbonatesin at
least parts of the laminar subhorizon. Sand and gravel have
been largely pushed aside by crystallization of calcium
carbonate at the surface of the laminar horizon. Radiocarbon
dates of the organic and inorganic carbon indicate that this
laminar horizon is late Wisconsinan to Holocene in age and
that the cementation of the underlying gravel took place during
the late Pleistocene.

Required Characteristics

A petrocal cic horizon must meet the following
requirements:

1. Thehorizoniscemented or indurated by carbonates, with or
without silica or other cementing agents; and

2. Because of lateral continuity, roots can penetrate only
along vertical fractureswith ahorizontal spacing of 10 cm or
more; and

3. Thehorizon has athickness of:
a 10cmor more; or

b. 1cmormoreif it consistsof alaminar cap directly
underlain by bedrock.

Petrogypsic Horizon

The petrogypsic horizon is an illuvial horizon, 10 cm or
more thick, in which secondary gypsum has accumulated to the
extent that the horizon is cemented or indurated (photo 26). Dry
fragments do not slake in water, and roots cannot enter, except in
vertical fracturesthat have ahorizontal spacing of 10 cm or
more. The minimum gypsum content is 5 percent, and the
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product of the thickness, in cm, multiplied by the gypsum
content percentage is 150 or more. Commonly, the gypsum
content isfar greater than the minimum regquirements. In many
pedonsit is 60 percent or more. Petrogypsic horizons are known
to occur only in arid regions and develop in parent materials that
arerichin gypsum. They arerarein the United States but are
common in partsof Africaand Asia

Required Characteristics

A petrogypsic horizon must meet the following
requirements:

1. Thehorizoniscemented or indurated by gypsum, with or
without other cementing agents; and

2. Because of lateral continuity, roots can penetrate only
along vertical fractures with a horizontal spacing of 10 cm or
more; and

3. The horizon is 10 cm or more thick; and

4. The horizon is 5 percent or more gypsum, and the product
of its thickness, in cm, multiplied by the gypsum content
percentage is 150 or more.

PlacicHorizon

The placic horizon (Gr. base of plax, flat stone; meaning a
thin cemented pan) is a thin, black to dark reddish pan that is
cemented by iron (or iron and manganese) and organic matter.
It is generally between 2 and 10 mm thick but may be as thin
as 1 mm. The placic horizon has a maximum thickness of 25
mm where it is associated with spodic materials. Where not
associated with spodic materials, it has no maximum thickness.
It is often associated with stratification in parent materials,
such as an abrupt discontinuity of hydraulic conductivity
associated with different particle sizes in ash layers. The placic
horizon is commonly within 50 cm of the mineral soil surface
and is roughly paralel with the mineral soil surface. It has a
pronounced wavy or even convoluted form. Commonly, it
occurs as a single pan rather than as multiple sheets (one
underlying another), but it may be bifurcated. It is a barrier to
water and roots. Placic horizons have been described in
Andisols, Histosols, Inceptisols, and Spodosols. In New
Zealand they also have been reported in young alluvia soils.

Most placic horizons occur in areas of cool, moist climates
with low evapotranspiration. They are known to occur in the
British Isles, New Zealand, Canada, and southeastern Alaska
They also have been reported in the Tropics.

Placic horizons range in color from dark red to black.
Chemical data indicate that carbon and iron are major
components and aluminum and manganese minor components
in most placic horizons. In some areas, however, manganese is
a significant constituent of the horizons. There appears to be
little relationship between the chemical composition and the
color of the placic horizon.
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Research on genesis suggests that placic horizons form from
iron that is reduced and mobilized in the surface horizons and
oxidized and precipitated in the B horizon, where it can adsorb
soluble organic matter. The iron, however, does not form organo-
metallic complexes. Themost common formsof ironintheplacic
horizon are ferrihydrite and poorly crystalline goethite. These
minerals have alarge capacity for adsorbing anions, including
humic substances.

Conditions for the reduction and mobilization of iron are
favored in strongly leached, acid soils with organic surface
horizons containing anaerobic micro-organisms. In some soils
placic horizons form at the boundary between layers with
contrasting particle-size classes, which restrict the soil
solution. Placic horizons aso can form above lithic, densic, or
paralithic contacts. They are by no means restricted to the
conditions described above.

Most placic horizons in the British 1sles have formed within
the last 3,000 years, but there is evidence to support incipient
formation of placic horizons within 100 years.

Placic horizons form in material with a variety of textures
ranging from sands to clays. The native vegetation in the
different climates includes tropical rain forest, ohagnum, and
other rain-loving plants. In the British Isles placic horizons
occur under peat-forming ericaceous or grassy seminatural
vegetation, which is subject to periodic burns and was likely
forest within the last 3,000 years.

Unless the thickness of the placic horizon is minimal,
identification of the horizon is seldom difficult because the
hard, brittle pan differs so much from the material in which it
occurs and is so close to the mineral soil surface. The presence
of organic carbon and the shape and position of the placic
horizon distinguish the horizon from the ironstone sheets that
may form where water hangs, or moves laterally, at a lithologic
discontinuity. Where placic horizons occur within spodic
materials, they are arbitrarily differentiated from ortstein by
thickness. Ortstein has a minimum thickness of 25 mm.

Required Characteristics
A placic horizon must meet the following requirements:

1. Thehorizoniscemented or indurated with iron or iron and
manganese and organic matter, with or without other cementing
agents; and

2. Because of lateral continuity, roots can penetrate only
along vertical fractureswith ahorizontal spacing of 10 cm or
more; and

3. Thehorizon hasaminimum thicknessof 1 mm and, where
associated with spodic materials, is less than 25 mm thick.

SalicHorizon

A salic horizon is a horizon of accumulation of salts that are
more soluble than gypsum in cold water (photo 27). A common
salt is halite, the crystalline form of sodium chloride. In some
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areas soluble sulfates may also accumulate with the crystalline
forms, such asthernadite, hexahydrite, epsomite, and mirabilite.
Two of the commonly occurring bicarbonates are trona and
natron. Under extreme aridic conditionsand at low temperatures,
evaporites of calcium chloride, nitrates, and other soluble salts
may accumulate. | dentification of the kinds of crystalline salts
requiresdetailed mineralogical analyses.

In extremely arid areas, such as parts of Chile and
Antarctica, where measurable precipitation is rare, salic
horizons have a hard or rigid rupture-resistance class. These
types of salic horizons are physical barriers to roots, but they
slake in water and, therefore, are not considered cemented.

Required Characteristics

A salic horizonis 15 cm or morethick and has, for 90
consecutive days or more in normal years:

1. Anelectrical conductivity (EC) equal to or greater than 30
dS/m in the water extracted from a saturated paste; and

2. A product of the EC, in dS/m, and thickness, in cm,
equal to 900 or more.

SombricHorizon

A sombric horizon (F. sombre, dark) is a subsurface horizon
in mineral soils that has formed under free drainage. It
contains illuvial humus that is neither associated with
aluminum, as is the humus in the spodic horizon, nor dispersed
by sodium, as is common in the natric horizon. Consequently,
the sombric horizon does not have the high cation-exchange
capacity in its clay that characterizes a spodic horizon and does
not have the high base saturation of a natric horizon. It does
not underlie an abic horizon.

Sombric horizons are thought to be restricted to the cool,
moist soils of high plateaus and mountains in tropical or
subtropical regions. Because of strong leaching, their base
saturation is low (less than 50 percent by NH,OAC).

The sombric horizon has a lower color value or chroma, or
both, than the overlying horizon and commonly contains more
organic matter. It may have formed in an argillic, cambic, or
oxic horizon. If peds are present, the dark colors are most
pronounced on surfaces of peds.

In the field a sombric horizon is easily mistaken for a buried
A horizon. It can be distinguished from some buried epipedons
by lateral tracing. In thin sections the organic matter of a
sombric horizon appears more concentrated on peds and in
pores than uniformly dispersed throughout the matrix.

Spodic Horizon

A spodic horizonisanilluvial layer with 85 percent or more
spodic materials (defined bel ow). Spodic materialscontain
illuvia active amorphous materials composed of organic matter
and aluminum, with or without iron. The term “active” is used
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here to describe materials that have a high pH-dependent
charge, alarge surface area, and high water retention. In
uncultivated soils the spodic horizon normally lies below an
albic horizon (alight colored eluvial horizon defined earlier).
Less commonly, it either is under an ochric epipedon that does
not meet the color requirements for an albic horizon or isin or
under an umbric epipedon. In some soils the spodic horizon is
at the surface of the mineral soil, directly below athin O
horizon. In cultivated soils it generally occurs directly below
the Ap horizon. Spodic materials may remain in some
cultivated soils where the spodic horizon has been destroyed. If
85 percent of the spodic materials remain in the Ap horizon
and the soil meets the other criteria listed in the “Key to Soil
Orders’ in the soil is considered a Spodosol.

Genesis

Spodic horizonsform only in ahumid environment. They are
commonly associated with cold or temperate climates but also
occur in hot climates. They do not occur in an arid environment,
although some occur in Mediterranean climates that have long,
dry summers.

The types of vegetation and litter covering the surface are
important in the formation of spodic horizons. In cool climates
spodic horizons occur in soils that have had a heath vegetation
(Erica and Calluna) or forest (broadleaf or coniferous)
vegetation. In a mixed forest, the spodic horizon generally is
more strongly expressed under certain species, such as hemlock
(Tsuga canadensis) or kauri (Agathis australis), than under
other species. In warm climates spodic horizons occur under
savanna, palm trees, and mixed forests.

A spodic horizon forms mostly in sandy, sandy-skeletal,
coarse-loamy, loamy-skeletal, or coarse-silty materials or in
andic soil materials (defined below), but it occasionally
developsinfiner textured material. Some spodic horizons that
are not associated with an albic horizon may have been
overlooked in the past. If the parent materialsarerichin clay,
the formation of aspodic horizonislikely to be delayed until
eluviation or weathering has reduced the clay content below a
critical level. A spodic horizon then formsin the eluvial horizon,
and the underlying argillic horizon is either destroyed or moved
to a greater depth as the spodic horizon thickens. There seems
to be an antagonism between a spodic horizon and
phyllosilicates. If aspodic horizon and an argillic horizon occur
in the same soil, they generally are separated by an eluvial
horizon (E"), but under heath vegetation a spodic horizon may
rest directly on, and may tongueinto, an argillic horizon. In
cal careous parent material, a spodic horizon does not begin to
develop until carbonates have been leached from the upper part
of the sail. A spodic horizon can form either in relatively fresh
parent material containing abundant weatherable mineralsor in
nearly pure quartz sand.

A spodic horizon can form either in awell drained soil orina
soil with ashallow, fluctuating level of ground water. If the
water table remains within the spodic horizon for long periods,
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the horizon may contain little or noiron. A spodic horizon does
not seem to develop in asoil that is permanently saturated with
water.

Under optimum conditions, aspodic horizon can form within
afew hundred years. Its biological destruction can be equally
rapid, at leastin some cultivated soilswherelime and fertilizers
areapplied.

Most spodic horizons are horizons in which organic matter,
aluminum, and iron have accumulated. As far as is known,
aluminum is always present and may be essential. Almost all
spodic horizons have a maximum content of organic matter,
iron, or aluminum in their upper few centimeters, although
iron may be absent in some, or the iron and aluminum maxima
may be below the organic-matter maximum, and the aluminum
maximum may be below the iron maximum. Most spodic
horizons have hue of 7.5YR or redder. The presence of hue of
7.5YR or redder in a spodic horizon that does not contain iron,
the persistence of the hue after reduction if iron is present, and,
if iron is absent, the destruction of the color by ignition suggest
that organic compounds are important to the color of the spodic
horizon.

The mobile sesquioxides in spodic horizons can result from
the dissolution of primary minerals and from cycling by plants.
In eluvial horizons that overlie spodic horizons, the
aluminosilicates appear pitted as if by solution. Pitting is
particularly evident on mafic minerals. In some soils a well
developed spodic horizon is the upper mineral horizon,
overlain only by an O horizon. Although mixing of horizons by
animals or by falling trees generally can be demonstrated in
such soils, more than one source of the materials accumul ated
in the spodic horizon is possible.

Some older theories concerning the formation of spodic
horizons postulated a mutual flocculation of positively charged
colloidal sesquioxides and negatively charged colloidal organic
matter. Others assumed a flocculation of sesquioxides or of
organic matter by changes in the redox potential or pH with
increasing depth.

According to newer theories, an association between organic
matter and iron and aluminum is formed by chelation and
electrostatic bonding. The compounds thus formed are soluble
if the sesguioxide concentration is low, but they are
precipitated when the sesquioxide concentration reaches a
critical level. Other research has demonstrated that large
amounts of inorganic aluminum and iron in a Spodosol can be
translocated as a sol from an A horizon to a B horizon before
complexing with organic matter.

Consequently, if solutions of organic compounds or sols that
are moving through the soil pick up sesquioxides from primary
minerals and from part of the spodic horizon, the compounds
are eventually precipitated somewhere in the spodic horizon.
The movement either can be downward (as a result of gravity)
or can be lateral or upward. Upward movement resulting from
capillary forcesis suggested by the black, humus-rich
subhorizon above and on the sides of tongues of the E horizon
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that commonly penetrate at various angles into the spodic
horizon. Immobilization of sesguioxides may also be the result of
ahydrolysis of the organometallic complex induced by changes
in pH or by biological destruction of organic ligands. Two of the
specific properties of theimmobilized material that becomesthe
active fraction of aspodic horizon are (1) high concentrations of
carboxyl and hydroxyl sites that are destroyed on heating and
(2) solubilization of organic matter and sesquioxideson
treatment with astrong complexing agent, such asammonium
oxalate.

Distinctions Between Spodic Horizonsand Andic Soil
Materials

The central concept of andic soil materialsis that of a soil
developing in weatherable, silica-rich parent materials, such as
volcanic gecta or volcaniclastic materials, which have a
colloida fraction dominated by short-range-order minerals or
aluminum-humus complexes. Under some environmental
conditions, weathering of primary aluminosilicates in parent
materials of nonvolcanic origin may aso lead to the formation
of short-range-order minerals. The dominant process in most
soils with andic soil materials is one of weathering and mineral
transformation. Translocation within the soils and
accumulation of the translocated compounds are normally
minimal.

The central concept of soils with spodic horizons is one of
aluminum, or aluminum and iron, and organic matter
illuviating and precipitating when critical levels are reached.

Some areas, for example some areas in Alaska, periodically
receive volcanic gecta (photo 28). These areas a so have
climatic and vegetative conditions conducive to the formation
of spodic materials. The soils in these areas of Alaska exhibit
features of both andic and spodic materials. Because it
represents evidence of eluviation, the albic horizon is used to
separate Andisols from Spodosols; however, alayer of volcanic
ash should not be mistaken for an albic horizon.

Distinctions Between Spodic and Argillic Horizons

Argillic horizons are illuvial, and so are spodic horizons. As
an argillic horizon forms, discrete crystalline clay particles are
moved from an eluvial horizon to an illuvia horizon.
Consequently, the claysin the eluvia and illuvial horizons of a
soil that has an argillic horizon are similar, except where one
kind of clay mineral has moved in preference to others. The
silica-sesquioxide (SO, to R,0,) ratio of the whole soil isat a
minimum in the argillic horizon, but that of the clay fraction
remains virtually constant throughout the profile.

