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Foreword

The Soils of the United States by C. F. Marbut was
published as Part III of the Atlas of American Agri-
culture in 1935, the year of his death. Although he
drew widely on the work of others, Marbut's mono-
graph was primarily his own personal work.

Since Marbut, efforts on systems of soil classifi-
cation in the Soil Survey have been staff undertakings.
In 1935, however, the greatest need appeared to be
some kind of orderly statement of guidelines for de-
scribing and mapping soils in the field. The first
edition of the Soil Survey Manual was prepared during
that year and the next and published in 1937.

Late in 1936, the then Secretary of Agriculture,
Henry A. Wallace, asked that a comprehensive state-
ment about the soils of the United States and their
uses be prepared as the 1938 Yearbook. Although we
explained that our knowledge was hardly adequate for
the task, the Secretary felt that one of the values of
such a book would be evidence of research need.

So, despite the shortness of time, the Soil Survey
staff prepared a new soil map of the United States, a
new statement of the system of classification, and
descriptions of the soils as they knew them then.
What a year that was! Great soil groups were de-
fined, including a few new ones. Time was not avail-
able for detailed descriptions or for adequate field
testing. For example, the Planosol group was defined
to include those soils of humid and subhumid areas
with prominent hardpans and claypans that did not fit
into the other groups as formerly defined. It turned
out that our definition of Planosol was too broad.

Yet the final result, included in Soils and Men, was
useful to a great many people. The job of preparing
it made the gaps and inconsistencies more apparent
to the Soil Survey staff than any other experience
could have done. Above all it reemphasized more
strongly than ever the compelling need for soil de-
scriptions in more precisely defined terms.

Staff committees went to work on the establish-
ment of defined classes for the various soil proper-
ties and standard terms for soil descriptions; on the
definition of local classificational wunits; on soil-
mapping procedures; and on the interpretation of the
classificational units in terms of predicted behavior
under alternative systems of management. Drafts of
these committee reports were widely circulated and
criticized. In the winter of 1949-1950 I brought these
materials together into one document. During the next
fewmonths it was mimeographedand circulated widely
within the United States and to many of our colleagues
overseas. In the final draft, soil drainage and a few
other parts were completely revised. Thus the cur-
rent Soil Survey Manual was published in 1951.

Meanwhile staff committees were also working on
the redefinition of the great soil groups, particularly
in terms of existing definitions of the soil series that
were thought to belong in these groups. The results
were gotten together as a new statement of our sys-
tem of soil classification and published at the request
of Firman E. Bear as an issue of Soil Science (Feb-
ruary 1949).

Since many parts of the Soil Survey Manual had
been issued in advance, by 1950 more accurate and
detailed soil descriptions were becoming available.
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Further, the soil maps were being tested in practical
use more than ever before. This was true in many
countries.

Immediately after World War II worldwide efforts
were made to improve the economies of underdeveloped
areas. These efforts gave enormous emphasis to
tropical soils,which had been(and still are) the weak-
est parts of all systems to soil classification de-
veloped in the United States and Europe.

With the new data from our efforts in the United
States and those from our colleagues overseas it
seemed to us that we should make a fresh approach to
the problem ofdeveloping anew scheme of soilclassi-
fication. We needed one that would include as many
ofthe new data as possible, provide for the incorpora-
tion of data thatwould become available, and furnish a
basis for predicting how the various soils of the world
would respond to modern management.

This is not to say that the older systems are not
useful., We will continue to have need for the con-
cepts of zonal, intrazonal, and azonal soils, even
though we leave them out of the system of classifica-
tion. But we felt a growing need for a new system
that would get away from the bias of genetic factors
outside the soil itself and from the extreme emphasis
on virgin soils.

So in 1951 the decision was taken by the staff to
make this fresh approach. It should be clear that the
same staff had to continue their regular duties in an
expanding, going soil survey program. No one could
give full time and attentionto soil classificationalone;
least of all myself. Success depended on utilizing not
only the knowledge and experience of soil scientists
in the United States but also those of our colleagues
overseas. To keep the work organized, Guy D. Smith,
Director of Soil Survey Investigations,was given staff
leadership. Members of the Soil Survey staff have
taken opportunities that presented themselves to work
with our colleagues overseas in their own countries.
Many of them have worked with us in the United States.
And, of course,much hasbeendoneby correspondence.

Since our suggestions had to be written down even
for test and study, we called them "approximations'
toward a system. The discussion herein presented is
the most elaborate of the seven approximations pre-
pared since 1951.

A final system for adoption has not yet been
achieved. But we think that we have arrived again at
a place where what has been done needsto be set down
in detailed form for study, criticism, and testing.
Some gaps and inconsistencies are pointed out. Per-
haps there are others. But regardless of these we
believe that the system is a forward step made by
many soil scientists working together toward a com-
mon end.

Charles E. Kellogg
Assistant Administrator for
Soil Survey



Preface

This book gives the present status of a compre-
hensive system of soil classification being developed
by the Soil Survey staff. The Soil Survey uses a clas-
sification to see relations among soils and between
soils and their natural and cultural environment.
Predictions are made about soil behavior from the
relations of soils for which we lack experience to
soils on which we have conducted research or have
experience. Thus, classification is a basic tool used
in our research, extension, and technical assistance.

The classification used in a soil survey program
should be able to accommodate all soils. In soil sur-
veys of agricultural land, it is desirable that the soils
of the entire landscape be classified—not just a few
soils at selected points. The larger the area left un-
classified, the less useful the survey will be.

For many years in the United States, soils were
described and named as soil series. Any newly
described soil was given a series name to identify it,
but its relation to other series was not necessarily
known. Often it was possible to establish the position
of a series in a catena, and usually to state the dif-
ferences between a particular series and a few other
closely related series. These statements were com-
monly inadequate to show the relationships between
soils in States a few hundred miles apart.

Soil classification was also approached in terms of
the great soil groups. Many series could be fitted
into these clearly, but others could not without modi-
fying the definitions of either the series or the great
soil groups. Considerable modification of both has
been going on as our knowledge has expanded. But at
no time have all the soil series been fitted into a
scheme of relationships progressive from the series
to the great soil groups.

About 1946, we in the Soil Survey staff undertook
the task of placing all established soil series in the
classification system now in use. It soon became
apparent that it would be impossible to find places for
all soil series without substantially changing the sys-
tem. And not all of the soils in a given great group
appeared to be closely related. Clarification of the
definition of one great group merely shifted the prob-
lem to others, for the limits of any great group were
also limits of other groups.

In 1951, we started to develop a new system. We
believed that the most useful system would be a com-
prehensive one that could accommodate all soils, not
just the soils of the United States. Much of what we
know about our soils has been learned from research
and experience on other continents. And we can ex-
pect tolearn much more. We realized thata workable
system could not be developed without the cooperation
of a great many soil scientists., The number would
have to be large if it were to include men experienced
with a very wide variety of soils, a number too large
to work effectively as a group. Consequently, we de-
cided to develop the system by a series of approxi-
mations, testing each one to discover its defects and
thus gradually approaching a workable system. The
first approximations were circulated to only a few
soil scientists in the United States. The third and all
subsequent ones were circulated toan ever increasing
number of soil scientists, as many as could be dis-
covered with an interest in the project. In the United

States the approximations have been tested by placing
established and tentative series in eachof the approxi-
mations, beginning with the third. The groupings that
resulted were examined by many soil scientists, each
with his own viewpoint. Their criticisms formed the
basis of the succeeding approximation. This is the
seventh approximation, and it is hoped the last tenta-
tive one beforea system willbe ready for adoption and
useby the Department of Agriculture and the cooperat-
ing agricultural experiment stations and State agencies
concerned with the Soil Survey of the United States.

This is not a book for beginning students of soil
classification. It is written to introduce the new sys-
tem to people who are familiar with the present sys-
tem. It assumes knowledge of the Soil Survey Manual
terminology for describing soils. If the reader is not
familiar with the meaning of terms for describing
texture, structure, consistence, and color as defined
by the Manual, he will find much of this book mean-
ingless or confusing. For those who do nothave ready
access to the Manual, the definitions of terms for
structure, consistence, color, horizon boundary, and
texture are reproduced in the Appendix. The color
terminology requiresaccess to a Munsell color chart,
or to one of the other color charts that can be inter-
preted in terms of the Munsell system. The reader
whois not accustomedto using the Manualterminology
should reviewthe definitions in the appendix before he
attempts to read chapter 5 or any subsequent chapter.

The classification system presented here is in-
complete in several respects. The families are unde-
fined. AIll definitions are tentative; the definitions of
subgroups are incomplete in many respects. The
place of once naturally well drained soils that have been
long used for paddy culture is undetermined. The sub-
group definitions have beentested only once and anum-
ber of defects are undoubtedly present. Definitions of
the classes of soilthat donot occur in the United States
have not been tested; many remain to be written.

The development of the system has not proceeded
uniformly in all of the orders. Two orders, the Oxi-
sols and Histosols, require much more additional work
than do the other orders. One suborder, the Andepts,
is also in need of much more work. Other specific
short-comings are pointed out in the text.

The reader will perhaps note some inconsistencies
in the descriptions of the soil profiles used as illus-
trations. These profiles were collected and described
by many people over a period of years, and for many
reasons. Few were selected with the intent to use
them here.

Few readers need be concerned with the entire
text. Suggestions for the improvement of this system
by refinement of the definitions are most apt to be
made about soils with which the reader is thoroughly
familiar. Suggestions that can be submitted within
the next year are solicited. It is anticipated that the
system will not be complete for another 3 or 4 years,
but the work on families cannot be completed if defi-
nitions of subgroups and higher categories are con-
tinually changed.

Guy D. Smith
for the Soil Survey Staff



Chapter 1. Soil and the Soil Individual

Soil, as used in this text, is the collection of natu-
ral bodies on the earth's surface, containing living
matter, and supporting or capable of supporting plants.
At its upper limit is air or water. At its lateral mar-
gins it grades to deep water or to barren areas of
rock, ice, salt, or shifting desert sand dunes. Its
lower limit is perhaps the most difficult to define.
Soil includes all horizons differing from the under-
lying rock material as a result of interactions be-
tween climate, living organisms, parent materials,
and relief. Thus, in the few places where it contains
horizons impermeable to roots, soil is deeper than
plant rooting. More commonly soil grades at its
lower margin to hard rock or to earthy materials
essentially devoid of roots. The lower limit of soil
therefore is normally the lower limit of the common
rooting of the native perennial plants, a diffuse bound-
ary that is shallow in deserts and tundra and deep in
the humid Tropics.

The word "soil" is not everywhere defined as it is
here. Like many common old words, it has several
meanings, even within soil science. We can only try
to define the sense in which we use the word here.
Soil, in its traditional meaning, is the natural medium
for the growth of land plants, whether or not it has
developed soil horizons. This meaning, as old as the
word soil itself, is still the common meaning, and the
greatest interest in soil, by far, is centered on this
meaning. The people of the world are concerned with
soil primarily because it supports plants that supply
food, fibers, drugs, and other wants of men. In this
sense soil covers land as a continuum, except on bare
rock, areas of perpetual frost or the bare ice of
glaciers, and perhaps some areas of shifting sands
and the salty playas in the deserts. In this sense soil
has a thickness that is determined by the depth of
rooting of plants.

About 1870 a new concept of soil was developed and
introduced by the Russian school led by Dokuchaiev.!
Boiled down to its essentials, soils in the Russian
concept were conceived to be independent natural
bodies, each with a unique morphology resulting from
a unique combination of climate, living matter, parent
rock materials, relief, and time. The morphology of
each soil, as expressed in its profile, reflects the
combined effects of the particular set of genetic fac-
tors responsible for its development.

This was a revolutionary concept. The soil sci-
entist did not need to depend wholly upon inferences
from the underlying rocks, the climate, or other envi-
ronmental factors, considered singly or collectively;
rather, he could go directly to the soil itself and see
the integrated expression of all these in its mor-
phology. This concept made it not only possible but
necessary to consider all soil characteristics collec-
tively, in terms of a complete, integrated natural

1'Glinka, K. D. Dokuchaiev's Ideas in the Development of Pedology
and Cognate Sciences. Acad. of Sci., U.8.5.R. Russ. Pedol. Invest., 1,
32 pp. Leningrad, 1927,

body, rather than individually. In short it made a
soil science possible.

The Russian concept of soils as independent natural
bodies with genetic horizons led to a concept of soil
as the portion of earth's crust with properties reflect-
ing the effects of local and zonal soil-forming agents.
The solum? was the genetic soil developed by soil-
building forces, and the parent material was ''not-
soil." This concept had limitations. If a solum is
thick, there is little conflict between the concept of
soil as solum and the concept of soil as the natural
medium for the growth of land plants. If genetic hori-
zons are thin, and unconsolidated parent material
lies only a few inches below the surface, there is
serious conflict between the concepts. Dokuchaiev
realized this conflict and, despite the lack of any
solum, included alluvium and peat in his classifica-
tion of soil.

Soil, as defined in this text, does not need to have
readily discernible horizons, though the presence or
absence of horizons is of extreme importance in its
classification. Soil is a natural thing out-of-doors.
Like a river, it cannot be brought into the laboratory
or a greenhouse, even as undisturbed monoliths, with-
out changing some of its characteristics, such as its
temperature and its moisture regime.

Since one cannot distinguish accurately under all
conditions between what is and what is not part of the
soil, a short, precise general definition is perhaps
impossible. The same is true of other well-understood
basic words such as '"house,' 'plant," or ''stone.'
Some soil-landscapes that support plants gradually
thin to open water or to lichen-covered rock and finally
to bare rock with no clear separation between soil
and not-soil that applies generally.

Areas are not considered to have soil when the
surface is permanently covered deeply enough by
water that only floating plants are present, or where
survival conditions are so unfavorable that only
lichens can exist.

Plants may be grown under glass in pots filled with
samples of soil, with peat, with sand, or even with
water. Under proper conditions all these media are
productive of plants but are 'mot-soil."" Plants even
grow on trees; but trees are regarded as ''mot-soil."
Yet perhaps the most important quality of soil is its
productivity for plants. Its lower boundary with "not-
soil'" is the vague lower limit of common rooting of
the dominant native perennial plants, or the vague
lower limit of the genetic horizons, whichever is the
deeper.

In some places the lower limits of soil can be set
only arbitrarily. A croute calcaire, or hardened
caliche, may extend some 10 to 25 feet below the
surface. The upper part of this caliche will normally
be a part of a modern soil, but the lower part may be
parent material from which soil is forming. In the
past we have had no method to distinguish the lime

2In most soils the solum includes the A and B horizons.



recently redeposited from the lime deposited in some
earlier geologic period. Studies of Cl4 will probably
permit an eventual distinction, but the limits will be
uncertain until much work has been done.

Another example of difficulty in determining the
lower boundary of soil may be taken from gleyed soils.
Gleyed soil material may begin a few centimeters
below the surface of hydromorphic soils and, in some
instances, continue on down for several meters es-
sentially unchanged. Such conditions can arise through
the gradual filling of a wet basin, with the A horizon
gradually being added to at the surface and being
gleyed beneath. Finally the A rests on a thick mass
of gleyed material, which may be relatively uniform.
Obviously, the upper part is soil, and the lower part
is not. In such an uncertain situation, we have no
alternative but to set the lower limit of soil at the
lower limit of common rooting of the native perennial
plants--a matter of a meter or two.

For those who need a brief definition of soil, we
may say that it is the collection of natural bodies on
the earth's surface, supporting plants, with a lower
limit at the deeper of either the unconsolidated min-
eral or organic material lying within the zone of root-
ing of the native perennial plants; or where horizons
impervious to roots have developed, the upper few
feet of the earth's crust having properties differing
fromthe underlying rock material as a result of inter-
actions between climate, living organisms, parent
material, and relief.

An almost entirely different meaning of the word
"soil" is used by many laymen and engineers. To
them, soil is regolith or any unconsolidated material,
regardless of depth or mode of formation. In this
text the term '"earth' is used as a general term for
the unconsolidated material whether it is or is not
included by our definition of soil.

Another meaning of soil in lay and in technical
literature has been one of earth darkened by humus.
The older geologic literature, for example, contains
many descriptions of sections in whichthe only '"soil"
is the humus-rich horizon. This is not the concept
used here.

A SOIL, OR THE SOIL INDIVIDUAL

A soil individual is not found as a discrete entity,
clearly separated from all others, but grades on its
margins to other soil individuals with unlike proper-
ties. A boundary may be abrupt along a vertical
scarp, but more commonly is gradual, and takes
place over distances of a number of meters. A con-
cept of the soil individual must be developed before
soils can be classified, and different concepts would
lead to different classifications. The concept pre-
sented here is not the only one possible, but it is one
that follows logically from the definition of soil and
from the purposes of classification.

The transition between two soils differing in a
particular horizon may be of at least two kinds. The
given horizon of one soil may disappear over distance
by a very gradual weakening of its development. Or
it may disappear over distance by breaking into dis-
continuous spots, which occur with decreasing fre-
quency, and either with or without marked decreasing
strength of development.

The transition forms with discontinuous horizons
are troublesome to classify. One mustdecide whether
the area is one soil with a discontinuous horizon, or
two soils. Trouble cannot be avoided by arbitrarily

saying that two soils are present if a diagnostic prop-
erty or horizon is present in some spots and missing
in others. Some arbitrary limit of area must be set.
If one sets no arbitrary limit, a vertical hole made
by a burrowing animal is 'not-soil." It becomes a
soil when filled or, if a coating is present the coating
becomes a soil. This would be absurd. Such a soil
could not support plants, could not have structure, and
could not be sampled for determination of its proper-
ties. The view that areal limit to "'a soil" cannot be
set, if carried to extreme, leads to other odd conclu-
sions. With this view, if columns or prisms are
present, the exteriors of the prisms are different
soils from the interiors whenever there are coatings
on the exteriors. A definition of the smallest area of
"a soil" as equivalent to the size of the largest ped
would have no meaning in structureless soils. No
escape from a somewhat arbitrary minimum limit to
the area of "a soil" seems possible. The pedon was
devised as the solution to this problem.

The Pedon

A pedon (Gk. Pedon, ground; rhymes with head on.)
is the smallest volume that can be called "a soil." It
is comparable in many ways to the unit cellof a crys-
tal. A pedon has three dimensions. Its lower limit
is the vague and somewhat arbitrary limit between
soil and '"'not-soil." The lateral dimensions are large
enough to permit study of the nature of any horizons
present, for a horizon may be variable in thickness
or even discontinuous. Its area ranges from 1l to 10
square meters, depending on the variability in the
horizons. Where horizons are intermittent or cyclic

_and recur at linear intervals of 2 to 7 meters (roughly

7 to 25 feet), the pedon includes one-half of the cycle.
Thus each pedon includes the range of horizon vari-
ability that occurs within these small areas. Where
the cycle is less than 2 meters or where all horizons
are continuous and of uniform thickness, the pedon
has an area of 1 square meter. Again, under these
limits, each pedon includes the range of horizon vari-
ability associated with that small area. The shape of
the pedon is roughly hexagonal. One lateraldimension
should not differ appreciably from any other.

Some examples follow to clarify the concept of the
pedon. Figure 1l illustrates a soil with discontinuous
horizons which recur at intervals of less than 1 meter.
In this soil the pedon is 1 square meter.

This soil is near Brugge, Belgium in an area cov-
ered by eolian sand of Wisconsin (Wurm) age. The
plow layer, 14 inches thick, is a very dark brown fine
sand or loamy fine sand. Most sand grains are free
of any visible coatings. The lower boundary of the
plow layer is abrupt and irregular, showing many
clear spade marks.

The next layer is a discontinuous B horizon with
at least three materials. The first of these is a
nodular, dark-brown (7.5YR 3/4, moist) fine sand.
The nodules range from about 5 to 20 cm. in diame-
ter and are firm to friable in the interior but have a
very firm crust about 1/2 cm. thick. The crust is
stronger in chroma and redder in hue than the inte-
rior, suggesting iron segregation. The interiors of
the nodules are free of roots.

The second material is a veryfriable, single grain,
fine sand, grayish brown (10YR 5/2, moist) in color,
with many fine fibrous roots. This material surrounds
the nodules described above and continues with little
change to a thin buried muck, dated as Allerdd (Two
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Figure 1.—So0il with a discontinuous B horizon that has illuvial iron and humus (spodie horizon), Brugge, Belgium.

Creeks) by Cl4. Itwouldnormally be considered parent
material, or the C horizon.

The third material is very friable, single grain
fine sand in more or less gross tubular forms up to 2
feet in diameter., The sand is similar to the second
material in color, but it contains many fine, dark-
gray to very dark-gray fibers comparable to those
found in or below the B horizon of the humus Podzols
formed under heath.

It would be possible in this soil to select columns
1l cm. in diameter that, below the Ap, would consist
entirely of grayish-brown sand or C horizon. Col-
umns could also be selected in which the principal
component would be sand with humus fibers. Other
columns would pass through one or more of the dark
brown nodules. If the minimum lateral dimensions
of a pedon were something like 1 cm., the profile
illustrated in figure 1 would consist of several kinds
of soil with rather contrasting horizons.

It would be more valid to consider this as a single
kind of soil with intermittent horizons. The history
of this soil has been studied by the staff of the Insti-
tute for Soil Survey, IRSIA, Ghent.? While under forest
it was a Brown Earth. With the clearing of the forest
and the invasion of the heather (Calluna vulgaris), a
humus Podzol developed. During the 17th and 18th
centuries, flax became an important cropin Flanders,
and the linen was woven in the farm homes in the
winter. To get high yields of high quality flax, large
amounts of manure and chalk were applied tothe fields.
The influence of the calcium and nitrogen was to
destroy the B horizon of the humus Podzol, first in
spots and then completely. Figure 1 shows the partial
destruction of the humus Podzol.

The processes of either formation or destruction
of many horizons may not operate uniformly and may

3
Personal communication from R. Tavernier.

Grayish=—
brown sand

In other in-
stances the forces operate with remarkable uniformity

first produce intermittent horizons.
and produce weak but continuous horizons. Geneti-
cally, therefore, the discontinuous horizons can have
significance equivalent to weakly expressed but con-
tinuous horizons.

Examples of intermittent or cyclic horizons are
very common in soils developing in hard rock. In
these, there is commonly a B horizon in the spots
with the thickest regolith. Figure 2 shows a profile
near Mt. Gambier, South Australia, in a soil devel-
oping in eolianite, a consolidated eolian sand com-
posed largely of shell fragments. The profile shows
a continuous plow layer of dark brown (7.5YR 3/3,
moist) hard, massive loamy fine sand. The next
horizon is discontinuous, a strong-brown (7.5YR 4/6,
moist) loamy fine sand present over perhaps 60 per-
cent of the area. In some places its lower boundary
is abrupt, with rock at a depth of 20 cm. In other
places there are deeper tongues that grade to a hori-
zon of clay accumulation at a depth of about 1 meter,
This horizon of accumulation, a dark-brown (7.5YR
4/6, moist) illuvial sandy clay, covers about 10 to 20
percent of the area in the form of tongues that are 20
to 40 centimeters in diameter and are spaced at
intervals of 1/2to2meters. Thisilluvial horizonrests
on the rock at depths of 2 meters or more.

If a soil is considered as an assemblage of hori-
zons, there are at least three kinds of soil present.
From a genetic viewpoint, it is difficult to show that
the areas with shallow rock have not contributed both
water and clay to form the illuvial B horizons in the
deepest tongues. Without the contributions from areas
with shallow rock, the deeptongues should be shallower
and the clay content smaller. The pedon in this soil
has a variable size of from 1 to about 2.5 square
meters.

Other kinds of irregular and intermittent horizons
are shown in figures 3 and 4. Figure 3 shows a soil
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Figure 2.—80il with a discontinuous B horizon that has illuvial clay (argillic horizon), Mt. Gambier, 8. Australia.

near Winnipeg, Manitoba, developed in lacustrine
montmorillonitic clay, in which the thickness of the
black Al horizon varies from foot to foot. The deep
tongues of Al occurred inthe depressionsin the virgin
gilgai microrelief. They now form a polygonal net-
work, with polygons of something like 1.5 to 3 meters
in diameter. The pedons will vary from about 1 to 2
and 2.5 square meters. Figure 4 shows a soil near
College Station, Texas in which the A horizon varies
greatly inthickness within distances of a meter or so.
The thicker portions of the A horizon form a more
or less polygonal pattern. Where the A horizon is
thickest, there is a bleached horizon just above the
very fine textured B horizon. The pedons in this soil
have areas of from about 2 to 7 square meters. The
soils shown in figures 3 and 4 developed in swelling
clays and have irregular or intermittent horizons as
a result of the swelling and contraction of the clays.
The volume changes over a considerable area are
required to produce the tongues of Al shown in figure
3, or the intermittent bleached A2 horizon shown in
figure 4.

If soil is considered primarily as the natural
medium for the growth of plants it is possible to con-
sider each profile illustrated as a single kind of soil
with intermittent or cyclic horizons. In each situation
it would be difficult tohave a mature, native, perennial
plant whose roots were not in contact with all of the
possible combinations of horizons. It can also be
argued in each instance that the intermittent or cyclic
nature of the horizons is an essential to the under-
standing of the genesis of the soil and is as significant
to a proper classification as is the presence of the
horizons themselves.

Depending on the concept of soil and of the pedon,
there might be quite different classifications of the
soils. With the concept of soil and pedon as outlined,
the pedon may include markedly differing horizon
sequences.

Since the genesis of any soil often is not under-
stood, or is disputed, it can be used only as a gen-
eral guide to our thinking in the selection of criteria
and forming of concepts. Generally, a more or less
arbitrary definition of a pedon serves the purposes
of classification better at this time than a genetic
one. For that reason, the following may be used: A

4

pedon is a three-dimensional body of soil with lateral
dimensionslarge enoughto permit the study of horizon
shapes and relations. Its area ranges from something
like 1 to 10 square meters, depending on the nature
of the variability of the horizons. Where horizons
are intermittent or cyclic, and recur at linear inter-
vals of 2 to 7 meters, the pedon includes one-half of
the cycle. Where the cycle is less than 2 meters, or
all horizons are continuous and of uniform thickness,
the pedon has an area of approximately 1 square
meter. If horizons are cyclic, but recur at intervals
greater than 7 meters, the pedon reverts to the 1
meter size, and more than one soil will usually be
represented in each cycle.

The Soil Individual

The soil individual, or "a soil" consists of one or
many contiguous pedons, bounded on all sides by
""not-soil" or by pedons of unlike character in respect
to one or more characteristics diagnostic for a soil
series. It should be noted that a soil may surround
other soils as water surrounds an island, but the
limits of a soilare reached where soil stops or where
the pedons include characteristics diagnostic of a
different soil series. The soil individual, or "'a soil,"
may therefore have a minimum area of something like
1 square meter and an undetermined maximum area.
A soil may have characteristics, such as shape, transi-
tional margins, and natural boundaries, not possessed
by its component pedons.

The soil series is discussed in more detail in
chapter 3. We need to emphasize here, however, that
""a soil," or the socil individual, is a small three-
dimensional segment of the landscape, with lateral
boundaries that are also boundaries of other soils.
The lateral boundaries are often gradational, and
difficult to locate precisely in the field. Yet they do
exist. Having determined the criteria for the limits
of a soil series, the boundaries of the areas that come
within those limits can be determined. The pedons
of a soil individual vary in their properties within the
limits of the definition of the series.

Soil individuals are related to but rarely identical
to the areas delineated on maps and identified by a
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Figure 4.—Soil with a discontinuous bleached A2 horizon (albic horizon), College Station, Tex.

series name. This relationship is a source of con-
fusion to some. The areas identified by soil maps
as to series are at best rough representations of the
soil individuals. Many inclusions of other soil indi-
viduals may be present, or conversely, several indi-
viduals of a given series may be combined., Large
individuals are often subdivided into types and phases
in order to make possible more precise statements
about soil behavior. In some situations, a number

of individuals of two or more series may be grouped
and shown as a complex. However, if given a large
enough scale and sufficient time, it would be possible
to make a map showing the position of each soil indi-
vidual. As soil maps are usually made, the use of a
series name merely indicates that the major part (85
percent or more) of the area belongs in that series.
The soil individuals are the real things that we want
to classify into series and higher categories.



Chapter 2. Soil Classification

Classifications are contrivances made by men to
suit their purposes. They are not themselves truths
that can be discovered. Therefore, there is no true
classification; a perfect one would have no drawbacks
when used for the purpose intended; the best classifi-
cation is that which best serves the purpose or pur-
poses for which it was made or for which it is to be
used.,

As knowledge expands, newfacts or closer approxi-
mations of truths not only make possible improvements
in classifications butalso often make changes impera-
tive. Thus, classifications are not static things but
need to change as knowledge expands. It has been
said: '"Classification is the mirror, in which the
present condition of science is reflected; a series of
classifications reflect the phases of its development.'

A classification is an ordering or arrangement of
objects, in the mind, and distribution of them into
compartments. The purpose of a classification is to
arrange the ideas of the objects in such order that
ideas accompanyor succeed one another in a way that
gives us the greatest possible command of our knowl-
edge and leads most directly to the acquisition of
more.

Many classifications of soils are possible and may
be either natural or technical. The capability clas-
sification is an example of a technical classification.
Perhaps interpretive classification would be a better
term for use with soils. An interpretive classifica-
tion of soils is one that arranges soils into classes to
permit more or less specific statements about some
aspect of use or management.

The classification system presented in this hand-
book is a natural, or taxonomic, system. Many such
systems have been developed in the past, and it is
quite probable that many more will be developed in
the future. No attempt will be made here to review
the literature on soil classification; rather, some
selected examples are included to illustrate the prob-
lems that led to the system presented here.

A natural classification of soils was impossible
until it was recognized that soils were independent
natural bodies with distinctive morphologies. The

1Jc»l-m Stuart Mill, In his A System of Logic, 8th ed., Harper & Bros.,
N. Y., 1891, expressed it this way:

“The general problem of classification...may be stated as follows.
To provide that things shall be thought of in such groups, and those
groups in such an order, as will best conduce to the remembrance and to
the ascertainment of their laws.

“The ends of scientific classification are best answered, when the
objects are formed into groups respecting which a greater number of
general propositions can be made, and those propositions more important,
than could be made respecting any other groups into which the same
things could be distributed. The properties, therefore, according to which
objects are classified, should, if possible, be those which are causes of
many other properties; or, at any rate, which are sure marks of them.
Causes are preferable, both as being the surest and most direct of marks,
and as being themselves the properties on which it is of most use that our
attention should be strongly fixed. But the property which is the cause of
the chief peculiarities of a class, is unfortunately seldom fitted to serve
also as the diagnostic of the class, Instead of the cause, we must
generally select some of its more prominent effects, which may serve as
marks of the other effects and of the cause.

“A classification thus formed is properly scientific or philosophical,
and is commonly called a Natural, in contradistinction to a Technical or
Artificial, classification or arrangement.”

first such classification was that of Dokuchaiev® and
his school. To them soils were independent, sub-
aerial, natural bodies, with properties reflecting the
effects of local and zonal soil-forming agents. Recent
alluvium on river flood plains, and formations under
water, such as coastal marshes, were ""not-soil," for
the former showed no effects of the soil-forming
agents, and the latter were subaqueous. It should be
pointed out that ideas of the drastic climatic changes
associated with the Pleistocene and post-Pleistocene
period had not been developed, and Dokuchaiev as-
sumed that soils had developed their characteristics
under the climates in which he found them. With this
concept of soil and climate, and with extremely lim-
ited data, Dokuchaiev developed the first soil classi-
fication shown in table 1.

There is apparent inconsistency between Doku-
chaiev's classificationand his concept of soil. Classes
III and VI (table 1), which to him were not soil, were
nevertheless included in the classification. He ex-
plained as follows:

"According to my understanding of the term, only
the members belonging to class I, and part of those
belonging to classes II, IV, and V, may be considered
as typical soils; while members of the other classes--
III and VI--seem to belong as much to geology as to
soil science. But owing to the fact that with time they
are frequently converted into true soils, and that
besides theyare connected with the members of the first
four classes by means of innumerable transitional

TABLE 1.--1886 Classification of Soils by V. V. Dokuchaiev

According to position According to climatical Aceordind Lo
(to presence of primary According to origin regions (and to humus zeolite clay
gemetical features) conlent) (each soil)
1. Light grey northern soils | Sandy
2. Grey transitional w ) Sandy-loamy
3. Chernozem Loamy
I ¢l. Dry land vega- 4. Chestnut transitional Clayey
tative soils primary
5. Southern | sccondary
brown ; periodical
alkalice | eroded
soils hurrowed
Il ¢l. Dry land moor-l 6. Soilsof swamped forests
A. Normal 502{5 7. Meadow sails

8, Tund ils
1l el Moor (bog)-svils I 9. p::l;a "

(sail's in  po-) 0. Water logged flood
tentia) plains, ete.

1V ¢l. Washed soils
Vel Dry land sedi-
mentary soils

| Vel Sedimentary soils

B. Transitional

C. Abnormal

2Tbe discussion of Russian classifications is summarized from:
Afanasiev, J, N. The Classification Problem in Russian Soil Science.
Acad. of Sci. U.S.8.R. Russ. Pedol. 5. Leningrad. 1927,



TABLE 2,--Final (1900) Classification of Soils by V. V. Dokuchaiev

Class A. Normal, otherwise dry land vegetative or zonal soils

I - VIL Subtropical and
VI. Aerial or desert- i
Zones ‘ 1. Boreal Il. Taiga III. Forest-steppe IV. Steppe V. Desert-steppe :I'I:onel' zonefof h;op:cal
orests
‘ : : Aerial soils, |
Soil types | Tundra (si?lzk brown) | Light gr:ﬁirsodmlxsed Grey a::i l:ark grey Chernozem Cheslnu; uai?sd brown I e sojlls. white. | Tataiie oered o
soils

Class B. Transitional soils

Class C. Abnormal soils

IX. Carbonate containing i

VIIL. Dry land moor-soils
soils (rendzina)

or moor-meadow soils

‘ X. Secondary alkali-soils

X. Moor-soils XI. Alluvial soils XIV. Aeoclian soils

forms, they cannot and ought not to be excluded from
a soil classification."

Dokuchaiev, in hisfinal classification in 1900 (table
2) retained the normal, transitional, and abnormal
divisions, but dropped a category. The types (great
soil groups in the United States) were re-grouped, and
some classes apparently disappeared, notably class
IV, the "Washed soils," which presumably corre-
sponded to Regosols and Lithosols. The influence of
Dokuchaiev's work on soil classification has been
enormous.

Sibirtsev, Dokuchaiev's closest -collaborator, fol-
lowed Dokuchaiev's last groupings closely, but intro-
duced the concepts of zonal, intrazonal, and azonal
soils in place of Dokuchaiev's divisions of normal,
transitional, and abnormal. Sibirtsev included a type,
"Rough coarse soils(not on floodplain)'' for what were
later called Regosols and Lithosols. He apparently
considered peats and mucks as''not-soil," for he made
no provision for them in his system. Other Russian
soil scientists, such as Zakharov, Kossovich, and
Glinka, did include the peats in their soil classi-
fications.

The Russian soil types, roughly equivalent to great
soil groups, in the United States, are defined in part
by climate and vegetation, and to this extent the defini-
tions are genetic. But the definitions also include
color and other morphologic features, and to this
extent are taxonomic.

Many systems were later developed in other parts
of Europe. One of these, that of Gedroiz, was based
on the nature of the exchangeable cations and was a
taxonomic system. The others have had classes
based in part on genesis and in part on morphologic
features.

In the United States the first clear recognition of
soil as an independent natural body was by Coffey,3
in 1912. Coffey believed that the.criteria of classifi-
cation should be the properties of the soils them-
selves andobjected to a classificationbasedon climate
and vegetation per se. Hilgard had earlier drawn
attention to important soil differences asspciated with
climate and vegetation but had not attempted a clas-
sification. Coffey concerned himself only with the
soils of the United States, and recognized five major
kinds of soil. These were defined in terms of soil
characteristics, but the names were suggestive of
climate and vegetation. Coffey's major classes of
soils were:

1. Arid soils
2. Dark-colored prairie soils
3. Light-colored timbered soils

3
Coffey, G. N. A Study of the Soils of the United States, U. 8. Dept.
Agr. Bureau of Soils Bul. 85, 114 pp., illus. 1912,

4. Black swamp soils
5. Organic soils

Each class was subdivided into series on the basis
of parent material, including its mode of deposition,
and the series were subdivided intotypes on the basis
of texture.

In 1913* Marbut reflected the opinion of most of
his colleagues when he wrote: "It is of vast impor-
tance. . . .in the classification of soils to recognize
not only the character of the rock from which the
material has been derived but also the agencies which
have acted in the transportation and deposition of the
soil material and the changes which have taken place
since its deposition. The character of the parent rock
material, with the influences of general physiography
dependent upon this, the transportation and redeposi-
tion of such material or its sedentary character are
the factors on which the soil province is based. The
changes which have been wrought in the material since
its deposition or in the case of untransported material
since its formation, together with the influences in
minor differences in rock character, are the factors
onwhichthe. . . .soil series,isbased.'" (At this period
texture of the soil, not the plow layer, determined the
type. Texture was a summation of the effects of
particle size and consistence.)

By 1922, Marbut's opinions had changed drastically.
He wrote:® "I think I may lay down the proposition
as an absolute one that the basis of grouping should
be the characteristics of the objects grouped. They
should be tangible, determinable by a study of the
objects themselves and by direct observation and
experiment.'

Between 1913 and 1922, Marbut's concept of soil
shifted from unconsolidated material or regolith to
the concept of an independent natural body with hori-
zons. In the later period, he conceived of soil as
equivalent to solum. Marbut's system of soil clas-
sification was presented first in 1927,% and developed
in more detail in 1936.7 The final outline is shown in
table 3. To understand his classification, one must
remember the enormous emphasis he placed on what
he called the normally or fully developed soil, or the
""mature' soil. Marbut recognized that soils change
with time and in early stages of development may have
only weaklyexpressed horizons. Because characteris-
tics of immature individuals are not considered in the

‘iMarbut, C. F. Progress of the Soil Survey. In Soils of the United
States. U. 8. Dept. Agr. Bur. of Soils Bul. 96:7-16, 1913.

5Marbut, C. F. Soil Classification. Amer. Assn. Soil Survey Workers,
Bul., 3:24-32, 19232,

aMarbut, C. F. A Scheme for Soil Classification.
Con%. Boil 8ci, Proe. 4:1-31, illus. 1927,

Marbut, C. F. Soils of the United States. In U. 8. Dept. Agr. Atlas
of American Agriculture, pt. 3, 98 pp., illus. 1936,
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TABLE 3.--S0il Categories by Marbut

Category Ve===--

Pedalfers (VI-1)

Soils from mechanically
comninuted materials.

Soils from siallitic decom-
position products.

Soils from allitic decomposi-

Pedocals (VI-2)

Soils from mechanically
comminuted materials.

tion products.

Tundra.
Podzols.

Gray-Brown Podzolic soils,

Category IV----- Red soils.
Yellow soils.
Prairie soils.
Lateritic soils.
Laterite soils.

Groups of mature but related

soil series.
Swamp soils.
Gley soils.
Rendzinas.
Category III---- Alluvial soils.

Immature soils on slopes.

Salty soils.
Alkali soils.
Peat soils.

Category II----- Soil series.

Category I-=---- Soil units, or types.

Chernozems.,

Dark-brown soils.

Brown soils.

Gray soils.

Pedocalic soils of arctic
and tropical regions.

Groups of mature but related
soil series.

Swamp soils.

Gley soils.

Rendzinas.

Alluvial soils.

Immature soils on slopes.

Salty soils.

Alkali soils.

Peat soils.

Soil series.

Soil units, or types.

classification of plants or animals, Marbut believed
they shouldnot be considered in the higher categories
in soil classification. The analogy was misleading.
Soils are not living things. Individual plants and
animals do not change species, but changes in vegeta-
tion or other soil-forming factors can in time change
the properties of a soil. Examples might be the con-
version of Brown Earths into Podzols under heath, or
Chernozems into Gray Wooded soils by the invasion
of the forest. During the change, properties of both
classes are present. Nevertheless, Marbut used the
analogyto justifyignoring the properties of some soils
while considering those of others. For example,
Marbut included some Alluvial soils and peats with
Pedocals. The Pedocals were supposed to be soils
with a lime horizon. He thought the Alluvial soils in
dry climates would, in time, develop lime horizons.
To this extent their inclusion with the Pedocals was
a genetic grouping and not a classification based on
properties. The reason for inclusion of peats with
the Pedocals is not clear from Marbut's writings. In
the United States, Marbut did succeed in changing the
concept of soil from that of weathered rock to that of
an independent natural body. The old concepts, how-
ever, still linger inthe definitions of some soil series.

The most recent U. S. classification was that of
Baldwin, Kellogg, and 'I‘horp.3 This was published in

8\Balclwin, M., Kellogg, Charles E., and Thorp,J. Soil Classification,
In Soils and Men. U. 8. Dept. Agr. Ybk. pp. 979-1001, illus, 1938,

1938, and revised in 1949.° The outline of the last
revision is shown in table 4.

This system was developed because Marbut's sys-
tem contained such serious defects, and because it
was desirable to expose the shortcomings of the
knowledge of that period. While it was called a clas-
sification according to soil characteristics, it was in
fact no more so than many others, The classes of the
two highest categories were defined, in part, in genetic
terms. Baldwin, et al. wrote: '""Except where the con-
tinuity of the landscape is interrupted by mountains
or large bodies of water, zonal soils occur over large
areas, or zones, limited by geographical character-
istics. Thus, the =zonal soils include those great
groups having well-developed soil characteristics
that reflect the influence of the active factors of soil
genesis--climate and living organisms (chiefly vege-
tation). These characteristics are best developed on
the gently undulating (but not perfectly level) upland,
with good drainage, from parent material not of ex-
treme texture or chemical composition that has been
in place long enough for the biological forces to have
expressed their full influence.

"The intrazonal soils have more or less well-
developed soil characteristics that reflect the domi-
nating influence of some local factor of relief or

gThOrp, J., and Smith, Guy D.
cations: Order, Suborder, and Great Soil Groups.
1949,

Higher Categories of Soil Classifi-
Soil Sci. 67: 117-126.



TABLE L4.--Soil Classification in the Higher Categories

Order Suborder Great soll groups
Zonal soilg====== 1. Soils of the cold zong--——e=e===- Tundre soils.
Desert soils.
Red Desert soils.
2. Light-colored soils of arid Sierozem.

Intrazonal soils-

Azonal soils====-

regions.

Dark-colored soils of semi-arid,

subhumid, and humid grasslands.

Soils of the forest-grassland
transition.

Light-colored podzolized soils
of the timbered regions.

Lateritic soils of forested
warm-tenperate and tropical
regions.

Halomorphic (saline and alkali)-
soils of imperfectly drained
arid regions and littoral
deposits.

Hydromorphic soils of marshes,
svamps, seep areas, and
flats.

Brown soils.
Reddish-Erown soils.

Chestnut soils.

Reddish Chestnut soils.
Chernozem soils.
Prairie soils.

Reddish Prairie soils.

Degraded Chernozem.
Noncaleie Brown or
Shantung Brown soils.

Podzol soils.
Gray wooded, or 1/
Gray Podzolic soils.

Brown Podzolic soils.

Gray-Brown Podzolic soils.l/

Red-Yellow Podzolic soils. _/
1

Reddish-Brown Lateritic soils.

Yellowish-Brown Lateritic soils.

Laterite soils.l/

Sclonchak, or
Saline soils.
Solonetz soils.
Soloth soils.
1
Humic Gley soils_/(includes
Wiesenboden).
Alpine Meadow soils.
Bog soils.
Half-Bog soils. 1/
Low=Humic Gley soils.
Planosols.
Ground-Water Podzol soils.
Ground-Water Laterite soils.

Brown Forest soils (Braunerde).
Rendzina soils.

Lithosols.
Regosols (includes Dry Sands).
Alluvial soils.

Y

New or recently modified great soil groups.



parent material over the normal effect of the climate
and vegetation. Any one of these may be associated
with two or more zonal groups, butno one withthemall.

""The azonal soils are without well-developed soil
characteristics either because of their youth or be-
cause conditions of parent material or relief have
prevented the development of definite soil charac-
teristics. Each of them may be found associated with
any of the zonal groups."

The azonal order was defined in terms of soil
characteristics. The zonal and intrazonal orders,
however, were defined primarily in genetic terms.
When new great soil groups had to be placed in the
system, the proper order hadto be selected genetically.
An example is the problem of the placement of the
Ando soils in this system. If the dark surface is the
result of the fibrous roots of the bamboo, the Ando
soils can be considered zonal. If, on the other hand,
the dark colors are the result of the parent material,
volcanic ash, they are intrazonal soils. Since the
genetic cause of the dark surface was not known, the
Ando soils were not placed in the 1949 revision of the
system.

Several major defects have been commonto nearly
every system proposed. One is the vague definitions
of the classes. The great soil groups were defined in
the American system in terms of soil properties, but
the definitions were brief, and serious difference of
opinion developed on the interpretation of a number
of the definitions. To be useful, definitions must be
precise enough that different readers have approxi-
mately the same understanding of the meanings.
Ideally, a definition of properties should be in such
precise terms that every competent soil scientist,
after making the necessary determinations, could know
with assurance that the property did or did not exist
in a given soil. And, every competent soil scientist
who had made the measurements would agree. This
is the ideal, and the goal of the ‘systen’l presented here,
but unfortunately it has not been attained. Intoo many
places knowledge and methods are lacking.

Another general defect of previous systems is that
they have been based primarily on the genesis or on
the properties of virgin soils inthe natural landscape.
Cultivated soils have either been ignored, or clas-
sified on the basis of the properties that they are
presumed to have had when virgin.

Since it is still perhaps the most common view
that soils should be classified on the properties of the
virgin profiles, it should be emphasized here that a
general system of soil classification must be appli-
cable to all soils and not just to those which, for one
reason or another, have not been brought under cul-
tivation or affected in other ways by man's activities.
The classification of soils on their virgin properties
is an appealing escape from the use of properties.
Assuming that it is possible to reconstruct the virgin
profile (not always a safe assumption), a property
which has existed in a soil, but which does not now
exist and cannot be expected to existagain, would seem
inappropriate for a classification of the present soil.

Man's influence on the soil stems chiefly from his
ability to change one or more of the soil-forming
factors, from additions he makes to the soil, and from
plowing with its subsequent hazard of erosion or mix-
ing of horizons. Under the changed environment a
new cycle of soil development begins. Changes in the
soil may be very slow or may take place within a few
years. Adjustments in kinds and amounts of organic
matter may be appreciable in a few decades, but it
seems likelythat a fewhundreds of years are required

to reach a new equilibrium with respect to organic
matter, Changes in color may take place in less than
a year, or in a few years at most, when an area is
diked out from the sea or when a new rice paddy is
formed. Erosion may remove horizons completely,
or plowing may merely mix them.

In lands where cultivation is very recent, the prop-
erties acquired under man's management maybe less
significant than those acquired over thousands of
years under the natural environment. Yet in some
parts of the world man has been using soils for many
centuries, and the soils have changed so drastically
that many of the former properties have vanished.
Yet these are soils--just as truly soils as those that
have escaped man's influence. New B horizons may
have been formed. This seems the case with most of
the humus Podzols of western Europe that formed
under heath--a vegetation induced by man's activities,
And, having formed, these B horizons may have been
largely destroyed again by the use of amendments or
by growth of nitrogen-supplying plants. This seems to
have happened in many of the sandy soilsof Flanders.!?
Which is the more significant, the present properties,
properties that existed some 200 years ago, or the
properties that existed 4,000 years ago?

Soils have not been considered static, but there
has been inadequate recognition in the classifications
of the changes that may take place in the environ-
ments that man has created. A rational system of
soil classification must be able to provide for changes
in the soil itself.

Essentially all of our previous natural classifica-
tions have assumed that the soil scientist knew where
he was, geographically, in relation to broad climatic
and vegetation zones and to land forms. Such knowl-
edge enters into his view of the soil. It prompts him
to look for certain features because he expects them.
Inescapably, the genetic factors are considered, not
simply the morphology of the soil.

This also applies to his view of a soil profile. He
looks for a B horizon within certain depth limits be-
cause that is where he expects to find it.

In soil classification, one of the prime difficulties
that some people have stems from the nature of the
soil individual. A horse is a discrete individual. The
boundaries of soil individuals are not so obvious, or
more strictly, they are vague, somewhat the way the
boundaries among the Indian Ocean, the Bayof Bengal,
and the Arabian Sea are vague. Yet all these bodies
of water exist and, for good and sufficient reasons,
each falls in a different class—ocean, sea, and bay.
Soils form a continuum, with few discontinuities be-
tween individuals, or between classes of individuals.
Discontinuities, such as exist between species of
animals, can be found in soils only if transitional
forms are ignored and points are selected for clas-
sification. The limits between soil individuals there-
fore must be fixed by definition and are arbitrary to
this extent. Having fixed the definition, however, we
can locate the boundaries in the field. The limits
between classes of individuals are fixed purely by
definition. The changes in the definition of '"Miami"
that established the Hillsdale and St. Clair series
affected the classification of many soil individuals,
but changed the boundaries of very few. A similar
situation might exist in plant or animal taxonomy if
all kinds of plants or animals that exist or that ever
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1‘:'Tawsn’niel', R., and Ameryckx, J. Le Postpodzol en Flandre
Sablonneuse. Pedologie T: 59-96, illus. 1957.



have existed could be studied and had to be classified
in a single system. There is a fundamental difference
between soil and plant or animal classification that
makes analogies between the classifications mis-
leading.

As soil science gradually grows from nature study
to science, it becomes more quantitative. We hope
to develop a system of soil classificationthat reflects
the growing precision of the science. It should be
based increasingly on the characteristics of the soil,
accurately measured, and less on our appraisal of the
genetic factors themselves.

Our major problems in developing the classifica-
tion here presented arise from this attempt to focus
primarily on the soils themselves, and in a quantita-
tive rather than a qualitative manner.

With the foregoing in mind, the following assump-
tions have guided the development of this classification
system.

1. Anatural classification of the soils of the United
States is needed. If it willaccommodate soils of other
continents, it will be more useful in the United States.

2. A natural classification should be based on the
properties of the objects classified.

3. The properties selected should be observable
or measurable, though instruments may be required
for observation or measurement. Properties which
can be measured quantitatively are to be preferred to
those which can be determined only qualitatively.

4. The properties selected should be those that
either affect soil genesis or result from soil genesis.

5. If an arbitrary selection must be made between
two properties of apparent equal genetic significance,
but with different significance to plant growth, the
property with the greater significance to plant growth
should be selected for the higher category.

6. Subdivisions of all classes in a given category
need not be made according to a common property or
set of properties, but should be made, class by class,
according to the properties that give the most useful
classification. It is recognized that properties highly
significant to one kind of soil often have no relevance
to the classification of other kinds of soil.

7. Many soils of the world are unknown, and their
placement in the system should not be predetermined.
Definitions of classes should accommodate all soils
that have been studied in some detail, but may require
future modification to include or exclude the kinds of
soil now unknown.

8. A classification system should be flexible
enough that it may be modified to incorporate new
knowledge without the confusion in the literature re-
sulting from the use of a specific name with different
meanings in different periods of time.
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9. It is normally undesirable to have a change in
the classification of a soil as the result of a fire, or
a single plowing.!! Surface horizons that are thin
enough to be obliterated by normal plowing, or thin
A0 horizons that may be destroyed by fire, should not
be used as diagnostic characteristics for a natural
classification. Such properties may have enormous
importance in the management of forests, but are
easily changed. The tilth of a plow layer is of equal
importance to the production of row crops, but has
not been considered an appropriate property for a
natural classification. Similarly, the removal of a
few inches of the surface by erosion, blowing, or
grading, should not in itself change the classification,
except possibly at the lowest categoric level. Where
possible, therefore, diagnostic horizons or properties
should be those least apt to be lost by truncation or
mixed by plowing. In general, horizons or soil prop-
erties that are found well below the surface of virgin
soils are to be preferred to surface horizons, except,
perhaps, in the lowest category.

It has not been possible to follow all of these as-
sumptions rigorously throughout the entire system.
Inevitably, the conclusions of a large group of sci-
entists include some compromises of divergent view-
points. Members of a group representing unlike
interests and experience see soils from a number
of viewpoints. Different viewpoints toward soil pro-
duce different ideas about its classification. Conse-
quently, compromises between the conflicting desires
of a number of individuals are not only necessary but
might actually produce a system with more general
utility than a system which represents a single view-
point. '"Compromise'' may not be the exact word.
The truth has many facets; each person has a some-
what different view of the truth, and no human can
see the whole truth clearly. Our goal has been a
blending of many views to arrive at an approximation
of a classification that seems as reasonable as we
can hope to reach with our present knowledge. Our
attempt has made us keenly aware of the great gaps
in that knowledge. But it has also given us faith in
the value of improvement, when we realize the utility
of the old classifications with all their imperfections.

Probably no one person will approve of all of the
details of this system; very few will be able to agree
upon all of the desirable changes. This, we think, is
as it should be at this stage of our knowledge.

1 "
llf a fire burns a thick peat, or if plowing is deep enough to oblit-

erate all of the horizons and mix a part of the parent material, a change in
classification is justified, but the reference is to less drastic altera-
tions.



Chapter 3. The Categories of the System

A category, as used here, is a set of classes, de-
fined approximately at the same level of abstraction,
and including all soils in its classes. The orders and
suborders, for example, comprise two categories.
The other categoriesare great group, subgroup, family,
and series.

One could construct a classification by simple
bifurcation, that is, on the presence or absence of a
single characteristic, with a separate category for
each characteristic. Such a system would have so
many categories that it would be impossible to use as
anything other than a key; it would serve to identify
soils but would hardly be useful in helping one see
relationships between soils. Inthis systemthe classes
in each category are differentiated on the basis of
many characteristics.

THE ORDERS

Ten orders are recognized. The number could
have been increased or decreased by one or two, de-
pending on one's viewpoint, but the present number
has not been seriously criticized., The orders cor-
respond most closely to Dokuchaeiv's soil types,
though they are by no means identical.

There is a correspondence between the present
orders andthe major classes of soil defined by Coffey.
Three of his five classes--Arid soils, Dark-colored
Prairie soils, and Organic soils--are closely related
to three of the present orders. One of his classes,
Light-colored timbered soils, has been subdivided into
three orders, and his fifth class, Black swamp soils,
is distributed among several suborders.

The only resemblance between the present orders
and the ordersofthe 1938 system of Baldwin, Kellogg,
and Thorp is that the Azonal soils correspond very
roughly to one of the present orders. The suborders
in the system devised by Baldwin et al. are much like
the Russian soil types (compare tables 2 and 4) and
have many similarities to the present orders, though
defined in different terms.

The differentiae used among the orders were devel-
oped largely by generalization of common properties
of soilsthat seem to differ little in the kinds and rela-
tive strengths of processes tending to develop horizons.

As anexample, Chestnut, Chernozem, and Brunizem
(Prairie) soils seem very closely related. All have
the same general sequence of horizons, grade from
one to the other, and are, in fact, sometimes difficult
to distinguish in the absence of the native vegetation
if they developed on comparable parent materials of
comparable age. If one abstracts the properties that
are always present, he finds that the character of the
surface horizon is the most obvious feature that dis-
tinguishes these soils from most other soils. It is
dark in color, is thick relative to the solum, and has
structure, a relatively high base saturation, and a
narrow C/N ratio. Preliminary definitions of such a
surface horizon were developed and tested by deter-
mining which soil series would be grouped by the use
of the above differentiae., It was found that, among
others, some Rendzinas, some Brown Forest soils,
some Grumusols, some Alluvial soils, Regosols, and
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Lithosols would be grouped with the Chernozems,
Brunizems, and Chestnut soils. The soils that had
been grouped in this manner were examined from the
viewpoint of soil genesis to see whether soils of dis-
tinctly unlike genesis were being grouped. If there
were such soils, an attempt was made to exclude them
by changes in the definition. In the above example, it
was felt that the Grumusols, Tropical Black clays,
Regur, etc., did not fit well with the other soils in the
group, though many could not be excluded by the nature
of the surface horizon. They were therefore excluded
by modifying the definition of the order.

The presentorders perhaps can be best introduced
by relating them to kinds of soil recognized in previous
classifications (see table 5). The definitions of the
orders and the derivations of the names are given
later.

It will be noticed that there is no order which can
be related to Dokuchaiev's ""Dryland moor-soils, or
moor-meadow soils," or the "Hydromorphic soils'
(Baldwin et al.). These are distributed among the
orders according to their other properties. The Humic
Gley soils, or Wiesenboden, associated with Cherno-
zems and Brunizems have so many properties common
to the chernozemic soils they are placed in the same
order; the differences in color associated with differ -
ences in soil drainage are disregarded in the orders.
If the Humic Gley soils associated with Red-Yellow
Podzolic soils have the diagnostic properties of the
order that now includes Red-Yellow Podzolic soils,
both are placed in that order. Thus, the Humic Gley
soils are distributed among several orders.

The differentiae selected for the orders tend to
give a broad climatic grouping of soils. The zonal
soils of Baldwin et al. tend to be grouped with their
associated intrazonal soils in manyof the orders. The
bias infavor of properties associated with or produced
by widely differing climates is deliberate, and possibly
is in part the result of our experience with earlier
classifications. This product of Dokuchaiev's thinking
has been proven useful and has been very widely ac-
cepted by several generations of pedologists. The
only alternatives which could be found were tested in
earlier approximations and found wanting.

Two of the orders, the Entisols which lack distinc-
tive horizons, and the Histosols, or organic soils,
have little or no climatic implication and can be found
under almost any climate.

The orders, as defined, are almost but not quite all
inclusive, for it is possible that soils will be found
that do not fit into any order. Although the orders
could be defined in such terms that all possible soils
could be fitted clearly into one order or another, it
seems best at this moment not to prejudge the classi-
fication of unknown soils. Modifications of the present
definitions will undoubtedly prove necessary as knowl-
edge grows, but the classification can be best adjusted
when the facts are at hand.

THE SUBORDERS

Each order has been subdivided into suborders pri-
marily onthe basis of the characteristics that seemed



TABLE 5.--Present Soil Orders and Approximate Equivalents in Reviged
Classification of Baldwin et al.

— Present order

Approximate equivalents

Azonal soils, and some Low Humic Gley soils.

Ando, Sol Brun Acide, some Brown Forest, Low-Humic

Gley, and Fumic Gley soils.

Desert, Reddish Desert, Sierozem, Solonchak, some

Brown and Reddish Brown soils, and associated

Chestnut, Chernozem, Brunizem (Prairie), Rendzinas,

gome Brown, Brown Forest, and associated Solonetz

Podzols, Brown Podzolic soils, and Ground-Water

Gray-Brown Podzolic, Gray Wooded soils, Noncalcic

Brown soils, Degraded Chernozem, and associated
Planosols and some Half-Bog soils.

Red-Yellow Podzolic soils, Reddish-Brown lateritic

soils of the U. S., and associated Planosols and

1. Entisols
2. Vertisols Grumusols.
3. Inceptisols
k. Aridisols
Solonetz.
5. Mollisols
and Humic Gley soils.
6. Spodosol
Podzols.
T. Alfisols
8. Ultisols
Half-Bog soils.
9. Oxisols Iaterite soils, Latosols.
10. Histeosols Bog soils.

to produce classes with the greatest genetic homoge-
neity. Only one characteristic, the color associated
with wetness, was used to define suborders in each
order in which it is found.

The definitions of several orders group some soils
that have similar morphology but little or no genetic
relationship. Where such groupings resulted, an effort
was made to select properties which would separate
the soils at the next lower category.

Other orders have included soils with wide ranges
of climate. In these orders, an attempt was made to
differentiate accordingto properties that would narrow
the climatic range in each surorder.

Examples may help the reader. The lack of hori-
zons in soils of recent origin on flood plains is due
chiefly to lack of time for horizons to develop. Yet
there are sands so rich in quartz that it is very diffi-
cult for horizons to form. Such sands might have been
in place for periods much longer than would be re-
quired to form horizons in more mixed parent mate-
rials, but because horizons are weak, these sands are
all groupedinthe order of Entisols, Then, since there
were different genetic reasons for the lack of horizons
in the order of Entisols, suborders were defined to
separate the sands from materials of mixed lithology.

A second example will illustrate the reasons for
desiring to reduce climatic variations. The definition
of Mollisols includes soils which lie near the margin
between the steppes and the desert, as well as soils in
humid climates that are subject to annual leaching.
Some have developed under forest and others under

13

grass vegetation. Some have a horizon of accumula-
tion of soluble salts; others do not. The soils formed
near the margin of the desert and the steppe tend to
be thin, and to be saturated or nearly saturated with
bases. Those formed in the more humid part of the
range tend to be thicker and are often acid. Other
properties, such as the amount of organic matter,
are associated with the climatic variations. Abstrac-
tion of the properties that are common to the soils in
the drier range of the order and lacking in the soils
in the more humid portion led to the selection of the
nature of the replaceable bases and the percentage of
base saturation as differentiae which would produce
suborders with smaller climatic ranges. The differ-
entiae selected are not ideal, for they may only be
determined in the laboratory. Perhaps when more
knowledge is at hand, better differentiae may be
selected.

The differentiae used in the suborder category are
numerous. The general picture may be most easily
grasped from the statement that the differentiae are
primarily chemicalor physical properties that reflect
either the presence or absence of waterlogging, or
genetic differences due to climate and its partly as-
sociated variable, vegetation. The remaining differ-
entiae are chemical (or mineralogical) properties and
include extreme textures, such as sands; and presence
of large amounts of allophane or free sesquioxides in
the clay fraction. These properties either control the
direction anddegree of soil development or are them-
selves the effects of soil development and weathering.



THE GREAT GROUPS

Each great group is defined, within its respective
suborder, largely on the presence or absence of diag-
nostic horizons and the arrangement of those hori-
zons. Where horizon arrangements do not vary within
a suborder, other diagnostic properties were used if
necessary, but a few suborders have only one great
group. The diagnostichorizons selected are those that
we believe indicate both major differences in degree
of development and minor differences in kind.

Horizons usedas differentiae include those horizons
that containilluvial clay, iron, and humus; thick, dark-
colored surface horizons; pans that interfere with root
development, water movement, or both; and anthropic
horizons that formed under cultivation.

Properties that cannot be considered as constitut-
ing horizons are used where differences in horizons
are not relevant. For example, diagnostic features
that have been used in this category are the self-
mulching properties of some clays, the dark-red and
dark-brown colors associated with basic rocks, wide
difference in base saturation, the propertyof irrevers-
ible hardening, the tonguing of eluvial horizons into
illuvial horizons, and low soil temperatures,

From the viewpoint of soil morphology, each great
group is to be thought of as uniform with respect to
kind and arrangement of diagnostic horizons and fea-
tures. From a genetic viewpoint, the great groups
may be considered as segments of the continuum of
soils, spaced with as nearly equal uniformity as our
present knowledge permits. Each great group has its
central point, or concept, and includes intergrades
toward other groups. Ideally, the great groups should
be more or less equally spaced in terms of the varia-
bility in genesis of soils. Areal extent should not be
given weight, but considerable unconscious bias in
favor of soils occupying large areas is probably un-
avoidable. Omne reason, of course, is that the exten-
sive soilsare the ones mostapt to have been seen and
studied. A unique soil with only a few pedons is not
apt to have been noticed, let alone studied.

THE SUBGROUPS

The subgroups, as the name implies, are subdivi-
sions of great groups, andcan be defined only in terms
of reference tothe great groups. If we think of a great
group as occupying a segment of the spectrum of soil
properties, the core, or central part of that area is
one subgroup. The fringes, where the properties of
one great group merge with those of others, are areas
where the soils intergrade between the great groups.
These areas are intergrade subgroups. The dominant
properties of the intergrade subgroup are those of the
great group to which it belongs. The additional prop-
erties of the intergrade subgroup, more weakly ex-
pressed, are those of the great group toward which
the subgroup intergrades. As an example, we might
consider the Gray-Brown Podzolic soils and the
Podzols as great groups. The central concept of
Podzols includes a bleached A2 horizon and a B hori-
zon which has accumulated free sesquioxides and
humus but not silicate clays. The Gray-Brown
Podzolic soils have a browner eluvial A2 horizon and
a B horizonthat contains illuvial silicate clay. As the
Podzols and Gray-Brown Podzolic soils come together,
one finds that the soils commonly contain two illuvial
B horizons separatedbyan eluvial horizon. The upper
B is like that of the Podzol, and the lower one like that
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of the Gray-Brown Podzolic soil. Such soils have
properties of both great soil groups and are considered
intergrades between the groups. In these soils, the
intergradation is shown by the presence of the addi-
tional horizons. In the instance above, the horizons
are superposed. In the examples given in chapter 1,
the horizons are intermittent.

The Gray-Brown Podzolic soils also intergrade to
many other great groups. The intergrade toward the
Red-Yellow Podzolic soils has no extra horizons, but
it has a profile that is about halfway between that of
the typical Gray-Brownand Red-Yellow Podzolic soils.
The B of the typical Gray-Brown Podzolic soil has
chromas of 3 or 4, and high base saturation. The B of
the typical Red-Yellow Podzolic soil has chromas of
6,0r more commonly 8, and low base saturation. The
intergrades are intermediate inboth chroma and base
saturation. From a genetic viewpoint, the intergrades
seem to be on land surfaces that are intermediate in
age betweenthe youngland surfaces of the Gray-Brown
Podzolic soils and the old ones of the Red-Yellow
Podzolic soils.

Several kinds of intergrades are sometimes possi-
ble between two particular great groups. The soil may
belong in great group X, but either be developing to-
ward Y, or be developing from Y; the properties will
rarely be identical in the two situations. And, some
soils have aberrant features that are not common to
any known kind of soil. The great group toward which
these soils are intergrading may simply be unknown
or may even be ''not-soil." The subgroups then are
of several kinds, as follows:

(1) The central concept of the great group

(2) Intergrades to other orders, suborders or great
groups, as reflected by properties of the other
classes either as—
(a) a merging of properties throughout the soil;

(b) additional horizons, including in some in-
stances buried horizons;
(c) intermittent horizons.

(3)

Subgroups with aberrant properties not indicative
of any other great group, suborder or order.

THE FAMILIES

The families are differentiated within a subgroup
primarily on the basis of properties important to the
growth of plants. The differentiae vary from subgroup
to subgroup. They are being selected to provide
families that will be relatively homogeneous with
respect to soil-air, soil-water, and plant-root rela-
tionships, and to nutrient-supplying capacities for the
major elements other thannitrogen. Within a subgroup
the differentiae are based onthe solum below the plow
layer or an equivalent depth in soils lacking genetic
sola, Differentiae include primarily texture, thickness
of horizons, mineralogy, reaction, consistence, and
permeability. An effort has been made to select
characteristics that are relatively permanent. The
families produced bythe use of these differentiae have
not been fully tested in the United States, and have not
been tested at all on soils of other countries. It can
be expectedthatadditional differentiae will be needed,
and it is possible that some of those now being tested
can be dropped. Reaction, for example, is not partic-
ularly satisfactory but is easily measured. In the
absence of mineralogic informationitisthe only avail-
able differentiae thatwill produce satisfactory group-
ings of some soils, particularly those found on flood
plains without developed horizons.



THE SERIES

The soil series is a collection of soil individuals
essentially uniform in differentiating characteristics
and in arrangementof horizons; or, if genetic horizons
are thinorabsent, a collection of soil individuals that,
within defined depth limits, are uniform in all soil
properties diagnostic for series.

Soil individuals are real things, but series are
conceptual., The '""Miami' series, for example, cannot
be seen or touched, though the soil individuals that we
identify as parts of the Miami series can be seen and
touched. Soil series names are used with several
meanings, resulting in some confusion. We may speak
of the Miami seriesas a taxonomic class that includes
all individuals within the defined limits of Miami. Or,
we may examine a pedon and say, '""This is Miami,"
meaning that the properties we find in the pedon are
those we ascribe to "Miami," and that the pedon is a
proper sample of "Miami."" The greatest confusion to
some, however, comes from the fact that we also use
"Miami'" as a name for an area shown by a soil map
if the Miami series can be identified in 85 percent or
more of that area. These are three common uses of
"Miami," or any series name, and all are proper. It
is important however to keep in mind that a series,
as used inthis classification, is conceptual; the mean-
ing is not identical with the meaning intended on soil
maps, for the latter "Miami'" has inclusions of other
soil series, and permits inclusions of ""Miami'" in areas
given different series names.

In all instances, the required uniformity within a
series is inthe part of the soil profile below the plowed
layer or its equivalent. Consequently, pedons within
a series are essentially homogeneous in the nature of
their genetic horizonsor in the properties of a defined
part of the profile below the plow layer or below the
depth of normal plowing. Differentiating horizons may
be cyclical in nature and thus not entirely uniform in
thickness and properties throughout the dimensions of
a pedon. Interruptions of a horizon, as for example
passage ofan animal burrowthrough a B horizon, may
also occur within pedons. To re-state all this in
another way, emphasis is given to the morphology and
composition of soils below plow depth in defining soil
series, and relatively narrow ranges are permitted in
the differentiating horizons or properties. At the
same time, no attempt is made to define series so that
each will have narrow ranges in all features.

Variabilityis permitted within a series in features
such as slope, stoniness, truncation by erosion, nature
of horizons within normal depth of plowing, depthto
bedrock, and depth to a lithologic discontinuity. Per-
missible degrees of variability within series are less
than will appreciably modify either the kind, arrange-
ment, and thickness of differentiating genetic horizons
or the differentiating properties within the definitive
parts of profiles without such horizons. Thus, for
example, soils within a series may have a wide range
in slope, provided the nature and sequence of horizons
in pedons remain essentiallythe same over that range.
Similar statements canbe made for stoniness, trunca-
tion by erosion, depth to bedrock, and depth to a litho-
logic discontinuity. Further information on the varia-
bility permitted within series inthe nature of horizons
within normal depth of plowing and in depth to bedrock
or a lithologic discontinuity is provided in subsequent
paragraphs.

Either or both of thin Al and A2 horizons are per-
mitted but not required in the definitions of a number
of series. Thus, one series mayinclude pedons having
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a thin Al horizon(l to4 inches thick)and other pedons
lacking an Al horizon. Similarly, one series may in-
clude pedons having a thinA2 horizon as well as other
pedons lacking an A2 horizon. Pedons within each
such series, however, would be alike in the nature of
horizons below the Al or AZ horizon.

Variability in the nature of horizons within normal
depth of plowing is permitted within series for two
reasons. Thin horizons at or near the surface of
the soil are mixed by plowing and may either be
obliterated or obscured. They may be removed by
slight erosion. If such horizons are used to differenti-
ate series, the classification of a soil would have to be
changed after itwas plowed for the first time or after
it was eroded slightly. Before plowing or erosion, the
soil would have to be classified in one series and after
plowing it would have to be classifiedas another series.
Such classification would conceal more relationships
than it would show. Variability in the nature of thin
or faint horizons within normal plow depth is therefore
permitted among the pedons in a series. Some varia-
bility is also permitted in the extent of truncation by
erosion.

Wide but not complete agreement prevails on the
variability that should be permitted within a series in
the depth to bedrock or to a lithologic discontinuity
and in the nature of the underlying materials if they
do not appreciably modify one or more of the kind,
arrangement, and thickness of the differentiating
genetic horizons above. Agreement is general that
appreciable modification of genetic horizons is differ-
entiating between series. In the past, differences in
the character of underlying rock or a lithologic dis-
continuity below the solum, and in some instances
below the C horizon, have been used as a basis for
setting apart series. This was more generally true
20 years ago than it is at the present time. In recent
years, the trend has been away from the use of bed-
rock or lithologic discontinuities below the solum or
below the C horizon as series differentiae per se. It
has been common practice to make phase distinctions
on the basis of underlying rock or a contrasting sub-
stratum if the differentiating genetic horizons were
unchanged and ifthe differences at depth were impor-
tant to the use and management of the soils. Such
phase distinctions have been made within one or more
soil types in a series. Whether it is more useful and
appropriate to base series distinctions or phase dis-
tinctions on the depth to and nature of bedrock and on
lithologic discontinuities beneath the solum remains
under discussion at the time of this writing.

The differentiae among series, i.e., the properties
or combinations of properties and their degrees of
expression used in distinguishing series from one
another, maybe considered conveniently in two groups.
One group consists of the differentiae used to set apart
classes in categories above that of the series. The
other group consists of the differentiae used to set
apart closely similar series, as for example, those
within one family.

Although they are important in defining series, the
differentiae for the orders, suborders, great groups,
subgroups, and families are not enumerated and dis-
cussed in this chapter. Readers of the present chap-
ter should remember that all differentiae for the
family category and for higher categories are auto-
matically differentiating among series. Reasons for
this will be reviewed before differentiae among simi-
lar series are discussed.

All differentiae for classes in categories above that
of the series are of necessity differentiating among



series. To state this principle in another way, soils
that are placed into separate classes in any category
above that of the series are also placed into separate
series. Once two soils have been set apart at any level
in a classification system, they remain apart in every
category from that level down to the lowest one in the
system. Consequently, the nature and sequence of dif-
ferentiating horizons or the differentiating properties
for the orders, the suborders, the great groups, the
subgroups, and the families are all used to set apart
series as well. A given combination of horizons or a
specified combination of properties differentiating one
family from others is also used to differentiate at
least one series from others. This rule could be re-
stated with substitution of order, suborder, great
group, or subgroup for family, The differentiae for
series, considering all series collectively, thus in-
clude all differentiae for all classes in all higher cate-
gories. Differentiae of this kind comprise the first
group listed in the second preceding paragraph.

Differentiae among closely similar series comprise
the second of the two groups mentioned in preceding
paragraphs. Such differentiae are also of two kinds.
Features considered in defining classes in higher
categories mayalso be usedto set apart series within
a family. Two or more series may be differentiated
in one family by subdividing into segments the full
range of expression of one or more features, i.e.,
breaking down the full range allowed within that family.
Series mayalsobe setapart in one family on the basis
of features that were not consideredin defining classes
in any higher category.

Within families, the series differentiae are not
large, most being rather small. Some are fairly
obvious, and others are not. Most often, the differ-
entiae among series in one family are combinations
of small distinctions, sometimes obscure ones. In
some instances, the differentiae are evident distinc-
tions in one or both morphology and composition.

Generally speaking, series differentiae are expected
to meet two requirements. The first is that the prop-
erties used as differentiae are observable or can be
inferred with reasonable assurance. For the most
part, such properties must be observable in the field.
Conceivably, there might be properties observable or
measurable in the laboratory which should be series
differentiae but which could not be related to any field
characteristics. In practice, it has thus far been pos-
sible to relate differencesfirst noted in the laboratory
to features observable in the field. It is obvious that
soil features must be identifiable in the field if they
are to be used as a basis for mapping.

The second requirement to be met by series dif-
ferentiae is that properties used have at least limited
significance to soil genesis. Most of the time, series
differentiae within families also have significance to
either or both of plant growth and engineering. Limited
significance to soil genesis is all that can be expected
for differentiae between series in one family. Major
differences significant in soil genesis are recognized
in settingapart classes in categories above that of the
series. Nevertheless, series differentiae should be
tested for their probable meaning in soil genesis. If
it is evident that differences between individuals are
significant to soil behavior but not to soil genesis,
these are separated in mapping by recognition of two
or more types or phases within a series.

The play of judgment is important in weighing the
magnitude of differences in properties that are ob-
served, measured, or inferredand in testing the prob-
able significance of those differences to soil genesis
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and to soil behavior. The importance of several fea-
tures in combination has to be evaluated, usually with-
out the help of any numerical common denominator,
The playof judgment furnishes a common denominator
for weighting soil features that cannot all be reduced
to any one scale of measurement. Effectiveness of
the play of judgment depends upon the knowledge and
understanding of soil genesis and behavior that can be
brought to bear on the questions at hand.

Properties ofthe solum below plow depth are given
greatest weight as series differentiae among soils with
evident genetic horizons. For such soils, the differ-
entiae between series within a family may be combi-
nations of small distinctions. These may be obscure
in one or more features such as mineralogy, perme-
ability, reaction, or distinctness of horizons. Series
differentiae may also be evident distinctions in fea-
tures such as thickness, color, texture, consistence,
and structure of horizons. In some instances, a dif-
ference inone feature such as thickness of the B hori-
zon is large enough to justify the setting apart of two
series. Frequently, of course, a major difference of
that kind is accompanied by other lessor differences.
Combinations of small differences are the most com-
mon differentiae between series within families.

Properties of an arbitrary section below normal
depth of plowing are given greatest weight as series
differentiae among soils with thin or no diagnostic
horizons. The depth limits for this arbitrary section
are set so that it will be roughly equivalent in thick-
ness to the solum in soils with genetic horizons. Ap-
proximate limitsinuse at the present time are depths
of 6 and 30inches (15 and 75 cm.) for the top and bot-
tom of the section. Differences in morphologic fea-
tures or in composition comparable to those used as
differentiae among series within families of soils with
genetic horizons are also used as series differentiae
among soils with thin or no diagnostic horizons. Ef-
forts are made to have ranges within series compara-
ble in magnitude, whether the series are comprised
of soilswithor withoutevident genetic horizons. More
problems prevail, however, in the differentiation and
definition of series for soils with faint or thin hori-

zons. The application of depth limits in defining such
series in the system is therefore mnot yet fully
developed.

Traditionally, series differentiae have included

some features external to the soil. Series have been
setapart onthe basis of physiographic position. Series
have also been set apart on the basis of their occur-
rence in geographic regions of various kinds, e.g.
physiographic provinces, type of farming areas, belts
of zonal soils, and the like. None of these differentiae
are features of the soils themselves, though they are
sometimes directly correlated with the distribution of
certain soils. Moreover, they may be important in
their own right for a variety of reasons. Because
these traditional differentiae are features exterior to
soils, theyare notappropriate criteria for soil series.
Concepts and definitions of seriesare currently being
re-examined with a view to eliminating series based
on such criteria. Current efforts are to choose dif-
ferentiae expressed in the nature of the pedons.

All differentiae usedin categories above the series
have not been used previously as differentiae among
series. Consequently, the present definitions of some
series permit ranges that cross limits between fami-
lies or between classes in other higher categories.
Two kinds of discrepancies exist between the limits
previously permitted in soil series andthose proposed



for families or higher categories. Notalldiscrepancies
can be eliminated but some can be overcome.

Among seriesthat have ranges crossing limits be-
tween families, the full range may occur within most
individuals comprisingthe series andbe in properties
that cannot be observed in the field. Series of this
kind cannot be re-defined so as to have narrower
ranges in properties unless new techniques of field
observation become available. Hence, such series are
now classified on their dominant properties. In other
words, such series are classified on the basis of prop-
erties of the majority of the individuals comprising
them.

Among series that have ranges crossing limits
between families, there are also a number in which
full range for the series is not expressed in each in-
dividual but rather amongthe individuals collectively.
Limited ranges are normal to most individuals and
thus scme individuals lie within the range of one family
and some within the range of another family. It is
expected that adjustments will eventually be made in
the definitions of the series or in the limits for classes
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in higher categories in order to eliminate discrepan-
cies of this kind.

THE SOIL TYPE

The soil type has been the lowest category in all
previous American classification systems. Types
have been distinguished within series on the basis of
texture, a single characteristic. At first the distinc-
tion involved the texture of the soil, when texture
meant a combination of particle size and consistence.
In recent years, when texture referred to particle
size distribution alone, the texture of the plow layer
or its equivalentinvirgin soils was used to distinguish
types within a series. Since the significance of the
texture or particle size distribution of the plow layer
is pragmatical, and the texture classes can be made
most useful if adjusted tofit circumstances at a given
time, the soil type is not being retained as a category
of the natural system. This mention is made here to
explain its disappearance as a category.



Chapter 4. Nomenclature!

Anameis essential for eachclass in eachcategory.
One cannot enumerate all of the differentiae eachtime
he wishes to refer to a particular class. Names can
be connotative, suggesting some of the more important
properties of a class, or they can be abstract, even
numbers. The most useful names are those that are
most easily remembered, suggest some of the prop-
erties of the objects, and show the position of the class
in the system. Ideally, one should be able to know
from the name of a class the categoric level of that
class and its relation to other classes in the same
category and in other categories. And, ideally, the
name should have a phonetic shape that is adaptable
to the existing patterns of any language and free from
any undesirable connotations.

One alternative was to adapt the existing names by
modifying and sharpeningthe definitions of the classes
they represented and to coin new names only for
classes not previously recognized. As the classifica-
tion system developed, it became apparent that it
would be necessary to assign new meanings to all
existing names. Such a change in meanings would have
a number of disadvantages. Future students of the
literature would find that a name had different mean-
ings, depending on the time of publication. Not every-
one could be expected to usethe system of classifica-
tion proposed in this text, so names would be in use
with both old and new meanings. And, since some
existing names now have different meanings in differ-
ent countries, a given name might have several mean-
ings. The principle of priority could rarely be used
to select the appropriate meaning of an existing name,
because the original definitions are almost invariably
silent on one or more of the differentiae used here.
Many of the present names, if used, would have to be
translated to fit different languages, just as they need
to be translated now. They are an agglomeration of
nouns and adjectives; thus they cannot have orderly
substantive and adjective equivalents. Some are even
phrases. Most existing names are biased in favor of
colors and are therefore inappropriate for the new
classes. Some are common words taken from the body
of language and given very restricted meanings that
few other than soil scientists can be expected to
remember. "Brown soil' and '"Prairie soil" are ex-
amples. If present names were to be used, the cate-
goric level in the system proposed could not be rec-
ognized, nor would names of closely related soils
have any similarities. These are the more important
reasons for the decision not to retain the present
nomenclature and to use new names.

During the development of this system, in the suc-
cessive approximations, numbers were used as names
to focus attention on the differentiae being proposed.
A system of numbers, rather thannames, was suggested

1lThis chapter cannot be written without acknowledging the assistance
of Prof. A. L. Leemans, Head, Classic Language Department, State Uni-
versity at Ghent, and Prof. John L. Heller, Head, Department of the
Classies, University of Illinois, Without their assistance the develop-
ment of the nomenclature would have been impossible. They have given
their time freely, and if the nomenclature used in this text proves useful,
as we believe it will, soil science is deeply in their debt. It should be
emphasized that not all of the names proposed meet with their full ap-
proval,
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by some. Numbers have fewer disadvantages than do
the existing names. Their most serious disadvantage
is that they are abstract, and hence more difficult to
remember than connotative names. Only those work-
ing continually with soil classification could be ex-
pected to remember the numbers; this is avery seri-
ous defect. The numbers are retained here as an aid
to those who have become familiar with them, but may
be dropped when the names become familiar.

Coined connotative names can be easier to remem-
ber than abstract names, for they call to mind some-
thing of the properties. They can suggest their posi-
tion in the system. Closely related objects can have
similar names. These are the major advantages to
coined connotative names. The disadvantages of such
names can be serious. For example, the names
chemists assign to organic compounds give precise
structures, but some are so long they cannot be used
in speech. Another disadvantage of connotative names
is that concepts of the classes they identify will change
with time, and names that connote what now appear to
be the important features will, in the future, empha-
size these, though it has been discovered that other
features are more important. At best, names short
enough to be usedin speech can connote very few of the
properties of a soil.

With all the foregoing considerations in mind, it
was decided that the least disadvantageous course
would be to devise a completely new system of nomen-
clature, using coined names, as short as possible and
with connotations enough to help users remember the
names by mnemonic devices. The names chosen are
intended to fit, without translation, into any modern
language using the Latin alphabet, though some lan-
guages will require a few modifications in spelling.
Roots have been taken from several languages. It was
intended that the names be short, phonetic, mnemonic,
and distinctive in speech in the modern European lan-
guages. These intentions conflicted in some instances,
and compromises therefore were required.

NAMES OF ORDERS

Names of orders are coined words, formed mostly
from Greek and Latin roots. Abstract syllables were
used when no mnemonic root could be found that would
be clearly distinguished in speech in all modern lan-
guages. The order names have a common ending, sol,
(L. solum, soil) with the connecting vowel o for Greek
roots and i for other roots.

A formative element is abstracted from the name
of each order. This element starts with the first
vowel preceding the connecting vowel and ends with
the last consonant preceding the connecting vowel. It
is used as an ending for the names of all suborders,
great groups, and subgroups.

The name of each order, the formative element in
the name, the derivation of this element, a mnemon-
icon, and the pronunciation are shown in table 6.

NAMES OF SUBORDERS

Eachsuborder name consists of two syllables. The
first is suggestive of a property of the class, and the



Table 6.—Formative Elements in Names of Soil Orders

Among the Entisols, four suborders are recognized.
The Aquents are hydromorphic, with colors associated
The other suborders are not wet. The
Psamments are very sandy. The Ustents are usually

No. Formative MYnemenicon and g ——————
ofl/  Name element in Derivation of pronunciation of with wetness.
order of order name of order formative element formative elemerts
1 Entisol... ent Nonsense syllable. recent.
2 Vertisol.. ert L. werto, tum. invert.
3 Inceptiscl ept L. inceptum, inception.
beginning .
4 Aridisol.. id L. aridus, dry. arid.
5  Mollisol.. oll L. mollis, soft. mollify.
6  Spodosol.. od Ck. spodes, wood Podzol; odd.
ash
7 Alfisol... alf Konsense syllable. Pedalfer.
B Ultisol... ult L. ultims, last. Ultimate.
9 (xisoles.s oX F. oxide, oxide. axide.
10 Histosol.. ist G. histeos, tissue. histology.

v Nurmbers of the orders are listed here for the convenience of
those who became familiar with them curing development of the system
of classification.

second is suggestive of the name of the order. Names
of suborders can be recognized by the two-syllable
length, a length unique to the suborders.

The first formative element suggests a diagnostic
property common to the suborder. For example,
strongly gleyed soils are recognized as a suborder of
each order in which they occur. To suggest this, the
formative element aqu (from Latin aqua, water) is
used as a prefix. Thus, a strongly gleyed Entisol is
called an Aquent. The formative element aqu is used
inthe names of suborders in 8 of the 10 orders. Other
formative elements are repeated in several suborder
names. In fact, 5 of the 15 formative elements account
for the majority of the suborders. The formative ele-
ments used for suborders, their derivations, and their
connotations are listed in table 7.

Table 7.--Formative Elements in Names of Suborders

Forma- Derivation of
tive formative Mhemonicon Connotation of formative
element element _element
acr Gk. akros, acrobat Most strongly weathered.
highest.
alb L. albus, white albino Presence of albic horizon
(a bleached eluvial
horizon).
alt L. altus, high. altitude Cool, high altitudes or
latitudes.
and Modified from Ando Ando-like.
Ando.
agu L. agua, water. aquarium Characteristics associat-
ed with wetness.
arg Modified from argillite Presence of argillic

argillic hori-
zonj L.
argilla,
white clay.
ferr L. ferrum, iron. ferruginous Presence of iron.
hum L. humus, earth. humus Presence of organic
matter.

horizon (a horizon with
illuvial clay).

ochr Ck. base of ocher Presence of ochric epi-
ochros, pale. pedon (a light-colored
surface).
orth  Ck. orthog, true orthephonic The common ones.
psamm Gk. psammos, psammite Sand textures.
sand.
rend Modified from Rendzina Rendzina-like.
Rendzina.
ud L. udus, humid. wudometer Of humid climates.
umbr L. umbra, umbrella Presence of umbric epi-
shade. pedon (a dark-colored
surface).
ust L. ustus, combustion Of dry climates, usually
bumt. hot in summer.

dry, and the Udents, not sandy and usually moist.

NAMES OF GREAT GROUPS

Great group names are coined by prefixing one or
more additional formative elements tothe appropriate
suborder name. Each great group name therefore has
a suborder name as its final two syllables. If a great
group is distinguished from others within the same
suborder by a named diagnostic horizon or property,
the name of that propertyis used as the rootof a pre-
fix to form the great group name. If the diagnostic
property or properties have not been named, a forma-
tive element as suggestive as possible is used. All of
the formative elements are mnemonic in one or more
modern languages, but not all are mnemonic in all
languages.

Among the Udents, the great group characterized
by the lowtemperature of the soil is named Cryudent.
The formative element cry is derived from the Gk.
kryos, for icy cold. Names of great groups can be
recognized bythe presence of three or more syllables,
and the absence of the ending sol. The appropriate
suborder is indicated, since its name is the ending of
the great group name. And the appropriate order is
suggested by the final syllable.

The formative elements to be added tothe suborder
names to obtain names of great groups are listed in
table 8.

Names of the orders, suborders, and great groups
are given in table 9.

NAMES OF SUBGROUPS

Subgroup names consist of the name of the appro-
priate great group modified by one or more adjectives.
The adjective orthic is used for the subgroup that is
thought to typify the central concept of the great group.

Intergrade subgroups that have, in addition to the
properties of their great group, some properties of
another class carry the name of the other class in an
adjective form. For example, assume a Cryudent that
has a B horizon too weakly developed to place the soil
in any order other than Entisol but strongly enough
developed to be recognizable. We will assume that the
aberrant properties in this soil are those that have
been used to define a suborder in another order. The
name of the subgroup therefore would be formed by
modifying the great group name, Cryudent, with the
adjective form of the name of the appropriate suborder.
If the very weakly developed B were one of accumula-
tion of illuvial humus, defined later as a spodic hori-
zon and diagnostic for the suborder of Humods, the
name of the subgroup would be Humodic Cryudent.
The names of orders, suborders, or great groups, or
any of the prior formative elements of these names
may be used in adjectival form for subgroup names.
A few soils may have aberrant properties of two great
groups belonging in different orders or suborders.
With these it may be necessary to use two adjectival
forms of class names in the subgroup name. Such
situations are probably rare.




Naming of Intergrades Toward Other Great Groups
in the Same Suborder

If the aberrant property of a soil is one which is
characteristic of another great group inthe same sub-
order, only the distinctive prior formative element of
the great group name is used to indicate the aberrant
properties. Thus, Orthic Cryaquent is defined as

Table 8.--Formative Elements for Names of Great Groups

(Formative element is added to suborder name to
obtain name of great group)

Forma-
tive Derivation of Connotation of
element formative element Mnemonicon formative element
agr L. ager, field. agriculture An agric horizon.
alb L. albus, white. albino An albie horizon.
anthr CGk. anthropos, man. anthropology An anthropic epipedon.
arg Yodified from argillic argillite An argillic horizon.
horizen; L. argilla,
1/ white clay.
brun L.L. brunus, brom. brunet Dark-brown colors.
calc MHodified from calcium. caleium & caleie horigon.
camb L.L. cambiare, to change A cambic horizom.
exchange
crust L. crusta, crust. crust Crusting.
ery o Gk. kryos, coldness. crystal Cold.
CIyp Gk. lkryptos, hidden. cryptogram With a deep horizon.
dur L. durus, hard. durable A duripan.
dystr Yodified from dystrophic Low base saturatiom.
dystrophic, infertile.
eutr Modified from eutrophic High base saturation.
eutrophie, fertile.
ferr L. ferrum, iren. ferric Presence of irem.
frag Uodified from L. fragile Presence of fragipan.
fragilis, brittle.
frag- Compound of fra(g) and See the formative ele-
loss gloss. ments frag and gloss.
gloss Gk. glossa, tongue. glossary Tongued.
grum L. grumus, crumb. Grumus ol Granular structure.
hal CGk. hals, salt. halophyte Salty.
hapl Ck. haplous, simple. haploid Minimum horizon.
hum L. humus, earth. Presence of humus.
hydr CGk. hydfr, water. hydrophobia Presence of water.
maz Gk, maza, flat cake, Massive.
from mass®, knead.
nadur Compound of naltr
below, and dur, above
natr Modified from natrium, Presence of natric
sodium. horizon.,
ochr Ck. base of fichros, pale. ocher Presence of ochric
epipedon (a light-
colored surface).
or'thl Ck. orthos, true. orthophonic
ph:m_/ Yodified from allophane. Presence of allophane.
plac Ck. base of plax, Presence of a thin
flat stone. pan.
plag Modified from Ger. Presence of plaggen
plaggen, sod. horizon.
plint Hodified from CGk. Presence of
plinthos, brick. plinthite.
psamm Ck. base of psammos, psammite Sand texture.
sand.
quarz  Ger. guarz, quartz. quartz High quartz content.
rhod Gk. base of rhodon, rose. rhododendron Dark-red colors.
sal L. base of s81, salt. saline Presence of salic
horizon.
therm Gk. base of thermos, hot. themal Warm.
typ Modified from type, Typical.
typical.
ult Modified from ultimate Strongly weathered.
ultimus, last.
umbr L. base of umbra, umbrella z;'?;:gf:l of umbric
ade. :
ust ;‘T b:se of ustus, sombustion Dry climate, usually
burmnt hot in summer.
e 1. base of vermes, vermiform Wormy, or mixed by
WOrT. et

]-‘/very tentatively proposed for great grouss of the Oxisol order.
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having permafrost at depths of less than 75 cm. (30
inches). If a Cryaquent has a permafrost layer at 1l
meter but otherwise fits the Orthic Cryaquent, it is
considered to intergrade toward the Haplaquent (the
class that lacks permafrost). The name, however, is
Haplic Cryaquent not Haplaquentic Cryaquent.

Naming of Intergrades Toward a Great Group in the
Same Order, But in a Different Suborder

The adjectival form of the prior formative element
of the appropriate suborder name is used if the aber-
rant property is the one definitive of the suborder.
The Orthic Hapludent is by definition free of mottling
within the upper 50 cm. A Hapludent mottled at 35 cm.
(14 inches) with colors indicative of wetness is con-
sidered to intergrade toward the Aquents. If the mot-
tling is the only aberrant property, the subgroup is
named Aquic Hapludent, not Aquentic Hapludent. If,
however, it 1s necessary to show that the soil is both
sandy and mottled, it would be named Psammaquentic
Hapludent, using the full name of the great group that
is both wet and sandy.

Naming of Intergrades Toward Great Groups in
Other Orders

If the Hapludent in the above example were mottled
within BOTfh—had more than 40 percent of swell-
ing clay it would by definition be an intergrade toward
another suborder, the Aquerts. The adjective form of
the suborder name would be taken and the name would
be Aquertic Hapludent; if it were necessary to show
strong self-mulching or crusting surfaces, adjectives
would be formed from the great group names, giving
subgroup names of Grumaquertic or Mazaquertic
Hapludents. If the clayey Hapludent were not mottled,
there would be only one aberrant property, one that is
common to all Vertisols, and the subgroup would be
named Vertic Hapludent. The general rule is that the
simplest possible name is used.