In soils that have a spodic horizon, the dominant processes
are dissolution of primary minerals in any eluvial horizon;
movement of iron, aluminum, and organic matter; and
precipitation of complexes of amorphous organic matter and
metal. Typically, the clay mineralogy in the eluvial horizon
differs greatly from that in the illuvial horizons, and the ratio
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of SO, to R,O, both in the whole soil and in the clay fractionis
at aminimum in the spodic horizon.

In aparticle-size separation, at |east some of theilluviated
iron and aluminum is dispersed and becomes part of the
measured clay fraction. Consequently, data commonly show a
clay maximum in the spodic horizon. Both the spodic horizon
and the argillic horizon may be a horizon of accumulation of
freeiron. In well drained soils that have an argillic horizon,
the ratio of freeiron to clay tends to be constant in all horizons.
In soils that have a spodic horizon, however, this ratio tends to
vary.

There are large differences in micromorphology between an
argillic horizon and a spodic horizon. The birefringent
crystalline clay coatings of the argillic horizon differ sharply
from the isotropic amorphous coatings of the spodic horizon.
Most spodic horizons, however, contain some illuviated
crystalline clay.

Distinctions Between Spodic and Cambic Horizons

A cambic horizon can be formed either by alteration of
parent materials in place, resulting in the release of iron and
the formation of structure, or by solution and removal or
accumulation of carbonates or gypsum. There is not enough
illuviation to form a spodic horizon. Two situations in which a
spodic horizon and a cambic horizon might be confused in the
field are possible. A cambic horizon may grade laterally by
imperceptible stages into a spodic horizon as a result of
increasing accumulation of complexes of organic matter and
sesquioxides. A very weakly devel oped spodic horizon,
however, contains more of these complexes relative to
phyllosilicates than a cambic horizon, and the two kinds of
horizons can be separated either on the basis of their
morphology or by chemical techniques described below, in the
section on spodic materials.

It may be difficult to distinguish a spodic horizon from a
cambic horizon in a soil that has developed in pyroclastic
materials in a cool, perhumid climatic region. Under those
conditions, part of the amorphous mineral material in a cambic
horizon may form complexes with organic matter that are
similar to those of a spodic horizon. In this situation, a
distinction may be made on the basis of evidence of eluviation
and the typical color pattern of a spodic horizon. If an
overlying eluvia (abic) horizon is present in more than 50
percent of the pedon, it can be inferred that the underlying
horizon isilluvial. Likewise, the presence of a spodic horizon
is suggested if, in afreely drained soil, there is an abrupt
boundary between an Ap horizon and an underlying horizon
that contains 85 percent or more spodic materials.

M or phology

A typical spodic horizon iseasily recognized in the field by
its color and structure. Commonly, it has a sandy, sandy-
skeletal, coarse-loamy, loamy-skeletal, or coarse-silty particle-
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size class. The upper boundary of the horizon is commonly
abrupt, and the hue, color value, and chroma of the horizon
change markedly with increasing depth within afew centimeters
of its upper boundary. The lowest color value, the reddest hue,
and the lowest chroma occur in the upper part of the horizon.
Thelower part of the spodic horizon, or the horizon directly
below it, has ahigher chromaor ayellower hue than the main
part, or it has some combination of these colors. Structureis
either absent or isgranular, platy, blocky, or prismatic. Cracked
coatings of an isotropic amorphous mixture of organic matter,
iron, and aluminum can be detected on mineral sand grainsin a
sandy or coarse-loamy spodic horizon viewed under a40- to 60-
power lens.

Commonly, cracked coatings are dominant in the lower part
of the spodic horizon. If the coatings are very thick, the
horizon may be ortstein. In a dry soil the coatings may be
cracked. Clay films are not present on peds or in pores within a
spodic horizon. Coatings on sand grains in a spodic horizon
may not be distinguishable under a hand lens, however, from
thin clay coatings in an argillic horizon.

If an albic horizon overlies aspodic horizon, thereis seldom
any difficulty in determining that the spodic horizon is of
illuvia origin. Commonly, there is a second maximum of
organic carbon in the spodic horizon. In some tropical and
subtropical areas, the albic horizon may be extremely thick and
the spodic horizon may occur at a depth of 200 cm or more
below the mineral soil surface. The presence of organic carbon
and the characteristics of the exchange complex distinguish a
cemented spodic horizon (ortstein) from the ironstone layer
(petroferric contact, defined below) at alithologic discontinuity
below many soils. In undisturbed soils without an albic
horizon, there is commonly a thin, dark eluvial horizon in
which many of the sand grains are free of humus and of
sesguioxide coatings. Many spodic horizons, however, are so
close to the mineral soil surface that the horizons overlying
them are easily destroyed by plowing or even by the
disturbances associated with logging. In some soils the albic or
other overlying horizons seem to have been mixed with the
spodic horizon by falling trees or by animals or may never have
existed. In adisturbed soil it may be difficult or impossible to
establish the illuvia nature of the spodic horizon, athough it
has all of the morphological, chemical, and physical properties
of a spodic horizon, which is clearly illuvial. The presence of
an overlying eluvial horizon is not required in the definition of
a spodic horizon, although its identification is facilitated by the
presence of an eluvial horizon.

I dentification

A spodic horizon normally underliesan O, A, Ap, or E
horizon. The hue and chroma may remain constant with
increasing depth if the horizon is thin and overlies a densic,
lithic, or paralithic contact (defined below). Generally, the
subhorizon with the reddest hue or the lowest chroma, or both,
is near the top of the spodic horizon. The hue becomes
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yellower or the chromahigher, or both, within subhorizons of
the spodic horizon or inanunderlying BC, C, E’, or Bx
horizon.

Spodic horizons must contain at least 85 percent spodic
materials. There are many useful cluesfrom field evidenceto
help identify spodic materials. Among these are an albic horizon
in 50 percent or more of the pedon and amorphous al uminum (or
aluminum and iron), which, when present in sufficient amounts,
provides color cluesto the existence of spodic materials. These
colors are listed in the section on spodic materials. Spodic
materials cannot be positively identified from field evidence
alone. They must also have apH value of 5.9 or lessand an
organic-carbon content of 0.6 percent or more. Not all soilswith
spodic materials have albic horizons. When albic horizons are
absent, spodic materials must still meet specific color
requirements and have at least one additional feature. Such
features can be morphological or chemical, or both. The
additional morphological featuresinclude (1) ortstein that hasa
horizontal continuity through 50 percent or more of the pedon
and avery firm or firmer rupture-resistance class and (2) cracked
coatings on 10 percent or more of the sand grains. In some soils
the presence of isotropic cracked coatings may have to be
confirmed with the aid of apetrographic microscope. Optical
identification may not befeasibleif there are significant
inclusions of micaor of other anisotropic clay or if the presence
of volcanic glass or other pyroclastic materials leads one to
suspect that the horizon is a cambic horizon containing
amorphous clay.

If a pedon does not have an albic horizon, ortstein, or sand
grains with cracked coatings, then the definition of spodic
materials requires that specific color and chemical criteria be
met. Two chemical criteria are used to evaluate spodic
materials. If at least one of these, in addition to the color
requirements, is satisfied, the definition of spodic materialsis
met.

The first chemical criterion is that the percentages of
ammonium-oxal ate-extractable aluminum plus one-half the
ammonium-oxal ate-extractable iron in spodic materials must
total 0.50 or more and must be 2 times or more the amounts
present in an overlying umbric (or subhorizon of an umbric)
epipedon or in an ochric epipedon or albic horizon. The
increase in ammonium-oxal ate-extractable iron and aluminum
from an A and/or E horizon to a B horizon is indicative of the
illuvia process. Ammonium oxalate will extract both iron and
aluminum associated with humus and inorganic amorphous
compounds, and it will also dissolve magnetite and
ferrihydrite, both of which contribute to the ammonium-
oxalate-extractable iron values. Ferrihydrite is believed to be
associated with both spodic and nonspodic materials in soils
associated with wetness.

The second chemical criterion isthat the optical-density-of-
oxaate-extract (ODOE) value should be 0.25 or more and at
least double from an eluvial horizon to the spodic horizon. The
ODOE is assumed to result mostly from extracted fulvic acids.
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Horizons and Characteristics Diagnostic for the Higher Categories

Photo 4.—A histic epipedon.



Photo 5.—A melanic epipedon approximately 90 cm thick in a
Melanudand from Japan.

" - golil T
Lot '.-".-'.:.‘? ‘¥ A = ?’_
r L - £ - |
il P e
SHICHI-HONS M_KHJ o o
= },n\.'\ljr\jl ks . o h“-:.‘,q';hr E
SE 1\“': h"'1-_._f5-.. . ‘1—1"

Soil Taxonomy

TR
'- '.e.:*"l.‘ :
N

b

Bl

r

[}

L R

}'.-"5

Photo 6.—A mollic epipedon approximately 25 cm thick over a
calcic horizon in a soil from ldaho.
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Photo 7.—A mollic epipedon approximately 57 cm thick in an Photo 8.—An ochric epipedon from an Oxisol in Hawaii. The
Argiustoll from Kansas. ochric epipedon has high value and chroma.
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Photo 9.—A soil with an ochric epipedon about 15 cm thick. The Photo 10.—A soil that has a plaggen epipedon about 90 cm (3 ft)
dark colored ochric epipedon is too thin to be a mollic or thick. The sod presumably came from the heath. Variations

umbric epipedon. caused by mixing of materials can be seen. This map unit has

straight boundaries, and it is higher than the surrounding
landscape. Plaggen epipedons are not known to occur in the
United States but are common in parts of Western Europe.
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Photo 11.—An umbric epipedon in an Xerept from Spain. Photo 12.—An albic horizon in an Argialboll from North Dakota.
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Photo 14.—A prominent clay film in a pore and a faint clay film

Photo 13.—An argillic horizon that begins at about 5 cm in a

on the surface of a ped in an argillic horizon.

Haplustalf from Texas. This argillic horizon has strong

prismatic structure.
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Photo 15.—Clay films and bridges on sand grains, which Photo 16.—An argillic horizon that consists of lamellae.
commonly occur in argillic horizons with associated eluvial
horizons that have less than 15 percent clay.
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Photo 17.—A partially cemented Ustic Haplocalcid from New Photo 18.—A cambic horizon below a mollic epipedon in an Ustoll
M exico. from Nebraska.
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Photo 19.—A duripan underlain by cinders in a Durustoll from Arizona.
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Photo 20.—Close-up of a calcareous duripan.
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Photo 21.—A fragipan beginning at a depth of about 50 cm. Photo 22.—A glossic horizon that has more than 15 percent albic
Bleached seams are between the peds. material between the peds of a degrading argillic horizon.
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Photo 23.—A gypsic horizon between depths of 26 and 165 cm in a
Gypsid from New Mexico.
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Photo 24.—A natric horizon with columnar structure in a Natrudoll from Argentina.
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Photo 25.—A petrocalcic horizon that begins at a depth of about Photo 26.—A petrogypsic horizon beginning at a depth of about 50
63 cm in an Argic Petrocalcid from New Mexico. cm in a Petrogypsid from New Mexico.
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Photo 27.—A salic horizon in an Aquisalid from Nevada. Photo 28.—A spodic horizon in a Haplocryod from Alaska. This
soil receives periodic deposits of volcanic ash.
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Photo 29.—A pedon with andic soil properties between depths of
about 48 and 100 cm. The material above 48 cm is from the
1980 eruption of Mount St. Helens and has not weathered
sufficiently to meet the criteria for andic soil properties.

Soil Taxonomy
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Horizons and Characteristics Diagnostic for the Higher Categories

Identifiable secondary carbonates that have engulfed a calcic horizon.

Photo 30.



Soil Taxonomy

70

Photo 31.—L amellae below an argillic horizon.
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Photo 32.—Close-up of lamellae.
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Photo 34.—Slickensides.

Photo 33.—Continuous plinthite in a Plinthic Paleudalf from

Texas.
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Photo 35.—A pedon with aquic conditions close to the surface.
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Photo 36.—Peds from a gleyed horizon and the horizon directly below.
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Photo 37.—A Turbel from the Yukon Territory with cryoturbation in the subsoil.
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Photo 38.—A Glacistel from the Yukon Territory with a glacic layer beginning at a depth of about 50 cm.
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Photo 39.—Fractured lithic contact. Vertical fractures are greater than 10 cm. Sandstone is below the lithic contact.
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Photo 40.—Differential weathering in grus from a soil in South Africa. The paralithic contact is highly irregular in this pedon.
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When there are significantly higher quantitiesin anilluvial
horizon than in an eluvial horizon, it is concluded that spodic
materialsare present.

Thicknessof the Spodic Horizon

For avariety of reasons, some spodic horizons are thin or
otherwise weakly developed. Some soils, particularly those that
formed in calcareous parent materials in areas of cool, humid
climates, have two horizons of accumulation, the upper of
which contains an accumulation of amorphous materials,
whereas the lower contains phyllosilicates. The two are
separated by an eluvial horizon. This sequence of horizonsis
defined as a bisequum. In this situation, a spodic horizon has
formed, or begun to form, in a clay-depleted eluvia horizon.
Other spodic horizons are thin because they rest on a fragipan
or on adensic, lithic, or paralithic contact. In areas of very
cold, humid climates, any illuvia horizon is normally
dominated by organic matter and amorphous sesquioxides and
may be thin. Very thin horizons of accumulation are easily
destroyed by plowing, trampling by livestock, or logging. To
prevent such minor disturbances from changing the
classification of a soil, a minimum depth to the lower boundary
of the spodic horizon is required for the Spodosol order,
depending on the soil temperature regime (defined below). If the
soil temperature regimeismesic or warmer, the spodic horizon
must extend to adepth of 25 cm from the mineral soil surface,
unless the soil isless than 25 cm deep. For soils that have either
acryicor apergelic soil temperature regime, or afrigid soil
temperature regime and a spodic horizon with a coarse-loamy,
loamy-skeletal, or finer particle-size class, depth limitsarewaived
because in these soils there is less prospect of a serious
disturbance of significant areas than in sandy and warmer soils.
Depth limits also are waived for soils that have a duripan or
fragipan or apetroferric, paralithic, densic, or lithic contact
within 25 cm of the mineral soil surface. If these soilsare
disturbed, the whole soil isaltered and the classification islikely
to be affected.

Required Characteristics

A spodic horizon is normally a subsurface horizon underlying
anO, A, Ap, or E horizon. It may, however, meet the definition of
an umbric epipedon.

A spodic horizon must have 85 percent or more spodic
materials (described below) inalayer 2.5 cm or more thick that
isnot part of any Ap horizon.

Other Diagnostic Soil Characteristics
(Mineral Soils)

Diagnostic soil characteristics are features of the soil that
are used in various places in the keys or in definitions of
diagnostic horizons.
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Abrupt Textural Change

An abrupt textural change is a specific kind of change that
may occur between an ochric epipedon or an albic horizon and
anargillic horizon. It ischaracterized by a considerableincrease
in clay content within avery short vertical distance in the zone
of contact. If the clay content in the fine-earth fraction of the
ochric epipedon or abic horizon islessthan 20 percent, it
doubleswithin avertical distance of 7.5 cm or less. If the clay
content in the fine-earth fraction of the ochric epipedon or the
albic horizon is 20 percent or more, thereisan increase of 20
percent or more (absolute) within avertical distanceof 7.5 cm or
less (e.g., anincrease from 22 to 42 percent) and the clay content
insome part of theargillic horizonis 2 times or more the amount
contained in the overlying horizon.

Normally, there is no transitional horizon between an ochric
epipedon or an abic horizon and an argillic horizon, or the
transitional horizon is too thin to be sampled. Some soils,
however, have a glossic horizon or interfingering of albic
materials (defined below) in parts of the argillic horizon. The
upper boundary of such a horizon isirregular or even
discontinuous. Sampling this mixture as a single horizon
might create the impression of arelatively thick transitional
horizon, whereas the thickness of the actua transition at the
contact may be no more than 1 mm.

AlbicMaterials

Albic (L. albus, white) material s are soil materialswith acolor
that islargely determined by the color of primary sand and silt
particles rather than by the color of their coatings. This
definition implies that clay and/or free iron oxides have been
removed from the materials or that the oxides have been
segregated to such an extent that the color of the materialsis
largely determined by the color of the primary particles.

Required Characteristics
Albic materials have one of the following colors:
1. Chromaof 2 or less; and either

a. A color value, moist, of 3 and a color value, dry, of 6 or
more; or

b. A color value, moist, of 4 or more and a color value,
dry, of 5 or more; or

2. Chromaof 3 or less; and either
a A color value, moist, of 6 or more; or
b. A color value, dry, of 7 or more; or

3. Chromathat is controlled by the color of uncoated grains
of silt or sand, hue of 5YR or redder, and the color values listed
initem 1-aor 1-b above.
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Relatively unaltered layers of light colored sand, volcanic
ash, or other materials deposited by wind or water are not
considered albic materials, although they may have the same
color and apparent morphology. These deposits are parent
materialsthat are not characterized by the removal of clay
and/or free iron and do not overlie an illuvia horizon or other
soil horizon, except for a buried soil. Light colored krotovinas
or filled root channels should be considered albic materials
only if they have no fine stratifications or lamellag, if any
sealing along the krotovina walls has been destroyed, and if
these intrusions have been leached of free iron oxides and/or
clay after deposition.

Andic Soil Properties

Andic soil propertiesresult mainly from the presence of
significant amounts of allophane, imogolite, ferrihydrite, or
aluminum-humus complexesin soils (photo 29). These materials,
originally termed “amorphous’ (but understood to contain
allophane) in the 1975 edition of Soil Taxonomy, are commonly
formed during the weathering of tephra and other parent
materials with asignificant content of volcanic glass. Although
volcanic glassis or was a common component in many
Andisols, it isnot arequirement of the Andisol order. Some soils
develop andic soil properties without the influence of volcanic
glass.

Volcanic glass is a significant component of fresh tephra. In
most environments the volcanic glass weathers to short-range-
order minerals. The concept of Andisols includes weakly
weathered soils with much volcanic glass as well as more
strongly weathered soils rich in short-range-order minerals.
Hence, the content of volcanic glassis one of the
characteristics used in defining andic soil properties. Volcanic
glassis defined as optically isotropic translucent glass or
pumice of any color, including glassy aggregates and glass
coatings on other mineral grains. Composite grains must have
at least 50 percent (by volume) volcanic glass to be counted as
volcanic glass. In most cases the method used to determine
volcanic glassis not critical. When accurate measurement is
required, however, the standard method, use of a polarizing
microscope, is recommended.

Most horizons that have andic soil properties consist of
mineral soil materials. Some consist of organic soil materials.
A layer or horizon must have less than 25 percent organic
carbon, however, before it is considered to have andic soil
properties.

Required Characteristics

To be recognized as having andic soil properties, soil
materials must contain less than 25 percent (by weight) organic
carbon and meet one or both of the following requirements:

1. Inthe fine-earth fraction, all of the following:
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a. Aluminum plusY/z iron percentages (by ammonium
oxalate) totaling 2.0 percent or more; and

b. A bulk density, measured at 33 kPawater retention, of
0.90 g/cm?® or less; and

c. A phosphate retention of 85 percent or more; or

2. Inthe fine-earth fraction, a phosphate retention of 25
percent or more, 30 percent or more particles 0.02 to 2.0 mm
in size, and one of the following:

a.  Aluminum plus /2 iron percentages (by ammonium
oxalate) totaling 0.40 or more and, in the 0.02 to 2.0 mm
fraction, 30 percent or more volcanic glass; or

b. Aluminum plus Yz iron percentages (by ammonium
oxalate) totaling 2.0 or more and, in the 0.02 to 2.0 mm
fraction, 5 percent or more volcanic glass; or

c.  Aluminum plus /2 iron percentages (by ammonium
oxalate) totaling between 0.40 and 2.0 and, in the 0.02 to
2.0 mm fraction, enough volcanic glass so that the glass
percentage, when plotted against the value obtained by
adding aluminum plus Yz iron percentages in the fine-earth
fraction, fallswithin the shaded area of diagram 1.

AnhydrousConditions

Anhydrous conditions (Gr. anydros, waterless) refer to the
active layer in soils of cold deserts and other areas with
permafrost (often dry permafrost) and low precipitation
(usually less than 50 mm water equivalent). Anhydrous soil
conditions are similar to the aridic (torric) soil moisture
regimes, except that the soil temperature is less than 0 °C.

Coefficient of Linear Extensibility (COLE)

The coefficient of linear extensibility (COLE) is the ratio of
the difference between the moist length and dry length of a
clod toitsdry length. It is (Lm - Ld)/Ld, where Lm isthe
length at 33 kPa tension and Ld is the length when dry. COLE
can be calculated from the differences in bulk density of the
clod when moist and when dry. An estimate of COLE can be
calculated in the field by measuring the distance between two
pinsin aclod of undisturbed soil at field capacity and again
after the clod has dried. COLE does not apply if the shrinkage
isirreversible.

Durinodes

Durinodes (L. durus, hard, and nodus, knot) are weakly
cemented to indurated nodules with a diameter of 1 cm or
more. The cement is SIO,, presumably opal and
microcrystalline forms of silica. Durinodes break down in hot
concentrated KOH after treatment with HCI to remove
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Diagram 1.—Soils that are plotted in the shaded area have andic
soil properties. A soil has these properties if the fraction less
than 2.0 mm in size has phosphate retention of more than 25
percent and the 0.02 to 2.0 mm fraction is at least 30 percent
of the fraction less than 2.0 mm in size.

carbonates but do not break down with concentrated HCI alone.
Dry durinodes do not slake appreciably in water, but prolonged
soaking can result in spalling of very thin platelets. Durinodes
arefirm or firmer and brittle when wet, both before and after
treatment with acid. Most durinodes are roughly concentric
when viewed in cross section, and concentric stringers of opal
are visible under a hand lens.

Fragic Soil Properties

Fragic soil properties are the essential properties of a
fragipan. They have neither the layer thickness nor volume
requirements for the fragipan. Fragic soil properties arein
subsurface horizons, although they can be at or near the surface
in truncated soils. Aggregates with fragic soil properties have a
firm or firmer rupture-resistance class and a brittle manner of
failure when soil water is at or near field capacity. Air-dry
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fragmentsof the natural fabric, 5to 10 cmin diameter, lakewhen
they are submerged in water. Aggregates with fragic soil
properties show evidence of pedogenesis, including one or more
of thefollowing: oriented clay within the matrix or on faces of
peds, redoximorphic featureswithin the matrix or on faces of
peds, strong or moderate soil structure, and coatings of abic
materials or uncoated silt and sand grains on faces of pedsor in
seams. Peds with these properties are considered to have fragic
soil properties regardless of whether or not the density and
brittleness are pedogenic.

Soil aggregates with fragic soil properties must:

1. Show evidence of pedogenesis within the aggregates or, at a
minimum, on the faces of the aggregates; and

2. Slakewhen air-dry fragments of the natural fabric, 5to 10cm
in diameter, are submerged in water; and

3. Haveafirmor firmer rupture-resistance classand a brittle
manner of failure when soil water is at or near field capacity;
and

4. Restrict the entry of roots into the matrix when soil water
isat or near field capacity.

| dentifiable Secondary Carbonates

The term “identifiable secondary carbonates’ is used in the
definitions of a number of taxa. It refers to translocated
authigenic calcium carbonate that has been precipitated in
place from the soil solution rather than inherited from a soil
parent material, such asacalcareous|oess or till (photo 30).

| dentifiable secondary carbonates either may disrupt the soil
structure or fabric, forming masses, nodules, concretions, or
spheroidal aggregates (white eyes) that are soft and powdery
when dry, or may be present as coatings in pores, on structural
faces, or on the undersides of rock or pararock fragments. If
present as coatings, the secondary carbonates cover a
significant part of the surfaces. Commonly, they coat all of the
surfaces to athickness of 1 mm or more. If little calcium
carbonate is present in the soil, however, the surfaces may be
only partially coated. The coatings must be thick enough to be
visible when moist. Some horizons are entirely engulfed by
carbonates. The color of these horizonsis largely determined
by the carbonates. The carbonates in these horizons are within
the concept of identifiable secondary carbonates.

The filaments commonly seen in a dry calcareous horizon
are within the meaning of identifiable secondary carbonates if
the filaments are thick enough to be visible when the soil is
moist. Filaments commonly branch on structural faces.

Interfingering of Albic Materials

Theterm“interfingering of albic materials’ referstoalbic
materials that penetrate 5 cm or more into an underlying
argillic, kandic, or natric horizon along vertical and, to a lesser
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degree, horizontal faces of peds. There need not be a
continuous overlying albic horizon. The albic materials
congtitute less than 15 percent of the layer that they penetrate,
but they form continuous skeletans (ped coatings of clean silt or
sand defined by Brewer, 1976) 1 mm or morethick onthevertical
faces of peds, which meansatotal width of 2 mm or more
between abutting peds. Because quartz is such a common
consgtituent of silt and sand, these skeletans are usually light
gray when moist and nearly white when dry, but their color is
determined in large part by the color of the sand or silt
fraction.

Required Characteristics

Interfingering of albic materialsisrecognizedif abic
materials:

1. Penetrate 5 cm or more into an underlying argillic or
natric horizon; and

2. Are2 mm or more thick between vertical faces of abutting
peds; and

3. Congtitute less than 15 percent (by volume) of the layer
that they penetrate.

Lamdlae

A lamellaisanilluvial horizon lessthan 7.5 cmthick
(photos 31 and 32). Each lamella contains an accumul ation of
oriented silicate clay on or bridging sand and silt grains (and
rock fragmentsif any are present). A lamellahasmoresilicate
clay than the overlying eluvial horizon.

The significance of lamellaeto soil classificationisnot inthe
singlelamellabut in the multiple number of lamellae, each with
anoverlying eluvial horizoninasingle pedon. A singlelamella
may occur in apedon, but more commonly there are several
lamellae separated by eluvia horizons.

A lamella 0.5 cm or more thick can be part of a cambic
horizon unless it is sandy (loamy fine sand or coarser). It can
be part of an argillic horizon. A lamella is required to have an
accumulation of oriented silicate clay, but no specific amount
of clay isrequired. A single lamellaistoo thin to be either a
cambic or an argillic horizon. A combination of lamellae 15
cm or more thick, however, can be either a cambic or an
argillic horizon if al of the other criteria are met.

I dentification

A lamellatypically has (but is not required to have) a higher
chroma, redder hue, or lower color value, or any combination
of these, than the overlying eluvia horizon. Some lamellae
have no color differences. All lamellae are required to have
more silicate clay than the overlying eluvia horizon.

In avertical cross section of a pedon, alamella appears as a
thin horizon and is often called a “band.” It actually is an
undulating layer, and it is not always continuous. The upper
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and lower boundaries may be wavy, and the thickness may vary
from one point to another.

Lamellae commonly occur in sandy and sandy-skeletal
sedimentsand lesscommonly in coarse-loamy, loamy-skeletal,
and coarse-silty sediments. The texture of the fine-earth
fraction in lamellae is mostly loamy sand or sandy loam, but it
is known to range from sand to sandy clay loam, silt loam, and
clay loam. The content of rock fragments ranges from 0 to
more than 65 percent. Lamellae commonly are single grained
or granular, but in some pedons they are massive.

Laboratory data show that, in addition to silicate clay
accumulations, silt (particularly fine silt), sesquioxides, and
organic carbon accumulate in some lamellae. Where there is
recharge of carbonates, there may also be accumulations of
carbonates in lamellae.

Although lamellae most commonly occur in eolian and
alluvia sediments, they have also been observed in coarse
grained residuum, such as grus. It is likely that there were very
thin layers with finer soil particles and smaller pore spaces
than in the residuum either above or below them. These thin
layers would then be similar to the bedding planes in the eolian
or aluvial sediments. It islogical that lamellae in residuum
form in the same way as described below.

Origin

Lamellae form in coarse textured sediments (coarse silt or
coarser) of eolian or alluvia deposits that include very small
amounts of silicate clay. Evidence indicates that they form
initially in the bedding planes. The bedding planes, as used
here, are very thin layers with finer soil particles and smaller
pore spaces than the materials either above or below them.
These were deposited during a lull in the wind or a reduction
in the velocity of water. Before a wetting front can move
through these bedding planes to the larger poresin the
underlying strata, the finer pores must be nearly saturated. This
pause in the percolation flow may be sufficient for plant roots
to capture water leaving suspended clay. As aresult, silicate
clay suspended in the soil solution can be deposited in the
pores and on the surfaces of the particles. This deposition
further reduces the pore size. With the passing of each
succeeding wetting front, the pore size is reduced even further
and lamellae form.

The lamellae thicken as additional fine particles are
deposited. It is thought that the lamellae may also begin to act
as afilter at this point in their development.

In a close examination of pedons with a large number of
lamellae, the lamellae nearer the soil surface generally have the
least concentration of clay and have the faintest color contrast
from the overlying eluvial horizon. Some sand grains are
devoid of clay, and some have only thin coatings. These
lamellae are generally more wavy and less continuous than
those in the other parts of the lamellae zone (the zone in which
lamellae form). The eluvial horizons overlying these lamellae
are generaly the thickest of those in the lamellae zone.
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Lamellaeinthe middle part of the lamellae zone appear to
have the highest concentration of clay at the upper edge of the
lamellae, and the clay content decreases with increasing depth.
The color contrast is greatest at the upper edge of the lamellae,
adjacent to the overlying eluvial horizon. In the lower part of
these lamellae, some sand grains are devoid of clay and some
have only thin clay coatings. The lower part of these lamellae
appear to be very similar to the lamellae closest to the soil
surface. The lamellae in the middle part of the lamellae zone
are wavy but commonly are not so wavy as those in the upper
part of the lamellae zone.

The deepest lamellae are commonly very thin. They have a
color contrast that is nearly as great as that at the upper edge of
the lamellae in the middle part of the lamellae zone. The
deepest lamellae are not very wavy and are commonly parallel
with each other. The thickness of the overlying eluvial
horizons varies more than that in the other parts of the
lamellae zone.

These observations suggest that clay is being moved from
the upper few lamellae to the lower lamellae. Also, in the
lamellae in the middle part of the layer containing lamellae,
clay is being stripped from the lower part of one lamellaand is
being redeposited in the top part of the next lower lamella. The
lamellae thicken as clay is added to the top of the lamellae. At
this point, a lamella begins to move away from the bedding
plane from which it originated. The stripping of clay from the
lower part of alamella and the redeposition in the top part of
the next lower lamella continue this movement upward and
away from the bedding plane.

The movement upward of each lamellais not uniform
throughout its extent. Consequently, lamellae are wavy rather
than smooth, like the bedding planes from which they
originated. Occasionally, some lamellae appear to be branched.
This branching occurs where part of alamella has moved up
more rapidly than the overlying part of the next higher lamella
and they become joined in this part. The branching is further
evidence that lamellae form upward and that the movement is
not uniform.