Namin,

of Subgroups not Intergrading Toward any
Known i

ind of Soil

Some soils have aberrant properties that are not
characteristic of a class in any order, suborder, or
great group. One example might be taken from the
soils found at the base of slopes, in depressions or
other places where new soil material slowly accumu-
lates at the surface. The rate of accumulation of new
material may be slower than the accumulation of
organic matter, so that in time a very thick dark sur-
face develops. In these soils the A horizon could be
considered the parent material of the C. The presence
of such over-thickened A horizonsis notused todefine
any great group, for the genetic considerations lead
us to believe that they are more appropriately recog-
nized as a subgroup. The soils lie outside the range
of the Orthic subgroup and there is no class toward
which they intergrade. Hence, a descriptive adjective
is required. For this particular situation, the adjec-
tive Cumulic (L. cumulus, heap, plus ic, from Gk. ikos)
is used to form the subgroup names.

Other soils lie outside the range of orthic subgroups
in an opposite direction. Such soils are, in effect,
truncated by hard rock and are shallow or are inter-
mittent between rock outcrops. They are, in effect,




Table 9.—MNames

of Orders, Suborders, and Great Groups

Order

Suborder

Great group

1l. Entisol.....

2. Vertisol....

3. Inceptisol..

4. Aridisol....

5. Mollisol....

# Used temporarily for want of a better name.
two different subgroups may have identical names.

1.1 Aquent.....

1.2 Psamment...
1.3 Ustent.....

1.4 Udent......

2.1 Aquert.....
2.2 Ustert.ltib

3.1 Aquept.....

3.2 Andept.....

3.3 Umbrept....

3.4 Ochrept....

4.1 OrthidX...

4:2 Argids--la.

5.1 Rendoll....

5.2 Alboll.....

5.3 Aquoll.....

5.4 Altol}.----o

Cryaquent.

2 Psammaguent.
3 Hydraquent.
Haplaquent.

Psammustent. ¥
Orthustent. *

Cryudent.
Agrudent.
Hapludent.
Plaggudent.

CGrumaquert.
Mazaquert.

Grumustert.
Mazustert.

Halaquept.
Umbraquept. ®
Fragaquept.
Cryaquept.
Ochraquept.¥®

1 Cryandept.

2 Durandept.

3 Ochrandept.¥®
/4, Umbrandept. ¥
5 Hydrandept.

Cryumbrept.

Eutrochrept.
Dystrochrept.
Ustochrept.
Fragochrept.

Camborthid.
.12 Durorthid.
.13 Calcorthid.
.14 Salorthid.
.21 Haplargid.
.22 Durargid.
«23 Natrargid.
4e24 Nadurargid.

5,11 ——- (Rendoll).

5.21 Argalboll.
5.22 Natralboll.

5.31 Haplaquoll.
5.32 Argaquoll.
5.33 Calcaquoll.
5.34 Duraquoll.
5.35 Natraquoll,

5.41 Vermaltoll.
5.42 Haplaltoll.
5.43 Argaltoll.

Quarzopsamment.
Orthopsamment. ¥

6. Spodosol....

T AlfisoY i

8. Tltisod..u

9. (dsolesese.

10. Histosol....

5.5 Udoll,.....

5.6 Ustoll.....

6.1 Aquod..sesae

6.2 Humodssssss

6.3 OrthodX,...

6.4 Ferrodeso.s

7.1 Aqualf.....

7.2 Altalf.....

7.3 Udalf......

7.4 Ustalf.....

8.1 Aquult,.....

8.2 Ochrult....

8.3 Umbrult....

Calcaltoll.
Natraltoll.
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5.51 Vermudoll.
5.52 Hapludoll.
5.53 Argudoll.

61 Vermustoll.

62 Haplustoll.
63 Argustoll.
64 Durustoll.

65 Calcustoll.
66 Natrustoll.

. s 8w

.11 Cryaquod.
.12 Humaquod.*®
.13 Ferraquod.
.14 Placaqued.
.15 Thermaguod.
16 Duraquod.

«21 Orthumod.

o~ ON O o~ O ooononONON O

11 Albaqualf.
Glossaqualf.
Ochraqualf
Umbraqualf.
15 Fragaqualf.
16 Natraqualf.

12
13
14

-
.
.
.
-
.

.21 Cryaltalf.
.22 Typaltalf.
.23 Natraltalf.
+24 Fragaltalf.

I?
f?
7
7
7
T
I?
7
7
?
7.31 Agrudalf.
7.32 Typudalf.
7.33 Fragudalf.
7+34 Glossudalf.
7.35 Fraglossudalf.
7.4l Durustalf.
7.42 Natrustalf.
7.43 Rhodustalf.
7.44 Ultustalf *
7.45 Typustalf.

8,11 Plintaquult.

8.12 Ochraquult.®
8.13 Umbraquult.®
8.14 Fragaquult.

8.21 Plintochrult.
8.22 Rhodochrult.
8.23 Typochrult.
8.2/ Fragochrult.
8
8

2
.31 Plintumbrult.
«32 Typumbrult.
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The prior formative element is duplicated in such a way that



intergrades to mnot-soil, and are called Lithic
subgroups.
Other kinds of subgroups may be needed, but they

are not being proposed at this time.

Nomenclature for Multiple Subgroups Intergrading
Between Two Given Great Groups

More than one subgroup will sometimes be found
in a given great group and intergrading to the same
class of soil, or even to '"not-soil.'"" In one situation
the horizons may be continuous, and in the other they
may be discontinuous. Or, in one soil, properties of
the two classes are mixed in a single horizon but rep-
resented by separate horizons in the other. Soils of
class Xmay be developing from or toward class Y and
thus producing subgroups with different properties.

Nomenclature for handling multiple subgroups has
not been fully developed. It should be developed only
when the knowledge is at hand for at least some of the
soils.

If the intergrade is one with intermittent horizons,
the adjective Ruptic (L. ruptum, broken) is tentatively
proposed for use in the subgroup name. The substan-
tive in the name is that used for the profile having the
greatest area; the adjectives are formed from the
names of the classes with the lesser area, preceded
by the adjective Ruptic. Thus, if X is dominant in
area, and Y minor, the soil is named Ruptic Y-icX.

If the subgroup is one with a buried soil that is an
important part of the present soil, the name includes
Thapto (Gk. thapto, buried) as a modifier of the name
of the buried soil. Thus, soil X which includes a
buried soil, Y, is 'I‘haEto Y-ic X.

Other necessary subgroups can be expected, and
the nomenclature can be expanded as needed.

NAMES OF FAMILIES

The nomenclature of families cannot be developed
until reasonably satisfactory families can be defined.
It seems probable that two kinds of family names
might prove useful. One is an abstract name, taken
from the name of the best known soil series in the
family. Thus, the family that contains the Miami
series might be called Miami family, after thatseries.

Such a system of nomenclature is useful to the
extent that the properties of the series from which
the family names are taken are well known. The names
are shortand give no difficulty in coining because they
are ready at hand. There is no limit to the number.

The system of naming families for an included
series has some serious drawbacks. The series to
be used have limited geographic extent, and only a few
people can be expected to be familiar with very many
of them. The names are completely abstract for most
people, and there are too many of them to be remem-
bered. In speech and in writing, a family definition
will usually be required whenever a series name is
used as a family name,

An alternative system of names may possibly be
developed from the properties used to differentiate
families within subgroups. If texture, mineralogy,
and consistence were to be the principal differentiat-
ing characteristics,three terms describing the family
could be used as the family name. Thus, a coarse-
textured, loose solum dominated by quartz could be
called by the subgroup name, with addition of the modi-
fiers coarse, loose, quartzose. Whether such a sys-
tem would prove practical is not known at this time,
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and will not be known until enough families have been
defined to permit trying it.

NAMES OF SERIES

In the United States a series is given the name of
a place or a natural feature near the place where first
recognized. Descriptive names have been tried and
found wanting. Descriptive names that are mutually
exclusive are too long for normal speech, and they
focus attention on the distinguishing characteristics
of the series rather than on the features that are im-
portant to the users of the classification.

RULES FOR NOMENCLATURE

For uniformity in usage, certain rules are followed.

1. Thenames are considered tobe modern vernac-
ular nouns. In languages with grammatical gender,
they are treated as masculine nouns. While the names
of the orders alone contain a suffix meaning soil, the
meaning '"soil" is understood to be included in all
names. Thus, the names are not to be converted to
adjectives to modify the word '"soil."! The prior ele-
ments of names of suborders and great groups may be
converted to adjectives to modify the word '"soil."
Thus, one may speak of aquic soils, referring to all
classes of soil with names that include the formative
element aqu, but one would not speak of aquentic soils.

2. Plural forms of the nouns conform to the rules
of the language in which the names are used. If a final
vowelmakes the name fit better into a particular lan-
guage, it may be added as needed.

3. Adjectives are formed by using the (Gk.) suffix
ikos, shortened or adapted to the modern vernaculars
according to the rules of the language used. For ex-
ample, in English the ending is ic; in French, ique,
and in German, isch.

Adjectival forms are placed in the position normal
for the language in which they are used.

4. Names of the orders, suborders, and great
groups aretreated as proper nouns, and the first letter
is capitalized. Adjectival forms of these names may
be capitalized or not, according to the conventions of
printing in the language in which they are used.

5. Pronunciation follows the rules of the modern
vernacular in the language in which the words are
used. There follows a list of suggestions for pronun-
ciation in the United States.

Orders

The ending for names oforders regularlyis sol (L.
solum, soil); the vowel is pronounced like the vowel
in soluble; plural forms end in the letter s or z.

The accent in the names of orders is regularly on
the syllable preceding the gonnecting vowel (i or o):
Vértisol, but Inceptisol, Aridisol, and so on. Follow-
ing are notes on pronouncingthe names of soilorders.
The number preceding each name facilitates reference
to table 9.

Enti-sol (cf. bent).
Verti-sol (cf. invert).
Inct:'.lpti-sol (cf. inception)
Aridi-sol (cf. aridity).
Molli-sol (cf. mollify).
Spodo-sol (o as in rod).
Alfi-sol (alf as in Alfred).
Ulti-sol. ~
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9. Oxi-sol.
10. Histo-sol (cf. histology).

Suborders

The ending for the name of a suborderis abstracted
fromthe accented syllables inthe name of the govern-
ing order, always beginning with the vowel.

The name of a suborder is always of two-syllable
length, and it is accented onthe first syllable. Follow-
ing are notes on pronunciation of the names of sub-
orders listed in table 9:

1.1 Aqu-ent (as in aquarium), also at 2.1, 3.1, 5.3,
6.1 7ol 80k

Psamm-ent (like Sam-uel; cf. psammite).
Ust-ent (as in bust), also at 2.2, 5.6, 7.4.

Ud-ent (like you'd; cf. udometer), also at 5.5, 7.3.
And-ept (as in and).

Umbr-ept (as in umbrella), also at 8.3.

Ochr-ept (like okra), also at 8.2.

Orth-id (as in orthophonic), also at 6.3.

Arg-id (as in Argentina).

Rend-oll (as in Rendzina).

Alb-oll (as in album).

Alt-oll (as in altitude), also at 7.2.

Hum-od (as in humus).

Plint-ox (like splint),
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Great Groups

The ending for the name ofa greatgroup preserves
the name of the governing suborder, except for minor
euphonic changes:

a. The formative element ud loses its initial y-sound

after r or 1: S
.41 Cry-udent (cry-you-dent).

.42 Agr-udent (ag-roo-dent).
.43 Hapl-udent (hap-loo-dent).
.51 Verm-udoll (verm-you-doll).
.52 Hapl-udoll (hap-loo-doll).
.53 Arg-udoll (argue-doll).
.31 Agr-udalf (ag-roo-dalf).
.32 Typ-udalf (type-you-dalf).
7.33 Frag-udalf (frag-you-dalf).
7.34 Gloss-udalf (gloss-you-dalf).
7.35 Fragloss-udalf (frag-loss-you-dalf).
b. The formative element hum loses its initial h-sound
after h: S
6.21 Orth-umod (orth-you-mod).
6.22 Therm-humod (therm-hue-mod).

The name of a great group is regularly accented on
the syllable preceding that part taken from the name
of the governing suborder:
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4.23 Nétrargid, but 4.24 Naddrargid.
7.34 Gldssudalf, but 7.35 Fragldssudalf.
Following are notes on pronunciation of the names
of the great groups listed in table 9:
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Cry-aquent (as in (_:H}, also at 1.41, 3.31;
341 6.0k 06:31; T.21:

Psamm-aquent (as if sam-ak-went).
Hydr-aquent (as in hydrant).

Hapl-aquent (as in haploid), also at 1.43,
3:12, 3.2, 3.33, 421, 5.31, 542, 5.52,
5.62.

Quarzo-psamment (as in quartz).
Agr-udent (as in agriculture), also at7.31.
Plagg-udent (rhyming with sag).
Grum-aquert (like groom), also at 2.21.
Maz-aquert (as in maze), also at 2.22.
Hal-aquept (as in halophyte).

Frag-aquept (as infragment), also at 3.46,
7.15, 7.33, 8.14, 8.24.

Anthr-umbrept (as in anthropology; syl-
labify thus: an-thrum-brept).
Eutr-ochrept (as if you-tro-crept).
Dystr-ochrept (as if dis-tro-crept).
Ust-ochrept (as if us-toe-crept).
Camb-orthid (like camp).

Dur-orthid (as in durable), also at 3.22,
4.22, 5.34, 5.64, 7.41.

Calc-orthid (as in Calcutta), also at 5.33,
5.44, 5.65.

Sal-orthid (as in salary).

Natr-argid (as in_;_@_'t_ron}, also at 5.22;
5.35, 5.45, 5.66, 7.16, 7.23, 7.42.
Nadur-argid (rhyming with endure; first
vowel as in adore).

Arg-alboll (as in Argus), also at5.32,5.43,
5.53, 5.63.

Verm-altoll (as in vermiform), also at
5.51, 5.61.

Hum-aquod (as in humus).

Ferr-aquod (as in ferric).

Plac-aquod (as if plaque), also at 6.32.
Therm-humod (as in thermometer).
Typ-orthod (as intypewriter), also at 7.22,
7.32, 7.45, 8,23, 8.32.

Alb-aqualf (as in album).

Gloss-aqualf (asin glossary), also at7.34.
Ochr-aqualf (as if okra), also at 8.12.
Umbr-aqualf (as in umbrella), also at 8.13.
Fragldss-udalf (as if frag-loss-you-dalf).
Rhod-ustalf (as in rhododendron), also at
8.22.

Ult-ustalf (as in ultimate).

Plint-aquult (as in splint), also at 8.21,
8.31.




Chapter 5. Criteria of Classification in the Higher Categories

Subgroup, Great Group, Suborder, and Order

SOIL HORIZONS

A soil horizon may be defined as a layer within a
soil that is approximately parallel to the soil surface
and that has properties that are produced by soil-
forming processes but that are unlike those of adjoin-
ing layers. A soil horizon is commonly differentiated
from those adjacent to it at least partly by character-
istics that can be seen or measured in the field, such
as color, structure, texture, consistence, and presence
or absence of carbonates. According to the criteria
we use, horizons are identified partly by their mor-
phology and partly by the properties of overlying and
underlying horizons. In identifying soil horizons,
however, measurements in the laboratory are some-
times required to supplement field observations.

DESIGNATIONS FOR HORIZONS AND LAYERS

Reference to familiar horizons are at times needed
in a text intended to introduce a new system of clas-
sification. The meaning of these references needs to
be made as clear as possible. The Soil Survey
Manuall horizon designations have been used insofar
as possible, but a few horizon designations used here
are modified from those in the Soil Survey Manual.
Hence, a complete list, with definitions, is presented
here for the horizon designations that have been used
throughout this text.

It is assumed thateachhorizon or layer designation
used is merely a symbol indicating the considered
judgment of the person describing the soil relative to
kind of departure from the original material from
which it has formed, including the zero degree of
departure in the case of R and some C layers. This
implies that each symbolindicates merely an estimate,
not a proven fact. It implies that when reading a
symbol one must reconstruct mentally the character
of the parent material, for this was done when the
designation was assigned. It implies thatthe processes
that have caused change need not be known. It also
implies that specific morphologyneed not be consistent
from profile to profile and that morphology relative
to an estimated parent material is the criterion for
judgment. The parent material of the horizon in
question, not the material in the horizon or layer
designated by the symbol C, is used as the basis of
comparison. Morphology is interpreted relative to
this assumed parent material,not in terms of absolute
values of properties.

Conventions Governing Use of Symbols

1. Capital letter symbols include O, A, B, C, and
R. They indicate dominant kinds of departures from

180i1 Survey Staff. Soil Survey Manual. U.S. Department of Agricul-
ture. Handbook No. 18, 503 pp. illus, 1951,
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the parent material. More than one kind of departure
may be indicated by a single capital letter, providing
these departures are within the limits of the definitions
given further along in this chapter.

2. In a description of a given profile, if a horizon
designated by O, A, or Bis subdivided, the subdivisions
are indicated by placing an arabic number after the
capital letter. Thus, symbols such as O1, 02, Al, A2,
A3,Bl, B2,and B3 are obtained. Each symbolderived
in this way stands for an integral unit, and each unit
requires its own definition. A given arabic numeral
therefore has different implication when combined
with different capital letters. Thus, the symbols Ol,
02, Al, and AZ indicate specific kinds of O and A
master horizons. The symbols A3, Bl, and B3 are
transitional horizons. Likewise, the symbol B2 indi-
cates that part of the B horizon that is of a nature not
transitional either to A or to C. Ewven if both Bl and
B3 are absent, if the B horizon of a given profile is
subdivided, the symbol B2, not B, is used. The
symbols O, A, and B eachindicate a unit that, accord-
ing to need, can have several subdivisions or none.
The symbol C, however, indicates a unit that is not
subdivided in the manner of O, A, and B. If a horizon
is subdivided, this is done onlyinthe manner described
in the following paragraph 3, and the arabic numeral
assigned has no consistent meaning except vertical
sequence.

3. Vertical subdivision within an otherwise undif-
ferentiated horizonis indicated by primary or second-
ary arabic numbers assigned, in order, from the
topmost subdivision downward. These are not used
with O, A, or B without a primary arabic number.
Thus, secondary numbers are used with Ol, 02,
Al, A2, A3, Bl, B2, B3, and C. Primary arabic
numbers are used with C and Ap. Thus, we use Cl
and C2, Apl and ApZ, but All and Al2, B2l, B22 or
B23, as needed, without consistence in meaning beyond
the fact that we have made a subdivision. The reason
for the subdivision may be indicated in the text of the
description or by a lower case letter suffix.

4. Lower case letters are used as suffixes to
indicate selected subordinate departures from the
assumed parent material or to indicate selected,
specific kinds of major departures from the definition
assigned tothe symbol O,A,B,C. These are regarded
as alternatives to narrative statements of equivalent
interpretations in the profile description. These
suffixes followthe arabic number in the letter -number
combined symbols discussed under item 2 above, (A2g
or B3ca), or they may follow the capital letter of a
master horizon if it is not subdivided (Bt or Ap).
These suffixes also followarabic numbers used solely
for vertical subdivision described under item 3 above.
as A2lg and A22g or Clca and C2ca. An exception is
made with the lower case letter p. This is used only
with the letter A (Ap) and is comparable to the Al or
A2,

5. Roman numerals are prefixed to the master
horizon or layer designations (O, A, B, C, R) to
indicate lithologic discontinuities either within or



below the solum. The first, or uppermost, material
is not numbered, for the Roman numeral I is under-
stood; the second contrasting materialis numbered II,
and others encountered are numbered III, IV, and so
on, consecutively with depth. Thus, for example, a
sequence from the surface downward might be A2,B1,
IIB2, IIB3, IIC1, IIIC2.

A lithologic discontinuity is a significant change in
particle size distribution or mineralogy that indicates
a difference in the material from which the horizons
have formed. A change inthe content of clayassociated
with an argillic horizon (textural B) does not indicate
a difference in parent material. Appearance of gravel,
or a change in the ratios between the various sand
separates, willnormally suggest a difference inparent
materials. One purpose in identifying lithologic dis-
continuities is todistinguish between those differences
between horizons that are the result of pedo-genesis
and those that are geologic. Consequently, a designa-
tion with a different Roman number would not normally
be used for aburied soil in a thick loess deposit. The
difference between the properties of the buried soil
and the overlying loess are presumably the result of
pedo-genesis. But a stone line usually indicates a
need for another Roman number. The material above
the stone line is presumed to be transported. If the
transport was by wind or water, one must suspect that
during the movement there was some sorting of the
material according to size.

6. An illuvial horizon (together with its overlying
eluvial horizon if one is present) is called a sequum.
If more than one sequum is present in vertical
sequence, the lower sequum is given A and B desig-
nations with a prime accent, as A'2, B'2. The prime

accents are not used however for buried soils. These
carry the lower case letter b.

Master Horizons and Layers

Organic horizons

O - Organic horizons of mineral soils. Horizons:

(1) formed or forming in the upper part of mineral
soils and above the mineral part; (2) dominated by
fresh or partly decomposed organic material; and
(3) containing more than 30 percent organic matter
if the mineral fraction is more than 50 percent
clay, or more than 20 percent organic matter if the
mineral fractionhas no clay. Intermediate clay con-
tent requires proportional organic-matter content.

The O horizons may be found at the surface horizon
of mineral soils, or at any depth beneath the surface
in buried soils, but they have been formed fromorganic
litter derived from plants and animals and deposited
on the surface. The O horizons do not include soil
horizons formed by illuviation of organic material
into mineral material, nor do they include horizons
high in organic matter formed by a decomposing root
mat below the surface of a mineral material.

Because organic horizons at the surface may be
rapidly altered in thickness or be destroyed by fire
or bythe activities of man or other animals, the depth
limits of organic horizons that are at the surface are
always measured upward fromthe top of the underlying
mineral material. Two subdivisions are recognized:

Ol - Organic horizons in which essentially the original
form of most vegetative matter is visible to the
naked eye.

2D

Identifiable remains of soil fauna, or their excre-
ment, may be present, and the horizon may be filled
with fungal hyphae. The vegetative matter may be
essentially unaltered, as freshly fallen leaves, or may
be leached of its most soluble constituents and dis-
colored. The Ol corresponds to the "L'" and some
"F'' layers mentioned in literature on forest soils
and to the "A,, ' described in the Snil Survey Manual.

O2 - Organic horizons in which the original form of
most plant or animal matter cannot be recognized
with the naked eye.

Remains of parts of plants and animals commonly
can be identified with magnification, and excrement
of soil fauna is commonly alarge part of the material
present. The O2 corresponds to the "H'" layer and
some "F' layers described in literature on forest
soils and to the "A,'" described in the Soil Survey
Manual.

The organic horizons in organic soils are not
defined here. They are currently under discussion.
The organic B horizons in mineral soils are defined
under B horizon, along with the mineral horizons.

Mineral horizons and layers

Mineral horizons contain less than 30 percent
organic matter if the mineral fraction contains more
than 50 percent clay or less than 20 percent organic
matter if the mineral fraction has no clay. Inter-
mediate clay content requires proportional content of
organic matter.

A - Mineral horizons consisting of: (1) horizons of
organic-matter accumulationformed or forming at
or adjacent to the surface; (2) horizons that have
lost clay, iron, or aluminum with resultant con-
centration of quartz or other resistant minerals of
sand or silt size; or (3) horizons dominated by 1 or
2 above but transitional to an underlying B or C.

Al - Mineral horizons, formed or forming at or
adjacent to the surface, in whichthe feature empha-
sized is an accurmulation of humified organic mat-
ter intimately associated with the mineral fraction.

The mineral particles have coatings of organic
material, or the soil mass is darkened by organic
particles; the horizon is as dark as, or darker than,
adjacent underlying horizons. The mineral fraction
may be unaltered or may have been altered in a man-
ner comparable to that of AZ or B. The organic
fraction is assumed to have been derived from plant
and animal remains deposited mechanically on the
surface of the soil, or deposited within the horizon
without translocation of humified material through an
intervening horizon that qualifies for a horizon desig-
nation other than Al. The Al horizon includes the
parts of the diagnostic mollic and umbric horizons
that do not qualify as B.

A2 - Mineral horizons in whichthe feature emphasized
is loss of clay, iron, or aluminum, with resultant
concentration of quartz or other resistant minerals
in sand and silt sizes.

Such horizons are commonly but not necessarily
lighter in color than an underlying B. In some soils
the color is determined by that of the primary sand



and silt particles, but in many soils, coats of iron or
other compounds, apparently released in the horizon
and not translocated, mask the color of the primary
particles. An A2 is most commonly differentiated
from an overlying Al bylighter color and is generally
measurably lower in organic matter. An A2 is most
commonly differentiated from an underlying B in the
same profile by lighter color, or coarser texture, or
both. It must be lower in organic matter than an
underlying B that is darkened by illuviated humus;
lower in clay than an underlying argillic or natric
horizon; lower in free sesquioxides, humus, or both
than an underlying spodic horizon, and lighter in color,
lower in clay, or both, than an underlying fragipan.
An A2 horizon does not normally overlie a cambic
horizon, or oxic material, but if present should be 2
units less in chroma than the underlying horizon. The
A2 horizon includes the albic horizons, which are
diagnostic in the system of classification, as well as
many horizons that do not gualify as albic horizons.
A2 horizons are commonly near the surface, below an
O or Al horizon and above a B, but the symbol A2
may be used either above or below subsurface hori-
zons; position in the profile is not diagnostic. For
horizons at the surface that would qualify equally well
as either Al or AZ, the designation Al is given pref-
erence over A2.

A3 - A transitional horizon between A and B, and

Some horizons having "tongues of albic horizons,"
which are diagnostic in the classification system,
would qualify as Aand B. Commonly, A and B horizons
are predominantly A2 material partially surrounding
thin, columnar-like upward extensions of the B or
wholly surrounding small,isolated spheres, elipsoids,
or other bodies that would qualify as B. In such
horizons the A2 appears to be encroaching on an
underlying B.

AC - A horizon transitional between A and C, having
subordinate properties of both A and C, but not
dominated by properties characteristic of either A
or C.

B - Horizons in whichthe dominant feature or features
is one or more of the following: (1) an illuvial
concentration of silicate clay, iron, aluminum, or
humus, alone or in combination; (2) a residual
concentration of sesquioxides or silicate clays,
alone or mixed, that has formed by means other
than solution and removal of carbonates or more
soluble salts; (3) coatings of sesquioxides adequate
to give conspicuously darker, stronger, or redder
colors than overlying and underlying horizons in
the same sequum but without apparent illuviation of
iron and not genetically related to B horizons that
meet requirements of 1 or 2 in the same sequum;
or (4) an alteration of material from its original

dominated by properties characteristic of an over-
lying Al or AZ but having some subordinate prop-
erties of an underlying B.

No distinction is made between the different kinds
of horizons that are transitional from Al or A2 to
different kinds of B;they obviously may be quite unlike
one another, but the burden of characterization rests
on the description of the transitional horizon, plus
inferences that can be made after noticing the symbols
assigned to the overlying and underlying horizons.
The symbol A3 normallyis used only if the horizon is
underlain by a B horizon. However, where the profile
is truncated from below in small places by rock, so
as to eliminate the horizon that would be designated
B, the symbol A3 may be used for the horizon that is
above the rock. For example, in one part of a pedon,
a horizon may be transitional between A and B, and
thus appropriately designated A3. But, in another
part of the same pedon, the same horizon rests on
rock, and may appropriately be called A3, even though
there is no underlying B.

The symbol A3 is confined to those kinds of tran-
sitional zones in which some properties of the under-
lying B are superimposed on properties of A throughout
the soil mass. Those kinds of 'transitional horizons"
in which parts that are characteristic of A enclose
parts characteristic of B are classified as A and B.

AB - A horizon transitional between A and B, having
an upper part dominated by properties of A and a
lower part dominated by properties of B, and the
two parts cannot conveniently be separated into A3
and Bl.

Such combined horizons are normally thin; they
should be separated if thick enough to permit sepa-
ration.

A&B - Horizons that would qualify for A2 except for

condition in sequums lacking conditions defined in
1, 2, and 3 that obliterates original rock structure,
that forms silicate clays, liberates oxides, or both,
and that forms granular, blocky, or prismatic
structure if textures are such that volume changes
accompany changes in moisture.

It is obvious that B horizon, as defined, includes
many kinds of things. Item 1 in the definition includes
the diagnostic argillic, natric, agric and spodic hori-
zons. Item 2includes the oxic horizon. Item 3 includes
horizons that are in the position of a B, and that are
not illuvial horizons, but that are recognizable and
differ from the overlying and underlying horizons in
color. Item 4 includes the diagnostic cambic horizon.
It is not a transition horizon between one of the other
kinds of B and the underlying C. Most, but not all,
horizons that have been called hardpans and fragipans
are excluded. It would, perhaps, be desirable to
indicate these different kinds by symbol, but no pro-
vision has been made to do so. The definition is
written to include, as nearly as possible, the concepts
embodied in B horizon, as it is defined in the Soil
Survey Manual.

It is obviously necessary to be able to identify the
kind of B before one can establish that a horizon
qualifies as B. There is no common diagnostic prop-
erty or location in the profile by means of which all
kinds of B can be identified. There are, however,
marginal cases in which a horizon might qualify as
either of two kinds of B. In such cases, the horizon
description should indicate the kind of B that charac-
terizes the dominant condition, in the judgment of the
person describing the soil. Laboratory work may be
needed for identification of the kind of B, or even to
determine that a given horizon is a B.

Bl - A transitional horizon between B and Al or
between B and A2 in which the horizon is dominated

included parts constituting less than 50 percent of

by properties of an underlying B2 but has some

the volume that would qualify as B.
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subordinate properties of an overlying Al or A2.




An adjacent overlying Al or A2 and an adjacent
underlying B2 are essential to characterization of a
horizon as Bl in a virgin soil. In a few instances the
horizon may still be recognized in a truncated soil by
comparing the truncated profile with a profile of the
same soil that has not beentruncated. The symbol Bl
is confined to those kinds of transitional horizons in
which some properties of the overlying, adjacent Al
or A2 are superimposed on properties of B throughout
the mass of the transitional horizon. Those kinds of
transitional horizons containing parts characteristic
of B, separated by abrupt boundaries from parts
characteristic of an overlying A2, are classified as
B&A.

B&A - Any horizon qualifying as B in more than

A-B-IIC profiles, B3 is used below B2 in the sense
of a horizon transitional to an assumed original
parent material. Use of the symbol IIC involvesan
estimate of at least the gross character of the
parent material of the horizons above it. B3 in
such cases is based on this estimate of the prop-
erties of the parent material of the B. B3 is not
used as a horizon transitional from IB2Z to IIC or
IIR.

C - A mineral horizon or layer, excluding bedrock,

that is either like or unlike the material from which
the solum is presumed to have formed, relatively
little affected by pedogenic processes, and lacking
properties diagnostic of A or B but including mate-
rials modified by: (1) weathering outside the zone

50 percent of its volume including parts that qualify

of major biological activity; (2) reversible cementa-

as A2.

Such horizons commonly have many vertical
tongues of A2 material that extend downward into
the B from the A2 or they have thin horizontal
bands of A2-like material, which lie betweenthicker
bands of B and are connected with tongues extend-
ing from the A2. Tubes filled with Al material, as
inkrotovinas or earthworm channels, in a B horizon
should be described but should not be designated as
B and A. Many B horizons have AZ-like material
in widely spaced mnarrow cracks. Such features
should be described, but the horizon should be
designated as B and A only if the A2 material con-
stitutes more than 10 percent of the volume of the
horizon.

B2 - That part of the B horizon where the properties
on which the ""B'" is based are without clearly
expressed subordinate characteristics indicating
that the horizon is transitional to an adjacentover-
lying A or an adjacent underlying C or R.

This does not imply that the B2 horizon in a
given profile must express to uniform degree the
properties diagnostic of B or that it must be con-
fined to a zone of maximum expression in the
absolute sense. The horizon B3, which is transi-
tional from B2 to C, commonly exhibits the subor-
dinate properties of C by expressing in lower
degree the properties of an adjacent B2. Before
the designation B31is justified, the degree of expres-
sion of B2 must be low enough that the properties
of C are clearly evident. The definition does not
imply that a given kind of B2 has the same degree
of expression in all profiles. In some profiles, the
most strongly expressed part of the B horizon,
which would be designated B2, may be as weakly
expressed as B3 in other profiles. The designation
B2 is used strictly within the frame of reference of
a single profile and not in an absolute sense of
degree.

B3 - A transitional horizon between B and C or R in
which the properties diagnostic of an overlying B2
are clearly expressed but are associated with
clearly expressed properties characteristic of C
or R.

The designation B3 is used only if there is an
overlying B2; this applies eventhoughthe properties
diagnostic of B are weakly expressed in the profile.
Where an underlying material presumed to be like
the parent material of the solum is absent, as in
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tion, development of brittleness, development of
high bulk density, and other properties character-
istic of fragipans; (3) gleying; (4) accumulation of
calcium or magnesium carbonate or more soluble
salts; (5) cementation by such accumulations as
calcium or magnesium carbonate or more soluble
salts; or (b) cementation by alkali-soluble siliceous
material or by iron and silica.

This definition is intended to exclude horizons
thatmeet the requirements of A or B but to include
certain kinds of alteration that, historically, have
been considered to be little influenced by the activity
of organisms. These alterations include chemical
weathering deep in the soil. Some soils are pre-
sumed to have developed in materials already
highly weathered, and such weathered material
that does not meet requirements for A or B is
considered C. Development of the firmness, brit-
tleness, and highdensity characteristic of fragipans
is, by itself, not a criterion of A or B. Fragipans
that have distinct silicate clay concentrations are
to be indicated as Bx or simply as B. Fragipans
lacking such clay concentration, however, are con-
sidered to be within the definition of C and are
designated Cx. Accumulations of carbonates,
gypsum, or more soluble salts are permitted in C
if the material is otherwise considered to be little
affected by other processes that have contributed
to genesis of associated horizons. Such horizons
are designated as Cca, Ccs, Csa. Even induration
by such materials is permitted and this can be
indicated by the suffix m, as in Ccam. Induration
by alkali-soluble siliceous material is also permit-
ted and may be indicated by Csim. Induration by
iron and silica does not exclude the horizon from
C, and horizons or layers thus indurated would be
designated Cm. Horizon C, as defined, is intended
to include the diagnostic horizons indicated by ca,
cs, and sa, and the alkali-soluble pans, the iron-
silica pans, and the fragipans, provided these layers
do not meet the requirements of B. The C horizon
now includes the contrasting layers of unconsol-
idated material designatedas '"D" in the Soil Survey
Manual. It also includes the "G'" horizon of the
Soil Survey Manual, if that horizon cannot be
designated as A or B. Historically, C has often
incorrectly been called parent material. In fact
it is impossible to find the parent material from
which the A and B horizons have developed; that
material has been altered. For this reason, C
never was parent material, but was merely pre-
sumed to be like parent material. As C is now
defined, even this assumption is dropped.



The differentiation between Cl and C2 made in
the Soil Survey Manual has been dropped because it
is untenable when applied to the variety of conditions
recognized as C. If Cl of the Soil Survey Manual
weretobe recognized, a number of other conditions
included under C should be recognized also. Dele-
tion of Cl makes arabic numerals applied to C
indicative only of vertical sequence within C.

R - Underlying consolidated bedrock, such as granite,
sandstone, or limestone. If presumed to be like
the parent rock from which the adjacent overlying

layer or horizon was formed, the symbol R is used

alone. If presumed to be unlike the overlying
material, the R is preceded by a Roman numeral
denoting lithologic discontinuity as explained under
the heading.

Symbols used to indicate departures subordinate to
those indicated by capital letters

The following symbols areto be used inthe manner
indicated under the heading Conventions Governing
Use of Symbols.

b - Buried soil horizon.

This symbol is added to the designation of a
buried genetic horizon or horizons. Horizons of
another solum may or may not have formed in the
overlying material, which may be similar to, or
different from, the assumed parent material of the
buried soil.

ca - An accumulation of carbonates of alkaline earths,
commonly of calcium.

This symbol is applied to A, B, or C horizons
and includes, but is not restricted to, the calcic
horizons that are diagnostic in the classification
system. Possible combinations are Alca, A3ca,
Blca, B2ca, B3ca. A2ca is probably also possible
where accumulation has occurred in an A2 formed
under different conditions, but it is not common.
The presence of secondary carbonates alone is not
adequate to justify the use of the ca symbol. The
horizon must have more carbonates thanthe parent
material is presumed to have had.

cs - An accumulation of calcium sulfate. .

This symbol is used in a manner comparable to
that of ca. Calcium sulfate accumulations commonly
occur in the C belowca accumulations in chernozemic
soils but may occur in other horizons as well. Before
the symbol cs is used, the horizon must have more
sulfates than the parent material is presumed to have
had.

cn - Accumulations of concretions or hard noncon-
cretionary nodules enriched in sesquioxides with
or without phosphorus.

The nodules indicated by the symbol cn must be
hard when dry but need not be indurated. Nodular
plinthite, diagnostic in the classification system,
in a master horizon may be designated by cn, but
the symbol is not confined to plinthite. The horizon
description should characterize the nodules. Nod-
ules, concretions, or crystals do not qualify as cn

28

if they are of dolomite or more soluble salts, but
they do qualify if they are of iron, aluminum,
manganese, or titanium.

f - Frozen soil.

The suffix f is used for soil that is frozen at the
time the soil is described. It may or may not be
permanently frozen.

g - Strong gleying.

The suffix g is used with a horizon designation
to indicate intense reduction of iron during soil
development, or reducing conditions due to stagnant
water, as evidenced by base colors that approach
neutral, with or without mottles. In aggregated
material, ped faces in suchhorizons generally have
chroma of 2 or less as a continuous phase, and
commonly with few or faint mottles. Interiors of
peds may have prominent and many mottles but
commonly have a network of threads or bands of
low chroma surrounding the mottles. In soils that
are not aggregated, a base chroma of 1.0 or less,
with or without mottles, is indicative of strong
gleying. Hues bluer than 10Y are also indicative
of strong gleying in some soils. Horizons of low
chroma in which the color is due to uncoated sand
or silt particles are not considered strongly gleyed.
Although gleying is commonly associated with
wetness, especially in the presence of organic
matter, wetness by itself is mnot a criterion of
gleying. The symbol g may be applied to any of
the major symbols for mineral horizons and should
follow the horizon designations, as A2g, A2lg, A3g,
Blg, B2g, B3g, and Cg. Bg may be used where B
horizons cannot be subdivided into Bl, B2, and B3.

No lower case letter is used as a suffix with
horizon designations to indicate reduction of iron
less intense than that indicated by g. Not given a
special designation but described in detail is the
condition generally associated with (1) common to
many, distinct to prominent mottles on base colors
of chroma stronger than 2in unaggregated material,
or (2) evidenced by base chroma greater than 2 with
few to common, faint to distinct mottles on ped
faces and common to many, distinct to prominent
mottles in ped interiors in well-aggregated
material.

h - Illuvial humus.

Accumulations of decomposed illuvial organic
matter, appearing as dark coatings on sand or silt
particles, or as discrete dark pellets of silt size,
are indicated by h. If used, this suffix follows the
letter B or a subdivision of B, as Bh or B2h.

ir - Illuvial iron.
Accurnulations of illuvial iron as coatings on
sand or silt particles or as pellets of silt size; in
some horizons the coatings have coalesced, filled

pores, and cemented the horizon.

m - Strong cementation, induration.

The symbol m is applied as a suffix to horizon
designations to indicate irreversible cementation.
The ortstein of a Spodosol, a layer cemented by
calcium, and a duripan are examples. The symbol



is not applied to indurated bedrock. Contrary to
usage in the Soil Survey Manual, m is not used to
indicate firmness, as in fragipans, but is confined
to indurated horizons which are essentially (more
than 90 percent) continuous, though they may be
fractured.

p - Plowing or other disturbance.

The symbol p is used as a suffix with A to indi-
cate disturbance by cultivation or pasturing. Even
though a soil has been truncated and the plow layer
is clearly inwhat was once B horizon, the designa-
tion Ap is used. When an Ap is subdivided, the
arabic number suffixes follow, as Apl and Ap2, for
the Ap is considered comparable to the Al, AZ, or
B2.

sa - An accumulation of salts more soluble than cal-
cium sulfate.

This symbol may be applied to the designation
of any horizon and in its manner of use is com-
parable to that described for ca or ¢s. If the symbol
is used, the horizon must have more salt than the
parent material is presumed to have had.

si - Cementation by siliceous material, soluble in

alkali, as defined for the diagnostic duripans of the
classification system. This symbol is applied only
to C.

The cementation may be nodular or continuous.
If the cementation is continuous the symbol sim is
used.

t - Illuvial clay.

Accumulations of translocated silicate clay are
indicated by the suffix t (Ger. ton, clay). Charac-
teristics useful in recognition of translocated clay
are discussed under the argillic horizon. The suf-
fix t is used only with B, as B2t, to indicate the
nature of the B.

x - Fragipan character.

The symbol x is used as a suffix with horizon
designations to indicate genetically developed prop-
erties of firmness, brittleness, high density, and
characteristic distribution of clay that are diag-
nostic of fragipans. The character of fragipans is
described elsewhere, and is not repeated here.
Fragipans, or parts of fragipans, may qualify as
A2, B, or C. Such horizons are classified as A2,
B, or C, and the symbol "x" is used as a suffix to
indicate fragipan character. Unlike comparable
use of supplementary symbols, the symbol x is
applied to B without the connotative arabic numeral
normally applied to B. Arabic numerals used with
C to indicate only vertical subdivision of the horizon
precede the ""x'' in the symbol, as Clx, C2x.

All lower case symbols except p follow the last
arabic number used, as B3ca, AZg, A2lg. If the
horizon is not subdivided, the symbol follows the
capital letter, as Cg, Bt. The symbol p is restricted
to use with A because of the common difficulty of
deciding which horizons have been included in the plow
layer.

It will be noted thatthe connotation of the symbol m
has been changed to prohibit its use with '"fragipans'
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and that definitions of the other symbols have been
modified or elaborated in relation to those given in
the Soil Survey Manual. The symbols si and x have
been added to the list given in the Manual, and the
symbols 'r,” "G, "D," 'M," and "u!'" have been
dropped.

Subdivision of Horizons

In a single profile it is often necessary to subdivide
the horizons for which designations are provided, for
example, to subdivide Ap, Al,-A2;#A3; Bl, B2, B3, or
C so that detailed studies of morphology, sampling,
and similar work can be correctly recorded. In some
cases, such subdivision is arbitrary in relation to
differences observable in the field; in others, it may
be needed to differentiate within a horizon on bases
not provided by unique horizon symbols. In all such
cases, the subdivisions are numbered consecutively,
with arabic numbers, from the top of the horizon
downward, as B21l, B22, B23. If the suffixes consisting
of lower-case letters are being used, the arabic
numbers precede all lower-case suffixes except p, as
B2lt, Clg, C2g, but Apl, Ap2. =

Lithologic Discontinuities

Roman numerals are prefixed to the appropriate
horizon designations when it is necessary to number a
series of layers of contrasting material consecutively
from the surface downward. A soil that is all in one
kind of material is all in material designated by the
numeral I. This numeral therefore can be omitted
from the symbol, as it is understood that all the
material is I. Similarly, the uppermost material in a
profile having two or more contrasting materials is
always designated I. Consequently, for the topmost
material, the numeral I can be omitted from the
symbol because it is always understood. Numbering
starts with the second layer of contrasting material,
which is designated II, and each contrasting material
below this second layer is numbered consecutively,
III, IV, and so on, downward as part of each horizon
designation. Even though a layer below a layerdesig-
nated by II is similar to the topmost layer, it is given
the appropriate consecutive number in the sequence.
Where two or more horizons developed in one of the
numbered layers, the Roman number is applied to all
the horizon designations in that material.

Following are two examples of horizon sequences
using this convention:

Al - A2 - Bl - B2l - IIB22 - IIB3 - IIC1 - IIIC2

Al - A2 - Bl - B2 -IIA'2 - IIB'x - IICIx - IIIC2x -
IIIC3 - IVR

In the first example, the first contrasting layer is
unnumbered; the second layer, starting in the B2, is
indicated by Roman II, as IIB22; the third, within the
C, by the symbol IIIC. In the second example, the
first contrasting layer is unnumbered; the second,
starting at the top of A'2, is numbered II; the third,
starting in the middle of the fragipan is numbered III,
even though the fragipan is partly in C; and the fourth,
starting below C, is indicated by IVR. Note that arabic
numerals areused independently of the Roman numer-
als, in the conventional manner, both as connotative
symbols and for vertical subdivision.



The Solum

The solum has been considered the ''genetic soil"
that developed by soil-building forces. It has not been
doubted that A and B horizons are part of the solum,
and, to many, solum is equivalent to A and B. There
are, however, other genetic horizons in soils, including
various kinds of pans and accumulations of carbonates
or more soluble salts. Solum is used here to include
A and B horizons and, in addition, fragipans and some
duripans. Solum, as usedin this text, is nota synonym
for soil, which often includes or even consists of C
material.

Not included in the solum are accumulations of
carbonates, sulfates, or more soluble salts, nor zones
of cementation caused by silica under strongly alkaline
conditions. These are not included because they have
no uniform position in the soil relative to other hori-
zons. This is admittedly arbitrary. Accumulation of
carbonates, sulfates, and other salts may take place
in an A or a B horizon,or deep in the C. They may be
in part or entirely geologic and depend onthe presence
of ground water at depth. If these accumulations were
allowed as part of the solum, the solum would be dis-
continuous vertically, and this would be a nuisance.

Solum includes the following diagnostic horizons,
defined later: all epipedons, agric, albic, argillic,
natric, spodic, oxic, and cambic horizons, fragipans,
and duripans either requiring repeated alternating
treatments with acid and alkali to soften or underlain
by a spodic horizon.

Paleosols

Through field research we are recognizing more
and more polygenetic soils—soils that have formed
under climates and vegetation different from those of
the present. The horizons formed under the earlier
conditions may be wholly or partially preserved.
Where they conform to the present surface there may
be no good way to determine which characteristics
were acquired by the soil under the earlier environ-
ment and which were or are being acquired under the
present conditions. Certain soils of the coastal plain
in Mississippi are examples. Ruston soils occur on
the surfaces inthe eastern part of the State, but to the
west they pass under the loess without apparent change
in morphology. Clearly, many of the characteristics
of the Ruston soils were acquired beforethe loess was
deposited. Since the Memphis soils, which are formed
in the loess, do not belong in the same order as the
Ruston soils on the coastal plain, it could be argued
that the Ruston soils are Paleosols. By this reasoning
one might argue that the properties that distinguish
the Ruston from the Memphis soils should be dis-
regarded in the higher categories. Yet there is no
way to demonstrate that the properties of the Ruston
soils could not have been formed under the present
climate, or conversely, that given more time under
the present climate, the Memphis soils will not change
and come to resemble the Ruston soils. It seems
inescapable that we classify both the Ruston and
Memphis soils onthe basis of their present properties.
We have no way to distinguish the features acquired
earlier from those forming at present.

PHYSICAL, CHEMICAL, AND MINERALOGICAL
PROPERTIES

At the end of this and other chapters there are
descriptions of soil profiles referred to by page number
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atvarious places in the chapter. A table of laboratory
data accompanies each profile on its page. At the
heads of some of the columns in these tables there
are lower case letters indicating the procedure used
in making the laboratory determination. The proce-
dures so identified are described in detail in these
publications:

(1) Association of Official Agricultural Chemists

1955, Official Methods of Analysis. Ed. 8,
pp. 30-31. Washington, D. C.
(2) Deb, B. C.
1950. The Estimation of Free Iron Oxides in

Soils and Clays and Their Removal.
Soil Sci. 1: 212-220.
(3) Hendricks, S. B., and Alexander, L. T.
1939. Minerals Present in Soil Colloids. Pt. 1,
Description and Methods for Identification.
Soil Sci. 48: 257-271.
(4) Kilmer, V. J., and Alexander, L. T.
1949, Methods of Making Mechanical Analysis

Jour.

of Soils. Soil Sci. 68: 15-24.
(5) and Mullins, J. F.
1954. Improved Stirring and Pipetting Apparatus

for Mechanical Analysis of Soils.
77: 437-441.
(6) Peech, M., Alexander, L. T., et al.
1947. Methods of Soil Analysis for Soil-Fertility
Investigations. U. S. Dept. Agr. Cir. 757,
23 pp.
(7) Piper, C. S.
1944, Soil and Plant Analysis.
Interscience Publishers, Inc.
(8) Richards, L. A., ed.
1954, Diagnosis and Improvement of Saline and
Alkali Soils. U. S. Dept. Agr. Handbk. 60,
160 pp., illus.
(9) Robinson, W. O.
1939. Method and Procedure of Soil Analysis
Used in the Division of Soil Chemistry and

Soil Sci.

pp. 132-135.
New York.