Required Characteristics

A lamellais an illuvial horizon less than 7.5 cm thick
formed in unconsolidated regolith more than 50 cm thick.
Each lamella contains an accumulation of oriented silicate clay
on or bridging the sand and silt grains (and coarse fragments if
any are present). Each lamellais required to have more silicate
clay than the overlying eluvial horizon.

Lamellae occur in avertical series of two or more, and each
lamella must have an overlying eluvial horizon. (An eluvial
horizon is not required above the uppermost lamella if the soil
is truncated.)

Lamellae may meet the requirementsfor either acambic or an
argillic horizon. A combination of two or morelamellae 15 cmor
morethick isacambic horizonif thetextureisvery fine sand,
loamy very fine sand, or finer. A combination of two or more
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lamellae meetsthe requirementsfor an argillic horizonif thereis
15 cm or more cumul ative thickness of lamellaethat are 0.5 cm or
more thick and that have a clay content of either:

1. 3 percent or more (absolute) higher than in the overlying
eluvial horizon (e.g., 13 percent versus 10 percent) if any part
of the eluvial horizon has less than 15 percent clay in the fine-
earth fraction; or

2. 20 percent or more (relative) higher than in the overlying
eluvial horizon (e.g., 24 percent versus 20 percent) if all parts
of the eluvial horizon have more than 15 percent clay in the
fine-earth fraction.

Linear Extensibility (LE)

Linear extensibility (LE) helps to predict the potential of a
soil to shrink and swell. The LE of a soil layer is the product of
the thickness, in cm, multiplied by the COLE of the layer in
question. The LE of a sail is the sum of these products for all
soil horizons.

Lithologic Discontinuities

Lithologic discontinuities are significant changesin particle-
sizedistribution or mineralogy that represent differencesin
lithology within a soil. A lithologic discontinuity can also
denote an age difference. For information on using horizon
designations for lithologic discontinuities, see the Soil Survey
Manual (USDA, SCS, 1993).

Not everyone agrees on the degree of change required for a
lithologic discontinuity. No attempt is made to quantify
lithologic discontinuities. The discussion below is meant to
serve as aguideline.

Several lines of field evidence can be used to evaluate
lithologic discontinuities. In addition to mineralogical and
textural differences that may require laboratory studies, certain
observations can be made in the field. These include but are
not limited to the following:

1. Abrupt textural contacts—An abrupt changein
particle-size distribution, which is not solely a change in clay
content resulting from pedogenesis, can often be observed.

2. Contrasting sand sizes—Significant changes in sand
size can be detected. For exampe, if material containing mostly
medium sand or finer sand abruptly overliesmaterial containing
mostly coarse sand and very coarse sand, one can assume that
there aretwo different materials. Although the materials may be
of the same mineral ogy, the contrasting sand sizes result from
differencesin energy at the time of deposition by water and/or
wind.

3. Bedrock lithology vs. rock fragment lithology in the
soil.—If a soil with rock fragments overlies a lithic contact,
one would expect the rock fragments to have a lithology
similar to that of the material below the lithic contact. If many
of the rock fragments do not have the same lithology as the




underlying bedrock, the soil is not derived completely from the
underlying bedrock.

4. Stonelines—Theoccurrence of ahorizontal line of rock
fragmentsin the vertical sequence of a soil indicates that the soil
may have developed in more than one kind of parent material.
The material above the stone lineis most likely transported, and
the material below may be of different origin.

5. Inversedistribution of rock fragments—A lithologic
discontinuity is often indicated by an erratic distribution of
rock fragments. The percentage of rock fragments decreases
with increasing depth. This line of evidence is useful in areas
of soils that have relatively unweathered rock fragments.

6. Rock fragment weathering rinds—Horizons
containing rock fragments with no rinds that overlie horizons
containing rocks with rinds suggest that the upper material is
in part depositional and not related to the lower part in time
and perhaps in lithology.

7. Shape of rock fragments—A soil with horizons
containing angular rock fragments overlying horizons
containing well rounded rock fragments may indicate a
discontinuity. This line of evidence represents different
mechanisms of transport (colluvial vs. aluvial) or even
different transport distances.

8. Soil color.—Abrupt changes in color that are not the
result of pedogenic processes can be used as indicators of
discontinuity.

9. Micromorphological features—Marked differencesin
the size and shape of resistant minerals in one horizon and not
in another are indicators of differences in materials.

Use of Laboratory Data

Discontinuities are not always readily apparent in the field.
In these cases laboratory data are necessary. Even with
laboratory data, detecting discontinuities may be difficult. The
decision is a qualitative or perhaps a partly quantitative
judgment. General concepts of lithology as a function of depth
might include:

1. Laboratory data—visual scan.—The array of
laboratory data is assessed in an attempt to determine if a field-
designated discontinuity is corroborated and if any data show
evidence of a discontinuity not observed in the field. One must
sort changes in lithology from changes caused by pedogenic
processes. In most cases the quantities of sand and coarser
fractions are not altered significantly by soil-forming processes.
Therefore, an abrupt change in sand size or sand mineralogy is
aclue to lithologic change. Gross soil mineralogy and the
resistant mineral suite are other clues.

2. Data on a clay-free basis—A common manipulation
in assessing lithologic change is computation of sand and silt
separates on a carbonate-free, clay-free basis (percent fraction,
e.g., fine sand and very fine sand, divided by percent sand plus
silt, times 100). Clay distribution is subject to pedogenic
change and may either mask inherited lithologic differences or
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produce differencesthat are not inherited from lithology. The
numerical array computed on a clay-free basis can be inspected
visually or plotted as a function of depth.

Another aid used to assess lithologic changes is computation
of the ratios of one sand separate to another. The ratios can be
computed and examined as a numerical array, or they can be
plotted. The ratios work well if sufficient quantities of the two
fractions are available. Low quantities magnify changesin
ratios, especialy if the denominator is low.

n Value

The nvalue (Pons and Zonneveld, 1965) characterizesthe
relation between the percentage of water in a soil under field
conditions and its percentages of inorganic clay and humus.
The n value is helpful in predicting whether a soil can be
grazed by livestock or can support other loads and in
predicting what degree of subsidence would occur after
drainage.

For mineral soil materials that are not thixotropic, the n
value can be calculated by the following formula:

n=(A-0.2R)/(L + 3H)

In this formula, A isthe percentage of water in the soil in
field condition, calculated on a dry-soil basis; R isthe
percentage of silt plus sand; L is the percentage of clay; and H
is the percentage of organic matter (percent organic carbon
multiplied by 1.724).

This formula is based on experience with soil materials that
have humified organic matter and in which illite and other
nonexpanding clay minerals are predominant. There are
indications that the factor by which the organic matter is
multiplied should exceed 3 if the organic matter is
incompletely humified. The correction for the water held by the
organic matter becomes an increasing source of uncertainty as
the ratio of clay to organic matter becomes narrow. In this
taxonomy, the n value is used only to characterize mineral
soils.

Few data for calculations of the n value are available in the
United States, but the critical n value of 0.7 can be
approximated closely in the field by a ssimple test of squeezing
a soil sample in the hand. If the soil flows between the fingers
with difficulty, the n value is between 0.7 and 1.0 (dlightly fluid
manner of failure class); if the soil flows easily between the
fingers, the n value is 1 or more (moderately fluid or very fluid
manner of failure class).

Soils in which the moisture content is periodically reduced
below field capacity seldom have an n value of 0.7 or more.
Most of the soils that have been permanently saturated are
likely to have a high n value. Consequently, high n values are
primarily in soils of tidal marshes, swamps, and shallow lakes.
The sediments in these areas have never been above the
capillary fringe during drought cycles. A high calculated n
value may aso be characteristic of some soils that formed in
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volcanic ashin areas of aperhumid climate. These soilsare
thixotropic, and the field test is more reliable than the formula
for estimating their bearing value.

Petr oferric Contact

A petroferric (Gr. petra, rock, and L. ferrum, iron; implying
ironstone) contact is a boundary between soil and a continuous
layer of indurated material in which iron is an important
cement and organic matter is either absent or present only in
traces. The indurated layer must be continuous within the
limits of each pedon, but it may be fractured if the average
lateral distance between fracturesis 10 cm or more. The fact
that this ironstone layer contains little or no organic matter
distinguishes it from a placic horizon and an indurated spodic
horizon (ortstein), both of which contain organic matter.

The purpose in choosing a petroferric contact as a
diagnostic feature distinct from alithic contact is to identify
the shallow layers of hard ironstone that may have been called
hardened laterite and those that may have accumulated in a
hard form. Petroferric contacts are extensive in tropical and
subtropical regions. There may be shallow sandstone that is
cemented by iron in any climatic region. The contact with such
alayer is alithic contact, not a petroferric contact.

Several features can aid in making the distinction between a
lithic contact and a petroferric contact. First, a petroferric
contact is roughly horizontal. Second, the material directly
below a petroferric contact contains a high amount of iron
(normally 30 percent or more Fe,O,). Third, the ironstone
sheets below a petroferric contact are thin; their thickness
ranges from afew centimeters to very few meters. Sandstone,
on the other hand, may be thin or very thick, may be level-
bedded or tilted, and may contain only a small percentage of
Fe,O,. Inthe Tropics, the ironstone is generally more or less
vesicular.

Plinthite

Plinthite (Gr. plinthos, brick) is an iron-rich, humus-poor
mixture of clay with quartz and other mineral s (photo 33). It
commonly occurs as dark red redox concentrations that usually
form platy, polygonal, or reticulate patterns. Plinthite changes
irreversibly to an ironstone hardpan or to irregular aggregates
on exposure to repeated wetting and drying, especialy if it is
also exposed to heat from the sun. The lower boundary of a
zone in which plinthite occurs generally is diffuse or gradual,
but it may be abrupt at a lithologic discontinuity.

Plinthite may occur as a constituent of a number of
horizons, such as an epipedon, a cambic horizon, an argillic
horizon, an oxic horizon, or a C horizon. It is one form of the
material that has been called laterite. It normally formsin a
horizon below the surface, but it may form at the surfacein a
seepy area at the base of a slope.

From a genetic viewpoint, plinthite forms by segregation of
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iron. In many placesiron probably has been added from other
horizons or from the higher adjacent soils. Generally, plinthite
formsin ahorizon that is saturated with water for some time
during the year. Initiadly, iron is normally segregated in the
form of soft, more or less clayey, red or dark red redox
concentrations. These concentrations are not considered
plinthite unless there has been enough segregation of iron to
permit their irreversible hardening on exposure to repeated
wetting and drying. Plinthite is firm or very firm when the soil
moisture content is near field capacity and hard when the
moisture content is below the wilting point. Plinthite does not
harden irreversibly as a result of a single cycle of drying and
rewetting. After a single drying, it will remoisten and then can
be dispersed in large part if one shakes it in water with a
dispersing agent.

In amoist soil, plinthite is soft enough to be cut with a
spade. After irreversible hardening, it is no longer considered
plinthite but is called ironstone. Indurated ironstone materials
can be broken or shattered with a spade but cannot be dispersed
if one shakes them in water with a dispersing agent.

A small amount of plinthite in the soil does not form a
continuous phase; that is, the individual redox concentrations
or aggregates are not connected with each other. If alarge
amount of plinthite is present, it may form a continuous phase.
If a continuous layer becomes indurated, it is a massive
ironstone layer that has irregular, somewhat tubular inclusions
of yellowish, grayish, or white, clayey material. If the layer is
exposed, these inclusions may be washed out, leaving an
ironstone that has many coarse, tubular pores.

Much that has been called laterite is included in the
meaning of plinthite. Doughy and concretionary laterite that
has not hardened is an example. Hardened laterite, whether it
isvesicular or pisolitic, is not included in the definition of
plinthite.

Resistant Minerals

Several references are made to resistant mineralsin this
taxonomy. Obviously, the stability of a mineral in the soil isa
partial function of the soil moisture regime. Where resistant
minerals are referred to in the definitions of diagnostic
horizons and of various taxa, a humid climate, past or present,
is aways assumed.

Resistant minerals are durable minerals in the 0.02 to 2.0
mm fraction. Quartz is the most common resistant mineral in
soils. The less common ones include sphene, rutile, zircon,
tourmaline, and beryl.

Slickensides

Slickensides are polished and grooved surfaces and
generally have dimensions exceeding 5 cm (photo 34). They
are produced when one soil mass slides past another. Some
dlickensides occur at the lower boundary of a dlip surface where
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amass of soil moves downward on arelatively steep slope.
Slickensidesresult directly from the swelling of clay minerals
and shear failure. They are very common in swelling claysthat
undergo marked changes in moisture content.

SpodicMaterials

Spodic materialsforminanilluvia horizon that normally
underlies a histic, ochric, or umbric epipedon or an abic
horizon. In most undisturbed areas, spodic materials underlie
an albic horizon. They may occur within an umbric epipedon
or an Ap horizon.

A horizon consisting of spodic materials normally has an
optical-density-of-oxalate-extract (ODOE) value of 0.25 or
more, and that value is commonly at least 2 times as high as
the ODOE value in an overlying eluvial horizon. This increase
in ODOE value indicates an accumulation of translocated
organic materialsin an illuvia horizon. Soils with spodic
materials show evidence that organic materials and aluminum,
with or without iron, have been moved from an eluvial horizon
to anilluvial horizon.

Definition of Spodic Materials

Spodic materials are mineral soil materials that do not have
all of the properties of an argillic or kandic horizon; are
dominated by active amorphous materials that are illuvial and
are composed of organic matter and aluminum, with or without
iron; and have both of the following:

1. A pH valueinwater (1:1) of 5.9 or less and an organic-
carbon content of 0.6 percent or more; and

2. One or both of the following:

a. An overlying albic horizon that extends horizontally
through 50 percent or more of each pedon and, directly
under the albic horizon, colors, moist (crushed and
smoothed sample), as follows:

(1) Hueof 5YR or redder; or

(2) Hueof 7.5YR, color value of 5 or less, and chroma
of 4 or less; or

(3) Hueof 10YR or neutral and a color value and
chroma of 2 or less; or

(4) A color of 10YR 3/1; or

b. With or without an abic horizon and one of the colors
listed above or hue of 7.5YR, color value, moist, of 5 or less,
chroma of 5 or 6 (crushed and smoothed sample), and one
or more of the following morphological or chemical
properties:

(1) Cementation by organic matter and aluminum, with
or without iron, in 50 percent or more of each pedon and
avery firm or firmer rupture-resistance class in the
cemented part; or
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(2) 10 percent or more cracked coatings on sand grains;
or

(3) Aluminum plus %2 iron percentages (by ammonium
oxalate) totaling 0.50 or more, and half that amount or
less in an overlying umbric (or subhorizon of an umbric)
epipedon, ochric epipedon, or albic horizon; or

(4) An optical-density-of-oxalate-extract (ODOE) value
of 0.25 or more, and a value half as high or lower in an
overlying umbric (or subhorizon of an umbric) epipedon,
ochric epipedon, or abic horizon.

WeatherableMinerals

Severa references are made to weatherable mineralsin this
taxonomy. Obvioudly, the stability of amineral in asoil isa
partial function of the soil moisture regime. Where weatherable
minerals are referred to in the definitions of diagnostic
horizons and of various taxa in this taxonomy, a humid
climate, either present or past, is always assumed. The
minerals that are included in the meaning of weatherable
minerals are as follows:

1. Clay minerals: All 2:1 lattice clays, except for one that is
currently considered to be an aluminum-interlayered chlorite.
Sepiolite, talc, and glauconite are also included in this group of
weatherable clay minerals, although they are not everywhere of
clay size.

2. Silt- and sand-sized minerals (0.02 to 0.2 mm in
diameter): Feldspars, feldspathoids, ferromagnesian minerals,
glass, micas, zeolites, and apatite.

Obvioudly, this definition of the term “weatherable
minerals’ is restrictive. The intent is to include, in the
definitions of diagnostic horizons and various taxa, only those
weatherable minerals that are unstable in a humid climate
compared to other minerals, such as quartz and 1:1 lattice
clays, but that are more resistant to weathering than calcite.

Characteristics Diagnostic for
Organic Sails

Following is a description of the characteristics that are
used only with organic soils.

Kinds of Organic Soil Materials

Three different kinds of organic soil materials are
distinguished in this taxonomy, based on the degree of
decomposition of the plant materials from which the organic
materials are derived. The three kinds are (1) fibric, (2) hemic,
and (3) sapric. Because of the importance of fiber content in
the definitions of these materials, fibers are defined before the
kinds of organic soil materials.
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Fibers

Fibers are pieces of plant tissuein organic soil materials
(excluding live roots) that:

1. Arelarge enough to be retained on a 100-mesh sieve
(openings 0.15 mm across) when the materials are screened,;
and

2. Show evidence of the cellular structure of the plants from
which they are derived; and

3. Either are 2 cm or less in their smallest dimension or are
decomposed enough to be crushed and shredded with the
fingers.

Pieces of wood that are larger than 2 cm in cross section and
are so undecomposed that they cannot be crushed and shredded
with the fingers, such as large branches, logs, and stumps, are
not considered fibers but are considered coarse fragments
(comparable to gravel, stones, and boulders in mineral soils).

The degree of decomposition of organic materialsis
indicated by the content of fibers. If the organic materials are
highly decomposed, fibers are nearly absent. If the organic
materials are only dlightly decomposed, more of the volume,
exclusive of the coarse fragments, normally consists of fibers.

If the organic materials are moderately decomposed, the fibers
may be largely preserved but are easily broken down by
rubbing between the thumb and fingers. The percentage of
fibers that do not break down when rubbed gives the most
realistic field estimate of the degree of decomposition. In
addition, the bulk density (and hence the amount of subsidence
after drainage) is more closely related to the content of fiber
after rubbing than to the content of fiber before rubbing. A
small volume of the wet material is rubbed between the thumb
and fingers about 10 times with firm pressure. In the laboratory
the material, after rubbing, is washed on a screen. In the field
the rubbed material may be molded into a spherical or rod-
shaped mass and broken for examination under a hand lens of
10 power or more to estimate the fiber content.

The definitions of fibric, hemic, and sapric soil materials
that follow are based in part on the content of fibers after
rubbing and in part on the solubility of the materials in sodium
pyrophosphate.

Fibric Soil Materials

Fibric soil materials (L. fibra, fiber) are the least
decomposed of all of the organic soil materials. They contain
large amounts of fibers that are well preserved and can be
linked to botanical origin. They have alow bulk density and a
high water content when saturated. Fibric soil materials have a
wide geographic distribution, and they occur in environments
that are not conducive to processes of alteration and
decomposition. Examples of such environments are the cool or
cold, perhumid, boreal forest zones, where raised bogs and hill
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peats are dominated by Sphagnum; land-locked depressions
that have Hypnum moss; and very flat, undrained areas that
support a variety of reeds, sedges, and grasses. Wet flatlands
occur in glaciated areas in the higher latitudes. Also, very wet
flatlands are in some semitropical and tropical areas. An
example is the sawgrass (sedge) bogs of the Evergladesin
Florida. Fibric materials commonly have a bulk density of less
than 0.1; a fiber content (unrubbed) exceeding two-thirds of the
volume; and a water content, when saturated, ranging from
about 850 to more than 3,000 percent of the weight of ovendry
material. Fibric materials commonly are light yellowish brown,
dark brown, or reddish brown.

Fibric soil materials are organic soil materials that either:

1. Containthree-fourthsor more (by volume) fibers after
rubbing, excluding coarse fragments; or

2. Contain two-fifths or more (by volume) fibers after
rubbing, excluding coarse fragments, and yield color values
and chromasof 7/1, 7/2, 8/1, 8/2, or 8/3 (diagram 2) on white
chromatographic or filter paper that is inserted into a paste
made of the soil materials in a saturated sodium-pyrophosphate
solution.

Hemic Soil M aterials

Hemic soil materials (Gr. hemi, half; implying intermediate
decomposition) are intermediate in their degree of
decomposition between the less decomposed fibric and more
decomposed sapric materials. Their morphological features
give intermediate values for fiber content, bulk density, and
water content. Hemic soil materials are partly altered both
physically and biochemically. Their geographic distribution is
widespread. Colors are commonly dark grayish brown to dark
reddish brown. The fibers are largely destroyed when the wet
organic material is rubbed. The bulk density commonly is
between 0.07 and 0.18, the fiber content normally is between
one-third and two-thirds of the volume before rubbing, and the
maximum water content at saturation commonly ranges from
about 450 to 850 percent. Hemic materials do not meet both the
fiber content (after rubbing) and the sodium-pyrophosphate
solubility requirementsfor either fibric or sapric materials

(diagram 2).
Sapric Soil Materials

Sapric soil materials (Gr. sapros, rotten) arethe most highly
decomposed of the three kinds of organic soil materials. They
have the smallest amount of plant fiber, the highest bulk
density, and the lowest water content on a dry-weight basis at
saturation. Sapric soil materials are commonly very dark gray
to black. They are relatively stable; i.e., they change very little
physically and chemically with time in comparison to other
organic soil materials. Sapric materials have been exposed to
aerobic decomposition either naturally or because of artificial
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Fibric soil materials that have a
fiber content, after rubbing, of two-
fifths to three-fourths by volume

| Coprogenous earth
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Diagram 2.—Value and chroma of pyrophosphate solution of
fibric and sapric materials.

drainage. In undrained bogs sapric materials occur at the
present surface or were previoudly at the surface and are now
buried. The bulk density of these materials commonly is0.2 or
more, the fiber content averages less than one-third of the
volume before rubbing, and the maximum water content at
saturation normally isless than 450 percent on an ovendry
basis.

Sapric material shavethefollowing characteristics:

1. Thefiber content, after rubbing, islessthan one-sixth (by
volume), excluding coarse fragments; and

2. Thecolor of the sodium-pyrophosphate extract on white
chromatographic or filter paper is below or to the right of a
line drawn to exclude blocks 5/1, 6/2, and 7/3 (Munsell
designations, diagram 2). If few or no fibers can be detected
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and the color of the pyrophosphate extract is to the left of or
abovethisline, the possibility that the material islimnic must be
considered.

HumilluvicMaterial

Humilluvic material, i.e., illuvial humus, accumulates in the
lower parts of some organic soils that are acid and have been
drained and cultivated. The humilluvic material has a C* age
that is not older than the overlying organic materials. It has
very high solubility in sodium pyrophosphate and rewets very
dowly after drying. Most commonly, it accumulates near a
contact with a sandy mineral horizon.

To be recognized as a differentia in classification, the
humilluvic material must constitute one-half or more (by
volume) of alayer 2 cm or more thick. Because humilluvic
materials are recognized in few soils, there are not enough data
to develop a precise definition. Taxa with humilluvic material
are recognized in Histosols but not Histels.

LimnicMaterials

The presence or absence of limnic depositsis taken into
account in the higher categories of Histosols but not Histels.
The nature of such deposits is considered in the lower
categories of Histosols. Limnic materials include both organic
and inorganic materials that were either (1) deposited in water
by precipitation or through the action of aquatic organisms,
such as algae or diatoms, or (2) derived from underwater and
floating aguatic plants and subsequently modified by aquatic
animals. They include coprogenous earth (sedimentary peat),
diatomaceous earth, and marl. Except for some of the
coprogenous earths that contain 30 percent or more organic
matter, most of these limnic materials are inorganic. Diatomite
is highly siliceous; marl is mainly calcium carbonate. Limnic
materials generally occur in the lower part of an organic soil
and were formed during an open-water stage of bog
development.

CoprogenousEarth

A layer of coprogenous earth (sedimentary peat) isalimnic
layer that:

1. Contains many fecal pellets with diameters between a few
hundredths and a few tenths of a millimeter; and

2. Hasacolor value, moist, of 4 or less; and

3. Either forms a slightly viscous water suspension and is
nonplastic or sightly plastic but not sticky, or shrinks upon
drying, forming clods that are difficult to rewet and often tend
to crack along horizontal planes; and

4. Either yields a saturated sodium-pyrophosphate extract on
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white chromatographic or filter paper that has a color value of
7 or more and chromaof 2 or less (diagram 2) or hasacation-
exchange capacity of lessthan 240 cmol(+) per kg organic
matter (measured by loss on ignition), or both.

Normally, layers of coprogenous earth contain almost no
visible fragments of plants. These layers have arange in
particle size and a C-N ratio (12 to 20) that are consistent with
advanced decomposition. Yet, they have both alow and a
narrow range in cation-exchange capacity (80 to 160 cmol(+)
per kg of organic matter), which indicates little decomposition
influenced by exposure to air. In places these layers have what
appears to be platy structure. The individual plates are alittle
more than 0.5 mm thick and may be increments of annual
deposition. Such structure certainly is not pedogenic. Olive or
olive brown colors in organic layers of organic soils are
characteristic of coprogenous earth layers. The most common
colors are those with hue of 2.5Y or 5Y, value of 3 or 4, and
chroma of 2.

Diatomaceous Earth

A layer of diatomaceous earth is alimnic layer that:

1. If not previously dried, has a matrix color value of 3, 4,
or 5, which changes irreversibly on drying as a result of the
irreversible shrinkage of organic-matter coatings on diatoms
(identifiable by microscopic, 440 X, examination of dry
samples); and

2. Either yields a saturated sodium-pyrophosphate extract on
white chromatographic or filter paper that has a color value of
8 or more and chroma of 2 or less or has a cation-exchange
capacity of less than 240 cmol(+) per kg organic matter (by
loss on ignition), or both.

Layers of diatomaceous earth normally are more nearly
mineral than organic in composition.

Marl

A layer of marl isalimnic layer that:
1. Hasacolor value, moist, of 5 or more; and
2. Reactswith dilute HCI to evolve CO,,.

The color of marl usually does not change irreversibly
on drying because a layer of marl contains too little organic
matter, even before it has been shrunk by drying, to coat
the carbonate particles. Most of the samples of marl from
the United States studied to date have an organic-matter
content between 4 and 20 percent, inclusive, and, after
treatment with dilute HCI, some disintegrated plant remains
are evident.
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Thickness of Organic Soil Materials
(Control Section of Histosols and Histels)

Thethickness of organic materialsover limnic materials,
mineral materials, water, or permafrost is used to define the
Histosols and Histels.

For practical reasons, an arbitrary control section has been
established for the classification of Histosols and Histels.
Depending on the kinds of soil material in the surface layer,
the control section has a thickness of either 130 cm or 160 cm
from the soil surface if there is no densic, lithic, or paralithic
contact, thick layer of water, or permafrost within the
respective limit. The thicker control section is used if the
surface layer to a depth of 60 cm either contains three-fourths
or more fibers derived from Sphagnum, Hypnum, or other
mosses or has a bulk density of lessthan 0.1. Layers of water,
which may be between afew centimeters and many meters
thick in these soils, are considered to be the lower boundary of
the control section only if the water extends below a depth of
130 or 160 cm, respectively. A densic, lithic, or paralithic
contact, if shallower than 130 or 160 cm, constitutes the lower
boundary of the control section. In some soils the lower
boundary is 25 cm below the upper limit of permafrost. An
unconsolidated mineral substratum shallower than those limits
does not change the lower boundary of the control section.

The control section of Histosols and Histelsis divided
somewhat arbitrarily into three tiers—surface, subsurface, and
bottom tiers.

SurfaceTier

The surface tier of a Histosol or Histel extends from the soil
surface to a depth of 60 cm if either (1) the materials within
that depth are fibric and three-fourths or more of the fiber
volume is derived from Sphagnum or other mosses or (2) the
materials have a bulk density of less than 0.1. Otherwise, the
surface tier extends from the soil surface to a depth of 30 cm.

Some organic soils have a mineral surface layer less than 40
cm thick as a result of flooding, volcanic eruptions, additions
of mineral materials to increase soil strength or reduce the
hazard of frost, or other causes. If such amineral layer isless
than 30 cm thick, it constitutes the upper part of the surface
tier; if it is 30 to 40 cm thick, it constitutes the whole surface
tier and part of the subsurface tier.

SubsurfaceTier

The subsurfacetier isnormally 60 cm thick. If the control
section ends at a shallower depth (at a densic, lithic, or
paralithic contact or a water layer or in permafrost), however,
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the subsurface tier extends from the lower boundary of the
surface tier to the lower boundary of the control section. It
includes any unconsolidated mineral layers that may be present
within those depths.

Bottom Tier

The bottom tier is 40 cm thick unless the control section has
its lower boundary at a shallower depth (at a densic, lithic, or
paralithic contact or a water layer or in permafrost).

Thus, if the organic materials are thick, there are two
possible thicknesses of the control section, depending on the
presence or absence and the thickness of a surface mantle of
fibric moss or other organic material that has a low bulk
density (lessthan 0.1). If the fibric moss extends to a depth of
60 cm and is the dominant material within this depth (three-
fourths or more of the volume), the control section is 160 cm
thick. If the fibric moss is thin or absent, the control section
extends to a depth of 130 cm.

Horizons and Characteristics
Diagnostic for Both Mineral and
Organic Soails

Following are descriptions of the horizons and
characteristics diagnostic for both mineral and organic soils.

Aquic Conditions’

Soils with aguic (L. aqua, water) conditions are those that
currently undergo continuous or periodic saturation and
reduction. The presence of these conditions is indicated by
redoximorphic features, except in Histosols and Histels, and
can be verified by measuring saturation and reduction, except
in artificially drained soils. Artificial drainage is defined here
as the removal of free water from soils having aguic conditions
by surface mounding, ditches, or subsurface tiles to the extent
that water table levels are changed significantly in connection
with specific types of land use. In the keys, artificially drained
soils are included with soils that have aquic conditions.

Elements of aquic conditions are as follows:

1. Saturation is characterized by zero or positive pressure in
the soil water and can generally be determined by observing
free water in an unlined auger hole. Problems may arise,
however, in clayey soils with peds, where an unlined auger
hole may fill with water flowing along faces of peds while the
soil matrix is and remains unsaturated (bypass flow). Such free
water may incorrectly suggest the presence of a water table,

21n 1992, the term “aquic conditions” was introduced and other changes were made
throughout thistaxonomy asaresult of recommendations submitted to NRCS by the
International Committee on Aquic Moisture Regime (ICOMAQ), which wasestablished in
1982 and waschairedinitially by Dr. Frank Moormann, then by Dr. Johan Bouma.
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while the actual water table occurs at greater depth. Use of well
sealed piezometers or tensiometers is therefore recommended
for measuring saturation. Problems may still occur, however, if
water runs into piezometer dlits near the bottom of the
piezometer hole or if tensiometers with slowly reacting
manometers are used. The first problem can be overcome by
using piezometers with smaller slits and the second by using
transducer tensiometry, which reacts faster than manometers.
Soils are considered wet if they have pressure heads greater
than -1 kPa. Only macropores, such as cracks between peds or
channels, are then filled with air, while the soil matrix is
usualy still saturated. Obviously, exact measurements of the
wet state can be obtained only with tensiometers. For
operational purposes, the use of piezometers is recommended
as a standard method.