Physics. U. S. Dept. Agr. Cir. 139, 21 pp.
(10) Uhland, B. E., and O'Neal, A. M,
1951. Soil Permeability Determinations for Use
in Soil and Water Conservation. U. S. Dept.
Agr., Soil Conserv. Serv. Tech. Pub. 101,
36 pp., illus.
(11) Williams, D. E.

1949.
Determination of Carbonate in Soils.
Sci. Soc. Amer. Proc. (1948) 13:
illus.

A Rapid Manometric Method for the
Soil
127-129,

Laboratory Methods and Procedures

Briefly described here are the chemical methods
and procedures used in compiling data shown at the
end of this chapter, and in other chapters throughout
the text. An arabic number in parentheses following
the description of a method or procedure indicates the
publicationin the foregoing list that contains a discus-
sion of that method or procedure.

In all chemical procedures, air-dry samples are
crushed with a rolling pin, care being taken to avoid
fragmenting nonsoil material, to pass a 2 mm. round-
hole sieve. Material retained by the sieve is reported
as greater than 2 mm. All determinations exceptbulk
density are performedon the less than 2 mm. fraction,
and results are reported on that basis.



Particle size distribution analysis: Pipette method—
dispersion with sodium hexametaphosphate and
mechanical shaking (4, 5); fine clay by centrifuging
and pipetting.

pH: Glass electrode, using soil-water ratios indi-
cated (8, 6).
Glass electrode,

using l:1 soil-1 N KCl ratio.

Organic carbon:

w  Wet combustion: Modification of Walkley-
Black method (6); 1 meq. K3Crp O7 equivalent
to 3.9 mgrm. C.

d Dry combustion: Modification of W.O. Robinson
method (9); combustion in COs free oxygen;
gas washed in AgsSO4, concentrated Hy SOy,
and Mg(ClO4)s; COy adsorbed on commercial
adsorbent.

Total nitrogen:
k Kjeldahl, modified A.O0.A.C. procedure (l).
m Semi-micro Kjeldahl: Digestion in mixture of
K5S04 and concentrated Hy SOy, using selenium
metal and CuSO as catalysts; ammonia distil-
late is collected in boric acid and titrated with
HsSO4.

Cation exchange capacity (meq./100 gm. soil):

s Sum of cations (6).

b NH;* saturation and direct distillation of
NH, (6).

e NH,' saturation and distillation of NHj; from
sodium chloride extract (6).

f Na' saturation, displacement with NH;OAc and
determination of Na* displaced (8).

Extractable cations (exchangeable cations

saline, noncalcareous soils):
1 N NHyOAc (6).
Ca** and Mg't determined as described in (6),
except in profile No. 16, in which Ca and Mg were
determined by flame spectrophotometry. Na* and
K* by flame spectrophotometry. (Inthe presence
of soluble salts, extractable Na* and K* equal mil-
liequivalents Na* and K* per 100 gm. soil extracted
by NH;OAc minus milliequivalents Na' and K* in
saturation extract per 100 grm, soil.)

in non-
Displacement with

Exchangeable H* or exchange acidity: Displacement
from soil with triethanolamine and barium chloride
at pH 8.2 (6).

Exchangeable sodium (percent): Extractable Na*
minus Na¥ in saturation extract, divided by exchange
capacity as determined by NHyOAc or NaOAc.

Soluble ions or salts in saturation extract: Extraction
by filtration of saturated sample, and soluble ions
and salts determined as described inreference (8).

Free iron oxide: Modification of Deb's method (2).
Mix 1 gm. sodium hydrosulfite (NagSgO4)and 4 gm.
of soil, add water, stopper immediately, and shake

overnight at room temperature. Acidify to pH
3.5-4.0. Determine by titration with KyCryOgy.

Bulk density (gm./cu. cm.):

u Core samples, using either 1 by 2 inch or 2 by
3 inch cylinders and a Uhland type core sam-
pler (10).

c Coated clods; volume determined by water
displacement.

Moisture retained at 1/10, 1/3, and 15 atmosphere
pressure: Pressure plate and pressure membrane
apparatus used on fragmented samples (8).

Calcium carbonate equivalent:

a  Absorption by NaOH of COg evolved when acid
is added to soil samples (7).

n  Acid neutralization (8).

v Measurement of volume of COs evolved when
acid is added to soil sample; modification of
Passon's and Williams' method (7, 11).

Gypsum: Precipitation with acetone (8).

Loss onignition: Difference betweenovendry {110%C.)
and ignited samples.

Elemental Analysis:

g. 2Fusion with Nag COj3 and silica, iron and
aluminum determined gravimetrically, (7).

h. X-ray spectroscopic analysis: The unfrac-
tionated soil samples were prepared for anal-
ysis by fusing ground soil in borax. The X-
ray fluorescent intensities of the major soil
elements except Mg determined with a Philips
single position X-ray spectrograph. The per-
centage of SiOs, AlyOj, and Fey O3 were cal-
culated by a method of successive approxima-
tions correcting for matrix absorption and
mutual fluorescent effects. The X-ray fluo-
rescent intensities of the clay fractions were
determined directly on the powdered speci-
mens. Matrix absorption and mutual fluo-
rescent corrections were made involving
solution of simultaneous equations. This
method is reliable for the oxide ratios, but
does not give absolute oxide percentages.

Clay mineralogy.—Determinations on clay miner-
alogy reported in this text were made as follows:

Methods: X-ray diffraction with Norelco Diffrac-
tometer, FeK, radiation, scanning speed of 1
degree per minute; oriented samples on glass
slides; Mg** saturated samples at room tempera-
ture and after heating to 110° C., 250° C., and
500° C.

Differential thermal analysis with apparatus
described by Hendricks and Alexander (3).

2Data furnished by the Department of Agronomy and Seil Science,
Hawaii Agricultural Experiment Station, University of Hawaii, Honolulu,
Hawaii.
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Interpretation: Relative amounts of montmorillonite,
vermiculite, mica (illite), and chlorite estimated
from areas enclosed by first-order X-ray diffrac-
tion peaks of basal spacings. The amounts of
minerals present are thought to be related to the
peak areas and are indicated as follows:

x = small xxx = large

xx = moderate xxxx = predominant

Estimates are consistent among profiles so far
as possible, but small deviations were made to
indicate relationships amonghorizons of individual
profiles.

Amounts of kaolinite and gibbsite are estimated
fromthe size of the respective endothermic peaks,
as compared to known standards. In a number of
the soils the endothermic peak characteristic of
kaolinite is very diffuse. Quantitative estimates
based on such peaks are indicated by asterisk (%);
they are unreliable, and probably too high.

In tables, clay minerals are identified by the fol-
lowing symbols:

Mt Montmorillonite K Kaolinite
Mi Mica Gb Gibbsite
Vm Vermiculite G Goethite
Chl Chlorite Quartz

THE ABC HORIZON NOMENCLATURE

The designation A horizon was first applied to the
dark-colored surface horizons of the soils of the Rus-
sian steppes; the C horizon was the material beneath,
essentially unmodified by soil-forming processes; and
the B horizon was the transitional horizon between A
and C. Then Dokuchaiev and his students applied this
same nomenclature to Podzols. In thesethe A horizon
is relatively thin and the B has a concentration of fine
materials moved from A. The common, or unifying
characteristicof A horizons was position--the A hori-
zons were formed at the surface of the soil. Some
were distinguished by accumulations of organic matter,
and others by loss of sesquioxides or clay.

Soil scientists of western Europe first adopted the
ABC horizon designations as used in podzolic soils,
in which the horizon between A and C is a horizon of
accumulation. So the early concept of B in western
Europe (and the United States) became that of an
illuvial horizon.

Some even regard the layer of lime accumulation
in Chernozems as a ""B'" horizon. The concepts of A,
B, and C horizons, though differing among individuals,
are simple and easily understood. The difficulty in
their usage comes fromlackof agreement on definition
and is most acute when related to soils that have more
than three major horizons, or to soils that are quite
unlike the soils of Europe. In the first situation, a
given soil may have two illuvial horizons, an upper
one of free sesquioxides and humus, and a lower one
of silicate clays, separated from the upper horizon by
a bleached eluvial horizon. Thus, it may have two
eluvial and two illuvial horizons. The eluvial horizon
at the surface canbe designated as A, and bothilluvial
horizons can be designated as B, but the lower eluvial
horizon does not fit well into the ABC nomenclature.
It is an eluvial horizon, but it is not at the surface,
and many object to calling it a part of the A.

The second situation, that of a soil unlike those in
Western Europe is exemplified by the difficulty of
applying the ABC nomenclature to Latosols. The
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horizon at the surface relatively rich in organic
matter is generally accepted as an A horizon. The
next horizon, however, is not an illuvial horizon,
although it is in the normal position of a B horizon.
Rather, it is a zone inwhich a concentration of sesqui-
oxides has been produced by differential removal of
other elements. It has many properties thatdistinguish
it from deeper horizons, and some wish to call it B
horizon, but others call it C horizon. The contrasting
opinions may be held firmly. It should be pointed out,
furthermore, that the illuviation of many B horizons
is actually less significant than is the concentration
of clays brought about by removal of other elements.

There are other problems of horizon nomenclature
that have not been so generally recognized. For
example, the dark-colored surface horizon of the soils
of the steppes is generally considered to be an A
horizon. Yet in the lower part of this horizon, there
may be pronounced illuviation of silicate clay, which
is normally a basis for recognizing a B horizon.
Thus, the same horizon is A from one viewpoint but
is B from another.

In the absence of general agreement on horizon
designation, it is necessary either to propose a new
or modified system for defining and designating hori-
zons or to bypass the problem by assigning names to
those diagnostic horizons used for classification. It
does not seem desirable to have for the purpose of
soil classification a separate system of horizon
designations that is different from, but no better than,
the systems commonly used. In addition, readers who
disagree with the definitions used for A and B may
reject a useful concept simply because they believe it
should have a different designation than A or B. It is
the purpose here to test the utility of the concepts.
The nomenclature can be decided later, as it is a
separate problem. For these reasons, the diagnostic
horizons are named by the name of classes for which
they are diagnostic, without relating them to A or B.

DIAGNOSTIC SURFACE HORIZONS

Any horizon may be at the surface of a partially
truncated soil, but six diagnostic horizons that form
at the surface are recognized. The horizons that form
at the surface are called epipedons (Gk. epi, over; and
pedon, soil). (Ep-i-ped-on, rhymes with head on.)
The epipedon includes the upper part of the soil that
is darkened by organic matter, or the upper eluvial
horizons, or both. Epipedon is not a synonym for A
horizon, however, for the epipedon may include part
or all of an illuvial B horizon if the darkening by
organic matter extends from the surface into or
through the B.

Mollic Epipedon

A property or combination of properties was
desired to group the Chestnut, Chernozem, and
Brunizem soils. These soils are so similar that it is
often exceedingly difficult to distinguish one from
another in the absence of the native vegetation. From
a genetic viewpoint, the differences areinthe frequency
of seasons with sufficient rainfall to satisfy both the
evapo-transpiration and the field capacity of the soil
to store moisture and still leave a surplus to move
downward to the ground water. Seasons of high rain-
fall are rare in the zone of the Chestnut soils, and
frequent in the zone of the Brunizems, but the dif-
ferences are as much or more of degree than of kind.



Abstraction of the common properties focuses
immediate attention on the surface horizons rather
than the deeper ones. In all of the groups some soils
have illuvial B horizon enriched with clay, and some
donot. Some have horizons of carbonate accumulation,
and some do not. Perhaps only those in the drier part
of the range have accumulations of both calcium and
magnesium carbonate, but the data are too few to be
conclusive. The similarities are many, and the dif-
ferences few and sometimes obscure.

The use of the thick, dark surface horizon as a
means of grouping the soils of the steppes was there-
fore decided upon early in the development of the
system. Early approximations of a definition were
tested against the soils of the United States to deter-
mine the nature of the groupings that would result. It
was found that it would be difficult, if not impossible,
to write a definition of a horizon that could be used to
group the Chestnuts, Chernozems and Brunizems,
without including many Rendzinas, Humic-Gley soils,
and Brown Forest soils of the eastern part of the
United States. From either a morphologic or genetic
viewpoint, such groupings seemed better than any
alternatives that could be found.

The concept of the mollic epipedon centers on a
thick, dark surface layer dominantly saturated with
bivalent cations, with narrow carbon-nitrogen ratios
and with moderate to strong structure.

From a purely genetic viewpoint the mollic epipedon
is formed by the underground decompositionof organic
residues in the presence of divalent cations. The
underground decomposition is partly decomposition of
roots, and partly the decomposition of surface organic
residues taken underground by animals. The soil
organic matter is probably largely living and dead
micro-organisms. Turnover of the organic matter in
the mollic epipedon is probably rather rapid and
relatively complete within a period of some hundreds
of years. The radiocarbon age of the organic carbon
is a matter of a few (1l to 6) hundred years on the
basis of present fragmentary data (table 9a). It should
be noted that radiocarbon age is not a weighted average
age of the soil carbon, for the decay of the Cl4 is an
exponential function. Nevertheless, the data indicate
that the bulk of the organic matter is very recent.

The definition of the mollic epipedon isin terms of
its morphology rather than its genesis, though an
understanding of the genetic assumptions may aid the
understanding of the definition.

Table 9a.--Radiocarbon Surface Age of Organic Matter in Virgin
Mollic Epipedons ﬁ

Great Depth Radiocarbon
Soil series group sampled County State age
Inches Years

Barnes se.ssss 5.4 0-4 Cavalier.. North Dakcta 350 + 120
Clarionesssss 5.5 0-6 Pocahontas Towa-....... 440 + 120
Cresco-Kenyon 5.5 O-4 Howard.... Iowa........ 210 + 130

intergrade. 4-8 100 =
FEdina....... . 5.2 0-6  Wayne..... ToMaieananss 410 + 100
Webster...... 5.3 0-6 Pocahontas Tow@.eesesas 270 + 120

1/ wot all soil organic matter is so recent as that in the
seils listed above. The radiocarbon age of the organic matter
in spodic horizons of humus Podzols in Georgia (U. S.) is 1,150
+ 350 years, and in Holland, 940 # 20 years. The radiocarbon age
of the soil organic matter in the A2 horizon of the Edina profile
listed above is 840 + 200 years.
(Ref. Science, vol.124, No. 3213, July '56.)
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A mollic epipedon is a surface layer which has,
after the surface 7 inches are mixed, as by plowing,
the following properties:

1. Soil structure is sufficiently strong that the
horizon is not both massive and hard or very hard,
when dry .2

2. Both broken and rubbed soils have colors with
a chroma of 4.0 or less (Munsell notation) when moist,
a value darker than 3.5 when moist, and 5.5 when dry;
and at least one Munsell unit darker than the IC (both
moist and dry), if a IC horizon is present. If only a
IIC or R is present, comparison should be made with
the next horizon underlying the epipedon

The mollic epipedon is expected to have darkcolors
throughout the mass. Some soils lacking dark colors
in the matrix become dark on rubbing because {ine,
soft iron-manganese concretions impart a dark color
when mixed with the mass. Such soils are excluded
by the broken colors. Other soils lacking dark colors
in the matrix have dark coatings and appear tobe dark
coloreduntil they are rubbed. These soils are excluded
by the rubbed colors.

3. The carbon-nitrogen ratio is 17 percent or less
if virgin, and 13 or less if being cultivated.

The carbon-nitrogen ratio does not drop from
something like 17 to 13 or less as a result of a single
plowing. The ratio of 13 for cultivated soils is intended
to apply to soils that have been cultivated for something
like 25 years or more.

Normally, the carbon-nitrogen ratio decreases
with depth in the mollic epipedon to values of some-
thing like 8 to 10.

4. The base saturation is over 50 percent by the
NHy OAcmethod, and Ca is the dominant metallic cation.

5. Contains at least 0.58 percent organic carbon
(1 percent organic matter) throughout. If the dark
surface horizon is less than 7 inches thick in a virgin
soil with a solum of less than 18 inches, the organic
carbon content must be sufficient to give an average
of 0.58 percent to an Ap that is 7 inches thick. Other-
wise, if plowed the Ap would have too little organic
matter for a mollic epipedon.

6. The thickness is more than 10 cm. (4 inches) if
resting directly on hard rock (R). If the soil contains
an argillic, natric, spodic, or cambic horizon, or a
fragipan or duripan, as defined later, the thickness of
the epipedon must be more thanone-third of the thick-
ness of the solum where the solum is less than 75 cm.
(30 inches) thick and must be more than 25 cm. (10
inches) where the solum is more than 75 cm. thick.

7. Theepipedon has less than 250 parts per million
of P3Opy soluble in citric acid. This restriction is
used to eliminate a number of plow layers of very old
arable soils that have acquired, under cultivation, the
other properties of the mollic epipedon.

3The name of the order and of the epipedon were both derived fromthe
Latin word, mollis, meaning soft.

450me soils formed in carbonaceous shales have dark colors inherited
from the elemental carbon in the parent material. Munsell values of 2 and
3 are not uncommon in soils formed in such materials. The requirement
that the mollic epipedon be 1 Munsell unit darker than the parent material
is introduced to eliminate such soils unless there has been some darken-
ing of the epipedon by pedogenic carbon. Basic igneous rocks are also
dark in color, and their weathering products normally have a Munsell
value of 3 when moist. Here the darkness is presumably due to the con-
tent of free iron. The requirement that mollic epipedon be one Munsell
unit darker than the IC, or the next underlying horizon if only a IIC or R
is present, breaks down when the mollic epipedon rests directly on a
dark-colored R. An exception is therefore made to this requirement if the
R is carbonaceous or if a basic igneous rock and if the solum has no
argillic horizon (textural B).



This list of properties sets the limits of the mollic
epipedon. Four profile descriptions, with accompany-
ing laboratory data, have been selected to illustrate
the application of these limits.

Profile 1, page 66, is an example of a soil having
a mollic epipedon that rests on a horizon of lime
accumulation.

It will be noted that in this soil, only the firsthori-
zon, the Ap, comes within the limits of the mollic
epipedon. The second horizon is too light in color,
though it has enough organic carbon to come within
the limits.

Profile 2, page 67, illustrates a mollic epipedon
in a soil thathas a cambichorizon, a weakly expressed
B. The description and data show that the first three
horizons, with a total thickness of 22 inches, constitute
the mollic epipedon. The fourth horizon is both too
light in color and too low in organic carbon to be con-
sidered a part of the mollic epipedon.

Profile 3, page 68, illustrates the mollic epipedon
in a soil that has a clearly expressed B horizon in
which clay has accumulated. In this soil the eluvial
horizon is only some 3-1/2 inches thickand is under-
lain by a horizon some 11 inches thick that contains
illuvial clay. The mollic epipedon, however, includes
both the eluvial A and the illuvial B. The next lower

horizon, between depths of about 14 to 19 inches, -

includes the upper part of the horizon in which lime
accumulated. It contains enough organic carbon to
qualify as a part of the mollic epipedon, but its color
is too light when it is moist. The mollic epipedon
therefore is about 14 inches thick in this profile.

Some soils have a very thin, bleached eluvial A2
horizon within plow depth and just above an illuvial
clay B horizon. The AZ horizon may be too light in
color and sometimes is too low in organic carbon to
qualify as a part of the mollic epipedon. The B hori-
zons of these soils, however, may be dark in color and
have a relatively high content of organic carbon. When
plowed, the dark Al, the light colored A2, and part of
the dark B horizon may be mixed. Profile 4, page 69,
and the related laboratorydata illustrate this situation.

The A2 horizon, 1 inch thick, is too light in color
when dry to qualify as a part of a mollic epipedon.
Yet the overlying Ap and the underlying B2 horizons
do meet the essential requirements; and if plowed to
a depth of 7 inches, the resulting Ap would qualify as
a part of the mollic epipedon. Hence, the surface 17
inches constitutes a mollic epipedon but includes an
Ap, an A2, and an illuvial B.

Anthropic Epipedon

This epipedon conforms to all the requirements of
a mollic epipedon except the limit on acid soluble
P305. It has morethan 250 parts per million of P2Oj
soluble in citric acid. It is formed under long-
continued systems of farming that involve large addi-
tions of organic matter, and generally considerable
supplemental nitrogen and phosphate. Commonly the
anthropic epipedonhas a clear or abrupt lower bound-
ary, although mixing by earthworms may give adiffuse
lower boundary. Except for those in ancient kitchen
middens, anthropic epipedons are rarely found in the
United States. In western Europe they are rather
common, sometimes as roundish areas and commonly
as rectangular areas that have nearly straight sides
coinciding with former or present field boundaries.
The differentia used for this horizon is relatively
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unsatisfactory; it is proposed tentatively in the hope
that better differentiae will be suggested by others.

Umbric Epipedon

Many soils have dark surface horizons that cannot
be distinguished by the eye from mollic epipedons,
but laboratory studies may show that the dominant
exchangeable cation is hydrogen, or that the carbon-
nitrogenratios are very wide, or both. Such epipedons
are called umbric. The content of organic carbon
may be even higher in umbric than in mollic epipedons.
Examples of soils with umbric epipedons would include
the Ando soils, Rubrozems, a number of extremely
acid Humic Gley soils, and some Tundra soils.

Color is a poor general guide to the content of
organic carbon, yet the dark colors of some umbric
epipedons are caused by organic carbon, for these
epipedons become light colored when the organic
matter is destroyed. And, in some kinds of soil, the
darkness is roughly proportional to the amounts of
organic carbon.

Perhaps it is prejudice or resistance to change,
but for some kinds of soil, particularly those in which
the content of organic matter is roughly proportional
to darkness, the most satisfactory groupings are still
those that place soils with a dark-colored surface
horizon in different groups from those with a light-
colored surface horizon. In those kinds of soil where
darkness is not related to the content of organic mat-
ter, the soils with light-colored epipedons probably
should be separated from those with dark-colored
epipedons only at very low categoric levels, perhaps
the family or the series.

The umbric epipedon is comparable to the mollic
epipedon in its color, organic carbon, and thickness
requirements. It includes those thick, dark surface
horizons that have base saturation of less than 50
percent, have a carbon-nitrogenratio greater than 17,
or that are both hard and massive when dry.

Profile 5, page 70, illustrates the umbric epipedon.
A study of the description and the other data showthat
the umbric epipedon is about 32 inches thick. The
horizons below 32 inches are too light in color to be
included. The carbon-nitrogen ratios are too wide and
base saturation is too low for a mollic epipedon. The
content of organic carbon is high enough for a histic
epipedon, but the soil has neither a high water table
nor artificial drainage.

Profile 6, page 71, is an example of an umbric
epipedon in a soil with a B horizon of illuvial clay
(argillic horizon). In this soil the umbric epipedon
is about 12 inches thick and includes only the A hori-
zon. While this is a common situation, there is nothing
that prevents the umbric epipedon from including all
or part of a B horizon.

Histic Epipedon

The histic (Gk. histos, tissue) epipedon normally
occurs at the surface, though it may be buried at a
shallow depth. It is characterized by a thin organic
horizon if virgin, and if plowed is characterized by
the very high amount of organic matter that results
from mixing of peat with some mineral material. And,
since peat deposits are associated with free water,
the histic epipedon is either saturated with water at
some season of the year or has been artificially
drained.



The histic epipedon therefore can be defined as a
horizon at or near the surface, saturated with water
at some season unless artificially drained, and meet-
ing one of the following requirements:

1. A surface horizon, less than 30 cm. (12 inches)
thick, with more than 17.4 percent organic carbon (30
percentor more organic matter) if the mineral portion
is half clay; with more than 11.6 percent organic
carbon (20 percent or more organic matter) if mineral
the portion has no clay; or with intermediate propor-
tional contents of clay and organic carbon. If the
epipedon is less than 20 cm. (8 inches) thick, it is
still thick enough to satisfy (2) below if the horizons
are mixed to a depth of 20 cm. (8 inches).

2. A plow layer having more than 8.12 percent
organic carbon (14 percent or more organic matter)
if there is no clay; more than 16.24 percent organic
carbon (28 percent or more organic matter) if the
mineral fraction is half clay;or intermediate propor-
tional contents of clay and organic carbon.

3. A mineral surface layer less than 40 cm. (16
inches) thick thatoverlies peat or muck, has acontent
of organic carbon satisfying (1) above, and has a
thickness of 10 to 30 cm. (4 to 12 inches).

Ochric Epipedon

Ochric (Gk. ochros, pale, light colored) epipedons
are those that are too light in color, too low in organic
carbon, or too thin to be mollic, umbric, anthropic, or
histic.

Ochric epipedons may have rubbed color values
lower than 5.5 whendry or lower than 3.5 when moist,
provided they are essentially no darker than the C
horizon. The ochric epipedonincludes eluvial horizons
at or near the surface (A2 and albic horizons) and
extends to the first underlying diagnostic horizon or
material. If there is no underlying diagnostic horizon
or material, the ochric epipedon includes only the
material appreciably darkened by humus.

Examples of three situations are given. Profile 7,
page 72, has an ochric epipedon because there is no
contrast in darkness between the surface horizon and
the C. In the surface horizon the content of organic
carbon is relatively high and the color values are
dark. But the color values for moist condition are 3
throughout the profile. If the contrast in color value
between the surface horizon and the C were greater,
this soil would have an umbric epipedon. In soils
developed from basalt or other highly basic rocks,
darkness frequently is poorly related to the content of
organic carbon.

Profile 8, page 73, describes a soil with an epipedon
that is too light in color to qualify as either mollic or
umbric.

Profile 9, page 74, illustrates a soil having a
surface horizon that has been darkened by organic
matter but is too thin to be either mollic or umbric.
Only the surface 3 inches are dark enough and have
enough organic carbon to meet the requirements of a
mollic epipedon. If this profile were plowed to adepth
of 6 inches, the resulting mixture would be too light
colored and would contain too little organic carbon to
meet the requirements of a mollic epipedon. It is
therefore ochric.

Plaggen Epipedon

The plaggen epipedon (Ger. plaggen, meadow) is a
man-made surface layer, more than 50 cm. (20 inches)
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thick, that has been produced by long-continued
manuring. In medieval time, sod was commonly used
for bedding livestock and the mineral impurities
broughtin by this kind of manuring eventually produced
an appreciably thickened Ap, one up to 1 meter or
more in thickness.

Colors and contents of organic carbon depend on
the sources of the sod used for bedding. If the sod
was cut from humus Podzols, 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 sodcame from forested soils, the plaggen
epipedon tends to be brown, to be low in organic mat-
ter, and to have a narrow carbon-nitrogen ratio.

The plaggen epipedon may be identified by several
means. Commonly it contains artifacts, bits of brick
and pottery, throughout. Chunks of diverse materials,
such as black and light-gray sand, up to the size held
by a spade, may be present. The plaggen epipedon
often shows spade marks throughout, and remnants of
thin, stratified beds of sand that were produced onthe
surface by beating rains and later buried by spading.
The soil individuals that have plaggen epipedons tend
to be rectangular with straight sides, and they may be
higher than adjacent individuals by as much or more
than the thickness of the plaggen.

Figure 5 shows a soil with a plaggen horizon and
the surrounding landscape. Mixing of materials can
be seen in this profile. The landscape shows the
straight boundaries and raised elevation of the soil.
Plaggen horizons are unknown in the United States but
are common in parts of western Europe.

DIAGNOSTIC SUBSURFACE HORIZONS

The horizons discussed in this section form below
the surface, though they may attimes form immediately
below a leaf litter, and they may be exposed at the
surface by truncation. Some of these horizons are
generally accepted as Bhorizons, some are considered
Bhorizons by many soil scientists but not by all. Others
are generally considered as parts of the A horizon.

Argillic Horizon

An argillic horizon is an illuvial horizon in which
silicate clays have accumulated to a significant extent.
It therefore must be formed below the surface of the
mineral soil, though it may later be exposed at the
surface. The movement of one clay particle into a
horizon normally would not be detectable, but a limit
can be set near the point where the amount moved has
been great enough that the evidences can be detected
fairly consistently by competent soil morphologists.

The bulk of the clay in most horizons either has
formed in place or has been inherited from the parent
material. The clay that has moved from one horizon
to another is usually only a small part of the total
clay. In kind, the clay that has moved normally does
not differ from the clay that has not moved, but in its
apparent size, the clay that has moved does differ.
Thermal and x-ray analyses of the clay fraction of
soils with argillic horizons normally show little or no
difference between the clay of the A and the B. If the
parent materials contain a mixture of clays, including
montmorillonite, it does seem that montmorillonite is
more completely removed from the A horizon than
other clays. Analyses of the whole soil, and of the
clay fraction less than 2 microns, are shown for three
profiles in table 10. Profile 10 has been considered



Figure 5.—Plaggen epipedon and surrounding landscape:

TABLE 10.--Chemical and Mineralogical Anslyses of Soils with Argillic Horizons

Left, Plaggen epipedon, 4 feet thick, showing mixing, as with a spade.
boundaries and higher elevations of soil individuals having plaggen epipedons (soil with plaggen epipedon lies to left of ditch).
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a Terra Rossa soil; profile 11, aGray-Brown Podzolic
soil; and profile 12, a Red-Yellow Podzolic soil. The
constancy of the SiO 3/RsOg ratios of the clay fraction
and the uniformity in the clay mineralogyinthe various
horizons of each soil attest to the lack of large dif-
ferences between the clays of the illuvial and eluvial
horizons. In contrast to the analyses of the clay
fraction, the analyses of the whole soil show apprecia-
ble changes, which can be explained by the movement
of the clay.

In kind, the illuvial clay is similar to that formed
in place or inherited from the parent material, but in
size, it is normally finer than the other clay. Table 11
shows some representative analyses. Although there
is no certainty about the size that has actually been
measured, data reported from different laboratories
on different kinds of soil show similarities indicating
that the clay that has moved in a soil behaves dif-
ferently in sedimentation from clay that has not moved.

By observing its orientation, translocated clay can
be distinguished from other clays in the field in many
cases, and in the laboratory in most cases. Clay
particles are generally platy in shape, and if theyhave
been moved and deposited, tend to be oriented with
their long axes parallel to the surfaces on which they
were deposited. Halloysite and allophane are the
principal exceptions. The movement of clay may be
from one horizon to another, or may be within a hori-
zon. Since water is the agent that moves the clay, the
translocated clay tends to form coatings of oriented
clay particles on the channels through which water
moves. These channels are principally the cleavage
faces between peds and the pores left by roots or
animals.

Clays deposited in sediments such as shale or till
may be oriented with the depositional surface. Clays
that formed in place within the soil may be oriented
according to the crystal structure of the original
mineral grain from which they formed, i.e., micas
and feldspars. However, neither the mineral grains
nor the planes in the shale or till are oriented with
respect to any soil feature. Consequently, in thin
sections, the layers of oriented clays in peds, on the
surfaces of pores, and on the surfaces of peds usually
can be distinguished from the rest of the clay. Fig-
ures 6, 7, and 8 show the appearance of the layers of
oriented clays in thin sections. Figure 6 shows the
layering on a ped surface; figure 7 shows a pore that
has been filled with clay; figure 8 shows how clay
accumulates in a sand as coatings on the grains of
sand and as bridges between the grains. The layered
appearance of the clay coatings in these figures sug-
gests cyclical illuviation. Each figure includes two
photographs; A was taken with ordinary light, and B
under crossed polarizers. The birefringence, or
brightness, of the oriented clays under crossed
polarizers is evidence of orientation of the clay
particles. Extinction of transmitted light through the
clay occurs in certain planes when the thin section is
rotated. The patternoflight transmission or extinction
indicates that the orientation is parallel to the surfaces
on which the clay has been deposited.

Figure 9 is included for contrast. It shows a ped
surface in the cambic horizon, or B, ofaDystrochrept
(Sol Brun Acide). The layered clays are absent.
Instead, one finds weak orientation of the silts and
clay, but no distinct difference in texture between the
ped coat and the ped interior.

In the field, the oriented clays on the ped surfaces
and in pores, variously called clay skins, clay films,
clay flows, or tonhautchen, can be recognized with
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high precision if they are well developed and in
medium-textured materials. Uncertainty of recogni-
tion increases if the layers are thin, or if the matrix
material has a clay texture. Figure 10 shows, under
magnification, a thick clay skin in a pore and very
thin clay skins on the ped surfaces of an argillic hori-
zon. Figure 11 shows clay skins and clay bridges in
a sand.

Examination of ped surfaces and pores with a 10-
to 20-power hand lens usually discloses one or more
of the features common to most clay skins. The skins
may differ from the ped interiors in color as well as
texture. Pores emerging on the lower side of a ped
often have irregular lips where the clay protrudes.
The surfaces often have an irregular shape, with
channels and apparent flow lines formed by running
water; and if the clay skins on ped surfaces are thick,
the tracings of roots are often visible.

Clay skins are difficult to identify in the field in
horizons with fine texture, particularly in those soils
rich in swelling clays. The pressures generated when
the soils swell produce irregular but smooth ped
surfaces with clay textures. In thin sections some
orientation of the clays may be deduced from the
birefringence of the ped faces; because no differentia-
tion by particle size or mineralogy has occurred, the
oriented clay is indistinguishable from unoriented
clay by any other criterion.

Structureless or massive soils obviously cannot
have clay skins on ped surfaces, since they have no
peds. The clays in the illuvial horizons of these soils
are usually found as coatings on the individual sand
grains, and are often oriented with the surfaces of the
grains (seefig. 8). Occasional pores in these horizons
persist long enough to have patchy or continuous clay
skins, with flow lines. These appear in figure 8 in
both upper and lower centers.

The clay skins are important in the field identifica-
tion of most argillic horizons because they indicate
translocated clay. Yet clay skins alone are inadequate
at times to identify an argillic horizon. Because of
the turbulent flow of water down wide cracks, clay
skins might be formed by a single rain in a soil having
no significant illuviation. For this reason, clay skins
in an argillic horizon should occur on all sides of the
peds, not just on the vertical faces.

If we start with the simplest situation--a medium
textured soil developed from a single parent material
with no lithologic discontinuities--the loss of about 10
percent of the clay in the eluvial A horizon and its
accumulation in the B normally produces a textural
change that can be recognized consistently by trained
soil morphologists. At this point the ratio of the clay
in the B to the clay in the A is about 1.2 (i.e., 25 per-
cent in the A, or surface, horizon and 30 percent in
the argillic horizon). In most medium-textured soils
a ratio of this magnitude seems to make a fairly
satisfactory division point for the recognition of an
argillic horizon. In sands, however, an arbitrary and
somewhat higher percentage limit seems necessary.
If the clay content of the parent material is only 1
percent, the movement of 10 percent of the clay from
the surface horizon to the B would give clay contents
of 0.9 and 1.1 respectively. The difference is too
small to be detected in the field, or even in the labo-
ratory by ordinary procedures. For this reason, an
arbitrary difference between the A and B of at least 3
percent has been selected as a division point for soils
with less than 15 percent clay in the A horizon. With
a difference of less than 3 percent clay between the
Aand B, an argillic horizon is not recognized, although



TABLE 11.--Particle size Distribution of Selected Soils with Argillic Horizons

Y
Profile 13
Particle size distribution (mm.)
Depth
2-1 1-0.5 0.5-0.25 0.25-0.1 0.1-0.05 0.05-0.002 « 0.002 0.002-0.0002 < 0.0002
Inches  Pet.  Pet.  Pet. Pet. Pet. Pet. Pet. Pot. Pot.
0-7 2.5 W 6.5 10.5 6.2 k7.0 22.6 158 6.8
7-10 1.7 4.3 5.7 9.8 6.9 hs. 4 26.2 18.8 7.4
2/
lo-lh —-l,T ﬁ iﬁ ____3_ ?__1__ 3}4,3 11-5.3 25.1 20.2
14-23 1.5 3.0 3.3 6.2 5.9 37.3 42.8 26.6 16.2
23-29 2.L 3.9 3.5 6.5 7.k 41.8 3L.7 25.2 9.5
29-35 1.8 L1 3.8 6.1 i b Ll 2 32.9 ok.o 8.9
Profile 14 1/
0-7 1.1 1.3 1.9 b 6.3 51.6 33.1 2h.6 5
7-10 .9 3 b4 1.6 k.2 6.7 53.1 32.L 23.2 9.2
2/
10-16 77 1.0 1.3 3.1 5.6 47.9 4o.L 2.6 15.8
16-21 6 1.0 1.3 2.8 ka 5.2 k5.0 25.0 20.0
21-28 .3 1.0 1.1 2.8 k.9 48.5 414 23.3 18.1
28-47 5 1.3 1.6 3.2 L7 0.7 38.0 23.3 1k.7
b7-56 1.7 3.5 3.8 7.9 8.6 54.0 20.5 15.6 k.9
56-80 2.0 3:1 3.3 6.1 7.8 57.4 20.3 15.3 5.0
80-100 26.7 14.6 6.2 6.3 3.8 30.1 12.3 9.5 2.8
Profile 15
3/ L7
0-1% ‘?.5 h.1 h.g9 11.6 10.6 43.5 21.7 16.4 }?.3
3 = 18
14-3 ‘?.2 4.1 5.2 1551 11.9 39.2 ok.3 16.7 nfT'b
3 4,
3-8 2.3 L7 6.0 13.9 11.5 32.3 29.3 16.4 12.9
37 == S—— no e P 7
8-11 3.7 4.5 5.8 13.8 10. 33.0 28.3 21.3 e,
3y == i g Rl R e
11-23 3.1 4.2 .7 11.3 10.7 3k.5 31.5 26.8 h?'T
3/ 3
23-39 3.8 3.8 k.3 b B2 12.0 36.6 27.8 25.1 u?.Y
3/ 5
39-60 3.3 3.9 k.o 10.5 10.6 3T 30.0 26.2 3.8
1/
“Data from Chio State University Soil Survey Laboratory.
2
Jﬁrgillic horizon data are underscored.
3
_{)rganic matter in sand fraction.
Y

0.001 data from: Chestnut, Chernozem, and Associated Soils of Western North Dakota. C. A. Mogen,

J. E. McClelland, J. S. Allen, and F. W. Schroer., Soil Sei. Soc. Amer. Proc. v. 23, pp. 56-6l. 1959.
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A, Viewed under plain light

B, Viewed under crossed polarizers
X Flanes of polarization of light

EXPLANATTON

a Coatings of oriented e Small pores within peds

clay
f Voids between peds

b Extinction bands (particles in voids
are impurities from
¢ Mineral grains larger section preparation)

than very fine sand
g Very fine grains of sand
d Matrix consisting of in the clay coatings
unoriented particles
of clay, silt, and
very fine sand

Cyclical illuviation is suggested by the layer-
ing parallel to the ped surface, and by the inclusion
of grains of very fine sand. The brightly illumi-
nated part of the coating in micrograph B is at a
iiso angle to the planes of polarization of light in
the microscope; the dark section on the left and the
narrow “extinetion bands" (item b in diagram) are
segments of the coatings where the clay particles are
parallel to the planes of polarization. Upon rota-
tion of the microscope stage, the dark extinction
bands seem to sweep across the coatings.

Figure 6.—Thin section of a clay skin on a ped surface.
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1.Omm
)

B, Viewed under crossed polarizers
X Planes of polarization of light

EXPLANATTON

a Pore filling--clay cles at maximm interfer-
ence position (45° angle with planes of polariz-
ation of light)

b Pore filling--clay not at maxdmm interference
position

¢ Thin, oriented clay coatings on pore walls

d Mineral grains (mainly quartz, some feldspar)
larger than fine sand

e Soil matrix largely consisting of randomly
arranged very fine sand, silt, and clay

f Pores

The large pore in the center of the miecrograph is
completely filled with translocated clay. As seen in
plain light (A) the translocated clay is fine,
uniform in particle size, and of distinect layer
structure. In most soils, as in the one shown, the
translocated clay is higher in chroms and value, as
well as redder in hue, than the soil matrix. As
seen under polarized light (B) the horizontal part of
the pore filling is transmitting light because of the
birefringence, but the part of the pore filling that
is paralliel to the plane of vibration of light is
dark. A few grains of fine sand have fallen into the
pore and have been incorporated into the pore filling.
Walls of other pores have thin coatings. Birefrin-
gent zones around the grains of sand and the bire-
fringent streaks within the matrix result from pres-
sure orientation of the particles of clay and silt
that have not been translocated.

Figure T.—Thin section of a clay skin in a pore.
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A, Viewed under plain light B, Viewed under crossed polarizers
—+}- Planes of polarization of light

EXPLANATION
a Coatings of oriented clay ¢ Voids
b Mineral grains d Extinction bands
Coatings of translocated clay cover all of the
mineral grains and form bridges at edges and apices.
The prominence of bridges suggests preferential de-
position of the clay in the menisci of a drying soil-

water system.

] 0.l 0.2 0.3mm

Figure 8.—Thin section of clay skins and bridges on sand.
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A, Viewed under plain light

C, Diagram

B, Viewed under crossed polarizers
-+ Planes of polarization of light

EXPLANATION
a Zone of preferred orientation
b Extinction band
¢ Soil matrix, lacking preferred orientation
d Mineral grains
e Volds between peds

Under crossed polarizers, transmission of light
near the ped periphery indicates preferred aligmment
of clay and silt particles parallel to the ped sur-
face. Such peripheries differ from coatings of trans-
located clay in having a diffuse boundary with the
soil matrix and in having particle size distribution
nearly identical to that of the soil matrix. In the
micrograph taken under plain light, the periphery can=-
not be distinguished from the ped interior. Extinc-
tion bands are similar to those in coatings of trans=-
located clay.

Figure 9.—Thin section of a ped surface in a cambic horizon that lacks clay skins.
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Figure 10.—Thick clay skin in pore and thin clay skins on ped surface.
(Scale is 2 mm.)

a B horizon may be readily discernible. Conversely,
a ratio of 1.2 would require an unreasonable amount
of translocation in parent materials rich in clay. A
difference of 8 percentordinarily should be detectable
in clayey soils in the field and is easily measured in
the laboratory. Consequently, if the A contains more
than 40 percent clay, an increase of 8 percent in the
B horizon seems adequate for the recognition of an
argillic horizon.

In sands and loamy sands, the argillic horizon often
forms as a series of 'fibers," or lamellae (fig. 12).
These are spaced at intervals varying from a very
few inches up to a foot or more. Only the lamellae
are used for comparing textures. Obviously, a single
lamella with a thickness of 2 mm. should not constitute
an argillic horizon. It is too thin to be sampled for
measurement of the clay content. Lamellae 1 cm. or
more thick, and totaling something like 15 cm. or
more in a given profile, should be present for the rec-
ognition of an argillic horizon in sands and loamy sands.

If the accumulation is not in lamellae, significant
illuviation requires that the illuvial horizon have a

558055 O - 60 - 4
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Figure 11.—Clay skins and bridges on sand. (Scale is 2 mm.)

reasonable thickness. An illuvial horizon 1 cm. thick
underlying an eluvial horizon 50 cm. thick would not
indicate a great deal of translocation. The illuvial
horizon's thickness must be at least one-tenth that
of the overlying horizons to indicate significant
illuviation.

Detailed studies of the micromorphology of some
soils with argillic horizons (i.e., class 7.34, Glos-
sudalfs) show evidences that an argillic horizon may
be formed and later destroyed. During the initial
phases of destruction, the clay skins are removed
from the ped surfaces, and bleached coatings of silt
or sand are left. Oriented clays within the peds



Figure 12.—Argillic horizon in bands, or lamellae.

persist for a time. It is possible, therefore, to have
an argillic horizon undergoing degradation that has
few or no clay skins on ped surfaces but has many
clay skins within the peds. Such horizons are still
considered argillic horizons, so long as they retain
the clay ratio of 1.2 with the overlying horizon, or if
no A is present for comparison, have oriented clays
in something like 10 percent of the cross section.

Soils that have been cultivated for many years may
have lost their original eluvial horizons, and in these
the plow layer may be in the argillic horizon. If
cultivation is stopped and the soil remains undisturbed
under grass or forest for a long period, a new Al
horizon may form in the old plow layer. In time,
evidence of the plowing disappears and a profile is
formed that has a thin Al horizon containing as much
clay as the B. In such soils and in severely eroded
soils being cultivated, the clay skins and concentration
of fine clays will be about the only reliable evidence
that the B is an argillic horizon.

The argillic horizon may have more clay than the
C, but this will not necessarily be so if the parent
materials were stratified, or were very fine textured.
The argillic horizon should, however, have relatively
more fine clay than the parent material in which it
developed. An argillic horizon developed in a medium-
textured nonstratified parent material has more total
clay and more fine clay than the underlying C horizon.
If the parent material is fine textured, the C horizon
at times has as much or more total clay than the
argillic horizon. Data on the content of fine clay are
relatively scarce, but for soils developed in clayey
parent materials, it is reasonable to expect that either
the content of fine clay will be maximum in the argillic
horizon, or that the ratio of fine clay to coarse clay
will be at a maximum in that horizon.

Profile 16 illustrates a soil developed in such
material. It will be noted that there is as much or
more clay in the C than in the argillic horizon, which
starts at 11 inches and extends to 30 inches. In the
argillic horizon the fine clay constitutes half of the
total. In the A it is about one-quarter of the total,
and in the C it is about one-third. The clay in the C
is dominantly illite.
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Another common situation is that found in soils
developed from limestone, where the argillic horizon
apparently has less clay or no more clay than the C.
At this time data are not adequate to predict whether
the ratio of fine clay to coarse clay will permit a
clear distinction between the argillic horizon and the
C horizon.

Stratified parent materials and truncated soils that
have lost their A horizons present different problems
in the recognition of argillic horizons. If the A horizon
has not developed from the same material as the B,
or if no A remains for comparison, the difference in
clay content betweenthe A and the B cannot be usedto
define the limits of the argillic horizon. It is common
to find on floodplains recent deposits of sand lying on
clay. The ratio of clay in the lower layer to the clay
in the surface layer may exceed 3, but none of the clay
isilluvial. Onthe other hand, in old stratified deposits,
the illuvial horizon of clay accumulation may coincide
with an originally finer textured stratum, but one does
not want to assert that illuvial horizons cannot form
in stratified materials.

It is therefore necessary tolook in stratified mate-
rials or in truncated soils for the evidence of illuvia-
tion, the clay skins. When most of the ped surfaces
have coatings that cover some 10 to 15 percent of the
ped surfaces with clay skins thick enough to obscure
fine sand grains, and have some pores with nearly
continuous clay skins, or if thin sections show some-
thing like 10 percent of the ped interiors to be oriented
clays, the horizon is considered to be an argillic
horizon. It is desirable to recognize the argillic
horizon at about the same stage of development in all
soils; therefore, the development of clay skins in the
soils formed from stratified parent materials should be
equal to the development in the most weaklyexpressed
but recognizable argillic horizons of soils that devel-
oped in uniform parent materials.

Another nearly universal feature of argillic hori-
zons in soils without lithologic discontinuities is the
nature of the transition from the A to the argillic
horizon. The boundary may be abrupt or even gradual,
but the clay content increases sharply enough that the
limits for an argillic horizon are exceeded within a
12-inchverticaldistance. To have an argillichorizon,
the clay increase must occur within a 12-inch or
thinner transition, and at least some clay skins must
be present. It should be stressed that an increase in
clay content with depth is not in itself evidence of an
argillic horizon.

In summary, we can say that an argillic horizon
forms below an eluvial horizon but may occur at the
surface ifa soilhas been partially truncated. It meets
the following requirements:

1. Where an eluvial A remains, and there is no litho-
logic discontinuity between the A and the argillic

horizon, it contains more clay than the A as follows:

a. If the A has less than 15 percent clay in the fine
earth (less than 2 mm.) fraction, the argillic
horizon must contain at least 3 percent more
clay than the A. (13 percent versus 10 percent,
for example.)

b. If the A has more than 15 percent clay and less
than 40 percent in the fine earth fraction, the
ratio of the clay in the argillic horizon to that in
the A must be 1.2 or more.

c. If the A has more than 40 percent clay in the

fine earth fraction, the argillic horizon must
contain at least 8 percent more clay than the A.
(50 percent versus 42 percent, for example.)



2. The argillic horizon must be at least one-tenth the
thickness of the sum of all overlying horizons, or
more than 15 cm. (6 inches) thick; and the clay
increases required under item 1 must be reached
within a vertical distance of 30 cm. (12 inches) or
less.

If peds are present, an argillic horizon must show
clay skins on some of both the vertical and hori-
zontal ped surfaces and in the fine pores, or must
show oriented clays in 10 percent or more of the
cross section.

If a profile shows a lithologic discontinuity between
the A and the argillic horison, or if only a plow
layer overlies the argillic horizon, the argillic
horizon need show only clay skins in some fine
pores and, if peds exist, on some vertical and
horizontal ped surfaces, or the clay skins must
constitute approximately 10 percent of the cross
section.

The argillic horizon does not necessarily have
more clay than the C horizon, but it should have
more fine clay than the C.

Agric Horizon

The argric horizon is an illuvial horizon of clay and

humus formed under cultivation. When a soil is
brought under cultivation, the vegetation is normally
changed drastically; the surface material is mixed
periodically by plowing and, in effect, a new cycle of
soil formation is started. Ewven where the cultivated
crops resemble the native vegetation, the stirring of
the surface material and the use of amendments,
especially lime and phosphate, normally produce
significant changes in the soil flora and fauna. With
long-continued cultivation, changes in the horizon
immediately underlying the plow layer become apparent
and cannot be ignored in the classification of the soil.
Eluviation in the plow layer removes mixtures of
humus and clay, and these may accumulate directly
below the plow layer. Worm and root channels and
ped surfaces become coated with dark-colored mix-
tures of organic matter and clay. The accumulation
often takes the form of more or less horizontal
lamellae or fibers that may vary in thickness from
several millimeters to about a centimeter. If this
illuvial material occupies less than about 15 percent
of the volume of the horizon underlying the plow layer,
the accumulation is considered too weak to be recog-
nized as an agric horizon.

In summary, the agric horizon is a horizon imme-
diately underlying a plow layer in which clay and
humus have accumulated as thick, dark lamellae, or
as coatings on ped surfaces and in wormholes, and
occupy at least 15 percent of the horizon by volume.

Natric Horizon

The natric horizon is another special kind of
argillic horizon. It has, in addition to the properties
of an argillic horizon, (1) prismatic, or more com-
monly, columnar structure; and (2) more than 15 per-
cent saturation with exchangeable sodium. If an
underlying C horizon has more than 15 percent of
exchangeable sodium in some part, an overlying
argillic horizon that has more exchangeable magnesium
plus sodium than calcium plus hydrogen is considered
anatric horizon. The natrichorizonis common to most
soils that have been called solodized-Solonetz and
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Solonetz. Figure 13 shows the typical appearance of
a natric horizon in a soil profile.

Figure 13.—Top, Natric horizon with columnar structure. Bottom, Bleached
caps of columns.



The effect of the sodium on dispersion of clays and
the formation of argillic horizons has been long rec-
ognized. The importance of special recognition of
argillic horizons that have large amounts of exchange-
able sodium has not been seriously questioned.

The effect of the magnesium ion on the dispersion
of clays is still disputed. Laboratory studies seem to
show but slight difference between the effects of
magnesium and calcium. Yet it is common to find a
poor physical condition in clays with large amounts of
exchangeable magnesium, and the reasons for this
relation are unknown. In the absence of more definite
data, the authors cannot accept the idea thatthe effects
of magnesium ions are similar to those of sodium
ions. Magnesium has been included in the definition
of the natric horizon because, as the sodium is being
removed, magnesium seems to follow in the leaching
sequence. If leaching continues, the magnesium is
eventually replaced by hydrogen. When replacement
reaches the point that saturation by magnesium and
sodium is less than 50 percent of the exchange capac-
ity, the horizon is no longer considered natric. One
sees relicts of such horizons, with their form clearly
evident but with all other properties altered because
of great changes in the environment.

Some examples may help clarify the criteria for
the natric horizon. Data for three profiles from North
Dakota and South Dakota are given in table 12. All

were developed under grass, have distinct prismatic
or columnar argillic horizons, and have been con-
sidered by some soil scientists as solodized-Solonetz.

The first profile (17) has a natric horizon because
the exchangeable sodium exceeds 15 percent of the
exchange capacity. The second profile (18), from
Sargent County, North Dakota, has a natric horizon
because the magnesium and sodium exceed calcium
(exchangeable hydrogenis very small in the montmoril-
lonite clay of this soil) and because exchangeable
sodium exceeds 15 percent of exchange capacity in
the two lowest horizons. The third profile (19) has an
argillic horizon, but not a natric horizon, because
exchangeable sodium is less than 15 percent, and
exchangeable calcium exceeds the sum of magnesium
and sodium. In this last profile it is impossible to be
sure that there was ever any significant amount of
sodium. It should be noted that in this profile the B,
or argillic horizon, has prismatic rather than columnar
structure.

Spodic Horizon

The spodic horizon is an illuvial accumulation of
free sesquioxides accompanied by appreciable amounts
of organic carbon, an illuvial accumulation of free
iron not accompanied by roughly equivalent amounts

TABLE 12.-=Selected Properties of Soils with Natriec and Argillic Horizons

Profile 17
Extractable cations
Exchange-
Ares Horizon Depth oH Clay Ca Mg Na able 03003
(paste) Na
Inches Pect. Pet. Pct.
Perkins Co., S. Dak. Al 0-3 6.1 12.9 6.0 2.8 0.1 1 -
A2 3-6 5.6 15.6 5.0 3.6 .9 T —
Bolt 6-9 yj_._:é_ a3 167 138 Buk ;g 1
B2t 9-11% : . 2.2 13.2 5.4 18 ——
B23tea 111-15 .1 28.5 — -—— 3.9 17 L
B3teca 15-21 7.7 20.8 — -— 2. 13 2
Profile 18
Sargent Co., N. Dak. Al 0-6 7.2 26.0 17.5 8.3 0.2 1 -
B2lt 6-10 1/7.4 30.3 11.0 12.3 1.1 5 -—
B22t 10-17 é(_g 30.2 16.9 13.3 2.1 10
B3tea 17-24 .2 30.3 === =2 2,3 18 2%
II C1 2k=30 8.3 19.5 —-— — 1.6 20 22
Profile 19
Sargent Co., N. Dak. Ap 0-6 6.6 29.8 20.8 e T ——— ——
A2 6~11 6.0 23.6 10.7 Bl 1 1: e
B2t 1-19 2/5.7 4.6 15.8 11.0 A - ——
B2t 19-27 6.2  37.2 16.8 10.9 8 1 e
B3 27=3h T-7T 30.3 _— — Al 1 6
cl 3h-l5 7.8 27.8 — - i 1 11

1/

Natric horizon data are underscored.

2/

Argillic horizon data are underscored.
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of illuvial crystalline clay, or an illuvial accumulation
of organic carbon usually if not always accompanied
by an accumulation of aluminum combined in some
form other than that of the crystalline silicate clays.
It should be noted that aluminum is usually present in
a form that meets the definition of allophane. The
spodic horizon usually forms below an eluvial A hori-
zon, though at times the A horizon is so thin, less than
one-eighth inch, that the illuvial sesquioxides in the
spodic horizon must have come in large part from
some other source, perhaps from the leaf litter. The
spodic horizon can occur at the surface, either as a
result of soil truncation or of mixing of the surface
by natural agents or by man.

The typical spodic horizon is easily recognized in
the field because the lowest values, reddest hues, or
strongest chromas occur in the upper part of the
horizon. In addition, it shows rounded to subangular
black or very dark brown pellets of silt size, usually
between 20 and 50 microns in diameter. These are
not visible to the naked eye, but they can be seen with
a 40- to 60-power hand lens. The appearance of these
pellets in a thin section is shown in figure 14.

Some spodic horizons (ortsteins) are cemented by
coatings of humus and sesquioxides. In these the
pellets are not conspicuous under a hand lens, though
they may be seen in thin sections. Figure 15 shows
the appearance of a cemented spodic horizon in a thin
section.

Rarely, there is a spodic horizon that shows fewor
no pellets and is not cemented. In this kind of spodic
horizon the content of organic matter is very low but
the content of free oxides is high.

A, Thin section viewed under plain light.
pellets, 20 to 5C microns in diameter, are typical

The Tine

of spodic horizons. Some of the pellets have silt
or cley particles as nuclei, but most of them do
not. The ped periphery shows evidence of degrad-
atlon, possibly the result of infringement of an
albic horizon.

Clay skins apparently are not found in spodic hori-
zons, nor is a moderate or strong grade of blocky
structure.

If a distinct, bleached eluvial horizon (albic horizon)
overlies the spodic horizon, it is common, but not
necessary, to find a second maximum of organic
carbon in the spodic horizon. However, the presence
of organic carbon in association with the free sesqui-
oxides is a very common characteristic of the spodic
horizon. It is the organic carbon and the pellets that
distinguish an ortstein from the ironstone layers often
found at lithologic discontinuities in deep layers below
many soils. It should be pointed out that spodic hori-
zons may occur at depths of more than 2 meters in
some tropical and subtropical areas, and that buried
spodic horizons can be found at even greater depths.
Figure 16 shows a profile having a spodic horizon
underlying an eluvial A2 horizon.

Horizons of sesquioxide and humus accumulation
may be found in all degrees of development, ranging
from a few millimeters to a meter or more in thick-
ness, and with accumulations ranging from limits not
detectable by ordinary laboratory methods to rather
extreme concentrations. It seems essential to set
some lower lirmits on the contents of organic carbon
or free sesquioxides. These limits are set tentatively
at 0.29 percent organic carbon (one-half percent
organic matter) and 1 percent free sesquioxides.
Horizons of accumulation with less than both this
amount of organic carbon and this amount of free
sesquioxides (one and the other) are not considered
spodic horizons, though they may be recognizable as
weakly developed B horizons. Similarly, horizons are

B, Diagram of thin section:

a Pellets

b Sand grains larger than very fine sand

¢ Swmell, diffuse pores within weakly developed
structurel units (weak, fine crumbs)

d Large pores between structural units

Figure 14.—Thin section of a spodic horizon with crumb structure.



A, Thin section viewed under plain light. Bridges
between mineral graine, formed by connecting
sesquioxide-organic matter coatings, are respon-
sible for the hardness of the horizon. Cracked
coatings (upper part of micrograph) seem to be
first phase in the disintegration of ortstein.

Figure 15.—Thin section of a

not considered spodic horizons if they are so thin,
are so near the surface, and are so weakly expressed
that the cutting of a forest and plowing a few times to
a depth of 6 to 7 inches obliterates all traces. A thin
horizon of accumulationis considered a spodic horizon
if, after plowing and mixing of the surface horizons to
a depth of 6 to 7 inches, it is still possible to demon-
strate a higher iron content than in the underlying
horizons, to determine the presence of humus and
sesquioxide pellets, or to recognize in the field or in
thin sections the fragments of the spodic horizon.

Spodic horizons normally have little or no more
crystalline clay than the overlying and underlying
horizons. However, allophane is often if not always
present, and mechanical analyses by the methods used
for soils having crystalline clays are not always
reliable. The clay that is present does not form well
oriented coatings or clay skins.

Itis common in argillichorizons to find a maximum
of free iron oxides, and if the argillic horizon is
strongly developed, a secondary maximum of organic
carbon may coincide with the clay maximum. Normally
such horizons are clearly distinguished from the
spodic horizons by a blocky structure, crystalline
clays, and an abundance of clay skins. The clear dif-
ferences between spodic and argillic horizons in
thin sections may be seen by comparing figures 6 and
14.

The accessory characteristics of the argillic and
spodic horizons will help in the identification of hori-
zons that are intermediate in the more common
definitive characteristics.
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0.2
b

B, Diagrsnn of thin section
Mineral grains (quartz)

b Coatings of organic matter and sesquioxides
seen in cross section

¢ Coatings of organic matter and sesquioxides
seen in sections parallel to grain surfaces

d Pores

spodie horizon (ortstein).

The carbon-nitrogen ratios in argillic horizons
are generally less than 14, but in spodic horizons
they usually exceed 14.

The silica-sesquioxide ratio of the clay fraction of
the argillic horizon is about the same as that of the A
and the C. In spodic horizons, however, the silica-
sesquioxide ratio of the clay fraction is lower than in
other horizons.

Table 13 includes selected data from four profiles,
two having spodic horizons, and two having argillic
horizons. Descriptions of the profiles and additional
data are on pages 85 to 88. All profiles have the
bleached A2, or albic, horizons that were used in
some earlier classifications for identification of
Podzols. The soils with a spodic horizon, profiles 20
and 21, have a small accumulation of allophane inthat
horizon, as measured by alkaline dispersion, but a
relatively much greater accumulation of organic
carbon that is accompanied by an accumulation of
either iron or aluminum. When dispersed in acid, the
spodic horizons may show large clay accumulations.
The spodic horizon of profile 20, from 4-1/2 to 23
inches, has approximately 14 percent clay that will
disperse in acid. The spodic horizon of profile 21
has less than 1 percent clay that will disperse in acid.

The two profiles with an argillic horizon, profiles
22 and 23, show a large accumulation of crystalline
clay in those horizons, with clay contents roughly
proportional to the free iron oxides. A slight accu-
mulation of nitrogen in the argillic horizons is sug-
gested by the data, but carbon-nitrogen ratios are
narrow compared to those of the spodic horizons.



Figure 16.—Profile of a Humus Podzol showing a spodic horizon under an
eluvial A2 horizon (albic horizon).

The properties of the clay fractions show more
marked differences. The clays of the spodic horizon
are largely amorphous and have a high loss onignition,
compared to the loss for all other horizons. The
silica-sesquioxide ratios of the clays in the spodic
horizon of these profiles differ greatly from those in
their A2 horizon and are lower than in the C.

The clays in these profiles with an argillichorizon
have more wvariability in their silica-sesquioxide
ratios than is found in some soils with an argillic
horizon (see table 10). Nevertheless, there is little
variability detectable by x-ray and DTA analyses in
the clays of the soils with argillic horizons. The
clays in the argillic horizons have essentially the
same loss on ignition as the clays in the A and C.

It should be pointed out that some soils have both
a spodic horizon and an argillic horizon. Often these
two are separated by an eluvial horizon. In some
soils, particularly those with very low base saturation
in the argillic horizon, the spodic horizon may rest
directly on the argillic horizon, and may tongue into
it along ped faces and thus make it difficult to sample
the two horizons separately.

In summary, a spodic horizon is one which shows
the following properties:

1. Amorphous coatings of humus and allophane or
of humus, allophane, and free sesquioxides on particles
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of sand or silt; or rounded to subangular pellets of
humus or of humus and sesquioxides between 20 and
50 microns in diameter; or both.

2. More than 0.29 percent organic carbon or 1
percent free sesquioxides in-some part.

3. No clay skins; under crossed polarizers coat-
ings in thin sections show slight or no birefringence
and no extinction on rotation, which indicates substance
forming the coatings are not both crystalline and
oriented.

4, No structure;or structure other than blocklike;
or blocklike structure only if the grade of structure
is weak.

5. Carbon-nitrogen ratios of more
profile is virgin.

6. SiOs/R3 03 ratio in clay fraction less than that
in clay fraction of overlying A2 or albic horizon and
less than that in clay fraction of parent material.

than 14, if

Cambic Horizon

The cambic horizon (L.L. cambiare, to change) is
conceived to be a changed or altered horizon. Soil-
forming processes have changed or altered the mate-
rial enoughto form structure if the texture is suitable;
to liberate free iron oxides, form silicate clays, or
both, and to obliterate most evidences of the original
rock structure. The cambic horizon has not been
altered enough to completely destroy volcanic glass,
allophane, feldspars, micas, or similar weathered
materials, nor has illuviation of iron oxides, humus,
or clay reached a point that will permit classification
of the horizon as argillic or spodic. The cambic
horizon may be at the surface if a soil has been
truncated. Otherwise, it is immediately below one of
the diagnostic epipedons. It is considered a part of
the solum and occurs within the zone normally reached
by the roots of native plants. Thus, it lies in the
position of a B horizon, and by many it is considered
to be a B horizon. The concept appears much the
same as that of the (B) of Laatsch?

Below many B horizons (usually argillic and spodic
horizons) there is a transition to the C in which there
has been weathering and alteration. Free iron oxides
may have been liberated in this horizon to much the
same extent as in the cambic horizon. Yet, because
there is an overlying argillic or spodic horizon, a
transitional horizon of this kind is not considered a
cambic horizon. Rather, it is considered a transition
to the C horizon. This distinction, which may seem
very fine, is primarily one of position; the cambic
horizon occupies the position of a B horizon, between
A and C, and not the position of a transition between a
spodic or argillic horizon and the C.

Under the concept just explained, the cambic hori-
zon may have more free iron, but little if any more
total iron, than a underlying IC® Ordinarily, it has
less total iron than does the C.

Because considerable time is required for the
partial destruction of iron-bearing minerals or the
formation of clay, the cambic horizon in clayey and
loamy materials normally has time to develop a
granular, blocky, or prismatic structure.

5Laatsch, W. Dynamik der deutschen Aker-und Waldbdden Steinkopff,
Drezden.

6IC is used for Chorizons presumed to be similar to the material from
which the solum has developed, in contrast to IC, material unlike that
from which the solum developed. (See horizon designations.)
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TABLE 13.--Chemical and Mineralogical Analyses of Soils with Spodic and Argillic Horizons

Profile 20
Whole soil (€2 mm.) Clay fraction
Depth Clay Organic C/N 8105 Al1503 FepOg Free 5105/Rp03 8102/3203 Mt Mi Vm Chl K Gb Loss on
carbon FenqO3 ignition
h h h h
Inches Pet Pct Pct Pct. Pect. Pet. Pot
0-1% 3.5 1.67 18 62.1 15.7 4.6 0.h 5.7 6.2 xx - - == 5 - 7.6
B YEloam o2 56 9.7 55 0 L2 ko L6 - - e (2) - 13.7
1313~ 51 231 20 %7 201 56 1.6 kil Ll - - x - (3) @) 18.2
13-23 k.8 171 18 29:0 19.2 5.5 1.8 b 1.1 o = s “ 48 3 16.7
23-36 2.6 .66 18 6.1 15.5 5.9 6 5.6 - ® x - -- (3/) =
36-48 e 38 13 66.9 15.5 5.8 L 5.9 1.7 -- -- s -- -- (3/) 115
Profile 21
0-3 0.5 1.12 97.0 0.2 0.1 <0.1 621 DR == e = iy N e
3-16 b .03 - 99.8 il o1 &5 1040 L2.3 i =2 wa az I 3.6
16-17 2.7 1.05 3 96.6 e ok ol 357 ——— - -- -- - I -
17-18 1/ k.6 2.5k 69 923 21 .3 .1 &8 28 e mm em - = oy 33.2
18-20 b2 1.10 38 gh.6 1.6 .2 < .1 93 2.7 - -- x B gﬁ/) e 26,9
20-27 1.7 .10 - 97.6 .6 a2 2T 226 3.3 == - xx e - == 11.2
27-39 P .02 -- ——-- --= --- <5l —-- - -- -- -- -- _— - ——
39-kk 4,7 .07 -- _—— --- -—-- 2 - -—- -- -- -- -- - - -
Profile 22
0-5 9.0 0.47 12 79.2 11,2 1.8 0.5 10.9 3.0 P xX - -- 5/ 10 - 7.0
5-10 b/ 29.2 .38 8 J3=0 i3.5 k.0 1.0 I.T 3.2 oo xx il = 9L A0 = 1.5
10-15 29.5 .30 6 2.2 12.8 h.2 1.0 7.9 3.2 xxxx xx -- --5/ 10  -- 7.3
15-23 13.4 .23 10 79.6 10.8 2.8 .8 10.7 —-- XOHX xX -- -- g_/ 10 -- -
23-29 8.8 .10 70.8 8.2 1.9 5 12.8 4,7 X x% - -- 5/ 10 -- 6.1
2g9-45 9.2 L1h - 67.7 7.8 1.9 .5 12.7 - xx X% e s 5/ 10 i e
45-55 10.1 .08 - 67.5 8.9 2.1 B 11.2 4,2 proves XX - -- 5/ 10 -- 6.4
Profile 23
0-5 26.8 2.1 1k 73.54 11k 2.9 0.6 9.k L0 e o - -- 5/ 10 - T5
5-10 25.3 A 12 76.7 11.3 2.5 .5 10.1 o XXX prets -- -- 5/ 10 L SEE
10-17 19.7 5 11 80.9 10.2 2.0 e 12.0 L.y XX o == -- 5/ 10 - T.0
17-22 16.8 o3 10 79.7 9.8 2.0 b 12.2 A e e . -- 5/ 10 - I
22-31 L4/ 31.1 .3 5 Th. b 12.7 3.3 b 8.5 3.5 oxxx xx - --5/10  -- T,
31-45 23 a3 =L 1.5 1.0 3:6 ek -6 3.2 xox xx =F -- 5/ 10 8.1
45-55 27.5 2 = 73.5 12.4 3.1 N 8.7 ——— XX xx -- -- 5/ 10 -- -
55-62 27.1 3 8 2.4 12.1 3.5 nn 8.6 3.5 2K xx -- -- 5/ 10 g Tl
1/ 3/
Spodic horizon data are underscored. Trace.
2/ b/
DTA pattern shows strong endothermic peak at about 180°C., and Argillic horizon data are underscored.
this is attributed to allophane-like material. 5

DTA peak very diffuse; estimates have low relisbility and are probably too high.



Since illuviation is negligible, the peds lack dis-
tinctive coatings and generally are weakly developed.
Preferred alignment of plate-shaped particles parallel
to the ped face can be demonstrated in thin sections
(fig. 9) on smooth ped faces. If textures are too
coarse to permit volume changes with wetting and
drying, the cambic horizon may remain structureless.
In soils of very high base status, the weak blocky
structure of many cambic horizons may be absentand
the soil fauna may have produced a granular or crumb
structure.

The micro-fabric (fig. 9) of the cambic horizon
resembles that of the argillic horizon in having random
orientation of individual particles and little pore space
in the maxtrix. It differs from an argillic horizon in
lacking clay skins that are ofdistinctly finer material
than the matrix. Under crossed polarizers, the bire-
fringent faces of peds in a cambic horizon indicate a
preferred orientation of particles. Although the ped
faces show evidence of preferred alignment of plate-
shaped particles, they differ from clay skins in that
the particles are less perfectly arranged and are
similar or identical to the ped interiors in particle
size distribution.

Coarse textured materials, sands, and loamy sands
coarser than loamy very fine sand, are excluded from
cambic horizons. This is admittedly arbitrary, since
sands can be altered by weathering. Nevertheless,
recognition of alteration in sands is much more dif-
ficult. Normally structure cannot form. Decisions
that a given sanddoes or does not show alteration are
also apt to be arbitrary and inconsistent among dif-
ferent soil scientists. It was decided therefore totest
a grouping into a single order of those sands and
loamy sands that do not show the more easily defined
diagnostic horizons. The mollic, umbric, and plaggen
epipedons, and the argillic and spodic horizons all
may occur in sands, and are used to place soils into
appropriate groups. Cambic and, as discussed later,
oxic horizons, are not to be recognized in sands, or
in loamy sands coarser than loamy very fine sand.

Cambic horizons may form in the presence or
absence of fluctuating ground water. If ground water
is presentinthe horizon at some season, the free iron
is generally partially removed from the individual
particles of sand, silt and clay and is either lost from
the horizon or is concentrated in the form of concre-
tions or mottles. Mottling or gleying alone is not an
evidence of alteration adequate for identification of a
cambic horizon. One must find other evidences of
alteration. Chemical weathering to form clay or to
partially destroy weatherable minerals is difficult to
recognize in the field. The presence of soil structure,
the absence of rock structure, and evidences of leach-
ing or of redistribution of carbonates may be recog-
nized in the field and used where applicable for
identification.

In the absence of ground water, cambic horizons
normally have brownish colors; the chroma, because
ofliberation of free iron oxides, commonly is stronger
or the hue redder in the cambic horizon than in the C.
Feldspar minerals, and such easily weatherable
minerals as glass, biotite, some pyroxenes, and some
amphiboles, are all partly weathered; mica, if it is
present, is at least partly weathered to 2:1 lattice
clay. The minerals, however, have not been com-
pletely destroyed in a cambic horizon.

The hydrated oxide of iron removed from primary
minerals may have formed coatings on individual soil
particles and is considered to be responsible for the
color of the horizon if it is brown or red. The free
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iron/clay ratio is constant among subhorizons of the
cambic horizon.

The cambic horizon, however, may or may not
contain more free iron than the material from which
it was derived. The cambic horizon may have lost
some iron, and furthermore, many soil parent mate-
rials, especially those derived from sedimentary
rocks, contain amorphous forms of iron-bearing
minerals that analytically, can not be distinguished
from free iron-oxide coatings on soil particles.

The cambic horizon does not have the high content
of organic matter and the dark colors definitive for
mollic or umbric epipedons; it does not have the
properties diagnostic for argillic or spodic horizons,
nor does it have the cemented or brittle properties
definitive of duripans and fragipans that will be given
further on in this chapter.

The cambic horizondiffers from the spodic horizon
in lacking an accumulation of sesquioxides, in having
auniform silica-sesquioxide ratio in the clayfraction;
and, if the clay fraction is not allophane, in having a
relatively small loss on ignition. It also lacks the
pellets diagnostic of spodic horizons.

Since cambic horizons grade imperceptibly to
argillic and spodic horizons, some examples may help
clarify the distinction between them.

Table 14 contains selected data on three profiles
that have cambic horizons. In profile 24, the cambic
horizon overlies a lower sequum containing aneluvial
horizon and a fragipan. The profile description,
profile No. 24, is on page 89. It will be noted that
the cambic horizon, from 2 to 16 inches, contains
more free iron but less total iron and less ''lattice"
iron than the underlying horizons. Lattice iron is not
an entirely correct name, for it includes magnetite.
Clay mineral analyses show some weathering of micas
and chlorite to vermiculite. The cambic horizon in
this profile has appreciably more clay than the over-
lying A2 or the underlying eluvial horizon, A'2. It
could therefore be confused with an argillic horizon.
This is an extreme example. More commonly the
cambic horizon either has less clay or has at the most
2 or 3 percent more clay than the A. There are,how-
ever, no evidences of significant clay illuviation in
profile 24. Clay skins are so few and so thin that they
are not seen by field examination. Thin sections show
the presence of a very few very small clay skins in
pores. The total analyses indicate the clay has been
largely formed in place, for the B is intermediate in
its silica-sesquioxide ratio between the A and C. Both
spodic and argillic horizons (table 13) have the mini-
mum silica-sesquioxide ratio, on the basis of the frac-
tion less than 2 mm. for the profiles in which they occur.

Profile 33 is a soil with a mollic epipedon above
the cambic horizon. The data suggest the beginning
of an argillic horizon, from 9 to 15 inches, in the
mollic epipedon. The cambic horizon, from 15 to 34
inches shows no evidence of being an illuvial horizon,
but does show evidences of formation of clay, as the
clay content decreases steadily with depth.

Profile 34 is a soil with an ochric epipedon and a
cambic horizon. The cambic horizon, from 2 to 13
inches, shows loss of both iron and aluminum, but no
evidence of illuviation.

All these profiles, 24, 33, and 34, have significant
amounts of weatherable minerals in the silt and sand
fractions. Evidence may be seen in the appreciable
contents of K5O in all profiles, and the CaO in profiles
24 and 33.

In summary, a cambic horizon is one that contains
feldspars, micas, or other weatherable minerals;
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TABLE 14.-=Chemical and Mineralogieal Analyses of Soils with Camble Horizons

Profile 2k
Whole soll (€2 mm.) Clay fraction
Organic Free "Lattice" K Loss on
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DTA peak very diffuse; estimates have low relilabllity and are probably too high. Cambie horizon data are underscored.



shows little of the original rock structure: has struc-
ture if the texture permits volume changes on wetting
and drying; and shows other evidences of alteration--
formation of clay, loss of '"combined' or lattice iron,
or redistribution of carbonates. It cannot have all of
" the properties diagnostic for a mollic or umbric
epipedon, an argillic or spodic horizon, or a duripan
or fragipan, nor can it have textures coarser than
loamy very fine sand.

Oxic Horizon

The concept of the oxic horizon presented here is
very tentative, as it has had little testing. The limits
used may need to be modified considerably or some
may be dropped. The oxic horizon is one from which
weathering has at some time removed or altered a
large part of the silica that is combined with iron and
aluminum, butnotnecessarily the quartz or 1:1 lattice
clays. The result of the weathering is concentration
of clay-size minerals consisting of sesquioxides mixed
with varying amounts of silicate clays having a 1:1
lattice. The clays rarely canbe completely dispersed
by normal laboratory methods. Among the evidences
of this resistance to dispersion is the lack of relation-
ships among data on the determined clay percentages
and exchange capacities, on free iron, and on moisture
tension.” Textures usually are dominated by the sand
and clay fractions, and there is very low content of
primary silt particles. Primary minerals--quartz or
crystalline grains other than free sesquioxides and
kaolinite--between 2 and 20 microns in size ordinarily
account for less than one-tenth of the total clay frac-
tion, and this clay fraction includes the bulk of the silt
and clay reported here in the laboratory analyses.
The horizon is porous and structureless, or has weak
blocky structure. Coatings and pore fillings of 1:1
lattice silicate clays and sesquioxides may be present
or absent. The content of free sesquioxides is high,
usually more than 12 percent of the total clay fraction.
The boundary of the oxic horizon with the overlying
horizon that is darkened by organic matter is clear
or diffuse if not plowed, and the boundary with the
horizon below is normally diffuse. Micas, feldspars,
ferro-magnesian minerals, and glass are absent.
Allophane and 2:1 lattice clays are normally absent,
but if they are present, the amounts are small.

The oxic horizon often contains more clay than the
overlying horizon, particularly if quartz sand is
abundant, but the increase in the content of clay with
depth is so gradual that comparisons made at depth
intervals of less than 12 inches normally show dif-
ferences smaller than those required for an argillic
horizon. The reasons for lower clay content in the
overlying surface horizons are obscure. They have
been attributed to destruction of clay by weathering,
and to differential movement of the clay to the surface
by termites, ants, and small animals, with subsequent
loss in water running off the surface. But clay skins
are sometimes present in an oxic horizon, and this
indicates movement of clay. It should be pointed out
that an oxic horizon may occur in the same profile
with an argillic horizon, and that an oxic horizon may
contain an argillic horizon.

Oxic horizons are very common in transported
sediments. A great many of them are underlain by

TThe nondispersed clay most commonly shows up in the fine silt frac-
tion after mechanical analysis.
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stone lines. Where no constituent of the parent rock
can form a stone line, it is common to find that there
is no evidence of the original rock structure in thin
sections.

Colors of oxic horizons may vary widely. In soils
with fluctuating water tables, the iron and manganese
may have been lost and gibbsite and kaolin left as the
main components of the clay. Such oxic horizons may
be gray to white. Oxic horizons formed from basic
igneous rocks under free drainage tend to have dark-
red to dark-brown colors, but those that formed from
more acid rocks vary widely in hue and tend to have
strong chromas and moist values of 5 to 6. Color
therefore is not diagnostic of oxic horizons.

Profile 27, page 92, illustrates a soil with a very
strongly weathered oxic horizon. The oxic horizon
extends from about 18 inches to about 70 inches.
This soil has been called Nipe clay. No pores were
described when the profile was sampled, but this is
presumed to be an oversight, as other descriptions of
the same series mention the pores.

In the lower horizons the pH in a solution of KCl is
higher than the pH in water. This influence is thought
to be due to a net or excess positive charge in these
horizons. The net positive charge has been demon-
strated by electrophoretic measurements. This dif-
ference of pH is characteristic of very strongly
weathered oxic horizons, but not of all oxic horizons.
The content of both silt and of clay is high. The high
silt content recorded here indicates incomplete dis-
persion, not the actual amount of primary mineral
grains that are of silt size, for thin sections of this
profile show very few crystals of silt size.

Profile 28, page 93, illustrates a soil with an oxic
horizon from a depth of about 7 inches down to 28
inches. This has a negative charge, and pH values in
a solution KClare lower than in water. The data show
large amounts of silt. Some of this silt is probably
kaolinite. But, the reported percentages of clay are
not in accord with the water held at 15 atmospheres
nor in accord with the exchange capacities, and this
indicates incomplete dispersion.

Chemical and mineralogical analyses of these
profiles are summarized in table 15. It will be noted
that the horizons in profile 27 that have higher pH
values in KCl than in water also have extremely low
silica-sesquioxide ratios.

The resistance of its clays to dispersion seems to
be one of the properties most definitive of an oxic
horizon, but it should be noted that allophane produces
similar problems of dispersion. It seems likely that
the resistance of the clays to dispersion is the result
of mutual attraction of negatively charged 1:1 lattice
clay and positively charged free sesquioxides. Since
the clays cannot be readily dispersed in the laboratory,
it is not surprising that they do not seem to move
readily in the soil. Commonly, the peds in an oxic
horizon exhibitno clay skins or have only a small part
of their surfaces covered with translocated clays.
The same property that inhibits dispersion may con-
tribute to the notable resistance of oxic horizons to
erosion. Unless the content of sand is very great,
roadbanks and cuts in oxic horizons remain vertical
for many years without significant erosion or sloughing.

Figure 17 shows a highway cut through oxic hori-
zons on the island of Kauai in Hawaii. The surface of
the cuthas formed a thin, very slightly hardened crust
that may contribute to the stability.

Because the clays of oxic horizons are dominantly
kaolinite and oxides, the cation-exchange capacities
are low, normally less than 20 milliequivalents per



TABLE 15.--Chemical and Mineralogilcal Analyses of soils with Oxic Horizons

Profile 27
Whole soil (less than 2 mm.) Clay Fraction
Depth Organic C/N  Si0p Al03 Fegly Free G8i0y/R05 KO0 Cad ILoss on G Mt ML Vm Chl K Gb )
carbon & A . Fegls 1/ 1/ ignition 2/ g/
Inches Pet. Pet. Pet. Pet. Pet. Pet.
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Approximate figure, estimated by spectrographic analysis.
o

Goethite and quartz ere estimated from powder patterns.

100 grams of clay. The cation-exchange capacity per
100 grams of clay is difficult to compute because the
amount of clay is not known precisely. It is known,
however, from examination of thin sections and from
other evidences, that primary silt particles are few,
so that the sum of the silt and the clay approximates
the clay percentage. Exchange capacities measured
by the NH4OAC method approximate 7 to 12 milliequiv-
alents per 100 grams of clay, and as measured by the
sum of extractable cations, the exchange capacities
are approximately 14 to 25 milliequivalents per 100
grams of clay.

The oxic horizon can conceivably include anargillic
horizon consisting of 1:1 lattice clay and free oxides.
The oxic and the argillic horizons are notnecessarily
mutually exclusive, though additional studies are
needed to be sure that some oxic horizons do contain
significant amounts of translocated kaolin.

At times it may be difficult to distinguish the oxic
horizon from a cambic horizon, and from C or parent
material. The clearest distinction between an oxic
horizon and a cambic horizon is mineralogic. The
cambic horizon should contain allophane, 2:1 lattice
clays, glass, micas, feldspars, or ferro-magnesian
minerals. The oxic horizon should not. The limits,
or amounts, of these minerals that can be tolerated in

Oxie horizon data are underscored.

an oxic horizon can only be approximated with present
information. Very tentatively, this limit is set at 1
percent in the silt and the sand fractions. The clay
fraction should have no detectable montmorillonite,
illite, or allophane, and only traces of vermiculite,
Spectographic analyses of profiles 27 and 28 show
only traces of Ca and K, which suggests that there
are no weatherable minerals in the silt and the sand
fractions. The virtual absence of allophane is indicated
by the low exchange capacities., X-ray analyses of the
clays showtraces of vermiculite but nomontmorillonite
or illite. Differential thermal analyses give no indi-
cation of allophane.

Whatever the cause, there are oxic horizons in
which there has been some accumulation of secondary
carbonates. The cause may be a change in environ-
ment. Oxic horizons may be preserved for long
periods of time, during which climate can change
drastically. Calcite is normally considered an easily
weatherable mineral, but it is permitted to occur in
oxic horizons,

Perhaps the most troublesome boundary to place
is that between soils with oxic horizons and the
Entisols, which lack an oxic horizon., It has been
pointed out that the oxic horizons consist primarily of
mixtures of sand and clay. The soils of the tropics
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Figure 17.—Vertical roadcut in oxic horizons, Lihue, Hawail.

are often thought of as being dominantly clays, but
geographically vast areas of the soils in the tropics
are sands and sandy loams. A horizon having one-
half percent clay and 99-1/2 percent sand would seem
to have too little clay to qualify as an oxic horizon,
even though the clay were all free sesquioxides. But
with no clear distinctions, the sands grade to the
loamy sands, to sandy loams, and finally to clays. At
this moment we can only suggest that the oxic horizon
should have a sandy loam texture or a finer texture.
Because the soils in question have essentially no silt
their clay content, if it can be determined, should
approximate 15 percent or more. If clay content can-
not be determined the combined content of 1:1 lattice
clays plus fine silt (less than 20 microns) and free
sesquioxides should be at least 15 percent.

At times an oxic horizon can be distinguished from
parent material, or C, by the presence of root pores
in the oxic horizon and by absence of rock structure
or of stratification indicating the original rock struc-
ture. A basic igneous rock may be completelyaltered
to silicate clay and free oxides but still retain all or
most of the original rock structure. Such altered
material would be best considered as C material
rather than an oxic horizon. However, if in that mate-
rial the rock structure has been largely lost during
soil genesis, it is considered a part of the oxic hori-
zon. Finely stratified alluvium, with stratifications of
a few centimeters or less, regardless of its composi-
tion, is considered C material; but if the fine strati-
fication in the alluvium has been destroyed by soil
genesis, the alluvium may be considered part of an
oxic horizon if it meets the other requirements of an
oxic horizon.

In summary, an oxic horizon is a horizonoccurring
below an epipedon invirgin profiles but at the surface
of some truncated soils; it has:

1. Blocky structure, or common to many visible
pores if it is structureless,

2, Little or no original rock structure.
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Figure 18.—Fragment of a duripan probably cemented with both lime and
silica;thin, dark, extremely hard crust on upper surface is absent in some
places. (Scale in inches.)

3. 15 percent or more of clay-size minerals, of
which 90 percent or more is a mixture of free sesqui-
oxides and 1:1 lattice clays thatis difficult todisperse.

4, A ratio of free sesquioxides to 1:1 lattice clays
of 12 percent or more,

5. No more than about 1 percent micas, feldspars,
or ferro-magnesian minerals in the sand and silt
fraction; the clay fraction should have no detectable
montmorillonite, illite, or allophane, and no more than
detectable traces of vermiculite.

PANS

Duripans

Duripans (L.durus, hard, and pan, meaning hardpan)
have more than one probable genesis and they vary in
morphology. They are indurated horizons, cemented
in part by an agent that is soluble in concentrated
alkali. This cement is presumed to be silica or an
aluminum silicate, but it has not been identified.

The duripans often contain cementing agents other
than those thought to be silica. One kind is partially
cemented by CaCOj3 and can be softened only by first
treating it with acid to remove the lime, and then
treating with concentrated NaOH. Duripans having
CaCO; as one of the cementing agents are massive or
platy, and nearly nonporous. Often they have a thin,
extremelyhard crust on the upper surface., Figure 18
shows a fragment of such a duripan.

Duripans cemented in part by CaCO3 are commonly
associated with high concentrations of replaceable
sodium. pH valves commonly exceed 9. Where the
pH values are below 9, there is often reason to think
that pH wvalues were higher when the duripan was
being formed.

In early or weak stages of development, duripans
of the kind just described may be massive, platy, or
concretionary. The cementation is wvery weak and
gives rise to a porous fabric., If moist, the weakly
cemented horizons can be penetrated by hand augers,
but perhaps with some difficulty. Horizons in such
stages are soweakly cemented theyare notconsidered
to be duripans.




Another kind of duripan is free or nearly free of
carbonates and can be broken down only by repeated
alternate treatments with acid and alkali, These pans
are presumed to be cemented with thin alternating
layers of iron and silica. Thin sections viewed under
crossed polarizers show structures identical with the
structures of clay skins, alternating light and dark
birefringent bands in the pores and as a crust on the
surface of the peds. The extreme hardness of the
cement precludes its being a clay skin. Figure 37,
page 212, shows photographs of thin sections of one of
these duripans.

In the United States the duripans nearly free of
carbonates and presumably cemented by alternate
layers of iron and silica are restricted to areas with
a Mediterranean climate. Profile 31, page 96, illus-
trates a profile with a duripan of this character. The
soil has a thin, strongly developed argillic horizon
extending from a depth of 19-1/2 inches to 22 inches
and it rests abruptly on the duripan. Duripans of the
kind in this profile commonly have gross polygons
that are 3 to 20 or more feet in diameter and are 1 to
4 feet thick. The sides of the polygons are coated with
a grayish, very hard crust that may extend a few feet
below the base of the duripan. These crusts are com-
monly only 1/4 to 1/2 centimeter thick., Figure 19 is
a photograph of a soil profile comparable to profile 31.
The argillic horizon in figure 19 is the dark horizon
20 to 24 inches from the surface. The duripan begins
at 24 inches and extends below the bottom of the
photograph.

A third kind of duripan is sometimes found in albic
horizons that overlie spodic horizons. So far as is
known now, these duripans are restricted to soils with
spodic horizons in which humus or humus and aluminum
have accumulated (Humus Podzols). The albic horizon
(A2) becomes indurated but remains nearly white.

Figure 19.—80il profile with a duripan; dark material between depths of
20 and 24 inches is an argillic horizon; the duripan begins at 24 inches
and extends below the bottom of the excavation.
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The cement is presumed to be silica, or alumina and
silica, though it has not been identified.

Fragipans

A fragipan (modified from L. fragilis, brittle; and
pan, meaning brittle pan) is a loamy subsurface hori-
zon, often underlying a B horizon. It is very low in
organic matter, has high bulk density relative to the
solum above, is seemingly cemented when dry, having
hard or very hard consistence., When moist, afragipan
has moderate or weak brittleness (tendency for a ped
or clod to rupture suddenly when pressure is applied
rather thanto undergo slow deformation). Itis usually
mottled, is slowly or very slowly permeable to water,
and has few or many bleached fracture planes that
form polygons (see figure 20). Most commonly,
fragipans have abrupt or clear upper boundaries at
depths of 15 to 40 inches below the original surface.
They wvary between a few inches and several feet in
thickness and ordinarily have gradual or diffuse lower
boundaries. They are nearly free of roots, except for
those in the bleached cracks, Clay skins are scarce

to common, both in the polygonal cracks and in the
interiors of the peds.

Many fragipans have a moderate to strong thick
platy structure within the large prisms.

In some,

Figure 20.,—Vertical and horizontal views of a fragipan: Top, Vertical
view; ruler ticks are 6 inches (15 cm.) apart and upper boundary of

fragipan is at 20 inches. Bottom, Horizontal view; knife is 3.5 inches

(9 cm.) long.



however, the structure within the prisms is more
nearly blocky than platy, and there are varying stages
between platy and blocky. In some fragipans the
prisms are massive and without secondary structure.

The genesis of fragipans is obscure. With more
knowledge, their definition can be improved. Their
presence has been attributed to the weight of glaciers,
to permafrost, and other events in the Pleistocene.
The authors, however, consider them to be soil hori-
zons on the following evidences:

1. The fragipan, within its range of occurrence, is
roughly parallel to the soil surface.

2. The majority of the fragipans have their upper
boundary about 18 to 24 inches below the surface.
This seems true whether the soil occurs in northern
Michigan, in southern Mississippi, or in New Zealand,
Scotland, or Italy. The extreme range in depth from
the surface in soils that have not been eroded under
cultivation seems to be from about 10 to 40 inches.
This would be a remarkable accident if the fragipans
were not soil horizons.

3. The pans occurin alluvium, in loess, in residuum
from bedrock, in glacial till, and in solifluction mate-
rials. The common denominators in parent materials
are a loamy texture, a low carbonate content or no
carbonates, and an appreciable content of silt or very
fine sand.

4., The pans may underlie a variety of horizons--
spodic, argillic, cambic, or albic horizons. In all
instances the morphology of the pan may be very
similar. However, the pans do not occur in materials
that are still calcareous, nor do they underlie ca, cs,
or sa horizons, however weaklydeveloped they may be.
If the pans were not soil horizons, the failure to find
them under any one of the ca,cs, or sahorizons would
be another remarkable accident.

5. Inbisequum profiles, the fragipan may be formed
in the lower argillic horizon or even in the eluvial
horizon that separates the two B horizons.

The authors believe that the polygonal network of
bleached fracture planes is formed by water moving
into desiccation cracks. Other things being equal, the
polygons are smallest in the finer textured materials.
For a given texture, polygons tend to be larger as the
dry season becomes shorter or less intense. The
bleached fracture planes are rare or absent in the
coarsest textured materials and in the most humid
climates.

If an argillic horizon overlies the pan, movement
of clay down the fracture planes usually is indicated
by relatively thick clay skins. If a spodic horizon
overlies the fragipan, clay skins in the bleached frac-
ture planes are often scarce or absent.

Examination of interiors of the polygons shows
close packing of the mineral grains. This is in line
with the high bulk density of the pans relative to the
density of the overlying part of the solum. Figure 21
shows a thin section of a fragipan that has typical
close packing of the particles.

The hardness of the pans when dry may be largely
attributed to the close packing and to cementation by
clay. But cementation by clay does not account for
the brittleness of the pans when they are moist or wet.
At this time, the cause of the brittleness is not
understood.

Where pans formed in glacial till, their relative
high bulk density may be attributed partlyto the weight
of the glaciers. Yet, in many if not all of the pans,
there seemto be other factors. One factoris presumed
to be pressures generated by the very slight shrinking
and swelling. When dry, the pans normally have very
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fine cracks between the polygons; and very fine sands,
silts, and clays might be washed into these cracks
when the dry season ends. Roots growing along the
sides of the polygons add to the bulk. Then, when the
pan remoistens it swells slightly. The force of
swelling, however, is opposed by the materials that
have moved intothe cracks between the polygons. The
internal pressures thus generated may be responsible
for part of the compaction. Among other factors are
hydration of primary minerals that leads to anincrease
in volume, the movement of small amounts of clay, or
the weak cementing action caused by silica or by
alumino silicates.