The duration of saturation required for creating aquic
conditions varies, depending on the soil environment, and is
not specified.

Three types of saturation are defined:

a Endosaturation.—The soil is saturated with water in all
layers from the upper boundary of saturation to a depth of
200 cm or more from the mineral soil surface.

b. Episaturation.—The soil is saturated with water in one
or more layers within 200 cm of the mineral soil surface and
also has one or more unsaturated layers, with an upper
boundary above a depth of 200 cm, below the saturated
layer. The zone of saturation, i.e., the water table, is perched
on top of arelatively impermeable layer.

c. Anthric saturation.—This term refers to a special kind
of aquic conditions that occur in soils that are cultivated and
irrigated (flood irrigation). Soils with anthraquic conditions
must meet the requirements for aquic conditions and in
addition have both of the following:

(1) A tilled surface layer and a directly underlying
dowly permeable layer that has, for 3 months or more in
normal years, both:

(8 Saturation and reduction; and
(b) Chromaof 2 or lessin the matrix; and

(2) A subsurface horizon with one or more of the
following:

(8 Redox depletionswith a color value, moist, of 4
or more and chroma of 2 or less in macropores; or

(b) Redox concentrations of iron; or

(c) 2 times or more the amount of iron (by dithionite
citrate) contained in the tilled surface layer.

2. Thedegree of reduction in asoil can be characterized by
the direct measurement of redox potentials. Direct
measurements should take into account chemical equilibriaas
expressed by stability diagrams in standard soil textbooks.
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Reduction and oxidation processes are also afunction of soil
pH. Obtaining accurate measurements of the degree of reduction
inasoil isdifficult. In the context of thistaxonomy, however,
only adegree of reduction that resultsin reduced iron is
considered, because it produces the visible redoximorphic
featuresthat areidentified in the keys. A simplefield testis
availableto determineif reduced iron ions are present. A freshly
broken surface of afield-wet soil sampleistreated with
alpha,a pha-dipyridyl in neutral, 1-norma ammonium-acetate
solution. The appearance of a strong red color on the freshly
broken surface indicates the presence of reduced iron ions. A
positive reaction to the al pha,alpha-dipyridyl field test for
ferrousiron (Childs, 1981) may be used to confirm the existence
of reducing conditions and is especially useful in situations
where, despite saturation, normal morphological indicators of
such conditions are either absent or obscured (as by the dark
colors characteristic of melanic great groups). A negative
reaction, however, does not imply that reducing conditions are
always absent. It may only mean that the level of freeironin the
soil is below the sensitivity limit of the test or that the soil isin
an oxidized phase at the time of testing. Use of alpha,alpha-
dipyridyl in a10 percent acetic-acid solution is not
recommended because the acid islikely to change soil
conditions, for example, by dissolving CaCO,.

The duration of reduction required for creating aquic
conditions is not specified.

3. Redoximorphic features associated with wetness result
from alternating periods of reduction and oxidation of iron and
manganese compounds in the soil. Reduction occurs during
saturation with water, and oxidation occurs when the soil is not
saturated. The reduced iron and manganese ions are mobile
and may be transported by water as it moves through the soil.
Certain redox patterns occur as a function of the patternsin
which the ion-carrying water moves through the soil and as a
function of the location of aerated zones in the soil. Redox
patterns are also affected by the fact that manganese is reduced
more rapidly than iron, while iron oxidizes more rapidly upon
aeration. Characteristic color patterns are created by these
processes. The reduced iron and manganese ions may be
removed from a soil if vertical or lateral fluxes of water occur,
in which case there is no iron or manganese precipitation in
that soil. Wherever the iron and manganese are oxidized and
precipitated, they form either soft masses or hard concretions
or nodules. Movement of iron and manganese as a result of
redox processes in a soil may result in redoximorphic features
that are defined as follows:

a. Redox concentrations—These are zones of apparent
accumulation of Fe-Mn oxides, including:

(1) Nodules and concretions, which are cemented
bodies that can be removed from the soil intact.
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Concretions are distinguished from nodules on the basis
of internal organization. A concretion typically has
concentric layers that are visible to the naked eye.
Nodules do not have visible organized internal structure.
Boundaries commonly are diffuse if formed in situ and
sharp after pedoturbation. Sharp boundaries may be relict
features in some soils; and

(2) Masses, which are noncemented concentrations of
substances within the soil matrix; and

(3) Porelinings, i.e., zones of accumulation along
pores that may be either coatings on pore surfaces
or impregnations from the matrix adjacent to the
pores.

b. Redox depletions—These are zones of low chroma
(chromas less than those in the matrix) where either Fe-Mn
oxides aone or both Fe-Mn oxides and clay have been
stripped out, including:

(1) Iron depletions, i.e., zones that contain low amounts
of Fe and Mn oxides but have a clay content similar to
that of the adjacent matrix (often referred to as albans or
neoal bans); and

(2) Clay depletions, i.e., zones that contain low
amounts of Fe, Mn, and clay (often referred to as silt
coatings or skeletans).

C. Reduced matrix—This is a soil matrix that has low
chroma in situ but undergoes a change in hue or chroma
within 30 minutes after the soil material has been exposed
to air.

d. In soilsthat have no visible redoximorphic features, a
reaction to an alpha,alpha-dipyridyl solution satisfies the
requirement for redoximorphic features.

Photo 35 shows a pedon from Alaska with aquic conditions
close to the surface. When snow begins to melt in the spring,
the subsoil remains frozen and perches water in the gleyed
zone. Photo 36 shows peds from the gleyed horizon and the
horizon directly below. The gleyed horizon has redoximorphic
concentrations lining pores and redoximorphic depletions in
the matrix. The horizon below has redoximorphic depletions
lining pores and redoximorphic concentrations in the matrix.

Field experience indicates that it is not possible to define a
specific set of redoximorphic features that is uniquely
characteristic of all of the taxain one particular category.
Therefore, color patterns that are unique to specific taxa are
referenced in the keys.

Anthraguic conditions are a variant of episaturation and
are associated with controlled flooding (for such crops as
wetland rice and cranberries), which causes reduction
processes in the saturated, puddled surface soil and oxidation
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of reduced and mobilized iron and manganese in the unsaturated
subsoil.

Cryoturbation

Cryoturbation (frost churning) isthe mixing of the soil matrix
within the pedon that resultsin irregular or broken horizons,
involutions, accumulation of organic matter on the permafrost
table, oriented rock fragments, and silt caps on rock fragments

(photo 37).

Densic Contact

A densic contact (L. densus, thick) is a contact between soil
and densic materials (defined below). It has no cracks, or the
spacing of cracks that roots can enter is 10 cm or more.

Densic Materials

Densic materials are relatively unaltered materials (do not
meet the requirements for any other named diagnostic horizons
or any other diagnostic soil characteristic) that have a
noncemented rupture-resistance class. The bulk density or the
organization is such that roots cannot enter, except in cracks.
These are mostly earthy materials, such astill, volcanic
mudflows, and some mechanically compacted materials, for
example, mine spoils. Some noncemented rocks can be densic
materials if they are dense or resistant enough to keep roots
from entering, except in cracks.

Densic materials are noncemented and thus differ from
paralithic materials and the material below a lithic contact,
both of which are cemented.

Densic materias have, at their upper boundary, a densic
contact if they have no cracks or if the spacing of cracks that
roots can enter is 10 cm or more. These materials can be used
to differentiate soil seriesif the materials are within the series
control section.

GelicMaterials

Gelic materias are mineral or organic soil materials that
show evidence of cryoturbation (frost churning) and/or ice
segregation in the active layer (seasonal thaw layer) and/or the
upper part of the permafrost. Cryoturbation is manifested by
irregular and broken horizons, involutions, accumulation of
organic matter on top of and within the permafrost, oriented
rock fragments, and silt-enriched layers. The characteristic
structures associated with gelic materials include platy, blocky,
or granular macrostructures; the structural results of sorting;
and orbiculic, conglomeric, banded, or vesicular microfabrics.
| ce segregation is manifested by ice lenses, vein ice, segregated
ice crystals, and ice wedges. Cryopedogenic processes that lead
to gelic materials are driven by the physical volume change of
water to ice, moisture migration along a thermal gradient in
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thefrozen system, or thermal contraction of the frozen material
by continued rapid cooling.

GlacicLayer

A glaciclayer ismassiveice or ground icein theform of ice
lenses or wedges (photo 38). Thelayer is 30 cm or morethick
and contains 75 percent or more visible ice.

Lithic Contact

A lithic contact is the boundary between soil and a coherent
underlying material (photo 39). Except in Ruptic-Lithic
subgroups, the underlying material must be virtually
continuous within the limits of a pedon. Cracks that can be
penetrated by roots are few, and their horizontal spacing is 10
cm or more. The underlying material must be sufficiently
coherent when moist to make hand-digging with a spade
impractical, although the material may be chipped or scraped
with a spade. The material below alithic contact must bein a
strongly cemented or more cemented rupture-resistance class.
Commonly, the material is indurated. The underlying material
considered here does not include diagnostic soil horizons, such
as a duripan or a petrocalcic horizon.

A lithic contact is diagnostic at the subgroup level if it is
within 125 cm of the mineral soil surface in Oxisols and within
50 cm of the mineral soil surfacein all other mineral soils. In
organic soils the lithic contact must be within the control
section to be recognized at the subgroup level.

Par alithic Contact

A pardlithic (lithiclike) contact is a contact between soil and
paralithic materials (defined below) where the paralithic
materials have no cracks or the spacing of cracks that roots can
enter is10 cm or more (photo 40).

ParalithicM aterials

Paralithic materials are relatively unaltered materials (do
not meet the requirements for any other named diagnostic
horizons or any other diagnostic soil characteristic) that have
an extremely weakly cemented to moderately cemented
rupture-resistance class. Cementation, bulk density, and the
organization are such that roots cannot enter, except in cracks.
Paralithic materials have, at their upper boundary, a paralithic
contact if they have no cracks or if the spacing of cracks that
roots can enter is 10 cm or more. Commonly, these materials
are partially weathered bedrock or weakly consolidated
bedrock, such as sandstone, siltstone, or shale. Paralithic
materials can be used to differentiate soil seriesif the materials
are within the series control section. Fragments of paralithic
materials 2.0 mm or more in diameter are referred to as
pararock fragments.
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Per mafr ost

Permafrost isdefined asathermal conditioninwhich a
material (including soil material) remains below 0 °C for 2 or
more years in succession. Those gelic materials having
permafrost contain the unfrozen soil solution that drives
cryopedogenic processes. Permafrost may be cemented by ice
or, in the case of insufficient interstitial water, may be dry. The
frozen layer has avariety of ice lenses, vein ice, segregated ice
crystals, and ice wedges. The permafrost table isin dynamic
equilibrium with the environment.

Soil Moisture Regimes

It has been conventional to identify three soil moisture
regimes. In one, the soil is saturated. In another, the amount of
water is enough to cause leaching. In the third, no leaching
occurs. In the leaching regime, some water moves through the
soil at some time during the year and moves on down to the
moist substratum. In the nonleaching regime, water moves into
the soil but is withdrawn by evapotranspiration, leaving
precipitated carbonates and more soluble salts. Between these
two regimes, there is another possible one in which there is
alternation from year to year; leaching occurs in some years but
not in all. For consideration of the losses of soluble materials
or their accumulation in horizons with k, y, or z suffixes, these
concepts are adequate. For the understanding of biological
processes, they leave much to be desired. A soil can be subject
to leaching during winter, when it is too cold for optimum
biological activity, and it can be too dry during most of the
summer for significant biological activity. The result is a
relatively wide carbon-nitrogen ratio.

The term “soil moisture regime” refers to the presence or
absence either of ground water or of water held at atension of
less than 1500 kPa in the soil or in specific horizons during
periods of the year. Water held at a tension of 1500 kPa or
more is not available to keep most mesophytic plants aive. The
availability of water is also affected by dissolved salts. If a soil
is saturated with water that is too salty to be available to most
plants, it is considered salty rather than dry. Consequently, a
horizon is considered dry when the moisture tension is 1500
kPa or more and is considered moist if water is held at a
tension of less than 1500 kPa but more than zero. A soil may
be continuously moist in some or al horizons either throughout
the year or for some part of the year. It may be either moist in
winter and dry in summer or the reverse. In the Northern
Hemisphere, summer refers to June, July, and August and
winter refers to December, January, and February.

Significance to Soil Classification

The moisture regime of asoil isan important property of the
soil as well as a determinant of processes that can occur in the
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soil. During geologic time there have been significant changes
in climate. Soilsthat could have formed only in ahumid
climate are now preserved in an arid climatein some aress.
Such soilshaverelict featuresthat reflect the former moisture
regime and other features that reflect the present moisture
regime.

The soil moistureregimeisonly partially afunction of
climate. Most deep, permeable soils under high and well
distributed rainfall have water that is available to plants most
of the time. Soils in areas of an arid climate, however, are not
necessarily dry. They may be dry, moist, or saturated,
depending on their position on the landscape, because they
may receive water from sources other than the rain that falls on
them. The extra water may be runoff from rainfall on an
adjacent slope or on distant mountains, or it may come from
melting snow, seepage, or even natural artesian sources. In the
Northern Hemisphere, precipitation is more effective in soils
on north aspects than in soils on south aspects. In some areas
this difference is significant enough for there to be different
soil moisture regimes on north and south aspects. Soils may
also lose part or most of the water that falls on them,
particularly if they are sloping and the surface horizon has few
noncapillary pores. On any given landscape that has uniform
climate, adjacent soils may have different moisture regimes.

Each of the moisture regimesin the history of asoil isa
factor in the genesis of that soil and is the cause of many
accessory characteristics. Most of the accessory characteristics,
however, and those most important for interpretations are
associated with the present moisture regime, even if the present
regimedifferswidely from some of the earlier regimes. For
example, beforean argillic horizon forms, enough water hasto
pass through the soil to remove soluble materials, such as
finely divided carbonates. If the leaching and formation of the
argillic horizon took place under climatic conditionswith more
effective precipitation than that of today, the present argillic
horizon is not necessarily free from carbonates or other soluble
materials. Soilswith soluble salts or carbonates above and
within the argillic horizon have characteristics that reflect both
past and present climates. The argillic horizon formed under a
past climate, and the soluble salts and carbonates accumul ated
under the present climate. Both climates have left markersthat
can be observed in the soilstoday. The argillic horizon that
formed under more effective moisture may have formed under
precipitation similar to that of today but under cooler
temperatures, or it may have formed under temperatures
similar to those of today but under higher precipitation. There
iSno precise measure of past climates, and an accurate
reconstruction of past climatesisdifficult. Moreimportantly,
the present climate determines use and management of the soil.
It isaproperty of the soil. Furthermore, the moisture regimes
of most soilsareinferred from the present climate, and small-
scale maps can be interpreted in terms of the many accessory
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characteristics that are common to most of the soils that have a
common climate. These characteristicsinclude the amount,
nature, and distribution of organic matter, the base status of the
soil, and the presence or absence of salts.

The most important of the soil interpretations are the
potentials for growing different plants and the cultural
practices required to grow them. Without soil climate as a
criterion at some level in the taxonomic system, for example,
Vertisols from Texas could be in the same taxonomic class as
Vertisols from North Dakota.