Repeated core measurements to determine per-
meability show that these pans are very slowly
permeable.

Descriptions of soils with fragipans are included to
illustrate something of the range of properties among
the fragipans. Profile 24, page 89, is typical of a
soil that has a fragipan underlying a cambic horizon.
The fragipan, at depths between 24 and 42 inches, is
immediately overlain in most places by what appears
to be an eluvial horizon that is relatively low in both
clay and free iron oxides. Water has been observed
to move laterally over the surface of pans such as
that in profile 24, page 89, and the eluviation there-
fore may have been lateral as well as vertical.

Profile 29, page 94, is typical of a soil that has a
fragipan underlying a spodic horizon. The upper
boundary of the fragipan is at a depth of 16 inches.
The lower boundary is very diffuse, but below a depth
of 64 inches there seems to be no evidence that the
till has been altered.

Profile 30, page 95, is typical of a hydromorphic
soil with a fragipan. The textures of this soil are
about as coarse as any in which distinct fragipans can
be found. The pan, beginning at 20 inches, underlies
a cambic horizon. Determinations for free iron and
free aluminum show the lowest contents in the bleached
polygonal cracks, the highest contents in the thin
yellowish-red bordering strips, and intermediate
contents within the main part of the pan. In the three
parts of the pan, the free iron contents were, respec-
tively, 0.08, 2.01, and 0.62. Free aluminum contents
were 0.08, 0.52, and 0.26, respectively.

OTHER HORIZONS

Calcic Horizon

The letter designation ca is used to indicate accu-
mulations of calcium carbonate or of calcium and
magnesium carbonates. The accumulations may be in
the C horizon, but they may also be found in mollic
epipedons, or in argillic, natric, and other horizons.

The calcic horizon is a horizon of secondary
carbonate enrichment that is more than 6inches thick,
has a calcium carbonate equivalent content of more
than 15 percent, and has at least 5 percent more
calcium carbonate equivalent than the C. If no Cis
present, the calcic horizon is one that is more than
6 inches thick, has a calcium carbonate equivalent
content of more than 15 percent, and contains more
than 5 percent, by volume, of identifiable secondary
carbonates in concretions or soft powdery forms.

Sometimes it is difficult or even impossible to
distinguish calcic horizons in soils from calcareous
parent materials. Limestones like ca horizons are
formed by precipitation of calcium carbonate or
calcium and magnesium carbonates. In dry regions



A, Thin section viewed under plain light. Fines, pre= ]

dominantly of silt size, fil1 all the interstices

between grains of sand. No pores visible in the

photograph; very small pores mey be present, but B, Diagram of thin section

if so, are smaller than the thickness of the thin

section (0.03 mm.) & Mineral grains the size of fine and medium
sand

b Matrix consisting meinly of very fine sand
and silt

Figure 21.—Thin section of a fragipan showing very close packing of particles and absence of pores.
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very thick beds may be formed in lakes, and these
may later become the parent material of soils. Such
deposits of carbonates may be recognized as unrelated
to the modern soils if they contain aquatic fossils.
However, a modern ca horizon formed in such mate-
rialsis difficult if not impossible toidentify at present,
and any distinction is, of necessity, arbitrary to some
degree.

If the parent material of a soil is ahardened caliche,
or croute calcaire, it is common to find a fractured
surface layer. The upper surfaces of the fragments
often show solution pitting. The lower surfaces of the
fragments commonly are covered with redeposited
lime that differs from the lime on fragments in the
parent material in color,or hardness, or both. Where
the percentage, by volume, of the redeposited lime
exceeds 5percent in a layer more than 6 inches thick,
the horizon should be considered a calcic horizon.

Commonly, calcic horizons are developed inuncon-
solidated materials of more or less mixed mineralogic
composition. In these the secondarylime is generally
easy to recognize, for it occurs as a white powdery
filling, as concretions, as pseudo mycelia, as pendants
or crusts below pebbles and stones, or as thin sheets
at lithologic discontinuities where there are breaks in
the size of the pore spaces. If, in such situations, the
carbonate content of a layer 6 inches or more thick
exceeds 15 percent by weight, and the layer has at
least 5 percent more calcium carbonate equivalent
than the next underlying layer, the horizon is con-
sidered a calcichorizon. Such horizons are generally
thickest in gravels, other things being equal, but they
rarely exceed 2 to 3 meters in thickness. Such a
horizon is illustrated in figure 22. In this soil the
pebbles cemented by lime form a horizon impervious
to water and roots. Other calcic horizons are soft
and friable. The categoric level at which distinctions
should be made between cemented and soft calcic
horizons is still undetermined.

The genetic implications of a calcic horizon are
variable. In desert regions, if the parent materials
contain considerable amounts of calcium, the very
limited rainfall seems unable to remove lime com-
pletely from even the surface few inches of the soil.
About the only significant horizon that can develop in
such a soil is a calcic horizon. In areas transitional
from the desert to the steppes, an Al horizon, or
mollic epipedon, may develop in addition to the calcic
horizon. Apparently no other horizons ordinarily
develop. Such soils are the arid and semiarid equiv-
alents of the Rendzinas of humid regions.

In soils that have, near the surface, ground waters
that contain appreciable amounts of calcium bicar-
bonate, the capillary rise and evaporation, plus
transpiration, cause precipitation of large amounts of
lime. Depending on the height of the capillary fringe,
the deposition of lime may take place in the very
surface, or in the soil at depths of a foot or two. In
such soils, the accumulation of lime is comparable to
the accumulation of more soluble salts in the desert
playas. One might think of such soils as the humid
equivalents of the Solonchaks. Profile 1, page 66, is
a soil with such a calcic horizon.

In the situation just discussed, one might attach a
high genetic significance to a calcic horizon. In other
circumstances, however, one can attach no genetic
significance to a calcic horizon. Deposition from
ground water at depths of 10 feet or more is more
nearly a geologic than a pedologic process. In soils
formed from calcareous materials on the steppes, the
amount of accurulation of lime may be extremely
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Figure 22.—Calcic horizon in an Argid (Sierozem). Ticks on scale are
spaced at 6 inches. The caleic horizon is indurated at depths between
about 14 inches and 40 to 48 inches.

erratic, and, in fact, may vary from one foot to the
next. One might consider the presence or absence of
a ca horizon to be significant at a low categoric level,
but one might not be concerned at any categoric level
with the absolute amount of accumulation that makes
the distinction between a ca and a calcic horizon.

Profile 3, page 68, is typical of a soil in which
there is a calcic horizon of no apparent genetic or
other significance. The mollic epipedon and the
argillic horizon are significant to the classification of
this soil. The presence of a ca horizon is also sig-
nificant, but the absolute amount of lime accumulation
has no known significance.

Gypsic Horizon

The gypsic horizon is a horizon of secondary
calcium sulfate enrichment that is more than 6inches
thick, has at least 5 percent more gypsum than the C
or the underlying stratum, and in which the product of
the thickness in inches and the percent gypsum is
equal to or greater than 60 percent-inches. Thus, a
horizon 12 inches thick that is 5 percent gypsum
would qualify if gypsum were lacking inthe underlying
horizon. A layer 12 inches thick that is 6 percent
gypsum would qualify if the gypsum content of the
underlying horizon did not exceed 1 percent.



1f the gypsum content is expressed in milliequiva-
lents per 100 grams of soil, the percentage of gypsum
canbe calculated from the product of the milliequiva-
lents of gypsum per 100 grams of soil and the milli-
equivalent weight of gypsum, which is 0.086.

Profile 25, page 90, illustrates a soil with a
gypsic horizon. In this soil, the gypsic horizon
begins at one half inch and extends to a depth of 27
inches. The gypsum content in this horizon exceeds
that of the underlying horizons by about 30 percent.
The product of percent gypsum and thickness ininches
for this horizon is 945 percent-inches.

Gypsum may accumulate uniformly throughout the
matrix of sands and finer textured materials. In
gravels or stony materials, it may accumulate in
pendants below the gravels or stones (see fig. 23).

Salic Horizon

A salic horizon is a horizon 6 inches or more thick
with secondary enrichment of salts more soluble in
cold water than gypsum. It contains at least Zpercent
salt, and the product of the thickness in inches and
percent salt by weight is 24 percent-inches or more.
Thus, a horizon 8 inches thick would need to contain
3 percent salt to qualify; a horizon 12 inches thick
would need 2 percent.

If data on soluble salt are expressed in milliequiv-
alents per liter of the saturation extract, the percent-
age of salt, on a weight basis, may be approximated
as follows:

meq per liter soluble cations x 0.058
x percent Hp O at saturation

1,000
Profile 26, page 91, illustrates a soil with a salic
horizon. The salic horizon extends from 2 to 23
inches, and the product of thickness and percent salt
is 64 percent-inches.

Albic Horizon

The albic (L. albus, white) horizon is one from
which clay and free iron oxides have been removed,

Figure 23.—Gypsum pendant formed below a small stone in a gypsic
horizon.
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or in which the oxides have been segregated, to the
extent that the color of the horizon is determined
primarily by the color of the primary sand and silt
particles rather than by coatings on these particles.
It is typified by the bleicherde of Podzols and the
bleached A2 horizons of Planosols. An albic horizon
may be found at the surface of the mineral soil; it
may lie just above an argillic or a spodic horizon; it
may lie between a spodic horizon and either afragipan
or anargillichorizon; or it may lie between anargillic
horizon and a fragipan. It is usually underlain by an
illuvial B horizon of some sort, a fragipan, or a
relatively impervious layer that can produce a perched
water table with either stagnant or moving water.

Chemicaldata on several albic horizons are included
in table 13. The albic horizons in profiles 20 and 21
overlie spodic horizons. In profiles 22 and 23, the
albic horizons overlie argillic horizons. Profile
descriptions of these soils are on pages 85 to 88.
The albichorizons in these profiles are designated as
A2 horizons. In each soil, total iron and free iron are
at or near a minimum in the albic horizon. The total
iron of the clay fraction is at a minimum, though dif-
ferences are small in profiles 22 and 23, where the
albic horizon overlies an argillic horizon. The data
suggest that the albic horizons have all lost iron, and
that the losses have been relatively greater if the
underlying horizon is spodic rather than argillic. In
all of these profiles, the horizon underlying the albic
horizon is illuvial and has a higher chroma, a lower
value, or both.

Deep deposits of pure white sand can be formed by
wind or wave action. While these deposits have the
apparent morphology of an albic horizon, they are in
fact a parent material. The white sand in these soils
does not overlie a B horizon or any other soil horizon
except, in some cases, a buried soil.

In summary, an albic horizon is a surface or lower
horizon having such thin coatings on the sand or silt
particles that the hue and chroma of the horizon are
determined primarily by the color of the sand and silt
particles. Especially in soils rich in quartz, moist
chromas of albic horizons are 3 or less, and dry
chromas less than 3. Chromas are lower than those
of an underlying argillic horizon, unless the chroma
of the argillic horizon is 2 or less. Dry values are
higher and moist values usually higher than those of
an underlying argillic horizon, and always are higher
than those of any underlying spodic horizon. An albic
horizon usually lies on an argillic horizon, spodic
horizon, or on a fragipan or an equally impervious
horizon or layer.

Other Soil Characteristics

A number of the characteristics used for clas-
sificationin the higher categories cannot be considered
horizons. Rather they are diagnostic features of
horizons or of soils. These are discussed in the fol-
lowing section.

Abrupt textural change.--This is an abrupt change
froman albic (eluvial A) horizontoan argillic horizon,
with a veryappreciable increase in the clay content in
a very short distance in depth. If the clay content of
the albic horizon is less than 20 percent, the clay
content should double within a distance, in depth, of 3
inches or less. If the clay content in the albic horizon
exceeds 20 percent,the increase should be at least 20
percent within a 3-inch vertical distance, and the clay
content in some part of the argillic horizon should be
at least double that of the albic horizon. Transitional




horizons are normally lacking, though there may be a
layer a few inches thick that, if sampled as a layer,
includes portions of both the albic horizon and the
argillic horizon. The horizon boundary in such cases
is irregular, and there may even be disconnected
inclusions of the argillic horizon in the albic horizon.
Thus, the sampling of such a mixture of albic and
argillic horizons as a single horizon might create the
appearance, after analyses, of a relatively thick
transitional horizon.

Crusty.--This term refers to the tendency of some
soils to form thin surface crusts under the beating
action of raindrops. The opposite term used here is
""'self-mulching."" Crusts are thin, massive or platy
surface horizons. Usually the thickness is less than
a centimeter and depends on the number and intensity
of rains that have fallen since the last tillage of the
soil. Amore detailed discussion of crusting is included
in the definition of Mazaquerts.

Dry.--This refers to soil moisture contents below
permanent wilting point, 15 bars (atmospheres) tension.
A plant can wilt permanently in a soil saturated with
water if the water is salty enough. Such soils should
be considered salty rather than dry. Usually dry
means that the soil is dry more than half of the time
thatitisnotfrozen. This term carries the implication
that the period of dryness is nearly continuous. If,
during a 7-month period a soil is dry except for afew
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Figure 24,~Gilgai micro-relief in India.
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brief periods of about 2 weeks or less following
showers, when the surface few inches have some
available moisture, the soil is considered usually dry.
During this entire period, normally there are dry
horizons in the soil at all times. The use of soil
moisture to classify soils creates a problem when
soils that are naturally dry are being irrigated. It is
possible to change the classification when the soil is
irrigated, for its moisture regime is changed by
irrigation. For the present however, an attempt is
being made to classify the soil as though it were not
being irrigated, at least at the level of the series and
allhigher categories. This requires that we determine
what the moisture regime would be if irrigation were
discontinued. It is believed that this is generally
feasible. If experience proves otherwise it may
become necessaryto change the classification of some
soils when irrigated or to find other criteria that will
not be affected by irrigation.

Gilgai.--A microrelief of clays that have high coef-
ficients of expansion with changes in moisture is called
gilgai. Suchmicrorelief consists ofeither a succession
of enclosed micro-basins and micro-knolls in nearly
level areas, illustrated in figure 24, or of micro-
valleys and micro-ridges that run with the slope. The
micro-ridges commonly range from a very fewinches
1;0 1 or 2 feet. Rarely, they appear to approach 5 or

feet.
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The micro-relief shown here is considerably greater than average.



Moist.--Moist refers to soil moisture contents
above permanent wilting point or, if the soil is salty,
moisture held at tensions of less than 15 bars. Usuall
moist means moist for more than half of the time that
the soil is not frozen, either as a continuous period,
or in interrupted periods if the periods exceed a few
weeks.

Mineral soils.--These are soils that, to a depth of
30 centimeters (12 inches) have less than 17.4 percent
organic carbon (30 percent organic matter) if the
mineral fraction has more than 50 percent clay, or
less than 11.6 percent organic carbon (20 percent
organic matter) if the mineral fraction has no clay.
An intermediate clay content requires a proportional
content of organic matter.

Mottles.--The word ""mottled'" means marked with
spots of gcolor. If a soil horizon has a matrix color of
gray, with a few spots of red and brown, the mottles
technically are the spots of red and brown. In other
soil horizons, there may be so many red and brown
spots that the gray colors occupy a small volume and
are considered mottles. Throughout the keys and the
text, many references will be found to ""mottles with
chromas of 2 or less." For clarity of writing it is
impossible to spell out in each reference afulldefini-
tion of the meaning of this phrase. It refers to colors
of horizons in which portions have chromas of 2 or
less. If the minor or major part has chromas of 1 to
2, with spots of higher chroma, it is included in the
meaning of '"'mottles with chromas of 2 or less." It
is excluded from the meaning if all of the horizon has
chromas of 2 or less, or none of the horizonhas these
chromas.

N value.--The N wvalue refers to combinations of
organic-matter, water, and clay contents of the soil
that seriously reduce its bearing value, usually to the
point where grazing by livestock is impossible and
serious subsidence will occur following drainage. The
N value may be calculated by the formula:

_A- 2
N L+ 3H
where A = percentage of water in soil in field condition,
calculated on a dry soil basis;
L = percent clay, and
H = percent organic matter (organic carbon
x 1.724).

Few data are available for these calculations, but
the critical N value of 0.5 canbe approximated closely
in the field by the simple test of squeezing the soil in
the hand. If the soil flows with difficulty between the
fingers, leaving the hand empty, the N value is a little
above 0.5. If the soil flows easily between the fingers,
the N value is considerably above 0.5. If a ball of
soil remains in the hand, the N value is less than 0.5.

Soils that are periodically reduced in moisture
content below field capacity seldom or never have N
values of 0.5 or more. Only those that have been
permanently saturated are apt to have high N values.
Consequently, high N values are apt to be found only
in soils of tidal marshes, swamps, or shallow lakes;
the sediments have never been above the capillary
fringe during drought cycles.

Organic soils.--Organic soils are those which, toa
depth of at least 30 cm. have more than 17.4 percent
organic carbon (30 percent or more organic matter)
if the mineral fraction is more than 50 percent clay,
or more than 11.6 percent organic carbon (20 percent
or more organic matter) if the mineral fraction has
no clay. Intermediate clay content requires a pro-
portional content of organic carbon.
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Permafrost.--Layers with temperatures perma-
nently at or below 0° C., whether consistence is very
hard or loose (dry permafrost).

Plinthite.--(Gk. plinthos, brick) is the sesquioxide
rich, humus poor, highly weathered mixture of clay
with quartz and other diluents, which commonly occurs
as red mottles, usually in platy, polygonal, or reticulate
patterns; plinthite changes irreversibly to hardpans
or irregular aggregates on repeated wetting and dry-
ing, or it is the hardened relicts of the soft red mot-
tles. The lower boundaries of plinthite are often
diffuse or gradual, but they may be abrupt at a litho-
logic discontinuity.

Plinthite may occur as a constituent of a number
of horizons, including ochric and umbric epipedons,
argillic horizons, oxic horizons, and C horizons. It is
a form of the material which has been called laterite,
renamed to obtain a better combining form for the
new nomenclature. It normally forms in horizons
below the surface, though it is commonly exposed at
the surface, and may, under some conditions, form at
the surface.

From a genetic viewpoint, plinthite represents
segregation of iron with probable additions in many
cases from other horizons or from higher lying
adjacent areas.

The original segregation of the iron is normally in
the form of soft, more or less clayey, red mottles. It
is possible that at times the original formation may
be hard. Generally, the plinthite forms in horizons
that are, at some season, saturated with water.

When present in small amounts, the plinthite
generally forms a discontinuous phase in the soil; that
is, the individual mottles or aggregates are not con-
nected with each other. If present in large amounts,
the plinthite may form a continuous phase. In this
case,onhardening, a massive layer is formed thathas
irregular somewhat tubular inclusions of yellowish,
grayish or white, soft, clayey material. If exposed,
these inclusions may be washed out, and thus an iron-
stone with many coarse tubular pores is left. Figure
25 shows such an exposure of hardened plinthite.

The lower boundaries of plinthite are normally
diffuse. The upper boundary may be abrupt if it is at
the soil surface or if it has been truncated and later
buried by another material. The segregations of iron
may continue down for several tens of feet. The
amount of iron in the mottles may gradually decrease
with depth until the point is reached where the content
is too low to permit hardening.

Self-mulching.--This term refers to the tendency
of many clays to form a loose granular surface mulch
as a result of freezing and thawing, or wetting and
drying. If the granules are destroyed by plowing when
wet, they reform, usually on a single drying. Figure 26
shows anundisturbed surface of a self-mulching clay.

Sequum.--A sequence of an eluvial horizon and its
related illuvial horizon, if present, is a sequum. An
albic horizon and a spodic horizon immediately under-
lying it would constitute a sequum. Two sequa may be
present in a single soil and can be called a bisequum.
Profile 32, page 97, formed in a single deposit of
glacial till in Maine, illustrates a soil with an upper
sequum that has a spodic horizon and a lower sequum
that has an argillic horizon. This soil has been
cultivated, and the albic horizon is now discontinuous.
Where the albic horizon is missing, the upper part of
the spodic horizon probably has been mixed into the
plow layer.

Slickensides.--Slickensides are polished and
grooved surfaces produced by one mass sliding past



Figure 25.—Hardened, exposed plinthite. Large, rounded, tubular holes
to left of scale presumably were at one time filled with clayey material
that did not harden with rest of matrix. (Scale in feet.)

another. In soils, slickensides may be found at the
base of slip surfaces on relatively steep slopes. They
are also common in swelling clays that have marked
changes in moisture content. A photograph of such a
slickenside is shown in figure 27.

Soil temperature.--Soil temperature, though vary-
ing with daily and seasonal cycles,is a characteristic
of any soil, that can be measured. While the tempera-
ture of a soil usually cannot be expressed by a single
figure, it can be described by the mean annual value
and by the seasonal and daily fluctuations from the
mean.

Some soil morphologists have neglected soil tem-

perature and soil moisture as soil characteristics.

Rather, they have been considered as soil-forming
factors. In fact, they are both.

Soil temperatures take on extreme importance
when they are too low to permit the growth of roots.
While a soil temperature of 1° C. does not affect the
movement of soil water appreciably, it will completely
inhibit the root growth of most plants. Roots of most
plants require a temperature of 5° C. or more for
growth. Thus, a cold horizon is a kind of thermal
pan, as important to plants as a fragipan, and is con-
sidered in the classification at the same categoric
level as other kinds of pans. As an example, alfalfa
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Figure 26.—Surface of the granular mulch that is typical of self-mulching
clays.

(Medicago sativa) with pronounced symptoms of sulfur
deficiency, has been seen growing on soils that have
abundant gypsum at 18 to 20 inches. But, the soils
are too cold for the roots to reach the gypsum.

In the absence of thermal waters that can supply
heat, the mean annual temperature of all horizons of
a soil is the same, though at any moment the tem-
perature of the various horizons is apt to differ.
Seasonal temperature fluctuations, in the latitudes of
the United States, penetrate to a depth of about 30 feet,
though they are of minor importance below 20 feet.
The mean annual temperature of a soil in the United
States therefore can be measured by a single reading
of the temperature at 30 feet and closely approximated
by a reading at 20 feet.

Mean annual temperatures seem to be relatively
independent of soil texture, color, and drainage. They
are influenced locally by the direction of slope, and by
the presence of an O horizon, formerly A,. Data are
too few to permit generalizations about the influence
of these factors onthe mean annual soil temperatures.

In the absence of direct measurements of soil
temperature in the United States, the mean annual
temperature can be very closely approximated by
adding 1° C. (2° F.) to the mean annual air tempera-
ture. This relation holds rather closely for most of



Figure 27.—8lickenslides from lower horizons of a Vertisol.
inches.)

(8cale in

the United States. Significant departures are in the
high mountains and the extreme northern States where
the soil is covered by thick blankets of snow during
winter. Here, the soil maybe up to 5° C. warmer than
the air on a mean annual basis, depending on the
duration of the snow cover and the seasonal differences
in air temperature.

Seasonal variations from the mean annual tempera-
ture may be highly significant to plant growth. The
mean summer temperature as used in this system
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refers to the months of June, July and August in the
northern hemisphere.

The air and soil temperatures during any 3-month
period may differ significantly. When the air tem-
perature is rising, the soil is colder than the air, but
when the air temperature is falling, the soilis warmer
than the air. The summer temperature of the soil is
influenced not only by the air temperature but also by
direction of slope, the soil moisture content, and the
presence and nature of an O horizon. Thus, in high
latitudes during the summer, a freely drained soil is
warmer than one saturated with water. A plowed soil
is warmer than a soil under forest with athick O. And
if plowed, south-facing slopes are warmer than north-
facing slopes.

It is aprinciple of this classificationto keeparable
soils and related soils under natural vegetation in the
same classes until some of the diagnostic horizons or
features have been permanently altered. The clearing
of a forest in Alaska may raise both the mean annual
and the summer soil temperature, but the change is
not permanent. Limits on soil temperature for the
arable land therefore must be different from those
under forest. Otherwise, the classification of a soil
is changed by the cutting of a forest and the burning
of the O. Then, if the land reverts to forest, the clas-
sification is again changed.

Tongues of albic horizons.--Tongues of albic hori-
zons consist of penetrations of bleached material, as
defined for an albic horizon, into an argillic horizon
along ped surfaces, if peds are present. The penetra-
tions must have greater depth than width, have hori-
zontal dimensions of 5 mm. or more in fine textured
argillic horizons (clay, silty clay and sandy clay) 10
mm. or more in moderately fine textured argillic
horizons, and 15 mm. or more in medium or coarser
textured argillic horizons (very fine sandy loams,
loams, and silt loams, or coarser), and must occupy
more than 15 percent of the mass of the upper part of
the argillic horizon before they are considered tongues.
Figure 28 shows a moderately fine textured argillic
horizon with tongues of an albic horizon.




Figure 28.—~Tongues of an albic horizon extending into an argillic horizon; gray tongues in the thin section show incomplete but very substantial
stripping of the clay. (Scale in inches.)
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Profile Descriptions for Chapter 5
(Colors for moist soil unless otherwise stated)

Profile No. 1

moderate amount of segregated lime in threads

Area: C(Cass County, North Dakota. and a few small, soft, round concretions;

Vegetation: Small grain; (natural) tall grasses. calcareous; clear boundary.

Parent material: ILacustrine materisls. Clg 31 to 4O inches, grayish-brown (2.5Y 5/2)

Topography: Level; 1/2 percent slope. silty clay loam, light gray (2.5Y 7/2) when

dry; many, fine mottlings of yellowish brown

Ap 0 to 8 inches, black (10YR 2/1) silty clay (10YR 5/6), brownish yellow (1OYR 6/8) when
loem, very dark gray (1OYR 3/1) when dry; dry; moderate, medium, platy, breaking to
compound strong, fine, granuler and very fine, very fine, blocky structure; slightly hard,
blocky structure; slightly hard, friable; friable; few lime segregations ; calcareous;
calcareous; abrupt boundary. gradual boundary.

Clea 8 to 15 inches, light brownish-gray (2.5Y 6/2) C5g 40 to L8 inches, olive-gray (5Y 5/2) silty
silty clay loem, light gray (2.5Y 7,/2) when clay loem, light gray (5Y 7/2) when dry;
dry; streaks of dark gray (1O0YR 4/1), gray many, medium mottles of strong brown (7.5YR
(1O0YR 5/1) when dry; strong, very fine, 5/6), brownish yellow (1OYR 6/8) when dry;
grenular and very fine, subangular blocky moderate, medium, platy, breaking to strong,
structure; soft, very friable; calcareous; very fine blocky structure; slightly hard,
clear boundary. friable; calcareous; gradual boundary.

C2ca 15 to 22 inches, light olive-brown (2.5Y 5/4), C6g 48 to 60 inches, colors as in the horizon
light silty clay loam, pale yellow (2.5Y 7/3) above; silty clay; strong, platy structure
when dry; streaks of dark grayish brown or varved; hard, friable; calcareous.

(2.5Y 4/2), gray (2.5¢Y 5/1) when dry; strong,
very fine, subangular blocky structure; soft,
very friable; calcareous; clear boundary.

C3g 22 to 31 inches, light olive-brown (2.5Y 5/4)
silty clay loam, light gray (2.5Y 7/2) and
pale yellow (2.5Y 7/3) when dry; many fine
mottlings of light brownish gray (2.5Y 6/2),
white (LOYR 9/1) and brownish yellow (10YR 6/8)
when dry; moderate, very fine, subangular
blocky structure; slightly hard, friable; a

Climatic date (Fargo, N. Dak.) J F M A M J J A 8 0 N D Ann.

Meen temperatures, 1921-50 (deg. F) T 11 25 42 55 65 TL 69 59 L6 28 13 W1

Mean precipitation, 1921-50 (inches) 0.6 0.7 0.9 1.9 2.2 3.0 2.3 2.7 1.7 1.3 0.9 0.6 18.7

Annual precipitation more than 9.4t and less than 28.0 inches during 9 years out of 10,

Particle size distribution (mm.) (%) Pipette and hexametaphosphate IE.D. Organic
Depth, Hori- Very Coarse Medium Fine Very fine Silt Clay gm. matter
inﬁhe; zon coarse sand sand sand sand per C C/N

sand 0.5- 0.25-  0.10- 0.05- 0.2- 0.02- cc.) ¢

2-1 1-0.5 0.25 0.10 0.05 0.002 €0.002 0.02 0.002 2 W k

0-8 Ap 0.5 0.9 Lol 3.8 13.4 50.0 30.3 42.5 23.8 3.23 12

8-15 Clea .1 N 5 1.9 6.6 57.1 33.Fk 37.9 27.2 8L 9

15-22 (2ca .1 «3 oA 1.6 3.2 65.6 28.8 33.% 36.5 H3 9

22-31 (3g .1 .3 A .8 1.3 59.9 37.% 19.7 L41.9 28 7

31-40 Clg .3 ok b .6 .8 63.1 3k.4  17.6 L46.8 25 7

Lo-48 (c5¢g 2L 4 o .8 .8 59.0 38.5 13.4 L46.9 23 6

48-60 C6g i .1 2 B d 1.0 k9.3 k8.6 11.2 39.6 22 6

Cation ExXtractable cations, meq./100 gnm. pH CaCO3
exch. BAYs

cap. Ca Mg H Na K peste vy

7.8 3
8.2 2k
8.2 26
8.2 13
8.2 21
8.1 18
T.9 16
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Profile No. 2 B3 32 to L2 inches, mottled gray (1OYR 5/1)
Area: Washington County, Nebraska. and yellowish-brown (1OYR 5/4) silty cley
Vegetation: Small grein; (natural) tall grasses. loem; weak, coarse, prismatic, breaking
Parent material: Ioess. to wesk, coarse and medium, subangular
Topography: 9 percent slope facing east; relief 50 blocky structure; slightly hard, friable;
feet. continuous clay films on faces of peds; many
fine pores; many, fine and medium-sized
Ap 0 to 6 inches, very dark brown (1O0YR 2/2) mangenese and iron stains; many soft, dark-
silty cley loam; weak, very fine, granular brown iron concentrations; gradual, wavy
structure; slightly hard, friable; lower part boundary.
very compact as the result of tillage; many cL 42 to 60 inches, light olive-brown (2.5Y.
fine roots; common wormcests and small pores; 5/4), light silty clay loam or heavy silt
clear, smooth boundary. loam, light yellowish brown (2.5Y 6/4) when
Bl 6 to 10 inches, very dark graylsh-brown dry; many yellowish brown and gray mottles;
(LoYR 3/2) silty clay loam; dark grayish brown weak, coarse prismatic structure to massive;
(10YR 4/2 dry) when crushed; moderate, fine glightly hard, very friable; many pores and
and very fine, granular structure; hard, fine channels; many dark-brown iron stains;
friable; ped faces coated with organic or common, very dark gray or black mangsnese
colloidsl material; many wormcasts; clear, stains and concretions.
wavy boundary. cz 60 to 90 inches, generally similar in mor-
B21 10 to 22 inches, dark-brown (1O0YR 3/3) silty phology to Cl horizon but many soft iron
claey losm; moderate, coarse, prismatic, concretions; calcareous below a depth of
breaking to moderate, fine and very fine, T3 inches.
subangular blocky structure; hard, firm;
shiny ped faces may be clay films; patchy
dark stains of orgenic matter on faces of
peds; maeny wormcasts and very fine pores;
gradual, wavy boundary.
B22 22 to 32 inches, dark grayish-brown (2.5Y
L/2) silty clay loam; weak, coerse, prismatic,
breaking to weak, medium and fine, subangular
blocky structure; hard, firm; many, medium
mottles of grey (LOYR 5/1) and yellowish
brown (1O0YR 5/4); common wormcasts and fine
pores; common iron stains and small specks
of mangenese; gradual, wavy boundary.
Climatic data (Fremont, Nebr.) J F M A M J J A S 0 N D Ann.
Mean temperatures, 1931-52 (deg. F.) 23 27 38 52 63 T3 T8 76 67 56 39 28 52
Meen precipltation, 1931-52 (inches) 1.2 1.2 1.8 2.k 3.5 4.6 3.3 3.6 2.7 1.5 1.2 0.9 27.9
Annusl precipitation more than 17.2 and less than 38.6 inches during 9 years out of 10.
Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Organic
Depth, Hori- Very Coarse Medium Fine Very fine Silt Clay (gm. matter
inches zon coarse sand sand sand sand per C C/N
sand 0.5~ 0.25- 0.10= 0.05~ 0.2- 0.02- cc.) ¢
2-1 1-0.5 0.25 0.10 0.05 0.002 €0.002 0.02 0.002 »2 . X
2-6 Ap 0.2 Q:F 0 1031 0.2 3.k 59.9  36.1 L43.3 20.1 2.01 11
10“32-2 Eél - TR 3.2 58.6  38.2 4.k 20.k 0 R
= e il ) 3.1 62.3  34.5 43.7 21.8 1.3+ .63 10
-32 P22 - — - 1 3.3 eh.7T  3L.9 43.6 2k.5 3 -8
32-42 B3 - ol - 1 2.8 65.1 31.9 k1.9 26.2 s
how60 cCL o — _— 43 3.6 66.6 29.5 L6.6 23.8 1.3 .1k
Cation Extractable cations, meq./100 gm. Base pPH
exch. sat. 1:1
cgp- Ca Mg H* Na, K %
27.0 15.9 6.0 10.3 === 1.0 85 6:1
29.0 7.5 T.2 T5 Ol o 88 6.3
26.2 16.9 T.6 6.8 1 .5 96 6.5
24.8 16.2. “T.2 5.6 b .5 o7 6.7
25.1 6.8 7.5 3.6 .2 .5 100 6.8
ol.5 6.k 7.3 3.6 b= .5 100 6.8

*Exchange acidity.
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Profile No. 3
Area: Hand County, South Dakota.
Vegetation:

Parent material:

(natural) mid and short grasses.
Loess

dry; few, fine,dark yellowish-brown mottles,
yellowish brown (10YR 5/8) when dry; weak,
coarse, prismatic, bresking to coarse and
medium, subangular blocky structure; slightly

Topography; Less thah 5 percent slope. hard, friable; patchy clay films on prism
faces; common, medium and small lime segrega-
Al 0 to 35 inches, very dark brown (lO‘IR 2/2) tions; calcareous; clear, irregular boundary.
611t loam, very dark graylish brown (1OYR 3/2) IIC2ca 26 to 35 inches, mottled olive-brown (2.5Y
when dry; weak, fine, granular structure; L/4), grayish-brown (2.5Y 5/2), and dark
clear, smooth boundary. yellowish-brown (10YR 4/4) clay loam, olive
B21t 1 to 8 inches, very dark grayish-brown (10YR brown (2.5Y 4/4), light brownish gray (2.5Y
3/2) silty clay loam, dark grayish brown (1O0YR 6/2), and yellowish brown (1O0YR 5/8) when ary;
1&/ 2) when dry; weak to moderate, medium and weak, coarse and medium, prismatic structure;
fine, prismatic, breaking to medium and fine, hard, firm; thin, patchy clay films on verti-
subangular blocky structure; slightly hard, cal faces of peds; many soft, and common hard,
friable; thin, patchy clay films on faces of small and medium lime segregations; calcar-
prisms; gradual, smooth boundary. eous; clear, irregular boundary.
B22t 8 to 14 inches, very dark grayish-brown (1O0YR IIC3ca 35 to 42 inches, light olive-brown (2.5Y 5/4),
3/2) silty clay loam, dark grayish brown (1OYR heavy silty clay loam, light yellowish brown
4/2) when dry; moderste, medium, prismatic, (2.5Y 6/4) when dry; common, fine, dark
breaking to medium and fine, subangular blocky yellowish-brown (LOYR 4/4) and black (10YR
structure; slightly hard, frisble; prisms 2/1) mottles, yellowish brown (1OYR 5/8) and
coated with very dark brown (10YR 2/2); thin, very dark gray (1OYR 3/1) when dry; weak,
continuous clay films on faces of prisms; coarse and medium, prismatic structure; hard,
clear, smooth boundary. firm; few,medium and small lime segregations;
B3ca 1k to 19 inches, olive-brown (2.5Y 4/4), heavy calcareous; clear, irregular boundary.
silt loam, grayish brown (2.5Y 5/2) when dry; IICkca 42 to 60 inches, dark grayish-brown (2.5Y L/2)
few, fine mottles of dark yellowlsh brown clay loam, grayish brown (2.5Y 5/2) when dry;
(10YR 4/4), yellowish brown (1OYR 5/8) when common, fine mottles of light olive browm
dry; weak to moderate, coarse and medium, (2.5Y 5/4) and gray (N 5/ ), pale yellow
prismatic, breaking to weak, coarse and medium (2.5Y 7/4) and light gray (N 6/ ) when dry;
subangular blocky structure; slightly hard, few, very fine mottles of yellowish red
friable; thin, continuous clay films on faces (5YR 5/8), yellowish brown (1OYR 5/8) when
of prisms; common, medium and small, soft dry; massive to weak, very thick, platy
segregations of lime; calcareous; clear, structure; few, medium and small, hard and
smooth boundary. soft lime segregations; calcareous.
Cleca 19 to 26 inches, olive-brown (2.5Y L/L), heavy
silt loam, light olive brown (2.5Y 5/4) when
Climatic data (Miller, S. Dak.) J F M A M J J A S 0 N D Ann.
Mean temperatures, 1931-52 (deg. F.) 6 19 31 4 59 68 76 T3 63 50 33 22 L6
Mean precipitation, 1931-52 (inches) 0.6 0.5 X2 PUl 205 39, Pude 19 BE 3 90:6000 0 182
Annual precipitation more than 10.3 and less than 26.1 inches during 9 years out of 10.
Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Organic
Depth, Hori= ~Very Coarse Medium Fine Very fine ©ilt Clay ' (em. matter
inches =zon coarse sand sand sand sand per ] C/N
sand 0.5- 0.25= 0.10- 0.05- 2= 0.02- ce.) %
2-1 1-0,5 0.25 0.10 0.05 0.002 £0.002 0.02 0.002 »2 W k
0-3% Al 0.6 0.8 0.9 2.5 6.2 62.6 26.4 46.3 24,1 Tr. h.62 13
33-8  Bolt ) iy $8 = 200 5.T 56.3 34.3 40.8 =22.4 -- 2.3 11
gjlh B22t T .5 .5 1.5 6.5 50.5 3l.k 42,8 24,1 -- 1.50 10
14-19 B3ca 3 .6 .6 1.9 7.8 63.1 25.7 kb2.6 p£9.6 -- .99 9
19-26 (lca .9 s Loud 3.4 10,2 57.2 26.0 Lk,1 25.5 2.3 .54 8
26-35 IIC2ca 1.4 2.7 3.0 T.8 9.7 .0 314 3L.6 27.3 2.4 .33
35-42 IIC3ca .8 1.6 Li6 M5 b k7.0 k0.1 15.h 38.8 Tr .36
42-60 TTChca 2.3 5.7 .. 5 el 8.5 284 3o 263 26.0 5.8 30
Cation Extractable cations, meq./100 gm. Exch. PH E. C. caCo
Na sat. mmhos . equiv.
exch. r om. ®
BD- Ca Mg H* Na K % paste a.geQSSmc. v
27.5 20.0 5.8 5.9 == Tl - 6.8 0.9 1
27.0. 174 Tl 5.0 == L:3 - 6.1 .6 1
24,6 18.3 6.8 3.0 0.1 T -- 6.9 T 1
18.2 o1 A -= T+9 .6 16
17.9 B L 1 7.9 o 15
£3.0 1.4 b 6 8.0 .8 15 *Exchange acidity.
23.k4 3.k ol 12 8.4 .8 21
22,2 5.2 .6 20 8.6 1.0 12

o
[+ 4]



Profile No. 4 very dark grayish brown (2.5Y 3/2) when ary;

Area: Dickey County, North Dakota. compound, weak, medium, prismatic and moder-
Vegetation: Small grain; (natural) tall and mid ate, fine, subangular blocky structure; very
grasses. hard, firm; very few lime segregations;
Parent material: Glacial lacustrine materials. clear, irregular boundary.
Topography: % percent slope; glacial lske plain. Clca 17 to 24 inches, grayish-brown (2.5Y 5/2)
clay losm, white (2.5Y 8/2) when dry; olive-
Ap 0 to 6 inches, very dark gray (1O0YR 3/1) fine brown (2.5Y 4/4) and light-gray (N 6/ )
sandy loam, dark gray (1OYR 14-/1) when dry; weak, mottles; compound, weak, coarse, prismatic
fine, granular structure; slightly hard, very and fine, subangular blocky structure;
friable; clear boundary. friable; common segregations of lime; calcar-
A2 6 to 7 inches, very dark gray (1O0YR 3/1) fine eous; gradual boundary.
sandy loam, light gray (1OYR T/1) when dry; C2ca 24 to 36 inches, mottled olive-yellow (2.5Y
weak, thin, platy structure; hard, very fri- 6/6), light yellowish-brown (2.5Y 6/4), and
able; abrupt boundary. light brownish-gray (2.5Y 6/2) silt loam,
B21t 7 to 9% inches, black (1OYR 2/1) sandy clay pale yellow (2.5Y 7/4) when dry; compound
loam, dark gray (1OYR 4/1) when dry; strong, weak coarse prismatic and fine subangular
medium, columnar structure; rounded tops of bloeky structure; friable; calcareous; clear
peds have discontinuous coatings that are % boundary.
inch thick and are gray (1O0YR 5/1) when dry; Chg 36 to 49 inches, light-gray (5Y 6/1) silt
extremely hard, very firm. loam, white (5Y 8/1) when dry; strong-brown
B22t 95 to 12 inches, black (1OYR 2/1) sandy clay (7.5¥R 5/8) and dark-brown (7.5YR 3/2)
loam, dark gray (1OYR 4/1) when dry; interiors mottles; weak, thin, platy (leminated)
of peds very dark brown (1OYR 2/2) ; strong, structure; friable; calcareous; gradual
medium, columnar structure; extremely hard, boundary.
very firm; clear boundary. C5g 49 to 60 inches , colors as in the horizon
B23t 12 to 17 inches, black (10YR 2/1) sandy clay above; silt loam; moderate, thin, platy
loam, dark grayish brown (2.5Y 4/2) when dry; (leminated) structure; friable; a few, soft
interiors of peds very dark brown (1O0YR 2/2), segregations of lime.
Climatic data (Oakes, N. Dak.) J . M. A M J J A S 0 N D Ann.
Mean temperatures, 1931-52 (deg. F.) 9 12 26 L3 56 65 T2 T0 59 L7 29 15 L2

Mean precipitation, 1931-52 (inches) 0.4 0.6 1,0 1.7 2.2 3.7 2.5 2l 1.2 12 0.7 0.5 7.7
Annusl precipitation more than 10.8 and less than 24.6 inches during 9 years out of 10.

Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Organic
Depth, Hori- Very Coarse Medium Fine Very fine Silt Clay (gm. matter
inches zon coarse  sand sand sand sand per C C/N
sand 0.5- 0.25- 0.10- 0.05- 0.2- 0.02- ce.) %
2-1 1-0.5 0.25 0.10 0.05 0.002 €0.002 0.02 0.002 2 v k
0-6  Ap 0.k 6.3 10.1  30.3 8.2 27.1 1h.7 174 2,71 1k
67 A2 2 5.8 9.8 27.h 12.3 30.k 10.8 19.0 2.11 12
7-9 B2t O k.7 T.5 28.1 5.6 28.2 20.0 19.4 l.25 13
9512 m2t O k.1 7.6 32.7 1.9  23.2 26.1 13.1 1.09 13
12-17 B3t 0 k.0 5.8 37.5 2.1 23.1 24.8 14,0 .61 13
17-24 Clea © 2.0 3.1 19.7 1.4 36.9 36.4 2T.4 -1k
2228 Ces 0 2.5 1.g 11.1 8 59.2 25.9 5k.8 o
= g . . : % . . .30
4o-60 C5g 0 0 > .8 %.8 .g 53 838 882 .38
Cation Extractable cations, meq./100 gm. Exch. pH caco3
exch. Ne sat. %
°gD- Ca Mg H Na K % paste W
19.3 13.7 4.8 0.62 0.95 )
15.4 9.6 4.6 1.81 .48 11.8 7.7
20.5 20.0 B k.9 67 2.40 8.1
23.2 11.0 10.8 10.0 .Th 43.0 8.5
19.7 316 12.5 g1 .72 4.0 8.9 16
4.7 17.2 12.9 6.0 .52 Lo.7 9.k 30,1
4.9 15.6 10.7 4.8 .55 32.2 9.1  26.7
18.9 16.7 12.9 6.0 A7 31.7 8.9 20.0
20,0 18,2 12.3 Skt .53 27,0 8,6 14,8
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Profile No. 5 B22 48 to 70 inches, dark yellowish-brown

Area: C(Clallam County, Washington. (1OYR 4/4) silt loam; very pale brown

Vegetation: Brackenfern. (10YR T/4) when dry; massive with vertical

Parent material: Alluvium from basic volcanic ash. fractures 3 to 6 inches apart; firm, plastic,

Topography: Gently undulating terraces. slightly sticky; few roots; common fine pores;

colloidal staining on fractures and in pores;

A1l 0 to 8 inches, black (1O0YR 2/1) silt loam, few, fine, yellowish red (5YR 4/8) mottles on
very dark gray (1OYR 3/ 1) when dry; strong, surfaces of fractures and in some root
fine, granular structure; friable, plastic, channels; numerous krotovinas; diffuse,
slightly sticky; asbundant roots, many of them wavy boundary.
fern roots as much as % inch in dismeter; B23 70 to 80 inches, very similar to horizon just
diffuse boundary. above, but fractures are 3 to 12 inches apart;

Al2 8 to 16 inches, black (1O0YR 2/1) silt loem, occasional pebbles £ inch in diameter;
very dark gray (10YR 3/1) when dry; strong, diffuse, wavy boundary.
medium, granular structure; friable, plastic, c 80 to 96 inches, dark yellowish-brown (1O0YR
slightly sticky; abundant roots; gradual, 4/4) silt loam, very pale brown (1O0YR T7/4)
wavy boundary. when dry; massive; firm, slightly sticky,

Al3 16 to 23 inches, very dark brown (1OYR 2/2) slightly plastic; few roots; common fine
silt loam, dark grayish brown (1OYR 4/2) when pores; few krotovinas; few, fine, yellowish
dry; moderate, medium, granular structure; red (5YR 4/8) mottles in root channels;
friable, plastic, slightly sticky; plentiful occasional fine pebbles.
roots; diffuse, wavy boundary.

Alk 23 to 32 inches, similar to horizon just above, Comments: The entire profile has a very smeary feel;
but % to % unit higher in color value; clear, the longer the soil is rubbed between the fingers,
wavy boundary. the finer it becomes.

B21 32 to 48 inches, dark-brown (1OYR 4/3) silt
loam, pale brown (1OYR 6/3) when dry; week to
moderate, fine, subangular blocky structure;
friesble to firm, plastic, slightly sticky;
few roots; many fine, tubular pores; numercus
krotovinas; very thin, patchy clay films in
pores and vertical fractures; diffuse, wavy
boundary.

Climatic data (Forks, Wash.) J F M A M J J A S 0 N D Ann.

Mean temperatures, 1931-52 (deg. F.) 39 Lo 43 47 52 56 60 60 58 52 Ll ko kg

Mean precipitation, 1931-52 (inches)

16.7 14.% 12.6 8.2 5.1 3.6 2.6 2.1 5.0 11.3 14.6 19.7 115.9

Annusl precipitation more than 92.5 and less than 139.3 inches during 9 years out of 10.

Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Organic
Depth, Hori- Very Coarse Medium Fine Very fine Silt Clay (gm. matter
inches =zon coarse sand sand sand sand per [¢] C/N
sand 0.5- 0.25-  0.10- 0.05- 0.2- 0.02- cc.) ¢
o-1 1-0.5 0.25 0.10 0.05 0.002 £0.002 0.02 0.002 2 v ok
0-8 A1 0.4 0.6 0.3 1.0 3.4 4.8 19.5 38.7 L4o.2 0 16.32 21
8-16 Al2 T i i3 d.5 k.2 Th:5 ATl "Hl.T 39.1 0 13.80 21
16-23  Al13 A .8 8 wp.3 k.5 80.7 10.8 43.% 43.3 0 9.4k2 20
23-32 A1k .0 A G4 1.9 9.1 82.6 5.6 50.7 bLa.h 0 6.52 20
3248 B21 | | .2 k.6 9.7 80.9 k.4 56.7 37.7 0 1.63 13
?g:gg ggg .é .g .g 1.2 k.g 88.9 k.6 49.1 L44.6 0 .80 10
. 1. i 1.2 1. 88.14 5.6 . 2.6 2 ;
80-96 C o _1.5 1.1 1.6 2.5 86.7 5.9 %g.g 31.8 3 .5% 1?
Cation Extractable cations, meq./100 gm. Bgse pH Moisture tensions Air-dry
ifch. sat.  sat. 1/3 15 moisture
2P Ca Mg H*¥ Na K % peste gtmos. atmos. %
80.8 3.0 2.1 52.5 0.3 0.0 9 5.3 59.2 28
7 : .9 10.4
65.0 1-2 .9 2.2 .3 .3 5 5.1 53.% 2.2 10.2
59.2 . .6 k7.2 .3 -1 3 5.2 48.4 20.9 8.6
hz.i A A b1k .2 .0 o 5.5 4.8 19.0 7.k
23‘& -2 3 2.5 .1 .0 3 5.7 36.8 k.9 5.3
19. D .1 15.8 o .0 2 5.8 36.7 11.6 L,o
17.0 e Eak 15.5 e B AL 3 5.8 7.7 11.2 3.9
21.3 g 1 17.2 2 w0 3 6.0 38.3 12.7 4.6

"Exchange acidity.
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Profile No. 6 IICb 40 to 50 inches, light brownish-gray

Area: Craven County, North Carolina. (10¥R 6/2) to grayish-brown (10¥R 5/2)
Vegetation: Mainly pine forest. loamy sand; small lenses of white sand;
Parent material: Acid Coastal Plaein materials. very friable.

Topography: Level, less than 1 percent slope;
elevation about 35 feet.

All 0 to 6 inches, mainly black (1OYR 2/1) sandy
loam, but mixed with white, which results in
& salt and pepper effect; granular structure;
very friable; many large, medium and fine
roots growing parallel to the ground surface.

Al12 6 to 125 inches, black (10YR 2/1) sandy loam;
granular structure; friasble; many fine roots;
wavy boundary.

B2ltg 125 to 22 inches, grayish-brown (1OYR 5/2) to
dark grayish-brown (10YR L/2) sandy clay loam;
coarse, subangular blocky, breaking to fine,
subangular and angulsr blocky structure;
sticky, plastic; tongues of black (10¥R 2/1)
materials extending along root channels from
horizon above.

Bootg 22 to 32 inches, gray (1OYR 5/1) sandy clay
loam; many brownish-yellow (1O¥R 6/8) mottles;
coarse, prismatic, breaking to fine, subangu-
lar blocky structure; clay films on both
horizontal and vertical faces of peds, but
more prominent on the vertical faces; sticky,
plastic; a number of large root channels
filled with black material from the Al
horizon; plentiful roots.

IIATb 32 to 40 inches, very dark grayish-brown
(10YR 3/2) sandy loam; granular structure;
firm.

Climatic data (New Bern, N. C.) J F M A M J J A S 0 N D Ann.
Mean temperatures, 1931-52 (deg. F.) 47 47 s+ 63 71 T8 8 T9 15 65 55 47 64
Mean precipitation, 1931-52 (inches) 3.4 4.0 3.9 3.4 ko L6 8.8 6.8 6.3 3.0 3.8 k.2 56.1
Annual precipitation more than 43.6 and less than 68.6 inches during 9 years out of 10.

Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Organic
Depth, Hori- Very Coarse Medlum Fine Very fine Silt Clay (gm. matter
inches zon coarse sand sand sand sand per C C/N
sand Bbs: 055, O~ Dk« 0.2- 0.02- ce.) ¢
2-1 1-0.5 0.25 0.10 0.05 0.002 €0.002 0.02 0.002 32 W b
0-6 All 1.3 9.6 26.4 24.8 k.5 20.1 1
: > g y ; 5.5 47k 138 © X
125-22% g;f .i 8.3 27.% 25.9 4.8 161 17.3 15.8 11.b © i 21 EE
£ tg . 7.8  23.9 21.5 k.5 16.9 25.0 15.0 12.0 O 45 B
2—33 Bo2tg Lk 7.4 2k0 211 %0 164 26.7 13.9 11.6 O :
io‘ IIAlb .3 9.7 3.2 27.0 s~ 15 5. 1BE Bs . °22
-50 IICb .3 8.4 35.8 3k.k 6.0 8.5 6.6 168 52 0 .05

Cation Extractable cations, meq./100 gm. Base DH

exch.
R sat. 1:1
Ca Mg H¥* Na, K

26.2 0.% 0.k 2k.9 0.2 oO. p]

6 3 A B < <1 i i
11.7 K | G A0 ¢l b | 3 4.2
123 <1 <1 12.0 L1 o 1 k.o
9.0 L <.l 8.8 g1 1 2 4.3
2.6 €.l <.1 2.6 Lol ugd €1l k.6

*Exchange acidity.
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Profile No. 7 structure; friable, slightly sticky, slightly

Area: Columbie County, Oregon plastic; few thin, patchy clay films on ver-
Vegetation: Coniferous forest; fir, cedar, and tical and horizontal ped surfaces and in
hemlock. pores; few rock fragments or pellets; abun-
Parent material:; Residuum from basalt, with some dant roots; gradual, smooth boundary.
volcanic ash. B3 23 to 31 inches, dark reddish-brown (5YR 3/3)
Topography: 8 percent slope; upland; elevation loem, reddish brown (5YR 5/3) when dry;
1,200 feet. moderate, fine, subangular blocky structure;
friable, slightly sticky, slightly plastic;
oL 1 to O inch, litter of needles with a thin few thin, patchy clay films on vertical and
fermentation layer. horizontal ped surfaces and in pores; many
Al 0 to 3 inches, dark reddish-brown (5YR 3/2) roots; gradual, smooth boundary.
silt loam, dark brown (7.5YR 4/2) when dry; R&C 31 to 44 inches, dark-brown (10YR 4/3) silt
strong, coarse to fine, granular structure; loam, brown (1O0YR 5/ 3) when dry; massive;
very friable, slightly sticky, slightly plas- friable, slightly sticky, plastic; weathered
tic; many medium pellets; abundant roots; rock fragments make up more then 50 percent
clear, smooth boundary. by volume of the soil mass; gradual, smooth
3 to 10 inches, dark reddish-brown (5YR 3/2) boundary.
silt loam, reddish brown (5YR 4/4) when dry; R L to 50 inches, fragmented, weathered, basic
strong, fine and very fine, subangular blocky igneous rock.

structure; very friable, slightly sticky,
slightly plastic; common, medium pellets;
abundant roots; gradual, smooth boundary.

Bl 10 to 15 inches, dark reddish-brown (5YR 3/3)
silt loam, reddish brown (5YR 5/3) when dry;
moderate to strong, fine and very fine, sub-
angular blocky structure; friable, slightly
sticky, slightly plastic; few thin, patchy
clay films; few rock fragments or pellets;
abundant roots; diffuse, smooth boundary.

B2 15 to 23 inches, dark reddish-brown (5YR 3/4)
silt loam, reddish brown (5YR 5/3) when dry;
moderate; fine and very fine, subangular blocky

Climatic data (Vernonia, Oreg.) J F M A M J J A s 0 N D Ann.
Mean temperatures, 1938-52 (Deg. F.) 36 40 43 48 53 57 62 62 59 5L 43 39 L9
Mean precipitation, 1938-52 (inches) 6.5 6.7 4.8 2.7 2.0 1.3 0.5 0.6 1.6 L.k 6.8 7.5 h5.4
Annual precipitation more than 32.1 and less than 58.7 inches during 9 years out of 10.

Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Orgenic Free
Depth, Hori- ~Very Coarse Medlum Fine Very fine Silt Clay (gm. matter iron
inches =zon coarse sand sand sand sand per o E?N oxides
sand 0.5- 0.25-  0.10- 0.05- 0.2- 0.02- ce. % Fe 04
2-1 1-0.5 0.25 0.10 0.05  0.002 €0.002 0.02 0.002 2 W k %0
0-3 Al 9.0 5.3 2.0 4.3 7.3 55.2 16.9 32.3 32.7 4.3 k5o 22 k.0
3-10 A3 k.4 4.3 2.0 k.7 8.4 60.2 16.0 36.2 35.2 36.9 1.60 16 L.k
10-15 Bl 2.7 3.5 2.1 5.0 9.5 60.5 16.7 39.1 34.0 22.8 A k- 3.8
15-23 B2 2.9 3.4 2.3 51 8.4 61.3 16.6 4.7 32.3 16.5 i T L %oy
23-31 B3 2.5 10.8 9.2 17.h 9.9 33.0 17.2 31.9 21.1 -e-- .54 20 5.4
31-44 Rand C 1.0 3.7 3.5 9.1 10.7 52.8 19.2 1.1 28.% —--- b5 18 k.0
bh-50+ R 3.3 9.0 7.2 15.8 12.4 33.7 18.6 35.5 20.2 =e=- .58 34 g9
Cation EXtractable cations, meq./100 gm. page DA
exch. . l:l
P Ca Mg H*¥  Na K S%
42,7 20.2 2.7 18.2 0.2 1.k 57 5.9
or.g7 8.8 2.6 -15.6 .l .6 - 5:5
21.2 5.8 1.8 13.0 .2 A 39 5.4
21.2 T.h 2.0 11.% | 3 46 53
45,0 21.3 7.9 1k.9 4 .5 67 4.8
31:2 13.1 k5 13.0 ;2 L 58 5.0
k2.5 19.3 9.1 13.3 .3 .5 69 4.8

*Exchange acidity.
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Profile No. 8 sticky, plastic; thick, continuous clay

Area: Prineville Area, Oregon. films; gradual, smooth boundary.
Vegetation: Small sage, cheatgrass, big sage, B3 22 4o 32 inches, dark grayish-brown (2.5Y
rabbitbrush. 4/2), light clay or silty clay, grayish
Parent material: Pumice and water-laid materials. brown (2.5Y 5/2) when dry; angular and
Topography: Level basin; 3,130 feet elevation. subangular blocky structure; hard, firm
to very firm, sticky, plastic; continuous,
Al 0 to 2 inches, dark grayish-brown (1O0YR 4/2) moderately thick clay films on peds and in
silt loam, gray (1OYR 5/1) when dry; vesicular pores; a higher proportion of pumice than in
where undisturbed, grading with depth to weak, horizon just above; gradual, smooth boundary.
thin, platy structure; slightly hard, friable, Gl 32 to W4 inches, dark grayish-brown (2.5Y
sticky, slightly plastic; silt flows in L/2), light clay or silty clay, grayish
vesicles; small amount of fine and medium brown (2.5Y 5/2) when dry; moderate, fine
grains of pumice; clear, smooth boundary. and medium, blocky structure; hard, firm to
A2 2 to 5 inches, gray (1O0YR 5/1) silt loam, very firm, sticky, plastic; gradual, smooth
light gray (1OYR 7/1) when dry; moderate, thin boundary.
and very thin, platy structure; slightly hard, c2 44 to 60 inches, very dark grayish-brown
firm, sticky, slightly plastic; abrupt, irregu- (2.5Y 3/2), light clay or silty clay; dark
lar boundary. grayish brown (2.5Y 4/2) when dry; massive
B21t 5 to 13 inches, very dark grayish-brown (2.5Y to weak, platy structure; hard, firm to very
3/2}, light clay or silty clay, light brownish firm, sticky, plastic; lacustrine sediments
gray (1OYR 6/2) to grayish brown (2.5Y 5/2) mixed with some pumice.

when dry; moderate, medium colummnar, breaking
to strong, fine, blocky structure; hard, very
firm, very sticky, plastic; thick, continuous
clay films on ped faces; bleached, gray
(1OYR 5/1) silt coatings on tops of columns
and on ped faces in vertical,cracks between
columns; neutral; clear, wavy boundary.

B22t 13 to 22 inches, dark grayish-brown (2.5Y 4/2),
light clay or silty clay, grayish brown (2.5Y
5/2) when dry; moderate, medium and coarse,
prismatic, breaking to strong, fine and medium,
blocky structure; hard, firm to very firm,

Climatic data (Prineville, Oreg.) J F M A M J J A S 0 N D Ann.
Mean temperatures, 1931-52 (deg. F.) 30 3+ Lo 46 52 57T 63 62 56 48 38 33 L7
Mean precipitation, 1931-52 (inches) 0.9 0.7 0.7 0.7 1.1 1.3 0.3 0.3 0.5 0.9 1.1 1.0 9.5
Annual precipitation more than 5.9 and less than 13.1 inches during 9 years out of 10.

Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Organic
Depth, Hori- Very Coarse Medium Fine Very fine Silt Clay (gm. matter
inches zon coarse sand sand sand sand rer c C/N
sand 0i5= 0.5~ 0.d0- 0:05- 0.2- 0.02- ce.)
2-1 1-0.5 0.25 0.10 0.05 0.002 £0.002 0.02 0.002 »2 W k
0-2 A 0.k 2.0 2.3 9.2 10.5 62.7 12.9 L47.6 31.6 0 1.39 12
2-5 A2 vl 1.6 2.1 7.6 9.1 6L.5 18.0 39.5 36.2 0 66 11
5-13 B2lt L .6 1.0 2.4 1.9 3.3 62.7 17.8 16.8 0 48 10
13-22 B2zt 3 .9 5 o 1.9 3L.4 61.8 12.7 =22.1 1 .28 8
22-32 B3 Al 8 151 2.4 1.9 35.1 58.6 13.9 24.4 0 .20 8
3e-4k 1 L .6 8 1.9 2.1 36.9 57.6 15.0 25.2 0 17 8
60 c2 .0 .5 1.0 2.6 2.5 39.7 53.7 2l.2 22.5 0 AT 8
Cation Extractable cations, meq./'lOO gn. Base pH
exch. sat. sat.
cgp. Ca Mg H* Na K paste
18.8 7.0 3.8 5.5 ok 1.7 T0 6.2
16.9 6.8 Lo 2.9 8 1.2 83 6.6
58.7 25.1 16.6 k.2 2.8 2.6 92 6.6
54.0 2h.6 16.8 3.2 3.0 2.5 o9k 6.9
7.1 22,5 17.0 2.0 2.6 2.6 ) 7.k
50.0 19.8 1k4.2 1.4 ki k.2 97 7.6
49.5 6.3 11.6 1.5 3.3 2.8 97 T-T

3*
Exchange acidity.
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Profile No. 9

are slightly darker than when crushed; dark

Area: Erath County, Texas. streaks along a few worm and root channels;

Vegetation: Deciduous forest; moderately dense. gradual boundary.

Parent material: Sandy clay or soft sandstone and B3 33 to 40 inches, mottled red (2.5YR 4/8) and

clay, reddish-yellow (7.5YR 6/8) sandy clay with

Topography: Plane surface; 2 percent slope facing thin lenses of sandy loam or loam, red (2.5YR

southeast; upland. 4/6) and reddish yellow (7.5YR 6/6) when dry;
mottles are fine; weak, coarse, prismatic,

Al 0 to 3 inches, very dark grayish-brown (10YR breaking readily to weak, coarse, blocky
3/2) loamy very fine sand, dark grayish brown structure; hard, firm, plastic; uncrushed
(10YR 4/2) when dry; weak, fine, granular surfaces are darker than when crushed;
structure; very friable; plentiful roots, gradual boundary.
uniformly distributed; gradual boundary. cl 40 to 51 inches, reddish-yellow (7.5YR 6/8)

A2 3 to 15 inches, light yellowish-brown (10YR sandy clay with lenses and pockets of sandy
6/4) loamy very fine sand, very pale brown loam and sandy clay loam, reddish yellow
(10YR 7/3) when dry; structureless; nearly (7.5YR 6/6) when dry; medium mottles of red
loose; plentiful roots, uniformly distributed; (2.5YR 5/6) and light red (2.5YR 6/8) red
a transitional layer of very friable fine (2.5YR 4/6) when dry; weak, coarse, prismatic,
sandy loam to light sandy clay loam, % to 1 breaking readily to weak, fine and medium,
inch thick, at bottom of this horizon is blocky structure; hard, friable, plastic;
actually an interfingering of the two horizonms. gradual boundary.

B21t 15 to 23 inches, yellowish-red (5YR 4/8) sandy c2 51 to 62 inches, finely mottled light-red
clay, yellowish red (5YR 4/6) when dry; moder- (2.5YR 6/8), light-brown, and brown, strati-
ate, medium and coarse, blocky structure; very fied sandy clay or clay and sandy clay loam
hard, very firm, plastic to strongly plastic; with little or no structure.
crushed surfaces are slightly less dark than
when uncrushed; dark streaks along common
root and worm channels; gradual boundary.

B22t 23 to 33 inches, yellowish-red (5YR 4/6) sandy
clay loam, yellowish red (5YR 5/8) when dry;
few mottles of light yellowish brown (10YR 6/4)
and reddish yellow (7.5YR 6/6); medium and
coarse, blocky structure; very hard, very firm,
plastic to strongly plastic; uncrushed surfaces

Climatic data (Dublin, Tex.) J F M A M J J A S 0 N D Ann.

Mean temperatures, 1931-52 (deg. F.) 45 48 55 64 71 80 83 8 77 68 55 4B 65

Mean precipitation, 1931-52 (inches) 253 2.5 290 333 5.5 30 L9518 f8u6 2.3 02 0 ok T ian T

Annual precipitation more than 18.8 and less than 46.6 inches during 9 years out of 10.

Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Organic

Depth, Hori- Very Coarse Medlum Fine Very fine Silt Clay (gm. _matter

inches =zon coarse  sand sand sand sand per C C/N

sand 0.5- 0.25=  0.10- 0.05- 0.2- 0.02- cc.) 4

o-1 1-0.5 0.25 0.10 0.05 0.002 €0.002 0.02 0.002 2 ¥ k
0-3 Al 0 0.3 3.8 56.6 21.5 1k.0 L.h 3.9 0.79
3-15 &2 P 3 3.2 62.4 21.4 9.4 3.2 3.1 .16

15-23 B2lt 0 2 2.3 41.3 15.1 6.1 35.0 2.2 .hg

23-33 B22t 0 a0 1.8 35.8 15:3 26.2 21.0 20.6 41

33-40 B3 0 o O 3.4 17.4 3.4 36.3 3.4 .30

Lo-51 C1 0 10 1.k 33.0 18.4 7.4 29.7 38 Sdi0

51-62 C2 0 ™ 1.6 39.6 171 20.1 21.5 5.1 .20

Cation Bxtractable cations, meq./100 gm. Base pH

sgt. 1zl
exch. %
cip' Ca Mg ¥  Na K
56 1.9 0.6 2.6 0.k sk 5.6
1.9 1.0 .2 25 .2 4 5.7

18.6 8.4 3.7 6.1 4 67 5.2

211 9yl ko 73 5 65 5.0

19.9 8.9 L.2 6.3 .5 68 5.1

17.1 8.3 3.9 4.5 b h 5.3

11.2 7.0 .8 3.0 N 73 5.4

*Exchange acidity
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Profile No. 10

Area: Yugoslavia. :

Vegetation: Small grain; (probable natural) open-park
forest; Mediterranean oak and grass.

Parent material: Residuum from limestone, probably
mixed with eolian or other sediments.

Topography: About 2 percent slope; facing northwest.

Ap 0 to 6 inches, dark reddish-brown (between
5YR 3/3 and 2.5YR 3/3) silty clay; strong,
fine, granular structure; friable, sticky,
plastic; abrupt, smooth boundary.

Bl1 6 to 9 inches, dark reddish-brown (5YR 3/3)
silty clay, reddish brown (5YR 4/3) when dry,
(a weak plowpan), strong, coarse, prismatic,
breaking with slight pressure to fine, blocky
structure; very hard, very firm, sticky
plastic; patchy clay films; a few éh to l-inch
fragments of limestone; diffuse boundary.

B12 9 to 16 inches, dark reddish-brown (5YR 3/3)
silty clay, reddish brown (5YR 4/3) when dry;
moderate clay skins on 40 to 60 percent of
ped faces, and thin clay skins on the remain-
der; clay skins are dusky red (2.5YR 3/2) to
dark reddish-brown (2.5YR 2/4) when dry;
strong, coarse, prismatic, breaking with
slight pressure to fine, blocky structure;
very hard, very firm, sticky, plastic; diffuse
boundary.

B21 16 to 22 inches, dark reddish-brown (between
5YR 3/3 and 2.5YR 3/3) silty clay, reddish
brown (5YR 4/3) when dry; continuous clay
skins on ped faces; clay skins dusky red
(2.5YR 3/2) to dark reddish brown (2.5YR 2/4)

Climatic data (Pula, Yugoslavia) J F M
Mean temperatures, 44 years (deg. F.) 40 42 47
Mean precipitation, 1931-40 (inches) 2,0 1.7 2.2

when dry; moderate, coarse, subangular blocky,
breaking to fine, blocky structure; very firm,
sticky, plastic; plentiful roots; many medium
pores 1 to 2 millimeters in diameter.

22 to 36 inches, dark reddish-brown (between
2.5YR 2/4 and 2.5YR 3/4) silty clay, dark
reddish brown (2.5YR 3/4) when dry; crushed
colors are dark reddish brown (between 5YR 3/4
and 2.5YR 3/4), reddish brown (between 5YR &/4
and 2.5YR 4/4) when dry; weak, coarse, pris-
matic, breaking to medium and fine, subangular
blocky structure; continuous thick clay skins,
wavy boundary; depth to rock varies from

about 20 to 80 inches within a field.

36 to 44 inches, fractured limestone with
penetrations of clay and calcite between
fragments; rock fragments 2 to 5 inches in
diameter, irregular, some edges rounded by
solution.

J J A s 0 N D Ann.
69 74 73 66 58 50 44 57

1.6 1.8 1.5 3.3 3.1 4.2 2,3 271.5

Annual precipitation more than 16.2 and less than 38.8 inches during 9 years out of 10.

Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Organic Free
Depth, Hori- Very Coarse Medium Fine Very fine $Silt Clay (em. matter diron
inches =zon coarse  sand sand sand sand per C C/N oxides
sand 0.5- 0.25-  0.10- 0.2- 0.02- ce.) 4 Feg03
2-1 1-0.5 0.25 0.10 0.05 0.002 £0.002 0.02 0.002 »2 c w c
0-6 Ap 0.5 0.4 0.1 0.3 1.6 k5.8 25.3 27.8 1.66 1.68 10 5.0
6-9 Bll .5 .3 ol .3 1.5 k5.8 26.8 26.4 1.71 1.57 10 5.1
9-16 Bl2 RS 2 A .3 1.3 46.8 22.6 29.8 1.64 1.3+ 9 5.0
16-22 B2l e .2 A 3 .1 50.0 20.2 29.2 1.63 1.20 10 5.2
22-36 B22 é:1 .1 £ 2 .8 75.8 9.9 1hk.1 1.6 .8% 8 T.5
P “Extractable cations, meq./100 gm. Base DH Base
exch. sat. 11 sat.
cap. Ca Mg i Na K t I
4.7 15.8 1.5 6.6 0.1 0.4 T3 6.9 121
17.3 13.8 1.k 7.0 .1 <3 69 6.7 %0
aly il 2.2 1.2 9.0 a2 .2 60 6.6 79
18.0 11.7 1.2 95 B .2 58 6.4 o
27.4 18.8 2.0 13.0 2 3 62 6.2 8

*Exchange acidity.
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Profile No. 11 coarse and very coarse, subangular blocky

Area: Knox County, Indiana.
Vegetation: Small grain; (natural) oak-hickory

structure; dark reddish-brown (5YR 3/4) clay
films are less numerous than in the above

forest. horizon; numerous very dark-brown (10YR 2/2)
Parent material: Ioess. coatings and streaks that become more

Topography: 2 percent slope.
gradual, wavy boundary.

conspicuous with increasing depth; firm;

Ap 0 to 6 inches, dark grayish-brown (10YR 4/2) B3 32 to 48 inches, brown (7.5YR 4/4) silt loam;

to brown (10YR 4/3) silt loam; weak, medium,
granular structure; friable; abrupt, smooth

weak to very weak, very coarse, subangular
blocky structure; friable; a few dark reddish-

boundary. brown (5YR 3/3 - 3/4) clay films; very few

A2 6 to 9 inches, brown (10YR 5/3) to dark
grayish-brown (10YR 4/2) silt loam; penetra-
tion of material from Ap horizon into top of

coatings and streaks of light brownish gray
(10YR 6/2), pale brown (10YR 6/3), and very
dark brown (10YR 2/2); gradual, wavy boundary.

layer along root channels and wormcasts; C 48 to 55 inches plus, brown (7.5YR 4/4) silt

moderate, thin, platy structure; friable; loam; an occasional thin crack filled with

clear, wavy boundary. light brownish-gray (10YR 6/2) material;
B21lt 9 to 13 inches, brown to dark-brown (7.5YR massive; friable.

4/4), heavy silt loam; very few peds coated
with brown (10YR 5/3) to pale brown (10YR 6/3);
a few very thin coatings of very dark brown
(10YR 2/2); moderate, fine, subangular blocky
structure; firm; clear, wavy boundary.

B22t 13 to 22 inches, brown (7.5YR 4/4), heavy silt
loam to light silty clay loam; moderate to
strong, coarse subangular blocky, breaking to
fine subangular blocky structure; firm;
numerous thin, dark reddish-brown (5YR 3/4 to
3/3) clay films; common coatings of very dark
brown (10YR 2/2) clay films; gradual, wavy
boundary.

B23t 22 to 32 inches, brown (7.5YR 4/4) light silty
clay loam to heavy silt loam; moderate to weak,

Climatic data (Edwardsport, Ind.) J F M A M J J A S 0
Mean temperatures, 1931-52 (deg. F.) 32 34 43 54 65 75 79 77 69 58
Mean precipitation, 1931-52 (inches) 3.9 2.5 4.1 4.0 3.9 4.4 3.6 3.3 3.4 2.5
Annual precipitation more than 27.8 and less than 55.6 inches during 9 years out of 10.

N D

43 34
3.3 2.9 41.7

Ann.
55

Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Organic P
Depth, Hori- Very Coarse Medium Fine Very fine Silt Clay (gm. matter iron
inches zon coarse sand sand sand sand per Cc C/N oxides
sand 0.5- 0.25-  0.10- 0.05- 0.2- 0.02- ce.) ¢ Fe 03

2.1 1-0.5 0.25 0.10 0.05 0.002 0.002 0.02 0.002 2 v W k %
0-6 Ap 0.2 0.k 0.3 0.5 1.6 8t.2 12,8 4.9 k1.2 Tr. 1.%9 0.8 10 1.k
6-9 A2 —— 3 Wb .6 1.6 8:.7 12.% L4k.5 42,1 .-~ 1.38 .85 10 1.2
9-13 B2lt " | R &) 20 % § 76.1 21.7 35.3 42,1 --- 145 .33 T 1.8
13-22 B22t --- — o 2 1.0 69.3 29.5 35.2 35.2 --- 1.45 .17 5 2.k
22-32 B23t --—- — — 1 1.4 Ti.3 27.2 39.6 33.2 -== L.AW6 .12 L 2.5
32-48 B3 -— ——- —— -— 1.3 76.2 22.5" L43.7 33.8 --- 1.48 .10 2.5
48-55+ ¢ ——- ——— - -— .8 79.3 19.9 L44.8 35.3 --- .08 2.4

Cation EXtractable cations, meq./100 gn. Bgge PH Bage Cation Moigture tensions

exch. 5 11 t. exch. 173 15
ep- Ca Mg B* Na K 5% EE G:P : atmos. atmos.
8.2 6.7 1.6 44k .- Ok 100 6.7 66 13.1
86 56 18 32 --- .3 9 6.3 Tl 10.9 Sﬁ:g 222
10.4 7.0 2.6 1 o4 ;3 96 6.5 T, 1h.1 27.3 8.2
15.6 8.2 4.6 5.8 1 A 85 6.5 170 19.1 1.4 12,1
W 5% 3 82 L A L 5.6 55 18.4 o I
12.0 3.6 3.4 8.2 o1 <3 62 L.8 47 15.6 28.8 9.3
11.5 3.5 3.7 7.k i .3 66 4.8 =51 15.0 29.5 8.6

¥:Excha.nge acidity.
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Profile No. 12 B3

Area: Prentiss County, Mississippi.
Vegetation: (matural) mixed deciduous and pine
forest.

Parent material: Thinly stratified, glauconitic, Ccl
acid clay, sandy clay, and sand.

Topography: Rolling; relief 50 to 100 feet; Coastal
Plain.

Ap 0 to 5 inches, grayish-brown (2.5Y 5/2) very
fine sandy loam with very weak, granular
structure; coarse mottles of yellowish brown c2
(10YR 5/4), dark grayish brown (10YR 4/2),
and very dark grayish brown (10YR 3/2) indicat-
ing uneven distribution of organic matter;
matted with fine roots.

A2 5 to 7 inches, brownish-yellow (1OYR 6/6) to
yellowish-brown (10YR 5/4), heavy very fine
sandy loam; very weak, coarse, granular
structure; few roots.

31 to 37 inches, predominantly pale-olive
(5Y 6/4) sandy clay loam; mottled with
yellowish red (5YR 5/8); strong, medium,
blocky structure; hard; common fine mica.

37 to 47 inches, predominantly pale-olive
(5Y 6/3) to light olive-gray (5Y 6/2) sandy
clay loam; fine and medium mottles and
streaks of yellowish red (5YR 5/8); strong,
coarse, blocky structure; weak, prismatic;
hard; fine mica flakes; glauconitic material
evident.

47 to 60 inches, same color as layer just
above; micaceous sandy clay loam; less hard,
slightly more friable than material in Cl
horizon; largely glauconitic material.

B21lt 7 to 14 inches, yellowish-red (5YR 5/6) clay;
strong, medium, subangular blocky structure.
B22t 14 to 19 inches, yellowish-red (5YR 5/8) clay;
scattered, small, yellow (lOYR 7/8) mottles;
strong, medium, subangular blocky structure;
a few mica flakes.
B23t 19 to 31 inches, predominantly yellowish-red
(5YR 5/8), heavy clay loam; intricately
mottled with pale yellow (2.5Y 8/4) and gray;
proportions of pale yellow and gray mottles
increase and red decreases with depth; at
bottom, layer is highly mottled red, pale
yellow, and gray; strong, medium, blocky
structure; hard; fine mica.
Climatic data (Booneville, Miss.) J F M A J J A S 0 N D Ann.
Mean temperatures, 1931-52 (deg. F.) 43 45 52 61 69 78 80 79 74 64 51 44 62
Mean precipitation, 1931-52 (inches) 6:2 5.7 %.3 4.5 41 3:6 4.1 3.8 3.3 3.1- 4.7 5.8 55.1
Annual precipitation more than 32.3 and less than 77.9 inches during 9 years out of 10.
Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Organic Free
Depth, Hori- Very Coarse Medium Fine Very fine Silt Clay (gm. matter diron
inches zon  coarse sand sand sand sand per  C  C/N oxides
sand 0.5- 0.25-  0.10- 0.05- 0.2- 0.02- ce.) ¢ Fe203
2-1 1-0.5 0.25 0.10 0.05 0.002 €0.002 0.02 0.002 »2 = a 9%
0-5 Ap 0.1 0.3 0.3 1.6 53.9 22.k 1.k 1.6 2k 0.6
5-7 A2 0 .1 1 0.1 k.o 25.3 20.k4 . 12 1l.bk
T-1% B2lt o .1 «1 3.6 31.5 1k.9 k9.8 .23 8 k.2
14-19 B22t 0 P .1 3.k 33.0 19.0 .k .17 6 3.4
19-31 B23t 0 .1 .1 3.8 37.5 21.1 37.4 .12 6 2.3
31-37 B3 0 B A1 6.k ho.h 18.7 3k.3 .35 14 2.2
37-4T cl 0 +1 oA 16T k2.6 18.9  31.6 A2 6 2.k
k7-60 cz2 0 .1 .2 8.3 k3.5 15.6 32.3 .06 3 2.2
Cation EXtractable cations, meq./100 gm. Base pH
exch. sat.
_CE.. Ca Mg H* Na K 2 1:1
11.9 k6 0.8 6.1 0.1 0.3 4 5.5
12.8 13 - 1.8 9.2 .1 .3 28 k.7
26.0 o 3.6 212 W 5 18 4.9
2k.0 .6 3.4 19.7 €<.1 -3 18 L.k
25.0 1.8 2.9 19.9 sl .3 20 L.b
23.2 1.3 2.8 18.8 sl o2 19 k.3
22.h 1.9 2.T 17.4 P 3 22 4.3
23.3 3.0 3.0 17.0 Ml .2 27 k.3

*
Exchange acidity.

77



Profile No. 13 (Lab. data by Ohio Agr. Expt. Sta.) and pebbles of limestone, shale, and chert;
Area: Allen County, Ohio. few roots; calcareous.
Vegetation: Meadow; (natural) deciduous forest. c2 29 to 35 inches, calcareous clay loam till.
Parent material: Calcareous glacial till.
Topography: 3 percent slope; elevation 820 feet; till

plain.

Apl 0 to 7 inches, dark grayish-brown (1OYR &4/2)
loam, light brownish gray (10YR 6/2) when dry;
weak, fine, granular structure; slightly hard,
slightly sticky; abundant roots.

Ap2 7 to 10 inches, dark-brown (1OYR 4/3) loam,
pale brown (10YR 6/3) when dry; moderate, fine,
subangular blocky structure; slightly hard,
slightly sticky; abundant roots.

B21t 10 to 14 inches, dark yellowish-brown (1OYR 4/4)
to yellowish-brown (10YR 5/6) clay; many fine
to medium mottles of yellowish brown (1lOYR 5/8);
strong, medium and coarse, blocky, breaking to
strong, fine, blocky structure; hard, firm;
coatings on faces of peds, dark grayish brown
(10YR 4/2); few small fragments, less than %
inch in diameter, of sandstone, shale, lime-
stone, chert, and granite; plentiful roots.

B22t 14 to 23 inches, dark grayish-brown (10YR 4/2)
clay; common fine to medium mottles of yellow-
ish brown (10YR 5/8); strong, medium and
coarse, blocky structure; very hard, plastic;
plentiful roots; many small stones.

cl 23 to 29 inches, mottled dark-brown (10YR 4/3)
and yellowish-brown (10YR 5/6) clay loam; weak,
medium to coarse, blocky structure; very hard;
very compact, slightly plastic; small chips

Climatic data (Lima, Ohio) J F M A M J J A S O N D Ann.
Mean temperatures, 1931-52 (deg. F.) 29 30 38 49 60 71 74 72 65 54 41 31 51
Mean precipitation, 1931-52 (inches) 2.6 2.0 :3:3 3.4 3.6 hib 3.2 3.3 3.2 2.0 2.7 2.2 36.5
Annual precipitation more than 25.1 and less than 47.9 inches during 9 years out of 10.

Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Orgenic
Depth, Hori- Very Coarse Medium Fine Very fine BSilt Clay nmpgta1 Fine (em. matter
inches zon coarse sand sand sand sand sand Cclay per c C/N
sand 0.5- 0.25-  0.10- 0.05- ce.) ¢
2-1 1-0.5 0.25 0.10 0.05  0.002 €0.002 <.0002 2 .
0-7 Apl 2.5 b7 6.5 10.5 6.2 k7.0 22.6 30.4 6.8 1.25
7-10 Ap2 Tt 53 5.7 9.8 6.9 k5. 26.2 28.4 7.k 1.08
10-14 B21t B 3.4 3.9 6.3 g i 3k4.3 k5.3 20.% 20.2 45
14-23 B22t 1.5 3.0 3.3 6.2 5.9 37.3 4.8 19.9 16.2 A5
23-29 C1 2.4 37 3.5 6.5 7.4 1.8 347 23.5 9.5
29-35 C2 1.8 b1 3.8 6.1 7.1 2 32,9 22,9 8.9
Cation Extractable cations, meq./100 gm. pH CaCO3
exch. 1:1 equi&alent
cap. Ca Mg H Na K a

15.4%
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Profile No. 14 (Lab. data by Ohio Agr. Expt. Sta.) very dark gray (10YR 3/1) mottles; moderate,

Area: Van Wert County, Ohio. very fine and fine, blocky structure; firm,
Vegetation: Small grain; (natural) deciduous forest. slightly sticky, plastic; plentiful roots;
Parent material: Stratified very fine sand and silt. gradual, wavy boundary.
Topography: Less than 1 percent slope; elevation B23tg 21 to 28 inches, mottled yellowish-brown
800 feet; (drift) outwash plain. (10YR 5/6) and light brownish-gray (2.5Y 6/2)
silty clay; moderate, very fine, fine, and
Ap 0 to 7 inches, very dark gray (1OYR 3/1) and medium, blocky structure, coarser in lower
very dark brown (10YR 2/2) silty clay loam; part of horizon than in upper part; dark-gray
crushed color is dark grayish brown (10YR 4/2) (10YR 4/1) clay films on about 50 percent of
to very dark grayish brown (10YR 3/2), grayish ped faces; firm, slightly sticky, plastic;
brown (2.5Y 5/2) when dry; weak to moderate, plentiful roots; clear, smooth boundary.
very fine and fine, blocky and some fine, B24tg 28 to 47 inches, mottled yellowish-brown
granular structure; firm; abundant roots; (10YR 5/4), light brownish-gray (2.5Y 6/2),
abrupt boundary. and light-gray (5Y 6/1) silty clay loam; gray
Al2 7 to 10 inches, very dark gray (10YR 3/1) and colors follow old root channels and cracks;
very dark brown (10YR 2/2) silty clay loam; compound moderate, fine and medium prismatic
crushed color is very dark grayish brown and medium and coarse subangular blocky
(10YR 3/2); few, fine, brown (7.5YR 5/4) structure; firm, slightly sticky, plastic;
mottles; weak, fine and medium, subangular nearly continuous very dark gray (10YR 3/1)
blocky structure; firm, sticky, slightly to gray (10YR 5/1) clay films up to 2 milli-
plastic; abundant roots; abrupt, wavy boundary. meters thick; roots common on faces of peds.
B21ltg 10 to 16 inches, dark-gray (10YR 4/1) to very cl 47 to 56 inches, mottled yellowish-brown
dark-gray (1OYR 3/1) silty clay; common, fine, (10YR 5/4) and light-gray (5Y 6/1) silt loam;
mottles of yellowish brown (10YR 5/4) on about pattern of mottling is coarse and irregular;
20 percent of exposed faces of peds; strong, gray color has slightly pinkish cast in places;
very fine and fine, blocky structure; many massive; firm; many black fragments of shale
peds less than 3 millimeters in diameter; and granite; calcareous.
structure slightly weaker in upper 2 inches of c2 56 to 80 inches, brown (10YR 5/3) to dark-
the horizon than in lower part; firm, slightly brown (10YR 4/3) silt loam; coarse, irregular
sticky, plastic; plentiful roots; clear, wavy mottles of yellowish brown (10YR 5/6), grayish
boundary. brown (2.5Y 5/2), and light gray (5Y 6/1);
B22tg 16 to 21 inches, mottled yellowish-brown massive, firm; many black fragments of shale;
(10YR 5/4, 5/6), dark grayish-brown (2.5Y 4/2), calcareous.
and grayish-brown (2.5Y 5/2) silty clay; few, 1IC3 80 to 100 inches, grayish-brown sandy loam,

single grain; loose; calcareous,

Climatic data (Van Wert, Ohio) J F M A M J J A S 0 N D Ann.
Mean temperatures, 1931-52 (deg. F.) 29 30 39 49 61 71 75 73 66 55 41 30 52

Mean precipitation, 1931-52 (inches) 2.6 1.9 3.4 3.5 4.3 4.4 3.3 2.4 3.2 2.7 2.4 2:3 36.4
Annual precipitation more than 24.9 and less than 47.9 inches during 9 years out of 10.

Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Organic
Depth, Hori- Very Coarse Medlum Fine Very fine Silt Clay Total Fine (gm. matter
inches zon coarse sand sand sand sand sands clay per c C/R
sand 0.5- 0.25=- 0.10-  0.05- 0.2- cc.) %
2-1 1-0.5 0.25 0.10 0.05 0.002 £0.002 0.02 €.0002 »2 W
0-7T Ap 1.1 1.3 1.9 k.7 6.3 51.6 33.1 15.3 8.5 2.09
7-10 Al2 .9 1.1 1.6 k.2 6.7 53.1 32.k 1k,5 9,2 2.04
10-16 B2ltg T 1,0 Y2 33 5.6 47.9 Lok  11.7 15.8 1.08
16-21 BRe2tg .6 1.0 13 2.8 bl k5.2 45,0 9.8 20.0 5T
21-28 B23tg .3 1.0 21 2.8 k.9 48,5 41,4 10.1 18.1
28-47 B2htg 5 1«3 16 3.2 k.7 50.7 38.0 11.3 1h4.7
L4L7-56 ¢l Toal 3.5 3.8 T.9 8.6 54.0 20.5 25.5 k.9
56-80 (2 2.0 3l 3.3 6.1 7.8 57T.4 £20.3 22.2 28
80-100 TIC3 26.7 14,6 6.2 6.3 3.8 20,1 12.3  57. .
Cation Extractable cations, meq./100 gm. TH eciggé—
exch. 1:1 en
cap. Ca Mg H Na K *
6.3
602
6.5
6.8
7.0
7.3
8.0 18.2
8.0 19.8
8,0 1h.9
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Profile No. 15

Area: Williams County, North Dakota.

Vegetation (Natural): Mid and short grasses.

Parent material: Friable, calcareous till.

Topography: Near crest of low hill; 3 percent slope
facing west; local relief 10 to 20 feet.

All 0 to 13 inch, very dark brown (1OYR 2/2) loam,
dark grayish brown (10YR 4/2) when dry;
moderate, fine, granular structure; soft, very
friable; clear boundary.

Al2 1% to 3 inches, very dark brown (10YR 2/2) loam,
dark grayish brown (10YR 4/2) when dry; weak,
medium, prismatic, breaking to weak, fine,
granular structure; slightly hard, very fri-
able; clear boundary.

Al3 3 to 8 inches, very dark brown (10YR 2/2) clay
loam that is very dark grayish brown (10YR 3/2)
when crushed, dark grayish brown (10YR 4/2)
when dry,or a slightly browner color when
crushed; moderate, medium prismatic, breaking
to moderate or strong, fine and medium,
angular and subangular blocky structure; hard,
friable; gradual boundary.

B 8 to 11 inches, dark grayish-brown (1OYR 4/2)
clay loam, grayish brown (10YR 5/2) when dry;
compound moderate, medium, prismatic, breaking
to moderate, medium, angular and subangular
blocky structure; hard, friable; clear, irreg-
ular boundary.

Clca 11 to 23 inches, light olive-brown (2.5Y 5/4)
clay loam, grayish brown (2.5Y 5/2) when dry;
dark grayish brown (2.5Y 4/2) and light

Climatic data (Epping, N. Dak.) J F M A

Mean temperatures, 1931-52 (deg. F.) 8 Il 23 43

Mean precipitation, 1931-52 (inches) 0.3 0.4 0.5 0.

C2ca

c3

M

35

brownish gray (2.5Y 6/2) mottlings, light
brownish gray (2.5Y 6/2) and white (2.5Y 8/2)
when dry; weak, coarse, prismatic, breaking
to weak, medium, blocky structure; hard,
friable; large amount of segregated lime in
threads and films; calcareous; clear, very
irregular boundary.

23 to 39 inches, light olive-brown (2.5Y 5/4)
clay loam, light brownish gray (2.5Y 6/2)
mottled with white (2.5Y 8/2) when dry; weak,
medium, blocky, breaking to moderate, very
fine, blocky structure; hard, friable; small
amount of segregated lime in threads and
films; calcareous; clear, very irregular
boundary.

39 to 60 inches, light olive-browmn (2.5Y 5/4)
clay loam, light brownish gray (2.5Y 6/2) when
dry; weak, medium, blocky, breaking to moder-
ate, fine, blocky stuucture; hard, friable;
calcareous.

J J A s 0 N D Anmn.
63 71 68 58 45 27 15 40

7 1.6 3.0 2.1 1.6 1.0 0.7 0.3 0.3 11.5
Annual precipitation more than 6.3 and less than 16.7 inches during 9 years out of 10.

Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Organic
Depth, Hori- Very Coarse Medium Fine Very fine Silt Clay (gm. matter
inches =zon coarse sand sand sand sand per 9 C/N
sand 0.5- 0.25=- 0.10- 0.05- 0.2- 0.02- cc.)
2-1 1-0.5 0.25 0.10 0.05 0.002 €0.002 0.02 0.002 »2 v k
0-1 A1 3, b1 L9 11.6 10.6  43.5 21.7 38.0 22.7 === L.68 1k
113 A2 2.2 Jii 1 5.2 13.1 11.9 39.2 24.3 38.6 20.2 1.6 2.60 11
3-8 Al13 2.3 L7 6.0 13.9 11.5 32.3 29.3 35.0 16.8 1.6 186 Il
8-11 B 3.7 4.5 5.8 13.8 10.9 33.0 28.3 33.6 18.0 1.3 1.20 10
11-23 Clca 3.1 k.2 T 11.3 10.7 3k.5 = 31.5 30.6 2L.2 2.7 =T
23-39 Coca 3.8 3.8 k.3 11.7 12.0 36:60 208 337 22:.1: 2% R
39-60 c3 3.3 3.9 4.0 10.5 10.6 37.7 30.0 30.9 23.5 3.0 .35
Cation Extractable cations, meq./100 gm. pH E.S; 03003 Moigture tensions
exch sat. ber cm 5 gig_ atmos. atmos.
Gep. Ca Mg H Na K paste " o50 (o, = % %
27.9 18.7 5.4 0.1 1.3 6.6 0.8 --- 30.5 12.8
20.8 12.0 k.1 <Y .9 6.2 .6 g 23.3 11.3
22.6 4.5 5.7 :X .5 6.3 .6 -— 22.2 11.6
21.8 .1 .3 7.3 T 3 20.8 31.5
16.0 % ) 7.9 .6 19 21.1 10.0
14.8 .2 .2 8.1 " g 15 20.5 9.4
172 e 3 8.5 ST 12 22.3 11.0
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Profile No. 16 (Lab. data by Ohio Agr. Expt. Sta.)

Area:

Union County, Ohio

Vegetation: Oask-hickory forest.

very firm, sticky, plestic; light brownish-gray,
discontinuous clay films; few roots; gradual
boundary.

Parent material: (Calcareous clay till. B2t 17 to 30 inches, dark grayish-brown (2.5Y 4/2)
Topography: ILowland; less then 1 percent slope; clay, gray (1OYR 6/1 end N 6/ ) when dry;
elevation 1,030 feet; morasinic area. mottles of olive brown (2.5Y 4/3) to brown
(1LOYR 4/3), yellowish brown (1O0YR 5/6) when dry;
oL 2 to O inch, leaf litter. fewer mottles in lower part; massive to weak

Al 0 to 3 inches, very dark grayish-brown (between very coarse, prismatic structure; there are a
10YR 3/2 and 2.5Y 3/2) silty clay loam, gray few cracks as much as 3/4 inch across; extremely
(N 5/ ) when dry; strong, medium snd coarse, hard; extremely firm, sticky, plastic; thin cley
grenular structure; hard, frieble, nonsticky, films along root cheannels; few roots; fine,
nonplastic; abundant roots; clear boundary. black concretions; clear, wavy boundary.