Normal Years

In the discussions that follow and throughout the keys, the
term “normal years’ isused. A normal year is defined as a year
that has plus or minus one standard deviation of the long-term
mean annual precipitation. (Long-term refers to 30 years or
more.) Also, the mean monthly precipitation during a normal
year must be plus or minus one standard deviation of the long-
term monthly precipitation for 8 of the 12 months. For the
most part, normal years can be calculated from the mean
annual precipitation. When catastrophic events occur during a
year, however, the standard deviations of the monthly means
should also be calculated. The term “normal years’ replaces
the terms “most years’ and “6 out of 10 years,” which were
used in the previous edition of Soil Taxonomy (USDA, SCS
1975).

Esimation

The landscape position of every soil is subject to extremesin
climate. While no 2 years have exactly the same weather
conditions, the moisture status of the soil must be characterized
by probability. Weather probabilities can be determined from
long-term weather records and observations of how each soil
responds to weather conditions as modified by its landscape
position.

A number of methods have been devised to relate soil
moisture to meteorological records. To date, all of these
methods have some shortcomings, even for gently sloping soils
that depend primarily on precipitation for their moisture. Dew
and fog can add appreciable amounts of moisture to some soils,
but quantitative data are rare.

The graphs in diagrams 3 to 16 are based on the average
values for precipitation, temperature, and potential
evapotranspiration. They give an oversimplified picture of the
moisture regime of the whole soil rather than of the moisture
control section. The data are based on the monthly
climatological values of temperature and precipitation for the
indicated number of years and the monthly potential
evapotranspiration (PE) normals taken from the large
Thornthwaite collection covering theworld (Mather, 1964
1965). No reduction from potential evapotranspiration was
made.

Thefollowing legend helpsto explain the graphsin
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diagrams 3 to 16. Numbers at the bottom of the graphsindicate
months of the year.

ALT =Altitude [m]
AWC = Available water capacity [mm]
REC=Recorded years

PRE =Annual precipitation [mm]
PET =Annual potential evapotranspiration [mm]
TEM = Annual mean temperature [°C]

® e Temperature | Water deficit

sk Potential evapotranspiration m Water surplus

m Water utilization
m Water recharge

A—aA Precipitation

— Actual evapotranspiration

In diagram 3 the area between the line that joins all of the
precipitation normals and the one that joins all of the PE
normal s indicates the status of soil moisture. Beginning at the
point where precipitation becomes greater than PE, the areato
the right shows recharge, the amount of moisture stored in the
soil. This area commonly extends to the extreme right of the
diagram. The amount of recharge is limited either by the
available water capacity (AWC) of the soil, in which case a
vertical line delimits the area as surplus, or by the fact that PE
again exceeds precipitation before the AWC has been filled.
The point where PE exceeds precipitation is utilization.
Utilization shows the amount of PE necessary to remove the
water held at atension of less than 1500 kPa. Excess PE, if
any, before the time that recharge begins is called deficit and is
delimited by a vertical line.

The discussion of recharge, surplus, utilization, and deficit
in the preceding paragraph has implied the moisture regime of
a cool, moist region in the Northern Hemisphere, but many
other combinations of recharge, surplus, utilization, and deficit
can occur, including al surplus and all deficit.

For definitions of taxa, it is recognized that the accretion of
daily or monthly precipitation is depleted, linearly or
nonlinearly, by daily or monthly potential evapotranspiration.
Aninitial condition is set, and the sequence of subsequent
water balances shows whether critical parts of the soil profile
are likely to be moist, partly dry, or completely dry as the
seasons advance. Depending on one’s purposes, an assumption
of linear or of nonlinear depletion of soil moisture might be
best. To represent the probable soil moisture regime, the
estimate of evapotranspiration should be reduced as the soil
dries. To represent irrigation needs, evapotranspiration at the
full potential rate would give a better picture. Either procedure
gives a crude picture of both.

Soil Moisture Control Section

The intent in defining the soil moisture control section is to
facilitate estimation of soil moisture regimes from climatic
data. The upper boundary of this control section is the depth to
which adry (tension of more than 1500 kPa, but not air-dry)



Horizons and Characteristics Diagnostic for the Higher Categories

soil will be moistened by 2.5 cm of water within 24 hours. The
lower boundary isthe depth to which adry soil will be
moistened by 7.5 cm of water within 48 hours. These depths do
not include the depth of moistening along any cracks or animal
burrows that are open to the surface.

The boundaries for the soil moisture control section
correspond to the rooting depths for many crops; however,
there are natural plant communities that have their roots either
above or below the control section. Attempts are currently
being made to improve the parameters of the soil moisture
control section.

If 7.5 cm of water moistens the soil to a densic, lithic,
paralithic, or petroferric contact or to a petrocalcic or
petrogypsic horizon or a duripan, the contact or the upper
boundary of the cemented horizon constitutes the lower
boundary of the soil moisture control section. If a soil is
moistened to one of these contacts or horizons by 2.5 cm of
water, the soil moisture control section is the boundary or the
contact itself. The control section of such a soil is considered
moist if the contact or upper boundary of the cemented horizon
has a thin film of water. If that upper boundary is dry, the
control section is considered dry.

The concept of the soil moisture control section does not
apply well to the cracking clays, because these clays remoisten
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Diagram 3.—Udic, frigid; St. Petersburg, Russia (formerly
Leningrad, U.S.S.R.).
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from both the surface and the bases of the cracks. The soil
moisture patterns of these soils are defined in terms of the
pattern of cracking over time.

Dry soils can remoisten unevenly for avariety of reasons
other than microrelief or the presence of cracks or holes that
are open at the surface. Water can be suspended by capillary
forcesin adry sandy soil (Rode, 1965). When the suspended
water exceeds a critical limit, it drains rapidly at some points
into lower soil layers. Water can be suspended in a dry or moist
soil if pore sizes increase with increasing depth, and similar
leaks may occur. Uneven moistening may result from
interception of rain by plants. Part of the rain reaches the soil
by flowing down the stem of the plant. Some plants, such as
mulga (Acacia aneura) in Australia, intercept virtually all of
the rain falling on them. In this situation, the soil is moistened
deeply around the stem but remains extremely dry under the
canopy of the mulga. In areas between the plants, rain
generaly falls directly on the soil. Thus, within a very short
distance, there are three contrasting moisture regimes. In one,
the soil is deeply moistened; in the second, which surrounds
the first, the soil receives virtually no moisture; and in the
third, the soil is intermittently moist and dry.

If moistening occurs unevenly, the weighted average depth
of moistening in a pedon is used for the limits of the moisture
control section.

The moisture control section of a soil extends approximately
(1) from 10 to 30 cm below the soil surface if the particle-size
class of the soil is fine-loamy, coarse-silty, fine-silty, or clayey;
(2) from 20 to 60 cm if the particle-size class is coarse-loamy;
and (3) from 30 to 90 cm if the particle-size class is sandy. If
the soil contains rock and pararock fragments that do not
absorb and release water, the limits of the moisture control
section are deeper. The limits of the soil moisture control
section are affected not only by the particle-size class but also
by differences in soil structure or pore-size distribution or by
other factors that influence the movement and retention of
water in the soil.

The classification of the soil seriesin the United States
was determined in part by knowledge of the moisture
regimes. The definitions of soil moisture regimes that follow
were fitted to the boundaries. If future studies show that the
classifications of the soils are not in agreement with these
definitions, we are more likely to change the definitions than
the classifications. Over time, changes in both will doubtless
be made.

Classesof Soil Moisture Regimes

The soil moisture regimes are defined in terms of thelevel
of ground water and in terms of the seasonal presence or
absence of water held at atension of lessthan 1500 kPain the
moisture control section. It is assumed in the definitions that
the soil supports whatever vegetation it is capable of
supporting, i.e., crops, grass, or native vegetation, and that the
amount of stored moisture is not being increased by irrigation
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or fallowing. These cultural practices affect the soil moisture
conditions as long as they are continued.

Aquicmoistureregime—Theaquic (L. aqua, water)
moisture regime is a reducing regime in a soil that is virtually
free of dissolved oxygen because it is saturated by water. Some
soils are saturated with water at times while dissolved oxygen
is present, either because the water is moving or because the
environment is unfavorable for micro-organisms (e.g., if the
temperature is less than 1 °C); such aregime is not considered
aquic.

It is not known how long a soil must be saturated before it is
said to have an aguic moisture regime, but the duration must
be at least afew days, because it isimplicit in the concept that
dissolved oxygen isvirtually absent. Because dissolved oxygen
is removed from ground water by respiration of micro-
organisms, roots, and soil fauna, it is aso implicit in the
concept that the soil temperature is above biologic zero for
some time while the soil is saturated. Biologic zero is defined
as 5 °C in this taxonomy. In some of the very cold regions of
the world, however, biological activity occurs at temperatures
below 5 °C.

Very commonly, the level of ground water fluctuates with
the seasons; it is highest in the rainy season or in fall, winter,
or spring if cold weather virtually stops evapotranspiration.
There are soils, however, in which the ground water is always
at or very close to the surface. Examples are soilsin tidal
marshes or in closed, landlocked depressions fed by perennial
streams. Such soils are considered to have a peraguic moisture
regime. The distinction between the aquic moisture regime and
the peraquic moisture regime is not closely defined because
neither regime is used as a criterion for taxa above the series
level. These terms can be used in descriptions of taxa. Some
soils with an aquic moisture regime also have a xeric, ustic, or
aridic (torric) regime.

Although the aquic and peraquic moisture regimes are
not used as either criteria or formative elements for taxa,
they are used in taxon descriptions as an aid in understanding
genesis. The formative term “agu” refers to aquic conditions,
not an aquic moisture regime. Some soils included in the
“Aqu” suborders may have aquic or peraquic moisture
regimes.

Aridicandtorric(L.aridus,dry,and L. torridus, hot
and dry) moisture regimes—These terms are used for the
same moisture regime but in different categories of the
taxonomy.

In the aridic (torric) moisture regime, the moisture control
section is, in normal years:

1. Dryindl partsfor more than half of the cumulative days
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Diagram 4.—Aridic, hyperthermic; Jodhpur, India.

per year when the soil temperature at a depth of 50 cm from the
soil surfaceis above5°C; and

2. Moistinsomeor all partsfor lessthan 90 consecutive
days when the soil temperature at a depth of 50 cm is above
8 °C.

Soils that have an aridic (torric) moisture regime
normally occur in areas of arid climates. A few arein areas
of semiarid climates and either have physical properties that
keep them dry, such as a crusty surface that virtually
precludes the infiltration of water, or are on steep slopes where
runoff is high. There is little or no leaching in this moisture
regime, and soluble salts accumulate in the soils if thereis a
source.

Diagrams4to 7 illustrate climatic datain aregion wherethe
soilshavean aridic (torric) moistureregime. Diagram 4 isan
exampl e of an areawith an aridic soil moistureregimeand a
hyperthermic soil temperatureregime. Diagram 5isan
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exampl e of an areawith an aridic soil moistureregimeand a
thermic temperature regime. Diagram 6isan example of an area
with an aridic soil moisture regime and amesic soil temperature
regime. Diagram 7 isan example of an areawith an aridic soil
moi sture regime that grades towards an ustic soil moisture
regime.

Thelimitsset for soil temperature exclude from these moisture
regimes soils in the very cold and dry polar regionsand in areas
at high elevations. Such soils are considered to have anhydrous
conditions (defined earlier).

Udicmoaistureregime—Theudic (L. udus, humid)
moi sture regimeis onein which the soil moisture control
section isnot dry in any part for aslong as 90 cumulative days
innormal years. If the mean annual soil temperatureislower
than 22 °C and if the mean winter and mean summer soil
temperatures at a depth of 50 cm from the soil surface differ by
6 °C or more, the soil moisture control section, in normal
years, isdry in all partsfor lessthan 45 consecutive days
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97

200qpRg=332  36°03'N 103°53'E  ALT=1517 3
{1PET=652 AWC =200}
|TEM=8.9 REC=10 [

25

T - . ;

£ ° I

— 150~ . 20

5 | [

'_

2 I

= i

(m,3 15

S i

Z i

oC

= I

5 I

S 10

= I

= I

= I

z

2 I

= -5

z i

& I

= I

=< I

= -0

& C

a. L

-5
L 10

Diagram 6.—Aridic, mesic; Lanzhou, China.

in the 4 months following the summer solstice. In addition,
the udic moisture regime requires, except for short periods, a
three-phase system, solid-liquid-gas, in part or all of the soil
moisture control section when the soil temperatureis above
5¢C.

The udic moisture regime is common to the soils of humid
climates that have well distributed rainfall; have enough rain
in summer so that the amount of stored moisture plus rainfall
is approximately equal to, or exceeds, the amount of
evapotranspiration; or have adequate winter rains to recharge
the soils and cool, foggy summers, asin coastal areas. Water
moves downward through the soils at some time in normal
years.

In climates where precipitation exceeds evapotranspiration in
all months of normal years, the moisture tension rarely reaches
100 kPain the soil moisture control section, although there are
occasional brief periods when some stored moisture
is used. The water moves through the soil in all months when
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Ustic moistureregime.—Theustic (L. ustus, burnt;
implying dryness) moisture regimeisintermediate between
the aridic regime and the udic regime. Its concept is one of
moisture that is limited but is present at a time when
conditions are suitable for plant growth. The concept of
the ustic moisture regime is not applied to soils that have
permafrost or acryic soil temperature regime (defined
below).

If the mean annual soil temperature is 22 °C or higher or if
the mean summer and winter soil temperatures differ by less
than 6 °C at a depth of 50 cm below the soil surface, the soil
moisture control section in areas of the ustic moisture regime is
dry in some or al parts for 90 or more cumulative daysin
normal years. It is moist, however, in some part either for more
than 180 cumulative days per year or for 90 or more
consecutive days.

If the mean annual soil temperatureislower than 22 °C and
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Diagram 7.—Aridic, mesic; Odessa, Ukraine.

itisnot frozen. Such an extremely wet moistureregimeis
called perudic (L. per, throughout intime, and L. udus,
humid). Inthe names of most taxa, the formative element “ud”
isused to indicate either audic or a perudic regime; the
formative element “per” isused in selected taxa. The
distinction between perudic and udic can always be made

at the serieslevel.

Diagram 8illustrates an areawith audic soil moistureregime
and an isohyperthermic soil temperature regime. Diagram 9
illustrates an areawith audic soil moisture regime and athermic
temperatureregime. Diagrams 10 and 11 areexamples of areas
with audic soil moisture regime and mesic and frigid temperature
regimes, respectively.

Diagram 12 illustratesa perudic soil moistureregime. Note
that the perudic regime shows a surplus every month of the
year. Obviously, if calculations were made on adaily basis,
there would be short periods of withdrawal.
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Diagram 8.—Udic, isohyperthermic; Rio de Janeiro, Brazil.
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if the mean summer and winter soil temperaturesdiffer by 6 °C
or more at adepth of 50 cm from the soil surface, the soil
moisture control section in areas of the ustic moisture regimeis
dry in someor al partsfor 90 or more cumulative daysin
normal years, but it isnot dry in all partsfor more than half of
the cumulative days when the soil temperature at a depth of 50
cmishigher than 5°C. If in normal yearsthe moisture control
sectionismoist in all partsfor 45 or more consecutive daysin
the 4 months following the winter solstice, the moisture control
section isdry in al partsfor less than 45 consecutive daysin
the 4 monthsfollowing the summer solstice. Diagram 13
illustrates an areawith an ustic soil moisture regime and a
thermic soil temperatureregime. Diagram 14 illustratesan
areawith an ustic soil moisture regime and amesic soil
temperatureregime.

In tropical and subtropical regions that have a monsoon
climate with either one or two dry seasons, summer and winter

seasons have little meaning. In those regions the moisture
regimeisustic if thereisat least one rainy season of 3 months
or more. In temperate regions of subhumid or semiarid
climates, the rainy seasons are usually spring and summer or
spring and fall, but never winter. Native plants are mostly
annuals or plants that have a dormant period while the soil is
dry.

Xericmoistureregime.—Thexeric (Gr. xeros, dry)
moistureregimeisthe typical moistureregimein areas of
Mediterranean climates, where winters are moist and cool and
summersarewarm and dry. The moisture, which fallsduring
thewinter, when potential evapotranspirationisat aminimum,
isparticularly effectivefor leaching. In areas of axeric
moi sture regime, the soil moisture control section, in normal
years, isdry in all partsfor 45 or more consecutive daysin the
4 monthsfollowing the summer solstice and moist in all parts
for 45 or more consecutive daysin the 4 monthsfollowing the
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winter solstice. Also, in normal years, the moisture control
section ismoist in some part for more than half of the
cumulative days per year when the soil temperature at a depth
of 50 cm from the soil surfaceis higher than 6 °C or for 90 or
more consecutive days when the soil temperature at a depth of
50 cmishigher than 8 °C. The mean annual soil temperatureis
lower than 22 °C, and the mean summer and mean winter soil
temperatures differ by 6 °C or more either at adepth of 50 cm
from the soil surface or at adensic, lithic, or paralithic contact
if shallower.

Diagram 15illustrates an areawith axeric soil moistureregime
and athermic soil temperatureregime. Diagram 16 illustratesan
areawith axeric soil moisture regime and amesic soil
temperatureregime.

Soil Temper ature Regimes

The temperature of asoil isone of itsimportant properties.
Within limits, temperature controls the possibilities for plant
growth and for soil formation. Below the freezing point, there
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Diagram 11.—Udic, frigid; Harbin, China.
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isno biotic activity, water no longer movesasaliquid, and,
unless there is frost heaving, time stands still for the soil.
Between temperatures of 0 and 5 °C, root growth of most plant
species and germination of most seeds areimpossible. A
horizon as cold as 5 °C isathermal pan to the roots of most
plants.

Biological processesin the soil are controlledin large
measure by soil temperature and moisture. Each plant species
has its own temperature requirements. In the Antarctic, for
example, there is a microscopic plant that grows only at
temperatures below 7 °C, temperatures at which most other
plants are inactive. At the other extreme, germination of seeds
of many tropical plant species requires a soil temperature of
24 °C or higher. Plant species have one or more soil
temperature requirements that are met by the soils of their
native environment. Similarly, soil fauna have temperature
requirements for survival. Soil temperature, therefore, has an
important influence on biological, chemical, and physical
processes in the soil and on the adaptation of introduced plant
Species.

At any moment the temperature within a soil varies from
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horizon to horizon. The temperature near the surface fluctuates
with the hours of the day and with the seasons of the year. The
fluctuations may be very small or very large, depending on the
environment. Because temperature is so variable, or perhaps
because it is not preserved in samples, some pedologists have
thought that it is not a property of a soil. Oneisinclined to
notice the properties that differ among soils and to focus
attention on them.

Each pedon has a characteristic temperature regime that can
be measured and described. For most practical purposes, the
temperature regime can be described by the mean annual soil
temperature, the average seasonal fluctuations from that mean,
and the mean warm or cold seasonal soil temperature gradient
within the main root zone, which is the zone from a depth of 5
to 100 cm.

Mean Annual Soil Temperature

Each pedon has a mean annual temperature that is
essentially the same in all horizons at al depths in the soil and
at depths considerably below the soil. The measured mean
annual soil temperature is seldom the same in successive
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Diagram 13.—Ustic, thermic; Haskell, Texas, United States.

Diagram 14.—Ustic, mesic; Halle, Germany.

depths at agiven location, but the differences are so small that it
seems valid and useful to take a single value as the mean annual
temperature of asoil.

The mean annual soil temperatureisrelated most closely
to the mean annual air temperature, but thisrelationshipis
affected to some extent by the amount and distribution of
rain, the amount of snow, the protection provided by shade
and by O horizons in forests, the slope aspect and gradient,
and irrigation. Other factors, such as soil color, texture,
and content of organic matter, have negligible effects (Smith
etal., 1964).

Fluctuationsof Soil Temperature

The mean annual temperature of a soil isnot asingle
reading but the average of a series of readings. Near the
surface, the readings may fluctuate from the mean fully as
much asthose of the air temperature, especialy if thereisno
insulating cover. The fluctuations occur as daily and annual
cycles, which in most places are made somewhat irregular by
weather events. The fluctuations decrease with increasing
depth and are ultimately damped out in the substratain a zone
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where the temperature is constant and is the same as the mean
annual soil temperature.

Daily fluctuations—Daily changesin air temperature
have a significant effect on the temperature of soil horizons
to adepth of about 50 cm. The fluctuations may be very
large, particularly in soilsof dry climateswherethe daily
range in temperature of the upper 2.5 cm of the soils may
approach 55 °C. At the other extreme, under melting snow,
the temperature at the soil surface may be constant
throughout the day. In a few places in high mountains
very near the Equator, the soils have virtually constant
temperature.

Daily fluctuationsin soil temperature are affected by
clouds, vegetation, length of day, soil color, sope, soil
moisture, air circulation near the ground, and the temperature
of any rain that falls. Moisture can be exceedingly important

Soil Taxonomy

in reducing fluctuationsin soil temperature. The specific heat

of water isroughly 4 timesthat of adry surface horizon, and the
specific heat of amedium textured surface horizon at field
capacity isroughly one-half more than that at the wilting

point. Water increases the thermal conductivity of soils, and

it can also absorb or liberate heat by freezing and thawing

or by evaporating and condensing. All of these effects of

soil water reduce fluctuations in soil temperature at the
surface.

Fluctuations caused by changesin weather.—Soil
temperatures also fluctuate during short periods of below-
average or above-average air temperatures. The fluctuations
caused by weather extend to a greater depth than those of the
diurnal cycle. Periods of high or low temperature tend to last
afew daysto aweek in most of the United States. Like
weather patterns in general, however, they occur at irregular
intervals.

The soil temperature at a depth of 50 cm shows almost no
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daily fluctuation, but it reflects short-time weather patterns. Data
indicate that at shallow depths soil temperaturesreflect daily
fluctuationsin temperature.

Cold or warm rains may bring about rapid and marked
changesin the temperature of surface horizons. Generaly, the
direct effect of arain on soil temperatureis not measurable 48
hours after the rain ends.

Seasonal fluctuationsand soil temper aturegradientsin the
Tropics.—Seasonal fluctuations of soil temperatureare
generally small in the intertropical regions between the Tropic of
Capricorn and the Tropic of Cancer. Mean annua soil
temperatures vary with elevation, but seasonal temperatures
vary primarily with clouds and rain. The warmest seasons may
be the dry seasons, for the effects of clouds and rain may
outweigh those of the angle of the sun’s rays.

Diagram 17 showsthe soil temperature, air temperature,
rainfall, and percentage of possible sunshine at Yangambi, Zaire,

at an elevation of about 365 m (1.N.E.A.C., 1953). Thesedata
indicate that the soil temperatureis higher in winter thanin
summer. Actually, the soil temperature fluctuates with cloud
cover and rain and appears to be most closely correlated with
the amount of sunshine. In the Tropics, differences between
summer and winter temperaturesare small and may bein
either direction. The average temperature over a3-month
season isvirtually the same at all depths within the upper m of
the sail.

As the temperate region is approached, near the Tropic of
Cancer, for example, soil temperaturesin summer arelikely to be
higher than those in winter, but the differences between the
mean summer temperature and the mean winter temperaturein
the upper m of the soil are usually lessthan 6 °C.

Seasonal fluctuation and soil temper aturegradientsin
midlatitudes—Soil temperaturesin the 48 conterminous
States of the United States generally show marked seasonal
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Diagram 18.—Mean monthly isotherms of ground temperature at Belgrade, Yugoslavia.

fluctuations. To illustrate seasonal changes under a midlatitude
continental climate, such as that in much of the United States,
agood record of soil temperaturesfrom Belgrade, Yugosavia
(Chang, 1958b), has been selected. Thisrecord is shown
graphically in diagram 18. The annual cooling and heating
waves extend to adepth of 12 m, but the amplitude of variation
at thisdepthisonly 0.1 °C. At adepth of 14 m, the temperature
is constant and is the same as the mean annual soil temperature.
These records clearly show that seasonal temperature
fluctuations penetrate deeply into the earth, well below the limit
of soil.

The depth to the stratum that has constant temperature is not
thesamein al soils. It isreduced by shallow ground water
because water has high specific heat. Records of well-water
temperature in the 48 conterminous States of the United States
show that, in the presence of ground water, the stratum of
constant soil temperature occurs at a depth of about 9 m.

Chang (1958a) has estimated that, in the absence of ground
water, seasonal fluctuations of soil temperature penetrate to a
depth of 20min Alaska, 15 min midlatitudes, and 10 minthe
Tropics. In dry soils, thermal conductivity is low and, although
seasonal fluctuationsin temperature may be very large, the
depth of penetration isno greater than in moist soils. At Jaipur,
India (lat. 27° N.), the seasonal range in soil temperature at a
depth of 6 m was 2.7 °C, but at a depth of 14 m, it was only
0.2°C (Chang, 1958b).

The amplitude of seasonal fluctuations and the timing of
periods of warm and cool soil temperature are primarily
functions of latitude and climate. In midlatitudes the angle of
the sun’s rays is most important, but clouds, rain, irrigation
water, snow cover, bodies of water, direction and angle of
dlope, and presence or absence of shallow ground water and of
thick O horizons can all affect the amplitude of fluctuation.
Seasonal fluctuations in midlatitudes are generally in excess of
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6°C. That is, the average summer soil temperatureismore
than 6 °C higher than the average winter soil temperaturein
the upper m of the soil.

Since the temperatures of soils at high elevationstend to
resemble those of soils at high latitudes, the discussion in this
section is confined to soils having mean annual temperatures of
8 °C or higher. The cold soils at high elevations in the
midlatitudes are discussed with the soils of high latitudes.

Effect of depth.—In a given soil, the closer to the surface,
the greater the amplitude of fluctuation. Seasonal variations
of soil temperature are greatest at the surface and decrease
with increasing depth until, at a depth of 9 m or more, they
disappear (diagram 18). The mean summer, winter, and
annual soil temperatures (Chang, 1958b) areplottedin
diagram 19 asafunction of depth together with air
temperaturesfor Ames, lowa, whichisinthemidlatitudes. If
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we disregard the upper few cm, the changes in the mean
seasonal soil temperature with increasing depth are nearly
linear, so nearly so that one must conclude that the mean
seasonal temperature of soil to any depth within the main
zone of rooting isvery closely approximated by the mean
temperature at the midpoint in depth. The temperature gradient
is positivein winter and negative in summer. Itis
approximately 0.5 °C per 10 cm. The gradients seem very
similar inmost midlatitude soilswhererecordsare available,
even in undrained peats.

Effect of vegetative cover.—In the humid midlatitudes, the
plant cover can have an important influence on seasonal
fluctuations of soil temperature. The differences among kinds
of plant cover, such as grass, crops, and trees, in shading or
insulating the soil are minor if O horizons are transient or
absent.

0 surface = ] R
X = Mean Soil Temp. | \
O = Mean Air Temp. at 1.5 m | S
20 Ames, lowa T
Lat. 42°00' N.
Elevation 300 meters
e 40
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S <
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O 60
Dec-Jan-Feb Mean|Annual Jun-Jul-Aug
80
100 ) ok ‘
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Diagram 19.—Soil temperature gradients with air temperatures for winter and summer in relation to mean annual temperatures at Ames,

lowa.
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Diagram 20.—Relationship between soil temperature and elevation on south and north aspects.

Effect of irrigation.—Irrigation of dry soils can havea
marked effect on the soil temperature in summer. Both
evaporation and shade affect the temperature, but evaporation
isprobably the moreimportant. The reduction may exceed 8 °C
in places.

Effect of ground water.—Because of itslarge latent and
specific heat, shallow ground water greatly affects seasonal
fluctuations of soil temperature in midlatitudes. The principal
effects occur during periods when the soil is freezing or
thawing because the latent heat of the freezing of water is
about 80 times the specific heat.

Effect of aspect and gradient of slope—The aspect
(direction) and gradient of slope may affect the deviation of the
mean monthly soil temperatures from the annual mean. The
effect in winter is large compared to that in summer. In the
Northern Hemisphere, south-facing slopes have smaller
seasona fluctuations from the annual mean than north-facing

dopes. The effects of aspect increase sharply in high latitudes.
Diagram 20 shows the rel ationship between soil temperature and
elevation on north and south aspects in the Great Basin of
Nevada (Jensen et al., 1989).

Seasonal fluctuationsin high latitudes—Soilsin high
latitudes are cold, and the seasonal soil temperature fluctuations
do not approximate a simple sine curve as do thosein
midlatitudes. Diagram 21 showsthe mean monthly soil and air
temperaturesat Mustiala, Finland (Chang, 1958b). Theair
temperature follows a simple sine curve and is above the mean
for only 5 months and below it for 7 months. The asymmetrical
soil temperature fluctuations reflect the combined influence of
snow as an insulator during winter and the relatively high
insolation during summer months, when the sun is above the
horizon all or most of thetime

Diagram 22 shows the mean annual seasonal soil
temperature at Mustiala, Finland, as a function of depth
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(Chang, 1958b). The skewed seasonal fluctuations areindicated
by the closeness of the lines that show winter temperature and
mean annual temperature

In these latitudes, the soil temperaturein summer islower
than the air temperature. The temperature gradients with
increasing depth are similar to those in midlatitudes.

Effect of snow cover.—Diagram 23 showsthe effect of
snow cover on soil temperature at various depths (Molga, 1958).
It indicates the difference in temperature between bare soil and
soil covered with snow (snow-covered plot minus bare plot).
From November through March, the snow-covered plot was
warmer at all depths. The average temperature difference for the
winter months, December through February, was4 °C
at a depth of 50 cm. In April, when the air temperature was
rising and snow was melting, the bare soil warmed more
rapidly and was warmer than the snow-covered plot to a depth
of 40 cm.

The effect of snow on soil temperature is not limited to high
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latitudes and high altitudes. Snow cover is common but
intermittent for the most part in midlatitudes where the mean
annual soil temperatureislessthan 13°C.

Effect of vegetative cover.—The cover of litter and of mossin
areas of cold climates commonly isthicker than the cover in
areas of warm climates. Asthe cover thickens, it reducesthe
amplitude of seasona fluctuations of soil temperature because
it insul ates the soil during the entire year.

Diagram 24 showsthe mean monthly soil temperaturesfor a
cleared field versus aforested site at Delta Junction, Alaska
(Shur et al., 1993). Without the shade from trees and insulation
from litter and organic matter, the cleared field is colder in
winter and warmer in summer.

Differencesin the type of vegetation can result in variations
in soil temperature. Diagram 25 illustrates differencesbetween a
climax spruceforest with athick organic layer and aless
insulated aspen forest in the Copper River area of Alaska
(Mooreand Ping, 1989).
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Diagram 21.—Mean monthly and annual soil and air temperatures at Mustiala, Finland.
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Diagram 22.—Soil temperature gradients with air temperatures for winter and summer in relation to mean annual temperatures at

Mustiala, Finland.

Effect of ground water