A2 3 to 7% inches, light brownish-gray (2.5Y 6/2) cl 30 to 4O inches, dark grayish-brown (2.5Y 4/2)
clay loam, light gray (2.5Y T7/2) to white clay, & few, gray (¥ 5/ ) mottles, moderate,
(2.5Y 8/2) when dry; week, platy, breaking to medium and coarse, subangular blocky structure;
wedk, very fine, subangular blocky or medium, interiors of peds olive brown (2.5Y 4/4);
granular structure; hard, friable, slightly extremely hard, very firm, sticky, plastic; few
sticky, slightly plastic; many black, very fine, roots; fragments of limestone, coeted or stained
rounded nodules (shot) that are moderately hard; with yellowish brown, and igneous cobbles
clear boundary. common; calcareous.

Blg 7% to 11 inches, light brownish-gray E2.5Y 6/2) c2 40 to 57 inches, dark grayish-brown (2.5Y L/2)
clay, light gray (2.5Y 7/2) to white (2.5Y 8/2) clay, weak, prismatic, breaking to medium and
when dry; many, medium mottles of brownish coerse, angular blocky structure; interiors of
yellow (LOYR 6/6) and reddish yellow peds olive brown (2.5Y 4/3); extremely hard,
ET.BYR 6/6), brownish yellow (1OYR 6/6) and gray sticky, plastic; many white, calcareous

N 6/ ) when dry; moderate, fine, subangular splotches on the vertical and horizontal faces
blocky structure; very hard, firm, plastic, of peds; fragments of limestone and igneous
sticky; discontinuous clay films; roots rock; caleareous.
plentiful; common, fine, rounded, moderately IIC3 57 to 82 inches, light olive-brown (2.5Y 5/4)
hard nodules; gradual boundary. clay; angular blocky structure; very hard to

B2tg 1l to 17 inches, light brownish-gray (2.5Y 6/2) extremely herd, sticky, plastic; gray (N 5/ )
clay, light gray (N 7/ ) when dry; yellowish films on faces of peds; a few white, calcareous
brown (LOYR 5/6), medium and coarse mottles, splotches.
light yellowish brown (1O0YR 6/4) end brownish TICh 82 to 96 inches, like IIC3 but films on peds are
yellow (LOYR 6/6) when dry; weak, medium and grayish brown (2.5Y 5/2) and become fewer with
coarse, subangular blocky structure; very hard, increasing depth.

Climatic data (Marysville, Ohio) J ¥ M A M J J A S O N D Anm.

Mean temperatures, 1931-52 (deg. F.) 30 30 39 49 61 TL T4 T2 65 5S4 k1 31 51

Mean precipitation, 1931-52 (inches) 3.2 2.3 3.k 3.6 3.6 4.5 3.2 3.7 2.9 2,3 2.4 2.7 37.7

Annual precipitation more than 27.0 and less than 48.4 inches during 9 years out of 10.

Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Organic

Depth, Hori- Very Coarse Medium Fine Very fine Silt Clay mype (gm. matter

inches zon  coarse sand sand sand sand clay per € /R

sand 0.5- 0.25-  0.10- 0.05- 0.02- cc.) ¢
2-1 1-0.5 0.25 0.10 0.05  0.002 £0.002¢ goop 0.002 2 a K
0-3 Al 4.4 5.7 3.k 3.2 2.8 52.3 28. 7.6 6.5 1k
E:Ta A2 13.9 9.4 3.5 3.0 -7 39.1 30. 6.6 111 A2
T3-11 Blg 2.9 2.2 1.2 1.9 1.9 38.0 51.9 20.k .63 8
11-17 B2tg .9 1.3 B2 1.5 3.7 6Lk 29.8 69 9
17-23 B2t +5 1.2 1.0 1 | L7 32.9 61.0 30.0 64 10
23-30 B2t T 1.1 1.0 1.8 1.7 34.9 58.8 26.6 69 11
30-%0 c1 1:5 3:3 8 1 1.3 39.0 55.0 19.3
Lko-57 c2 v .6 .6 .1 1.9 38.4 57.9 19.h
57-82 113 .2 P ! 9 <1 39.2 60.0_17.0
Cation EXtractable cations, meq./100 gnm. PH Sum Bage CaCo
exch. 1.1 exch. cations s;t. eguiza-
cap. Ca Mg E*  Na K meq./100 gm. & _En
8.6 L3 24.3 0.0 o0.62 5.4
2.3 3t HdpEl . A h.8 i;_% ig:g
2.0 3.9 20.8 I § =35 4.6 o7.2 23.5
2.0 S .1 5 4.6 32.6
AT 15, . g3.l
>7 131 .3 .50 4.8 343 1.8
6.9 20.6 6
g . .3 1.0 b2 6.4 35.2 82.1
7.3 10.
7.6 12,?
7.8 19.8

¥Exchange acidity
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Profile No. 17

Area: Perkins County, South Dakota

Vegetation:
grass and blue grams, green needle and needle-and-
thread grasses) and sage.

Parent material:

Native grasses (western wheatgrass, June-

coated very dark grayish brown (1O0YR 3/2),
grayish brown (10YR 5/2) when dry; very hard,
friable; contains a large amount of segregated
lime in small, soft concentrations and in
threads; clear, smooth boundary.

Stratified sand and clay residuum. B3tca 15 to 21 inches, olive-brown (2.5Y 4/4) sandy
Topography: Upland; midwey on slope & mile long; clay loam, light yellowish brown (2.5Y 6/k)
3 percent gradient; local relief 10 to 30 feet. when dry, with a few spots of very dark
grayish-brown (2.5Y 3/2) coatings; wesk,
Al 0 to 3 inches, very dark grayish-brown coarse, prismatic, breaking to coarse, blocky
(10YR 3/2) very fine sandy loam, brown structure; hard, friable; contains & layer of
(10YR 5/3) when dry; week, thin, platy, dark reddish-brown, very hard, angular
breaking to weak, very fine, granular pebbles; common concentrations of carbonates
structure; soft, very friable; clear, in threads, films, and small, soft, round
smooth boundary. concretions; calcareous; gradusl boundsry.
A2 3 to 6 inches, very dark grayish-brown cl 21 to 39 inches, olive (5Y 4/3) fine end very
10YR 3/2) very fine sandy loam, grayish brown fine sand, pale olive (5Y 6/3) when dry;
10YR 5/2) and light brownish gray (1O0YR 6/2) moderate, very coarse, prismatic, breaking to
when dry; moderate, medium, prismatic, coarse, blocky structure; slightly hard, very
breaking to moderate, medium, platy structure; friable; few, very fine lenses of clay less
hard, friable; abrupt, smooth boundary. then 1/16 inch thick; segregated carbonates in
B2lt 6 to 9 inches, very dark grayish-brown common, vertical and horizontal threads and
(LOYR 3/2) clay, grayish brown (1OYR 5/2) films 1/8 to 1/36 inch thick; gradual
when dry; strong, medium and fine, colummar boundary.
structure; extremely hard, firm; clear, c2 39 to 56 inches, olive (5Y 4/3) fine sand,
smooth boundary. pale olive (5Y 6/3) when dry; moderate, very
B22% 9 to 11% inches » very dark grayish-brown coarse, prismatic, breeking to coarse, blocky
(1oYr 372) , heavy clay loam, brown (1O0YR 5/3) structure; slightly hard, very frieble; few,
when dry; compound, moderate, medium end fine very fine lenses of clay less than 1/16 inch
prismatic, breaking to strong, fine, blocky thick; segregated carbonates in common,
structure; extremely hard, firm; clear, smooth vertical and horizontal threads and films 1/8
boundary. to 1/36 inch thick; clear boundary.
B23tca 113 to 15 inches, olive-brown (2.5Y L4/4)
sandy clay loam, brown (1O0YR 5/3) when dry;
compound, weak, medium, prismatic, breaking to
strong, fine, blocky structure; prisms are
Climatic data (Faith, S. D.) J F M A M J J A S 0 XN D Ann.
Mean temperatures, 1931-52 (deg. F; 18 21 31 47 58 67 77T T+ 63 5L 3% 24 47
Meen precipitation, 1931-52 (inches 0.k 0.5 1.0 1.5 2.4 3.6 1.6 1.h% 1.1 0.9 0.4 0.3 15.0
Annual precipitation more than 7.6 and less than 22.4 Inches during 9 years out of 10.
Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Organic Exch.
Depth, Hori- Very Coarse Medlum Fine Very fine 8Silt Clay (gm. matter Na
inches zon coarse sand sand sand sand per C C/N %
sand 0.5~ 0.25- 0.10- 0.05- 0.2~ 0.02-~ cc.) ¢
2-1 1-0.5 0.25 0.10 0.05 0.002 £0.002 0.02 0.002 2 W X
0-3 Al 0.5 0.6 1.k 24.8 25.8 34.0 12.9 63.7 14.2 -- 1.36 12 g B
3-6 A2 .8 n' 1.0 24.9 23.7 33.6 15.6 60.2 15.3 -- .78 8 T
6-9 B2l .3 .3 .6 14.6 1.6 25.3 4.3 37.0 13.3 -- 1.06 13 15
9-11% B22t R 3 J 17.3 17.1 26.5 37.7 L41.1 1k.7T 0.5 J7 9 18
11% -15 B23tca .5 T 1.5 25.3 18.7 24,8 28.5 48,5 12.4 .5 .60 10 1T
15-21 B3teca 1.l .8 2.5 37.3 20.1 17.% 20.8 50.1 10.1 4.1 .29 13
21-39 Cl1 - .1 o' 38.4 38.5 10,5 12,1 T77.9 6.1 == .03 23
39-56 (€2 - .2 1.2 6L.7T 18.8 8.3 9.8 T2.T 5.3 =~-- .02 26
Cation Extractable cations, meq./100 gm. pH E. C. caCo Moisture teniiqns Satéoext. 3 HE?.
e;;ci. P::;; 1:10 E;lxl-czﬁ. equivs at{n;s. a.tmgs. (meq.%i.) sat.
2 Ca Mg H Na K 50 Q. Y q 9 Na K %
12.2 6.0 2.8 0.1 0.9 6.1 6.9 0.6 -- 18.7 6.1 2.0 0.6 36.9
13.0 5.0 3_6 .9 .h. 5.6 T.a .T - 1607 6-3 ]“'5 i 3.1-1“
36.6 16.7 13.8 S LT 1 &7 L 3 Wk 20k 8.3 -  T9.1
29.7 25.2 13.2 54 .5 7.8 9.4 L. A 30 180 un.a1 -- 7
23.0 3.9 & 8.1 9.6 1. " 32.3 13.8 15.h .1 66.5
20.7 - g .3 T 8.6 6. 2 19.2 10.2 kT.0 .3 k9.7
16.8 3.8 .2 8.3 9.8 L. 1 20.7 8.0 12.h --  63.8
16.2 .2 «3 8.4 9.8 1. 1 15.7 T.3 9.7 == 50.4

o
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Profile No. 18 Area: Sargent County, North Dekota.
Vegetation: Meadow; (natural) tall and mid grasses.
Parent material: Glacial lacustrine deposits.
Topography: Nearly level; lake plain.

0 to 6 inches, black (1OYR 2/1) clay loam,
very dark gray (10YR 3/1) when dry; fine,
granular structure; sticky, plastic; smooth
boundary .

6 to 10 inches, very dark gray (5Y 3/1) clay
loam, dark gray (5Y 4/1) when dry; strong,
medium, columnar structure; very firm,

very sticky, very plastic; clear, wavy
boundary .

10 to 17 inches, very dark grayish-brown
(2.5Y 3/2) clay loam; strong, medium,
columnar structure; very firm, very sticky,
very plastic; calcareous segregations on
exteriors of columns and in the larger root
channels.

17 to 24 inches, light-gray (5Y 7/2) to
pale-yellow (5Y 7/3) clay loam with tongues
of olive (5Y 4/3); fine and very fine,
blocky strueture; prigble, slightly sticky,
slightly plastic; calcareous; abrupt, smooth
boundary.

24 to 30 inches, light olive-brown (2.5Y 5/6)
loam; friable, slightly sticky, slightly
plastic; calcareous; abrupt, smooth boundary.
30 to 40 inches, olive (5Y 5/3) silt loam;
weak, blocky structure; sticky, plastic;
calcareous; clear, smooth boundary.

Al

B2lt

B22t

B3tea

TIC1

1IC2

Climatic data (McLeod, N. Dak.) J F
Mean temperatures, 1931-52 (deg. F.) 9 12
Mean precipitation, 1931-52 (inches) 0.5 0.5

IIC3

IICkg
M A
26 43

13 1.7 2% 35 247 24

40 to L8 inches, light olive-brown (2.5Y 5/4)
silt loam; wesk, angular, blocky structure;
sticky, plastic; common, white (5Y 8/2) lime
coneretions and dark reddish-brown (5YR 3/h4)
iron concretions; calcareous; smooth boundary.

48 to 60 inches, gray (5Y 5/1) silt loem;
nonsticky, nonplastic; dark reddish-brown
(5¢ 2/2 and 3/L) iron concretions that are
nearly round with a long, vertical axis;
calcareous.

S 0 N D Ann.
60 L7 29 15 Lk
b T2 G Ok GOLL

M
5T

J
T2

J
65

A
69

Annual precipitation more than 12.5 and less than 25.7 inches during 9 years out of 10.

Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Organic
Depth, Hori- Very Coarse Medium Fine Very fine Silt Clay (gmn. matter Caco
inches zon coarse sand sand sand sand Pt ¢ C/N eqpié.
sand 0.5- 0.25=- 0.10-  0.05=- 0.2- 0.02- ce. % %
o-1 1-0.5 0.25 0.10 0.05 0.002 £0.002 0.02 0.002 »2 «r W k v
0=0 AJ- 001 0.6 lo“ 2,000 2000 3109 26-0 50.5 1509 e 2-1} ll
lg-:i.o B21t -— A 1.2 19.hk 19.3 29.4 30.3 U48.3 4.7 -- 1.0% 10 -
-21 B22¢ i b 1.2  20.3 19.1 28.7 30.2 49.3 1k.b - 1.k . 10 3
21- B3tca o1 3 1.2 18.1 16.7 2k.3  39.3 Lo.4 14.9 - .62 9 26
30-13;3 gc; — wd; .5  20.2 29.h4 30.3 19.5 63.5 13.1 ~-- 1.52 .20 22
u-he C ——— - .2 6.5 20.7 51.6 21.0 51.3 26.4 -- .19 ol
hg‘60 IIC3 2 .1 .2 5.2 12.8 64.6 16.9 50.5 30.9 Tr. :15 18
e nc]"g e ol ol -9 2609 &.8 11.2 7309 lhos s 1053 008 9
Cation Extractable catlons, meq./100 gm. pH E. C. Exch. Sat. ext., sol. e
exc?. 28, mghos. Na meq./l. sat.
cgp Ca Mg H Na K paste 1:10 PSLot™ 8 Na Ca Mg %
22.9 17.5 8.3 0.2 1.3 T2 8.3
gi;r- 112.0 12.3 i1 1.0 Tk 8.6 tg % %:g ::g g:g ggg
T .9 13.3 L 7.9 8.9 3.2 10 23.1 k.9 10.2 .2
oy 1‘2 g 8.2 8.9 10.h4 16 79.% 19.4 50.5 53.2
e 1-9 e 3-3 9:3 5.9 20 47.2 5.9 18.7 k0.6
o l.B .2 .0 9.2 Z'l 16 45.7 34.8 43.8 k6.4
1ass 1'3 3 7.9 9.1 .9 4 35.9 31.4 36.6 k6.6
. .2 8.1 9.2 2.0 18 1k.6 1.8 k4.3 4ok

o
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Profile No. 19

Area: Sargent County, North Dakota.

Vegetation: Corn; (natural) sedges, rushes, and
reeds.

Parent material: Glacial till.

Topography: Iarge, flat depression in upland.

0 to 6 inches, black (10YR 2/1), heavy silt
loam; fine, granular structure; friable,
slightly sticky, slightly plastic; wavy
boundary.

6 to 11 inches, very dark grayish-brown
(10YR 3/2) silt loam; moderate, medium,
platy structure; very friable, slightly
sticky, slightly plastic; wavy boundary.

11 to 19 inches, very dark gray (10YR 3/1)
clay; moderate, medium, prismatic, breaking
to moderate, medium, blocky structure; very
firm, very sticky, very plastic; wavy
boundary .

19 to 27 inches, very dark gray (10YR 3/1),

Ap

B2lt

B22t

heavy clay loam; moderate, medium, prismatic,

breaking to moderate, medium, blocky
structure; very firm, very sticky, very
plastic; wavy boundary.

o7 to 34 inches, very dark gray (1O0YR 3/1)
clay loam; moderate, medium, prismatic,
breaking to moderate, medium, blocky
structure; films on all vertical faces of
peds, and patches on horizontal faces;
caleareous.

B3

C 3L to L5 inches, light olive-brown (2.5Y 5/UL)

and olive-brown (2.5Y h/h) clay loam;
moderate, medium, blocky structure; friable,
sticky, plastic; many, white (2.5Y 8/2) lime
segregations; smooth boundary.

Climatic data (Forman, N. Dak.) J F
Mean temperatures, 1937-52 (deg. F.) 9 11
Mean precipitation, 1931-52 (inches)

C2ca

C3cag

M
27

A

43

0.5 0.6 0.9 1.9 2.4 L,0

45 to 53 inches, light olive-brown (2.5Y 5/k)
and olive-brown (2.5Y 5/4) and olive-brown
(2.5Y 4/k4) clay loam; moderate, medium, blocky
structure; friable; sticky, plastic; many,
white (2.5Y 8/2) lime segregations; calcareous;
smooth boundary.

53 to 60 inches, olive-gray (5Y 5/2) clay
loam; dark-red (2.5YR 3/6) and reddish-brown
(5YR 4/}4) mottles; weak, angular blocky
structure; friable, sticky, plastic; many,
white (5Y 8/2) lime segregations; calcareous.

M J J A s 0 N D Amn.
56 65 T2 70 60 W 29 16 L2
-3 e I Do 1 =l 7y QB o 055 (i

Annual precipitation more than 12.0 and less than 27.0 inches during 9 years out of 10.

Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Organic CaCo
Depth, Hori- Very Coarse Medlum Fine Very fine Silt Clay (gm. matter equiv.
inches zon coarse sand sand sand sand ber ¢} C/N %
sand 0.5- 0.25= 0.10- 0.05- 0.2- 0.02- cc.) 4
2-1 1-0.5 0.25 0.10 0.05 0.002 €0.002 0.02 0.002 »2 W k v
0-6 Ap 0.7 2.3 2.9 7.0 T 50.2 20.8 30.0 31.7 =-- 3.25 12 --
6-11 A2 1.4 2.5 2.8 6.2 T3 56.2 23.6 33.1 34.2 --- .95 9 2
11-19 B2lt 3.5 3.4 S G 6.8 29.6 4.6 26.2 16.8 3.3 6 10 --
19-27 B22t 3.2 5.1 L 5.9 33:5 32 235 @2k2 k3 74 10 -
27-34 B3 5.5 3.2 3.2 9.7 13.5 3%.6 30.3 35.2 19.4 7.1 .33 [
34-k5 ¢ 5.2 6.3 5.4 9.8 8T 36.8 27.8 27.7 23.4 9.7 .25 71
45-53 C2ca 6.3 6.2 sk 9.7 8.4 35.6 28.% 26.4 23.2 12.1 20 25
53-60 C3cag 6.7 6.3 5.7 10.4 8.8 35.9 26.2 27.2 23.3 8.0 .18 26
Cation Extractable cations, meq./100 gm. TH Fxch Sat. extract, Moisture at E. C
exch Sat. 1:10 DNa soluble (meq./1.) saturation gggoiﬁ.
cgp. Ca Mg H Na K paste % N Ca Mg % 550 ¢
2B 20.8 7.k 0.1 0.7 6.6 e S— 0.4 A i L,
18.0 10.7 5.1 a0 6.0 6.5 1 AT e °
29.1 15.8 11.0 i | .5 5.7 6.4 - .6 1.8 1.5 51.7 A
28.2 16.8 10.9 2 .5 6.2 6.9 1 .8 2.4 2,5 koL .6
19.0 .1 .3 TeT 8.6 1 S 3.3 2.8 49.4 s
15.2 3, .2 7.8 8.6 1 29 3.0 2.8 45,6 .7
14,5 L .3 8.0 8.8 1 B85 BT 45.0 .6
13.3 1 .2 8.1 T | 1.0 2.5 3.3 k2.0 .7

o
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Profile No. 20

Area: King County, Washington.

Vegetation: Alder, some vine maple, a few western
redcedar trees, hemlock, and second-growth Douglas-
£l

Parent material: Glacial alluvium or outwash and
voleanic ash; gravel and rocks are mostly fine-
grained basalt but are acid inside; many rocks and
boulders as much as 2 feet in diameter.

Topography: Three percent slope; B00O feet elevation;
terrace.

ol 2 to O inch, black (LOYR 2/1), loose, Tibrous

mat of moss, fir needles, some alder leaves,

and abundant roots, very dark grayish brown

(10YR 3/2) when dry; pH 5.0; abrupt boundary.

0 tc 1% inches, dark-gray (1OYR 4L/1), gravel-

1y, light sandy loem, gray (LOYR 6/1) when

dry; single grain; loose, friable; abundant,
coarse roots; pH 4.5; abrupt boundary.

14 to 4% inches, strong-brown (7.5YR 5/6)

gravelly sandy loam, brown (1OYR 5/3) when

dry; structural units not distinectly water
stable; firm, slightly compact, slightly
plastic; abundant, coarse roois; very few or
no shot; sand grains angular; many lumps of
dark reddish-brown (5YR 3/L4), weakly cemented
ortstein; pH 5.8; gradual boundary.

44 to 13 inches, strong-brown (7.5YR 5/6)

gravelly sandy loam, brown (1O0YR 5/3) when

dry; structural units not distinctly water
stable; friable, slightly compact, slightly
plastic; abundant, coarse roots; very few or
no shot; sand grains angular; many lumps of
dark reddish-brovn (5YR 3/k), weakly cemented
ortstein; pH 5.8; gradual boundary.

B2lirh

B22irh

J
35

30
37

M
L1

Climatic data (Cedar Lake, Wash.)
Mean temperatures, 1931-52 (deg. F.)
Mean precipitation, 1931-52 (inches)

12.4 10.711.4 7.2 6.1 5.3 2.1 2.L

B23irh 13 to 23 inches, dark yellowish-brown (10YR
3/L4) very gravelly and stony sandy loam, light
yellowish brown (1OYR 6/L) when dry; single
grain; loose, firm, nonplastic; abundant,
coarse roots; porous; pE 5.8.

23 to 36 inches, mixed olive (5Y 4/3) and
pale-olive (5Y 6/3) gravelly sand, olive

(5Y 5/3) and pale yellow (5Y 7/3) when ary;
single grain; loose, nonplastic; pH 6.2.

36 to 48 inches, olive (5Y 4/3) and (5Y 5/3)
gravelly sand, olive (5Y 5/3) and pale-olive
(5Y 6/3) when dry; single grain; loose, non-
plastic; many, dark, mineral fragments; pH
6.2.

IICL

II1C2

5 0 N D Ann.

58 51 43 37 Lo
5.4 10.3 13.3 15.4 102.1

A
ke

M
52

J
58

J
63

A
63

Annuel precipitation more than 69.7 and less than 134.5 inches during 9 years out of 10.

Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Organic TFree
Depth, Hori- Very Coarse Medlum Fine Very fine Silt Clay (gn. matter  iron
inches zon coarse sand sand sand sand per 0] C/N oxides
sand 0.5- 0.25- 0.10- 0.05- 0.2- 0.02- ce.) ¢ Fe203
2-1 1-0.5 0.25 0.10 0.05 0.002 €0.002 0.02 0.002 32 - i
2-0 o1
0-12 A2 1.0 15.9 30.8 20.1 9.3 19.4 3.5
: i : ; 5 1.6 18 0.4
1%-45 B2lirh 3.5 g 3.1 13.3 6.4 1h.4 k. 2.TI 27 1.2
45-13 B22irh 9.5 15.5 1.0  aT.8 13.2 247 5.1 2.31 20 1.6
13-23 B23irh 11.0 13.4% 10.4 19.4 15.4 25.6 L.8 L0 98 1'8
23-36 IIC1 29.3 21.2 T3:h 187 T3 i 2.6 .66 18 -6
36-48 IIC2 25.4 ok .k 15.6 21.4 6.7 h.p 2.3 .38 13 :h
Cation Extractable cations, meq./100 gm. Base pH
aven sat. 1l:1
cgp. Ca Mg B Na K é
162 @i Bl A5 O 0% 7 2:%
26.4 .8 A 254 £, 2 5 5.2
25.3 A 1 = N <, D 3 Sed
23.9 A L 234 by i .2 3 5,6
9.0 .2 a1 8.5 A 31 6 5.5
BT 2 i 5.3 e -1 T 5.6

*Exchange acidity.
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Profile No. 21

Area: Brantley County, Georgila

Vegetation: Saw-palmetto, wiregrass, longleaf and
slash pines, huckleberry, and runner oak.

Parent material: Coastal plains sand.

Topography: Approximately 2 percent slope; wide
ridge; upland on coastal plain.

Al 0 to 3 inches, gray (LOYR 5/1) sand; salt and

pepper mixture of white sand and finely divided

organic matter; clear boundary.

3 to 16 inches, light-gray (1OYR 7/1-7/2) sand;

loose; a few gray (1OYR 5/1) streaks up to 1/h

inch in diameter extend along root channels

into this layer from the Al horizon; clear,

irregular boundary.

16 to 17 inches, light brownish-gray (1OYR 6/2)

sand; loose; faint, coarse splotches approach-

ing light brown (7.5YR 6/4) predominant near

the lower boundary; abundant, medium roots.

17 to 18 inches, dark reddish-brown (5YR 2/2)

to black (5YR 2/1) sand; hard, cemented;

abrupt, irregular boundary.

18 to 20 inches, dominantly brown (7.5YR 4/4)

sand, grading toward black at top and strong

brown (7.5YR 5/6) toward bottom; fine to

coarse, faint, dark-brown to strong-brown

mottles; hard, cemented; a few, dark tongues,

up to 1/4 inch in diameter, extend along root

channels from B2lh horizon; clear, irregular

boundary.

A2

A3

B2lh

B22h

Climatic data (Waycross, Ga.) J F M
Mean temperatures, 1931-52 (deg. F.) 56 56 6L
Mean precipitation, 1931-52 (inches) 2.6 3.3 4.3

B3 20 to 27 inches, pale-yellow (2.5Y T/L) sand;
loose; a few brown (7.5YR 4/Lk) or strong-brown
(7.5YR 5/6) streaks extend along root channels;
gradual, irregular boundary.

27 to 39 inches, pale-yellow (2.5Y 8/4) to
white (2.5Y 8/2) sand; few to common, medium,
prominent mottles of brownish yellow to strong
brown in k-foot horizontal exposure; loose;
abrupt, wavy boundary.

39 to ik inches, light yellowish-brown (1OYR
6/4) sandy loam; common, coarse, faint mottles
of brownish yellow (1OYR 6/6); few, isolated
mottles of brown; weak, medium, subangular
blocky structure; very friable.

Cl

IIC2

A M J J A S 0 N D Ann.
68 75 8L 8 8 T8 T0 60 55 69
3.1 3.4 5.1 7.0 6.0 4.9 2.9 2.2 3.0 47.7

Annual precipitation more then 30.2 and less than 65.2 inches during § years out of 10.

Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Orgenic Free
Depth, Hori- Very Coarse Medium Fine Very fine Silt Clay (gm. matter  iron
inches zon coarse  sand sand sand sand per C C/N oxides
sand 0.5- 0.25-  0.10- 0.05- 0.2- 0.02- cc.) 4 Fez03
2.1 1-0.5 0.25 0.10 0.05 0.002 €0.002 0.02 0.002 »2 v m
0-3 Al 0.4 21.2 36.2 3.4 5.3 5.0 ¢:5 20k B[3 0 1.2 29 <0:1
3-16 A2 .6 23.1  34%.3 3.7 k.6 b A 204 3.3 0 .03 5 ol
16-17 A3 .6 21.9 32.9 28.8 k.2 8.9 S ABLg 70 0 1.05 30 = 1
17-18 B2lh .5 20.7 33.2 29.8 4.5 6.7 4.6 19.% L.k 0 2.54 69 1
18-20 B2zh .6 21.9 33.9 29.1 L.y 5.9 k> a8.2 - 3.9 o] 1.10 38 ol
20-27 B3 .6 20.8 35.5, 31.6 k.5 5.3 1.7 19.5 3.4 0 A0 1o <1
27-39 C1 .6 23.3 3.0 31.5 5.2 L. T 20. 2.4 0 .02 4 <1
39-44  TIC2 5 18.6 29.6 26.7 3.9 16.0 .7 18.8 12.3 0 .07 8 .2
Cation EXtractable cations, meq./100 gm. Base pH
il sat. 1:1
cap Ca Mg H Na K ﬁ
5.8 1.5 0 4.3 <0.1 <0.1 26 4.8
1.0 b 0 & d eal ko 5.6
6.6 Ao 6.2 W.L <.l 6 4.5
27.5 .2 Sl - TR < S I 1 k.7
13.9 2 1 139 ik omsil 3 5.4
2.6 4 0 AT < R 0 15 5.3
1.4 Rt i 9 el Gl 36 5.7
1.8 0 0 18 w1 <l 0 5.2

*Exchange acidity
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Profile No. 22 B3 15 to 23 inches, light yellowish-brown

Area: Otter Tail County, Minnesota (10¥R 6/4) sandy loam, pale yellow (2.5Y T/4)
Vegetation: Mixed deciduous forest, main tree when crushed; weak, very coarse, subangular
species are mainly red oak, other oaks, poplar blocky structure.
(aspen, balm-of-Gilead), a few boxelders, and cL 23 to 29 inches, pale-yellow (2.5Y 7/4) sandy
basswood, with an undercover of hazel brush. loam streaked with white carbonates; few
Parent material: Calecareous till. reddish-brown mottles; single grain; few roots;
Topography: Slopes between 2 and 10 percent; till few pebbles, largely dolomitic; calcareous.
plain. c2 29 to L5 inches, pale-yellow (2.5Y 7/4) sandy
loam stresked with white carbonates; few
02 2 to O inches, very dark brown (10YR 2/2) mat strong-brown (7.5YR 5/6) mottles; single grain;
of leaves and roots. few roots; many pebbles, largely dolomitic;
A2 0 to 5 inches, light-gray (1O0YR 7/2) silt few reddish-brown stains; common lime
loam, white (1OYR 8/2) when dry; moderate, segregations; calcareous.
thin, platy structure; slightly vesicular; ¢3 145 to 55 inches, pale-yellow (2.5Y 7/4) sandy
very friable; sbundant stones; clear boundary. loam; single grain; compact, friable; lime
B2lt 5 to 10 inches, dark grayish-brown (1O0YR 4/2) segregations in streasks; calcareous.

silty clay loam; light yellowish brown

(10YR 6/4) when crushed; moderate, medium,
subangular, blocky structure; hard, firm,
plastic; peds coated with light gray (1O0YR 7/2)
silt; abundant roots.

B22t 10 to 15 inches, dark grayish-brown (10YR 4/2)
and very dark grayish-brown (1lOYR 3/2) clay
loam, light yellowish brown (1OYR 6/4) when
crushed; strong, very coarse, subangular,
blocky structure; hard, firm, plastic; peds
partly coated in places with light gray;
discontinuous, thick clay films; plentiful

roots.
Climatic data (Detroit Lakes, Minn.g J P M A M J J A s 0 N D Ann.
Mean temperatures, 1931-52 (deg. F. 5 8 22 ko sk & TO 68 58 45 26 12 39

Mean precipitation, 1931-52 (inches) 0.7 0.7 1.1 2.0 2.9 3.7 3.5 3.6 2.0 1.b 1.0 0.8 23.3
Annual precipitation more than 13.9 and less than 32.7 inches during 9 years out of 10.

Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Orgasnic Free
Depth, Hori- Very Coarse Medium Fine Very fine 8Silt Clay (gm. matter iron
inches zon coarse sand gand  sand sand per C C/N  oxide
sand 0.5- 0.25-  0.10- 0.05= 0.2- 0.02- ce.) 4 Fey03
2.1 1-0.5 0.25 0.10 0.05 0.002 €0.002 0.02 0.002 »2 5 m %
2-0 02 = Sak T SR saa i —Zos  ob wis
0-5 A2 1.3 5.4 6.5 12.9 12.1 2.8 9.0 “eem 27.8  --- 0.47 12 0.5
5-10  B21t .5 1.8 2a 4.8 7.6 54.0 29.2  -ee= 30,1 --- .38 8 1.0
10-15  B22t 2.0 6.2 B.7- 12.2 7.9 35.5 29.5  --e- 20.1  --- .30 6 1.0
15-23 B3 7.3 4.8  13.4 23,7 11.0 6.4 13.4 ———— 7.8 --- .23 10 .8
23-29 Cl 6.5 4.5 1.1 25.5 12.5 18.1 8.8 ———= 8.0 =-- 10 8 5
29-45 ce 5.1 13.7 13.9 25.1 12.6 20.2 9.4 .- 9.2 em- L1 13 -5
45.55 (3 5.1 13.1  13.5 24,5 12,1 20.k 11.3 samm 1001 mea .08 10 kb
Catich Extractable cations, meq./100 gm. pH Base
o sl s%t.
cap. Ca Mg B Na K 5
-é-; _é“ o et Ea Gy 6.6 aad
; .2 1.k 1.1 0.0 o.2 7.5 88
20.5 138 3.6 2:6 & ¥l .5 Tl 87
2.7 13.5 k.2 2.6 < .1 b 7.0 87
SRR T e s e 7.0 e
el s Dl S - — - 7.8 s
19.% 17k 2.0 ¢ & A &4 8.2 100
e e e s s 8.1 i

¥Exchange acidity
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Profile No. 23

Area: Hall County, Nebraska.

Vegetation: Corn; (natural) mid grasses.

Parent material: Loess.

Topography: One percent slope; small depression
about 500 feet wide; terrace.

B23

B2L4

Ap 0 to 5 inches, very dark gray (10YR 3/1) silt
loam, gray (1OYR 5/1) when dry; granular
structure; friable.

5 to 10 inches, mixed dark-gray (1O0YR 4/1) and
very dark gray (1lOYR 3/1) silt loam, light
gray (1OYR 6/1) and gray (10YR 5/1) when dry;
light and dark colors are mainly in
alternating, horizontal bands; platy, breaking
to granular structure; soft, friable.

10 to 17 inches, mixed dark-gray (10YR 4/1)
and very dark gray (LOYR 3/1) silt loam, light
gray (1O0YR 6/1) and gray (10YR 5/1) when dry;
light and dark colors are mainly in
alternating, horizontal bands; platy, breaking
to blocky structure; very friable; common,
fine, slightly hard, very dark pellets.

17 to 22 inches, dark-gray (lOYR 4/1) silt
loam, light gray (lOYR 6/1) when dry; medium,
blocky structure; slightly vesicular.

22 to 31 inches, very dark grayish-brown

(2.5Y 3/2) clay loam, grayish brown (2.5Y 5/2)
when dry; strong, blocky structure; very hard,
plastic; thick clay films continuous on ped
faces.

31 to 45 inches, dark grayish-brown (2.5Y 4/2)
silty clay loam, grayish brown (2.5Y 5/2)

when dry; blocky structure; very hard, plastic;
thick clay films continuous on ped faces.

A2l

AP3

B21t

B22t

Climatic Data (Grand Island, Neb.) J F M A
Mean Temperatures, 1921-50 (deg. F.) 23 28 38 51
Mean precipitation, 1921-50 (inches)

M J J A 5 0 n D
6L T2 79 T6 67 5% 38
0.6 0.F 1.3 2.2 3.9 3.7 2.6 2.4 2.6 13 1.0 0.6 22.7

U5 to 55 inches, very dark grayish-brown

(2.5Y 3/2) silty clay loam, light brownish
gray (2.5Y 6/2) when dry; blocky structure;
hard, plastic; thin clay films on ped faces.
55 to 62 inches, very dark grayish-brown

(2.5Y 3/2) clay loam, grayish brown (2.5Y 5/2)
when dry; blocky structure; hard, plastic;
thin clay films on ped faces.

Ann.,
27 5L

Annual precipitation more than 14,1 and less than 31.3 inches during 9 years out of 10.

Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Organic Free
Depth, Hori- Very Coarse Medium Fine Very fine 8ilt Clay (em. matter iron
inches =zon coarse  sand sand sand sand per  "C  C/N oxides
sand 0.5- 0.8~ 0.0~ D.05s 0.2- 0.02- ce.) ¢4 Fez03
2-1 1-0.5 0.25 0.10 0.05 0.002 €0.002 0.02 0.002 2 ” " q
0-5  Ap 0.2 0.3 0.5 1.2 13.7 55.3 28,8 48.2 21.5 -- 2.1 1+ 0.6
5-10 A2l G 4 & 1.2 19.0 53.% 25.3 554 17.7 == a7 12 .5
10-17 A22 o2 «5 o5 1.4 18.7 59.0 19.7 58.0 20.6 -- L i s s
17-22  A23 ST 150 9 2.1 21.5 57.0 16.8 60.5 19.% -- .3 10 s
22-31 B2lt o2 .6 «T 1.6 23.8 42,0 3Ll 573 9.5 == .3 5 WL
31-45 Beot <F 3 e 15.9 BT.T 35 5leg 12.5 == = " A
45-55 B23 3 n 5 1.0 25.2 45,1 27.5 60.3 10.5 ~-- .2 i/ b
55-62  B24 .2 b 5 1.5 19.8 50.5 27.1 54.8 16.2 3 8 b
Cation Extractable cations, meq./100 gm. pH Molsture tensions B Ca
exch. sat. 1:10 1/3 15 5T oh.
cgp-  Ca Mg H Na X paste &t%fﬂ' atgfs- 250 o
23.2 12.0 3.9 0.3 1.9 Sl 5.6 38.6 13.4 1.0
18.% 10.9 3.7 3 1.5 5.7 6.5 31.4 11,6 b
13.2 8.2 2. 3 14 5.9 6.6 29.2 8.5 .5
10.8 6.7 2 wl: .9 6.0 6.6 26.2 T.6 i
20.9 13.0 L.6 B 1.5 6.1 6.9 32.0 15.0 i3
24,5 16.1 5.5 .1 1.8 6.0 1A 36,4 18.0 3
20.3 13.2 L.h L 1.6 6.5 Tall 32.0 k.2 R
21.%  1hk.3 L4 -3 1.6 6.4 Telt 33.1 1.0 b

o]
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Profile No. 24 fine, granular peds; firm; roots plentiful;

Area: Tompkins County, New York. pores evident.

Vegetation: Deciduous forest consisting of beech, red A'2x 16 to 24 inches, olive (5Y 5/3) and light olive-
oak, sugar and red maple, and ash. brown (2.5Y 5/}"') channery silt loam; common,
Parent material: Olive-colored, medium-textured till. fine, faint mottles of olive brown (2.5Y L/hY;
Topography: Slightly less than 3 percent slope; weak, thick, platy structure; very firm, weakly

elevation between 1,750 and 1,800 feet; till plain. bhrittle; sbrupt, wavy boundary.
B'21x 2k to 3k inches, olive-brown (2.5Y L4/L)

01 1 to O inch, loose leaves of beech, red osak, channery loam; common, coarse, prominent and
sugar and red maple, and ash. faint mottles of dark yellowish brown (1OYR

All O to & inch, very dark brown (1O0YR 2/2) silt 4/4), strong brown (7.5YR 5/6), and olive
loam; weak and moderate, medium, granular (sy 5/3), moderate, very coarse, prismatic
structure; very friable; abundant, horizontal, structure; extremely firm, brittle; few roots;
fine roots occupy about half of the volume; prominent mottles border the prisms, faint
earthworms common, their mounds numerous; mottles are inside the domed prisms; abrupt,
abrupt, smooth boundary. smooth boundary.

Al2  1/2 to 3/4 inch, dark-brown (1OYR 3/3) silt loam, B'22x 34 to L2 inches, olive-brown (2.5Y 4/k)
gray (10YR 5/1) when dry; weak, fine, granular channery loam; weak, very coarse, prismatic
structure; very friable; matted with fine roots. structure; prisms about 12 inches in diameter;

421 3/4 to 1 inch, dark-brown (1OYR 4/3) silt loam; extremely firm; roots only between prisms;
very weak, thin, platy structure; weakly matted few, medium (1 mm.), clay-lined pores; out-
with mycelium. sides of prisms are olive colored (5Y 5/3),

A22 1 to 2 inches, brown (1O0YR 5/3) channery silt but under the surface is a thin layer of
loam; weak, very thin, platy structure; friable; strong brown, which gives broken prisms the
abundant, fine roots; discontinuous silt coats appearance of being streaked vertically and
on some peds; abrupt, smooth boundary. horizontally; clear, smooth boundary.

B 2 to 16 inches, dark yellowish-brown (1OYR /L) o L2 to 52 inches, olive (5Y 4/3) channery loam;
channery silt loam; moderate, coarse, subangular massive; very firm, dense; very few pores;
blocky, breaking readily to moderate, fine, sub- clay films evident in pores.
angular blocky structure that crushes to weak,

Climatic data (Tthaca, N. Y.) J F M A M J J A s 0 N D Ann.

Mean temperatures, 1931-52 (deg. F.) 26 24 23 45 57 66 T1L 69 62 51 Lo 29 48

Mean precipitation, 1931-52 (inches) P9 09 200 TELT 3.7 3.3 b 349 8.3 2.9 2.6 2.k 35.4

Annual precipitation more than 26.5 and less than 43.7 inches during 9 years out of 10.

Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Organic Free

Depth, Hori- Very Coarse Medlum Fine Very fine Silt Clay (gn. matter e A

inches =zon coarse sand sand sand sand per C C/N  Fe 0

sand 0.5- 0.25= 0.10- 0.05- 0.2- 0.02- ce.) ¢ g3

2-1 1-0.5 0.25 0.10 0.05 0.002 £0.002 0.02 0.002 >2 W m
1/2-3/4 Al2 9.3 5.8 3E 1.3 8.3 56.1 9.8 35.5 333 6 7.6 27 1.52
3/h-1 A2l 4,2 3.4 2.3 5.7 8.0 62.2 1k.2 32.9 40.9 9 3.01 20 1.56
145 JADD 3.4 2.4 1.8 L.L 6.8 65.6 15.6 32.9 Lo.2 23 1.30 1k 1.52
2-16 B 3.8 2.8 1.7 i el 5.3 59.0 23.7 26.9 39.7 30 .92 10 2.36

16-24  A'ex 9.1 Ti2 3.8 7.8 6.6 52.2 13.3 32.1 31.5 3k .26 5 1.28

o2h-34 B'2lx 7.5 6.1 3.k 6.6 7.8 49.0 19.6 28.9 32.0 33 .2k L 1.60

3h-k2 B'eex  T7.h4 6.6 3.7 6.8 7.6 Iy deard 20.2 27.4 31.9 L6 J1h 2 1.80

hoose ¢ 6.2 5.9 3.0 5.6 6.5 48.7 24,1 24.8 33.7 36 .19 3 1.80

Cation Extractable cations, meq./100 gm. Bage PH

exch. & Ba‘t. 21

cap. Ca Mg H Na K g

2k.L 1.8 0.6 21T 0.1 0.2 11 4.0

18.6 .6 & ATl iy | vl 6 Lo

14.8 .2 3 Ak o Sl 5 4.2

16.0 .6 .2 15.0 X o i 6 L.

6.4 60 T 5.6 e | al 12 T

9.9 1.5 o 8.1 o1 a1l: 18 4.8

14.3 6.6 1.9 0 il ;L 61 Gell.

18.5 3:3  410.7 k.3 o1 «: 7 5.8

=

Exchange acidity.
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Profile No. 25 c5 47 to 57 inches, pinkish-white (7.5YR 8/2)

Area: Clark County, Nevada. loam; single grain; slightly hard, firm,
Vegetation: Very sparse (about 2 percent) cover of slightly sticky; calcareous.

shrubs, mainly creosotebush, shadscale and white

bur-sage.

Parent material: Water-deposited material,

Topography: §Slope is about 1 percent; slightly
convex; facing east; elevation about 2,200 feet;
terrace.

A 0 to 1/2 inch, brown (7.5YR 5/4) fine sandy
loam, pink (7.5YR 8/4) when dry; weak, medium,
platy structure; very weakly vesicular; soft,
very friable; few roots; abrupt, smooth
boundary.

Cles 1/2 to 14 inches, pink (7.5YR 8/4) fine sandy
loam, pinkish white (7.5YR 8/2) when dry;
single grain; soft, very friable; numerous
roots; large amount of gypsum; calcareous;
abrupt, wavy boundary.

C2es 1k to 27 inches, pink (7.5YR 8/4) loam, white
(v 8/) when dry; single grain; hard, firm;
large amount of gypsum; calcareous; clear,
wavy boundary.

a3 27 to 36 inches, pink (7.5YR 8/4), light clay
loam; single grain; hard, firm; few, faint,
white, calcareous segregaticns; medium-sized
gypsun crystals; calcareous; clear, wavy
boundary.

ch 36 to 47 inches, pink (7.5YR 8/4) Loam; single
grain; hard, firm; few, fine, faint, pinkish-
white calcarecus segregations; many, medium
to large gypsum crystals; calcareous; clear,
wavy boundary.

Climatic Date (ILas Vegas, Nev.) J ¥ M A M J J A s 0 N D Ann.
Meen Temperature, 1921-50 (deg. F.) b 50 57 66 & 84 91 88 8L 67 5S4 U7 e7
Mean Precipitation, 1921-50 (in.) 0.k 0.6 0.b 0.2 0.2 0.1 0.5 0.5 0.3 0.3 0.2 0.6 k.h
Annual precipitation more than 0.1 and less than 8.7 inches during 9 years out of 10.
Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Organic
Depth, Hori=- Very Coarse Medium Fine Very fine 8ilt Clay (gm. matter
inches zon coarse sand sand sand sand per [¢] C/N
sand 0.5- 0.25=  0.10- 0.05- 0.2- 0.02- ce.)
2-1 1-0.5 0.25 0.10 0.05 0.002 £0.002 0.02 0.002 »2 W k
0% A 3 0.52 9
%—lh Cles Particle size distribution not reported. 5 Jdo &
14-27 CZ2cs Samples stirred twice with 1000 ml. of i 8 1T
27-36 €3 water, but most samples gave indication 16 .18
36-47 Ch of flocculation from gypsum after this 6 .28
L1-5T €5 treatment. 33 .23
Cation BXtractable cations, meq./100 gm. pH Ccaco. E. C TR, i
G Sat. % 3 mmhos. per cm. bym
cgp. Ca Mg H Na K paste v 25°c. weight
9.4 0.5 0.k 7.9 19 3.3 .0
10.0 .1 <% 8.0 €0.5 2.9 32.5
1005 ltl 03 8'1 5 11"3 3“08
20.9 3.6 .9 8.3 26 20.6 6.4
17.6 3.4 1.2 8.3 38 28.4 6.4
J.Oou 2-1 .7 8-1‘ @ 2]]..0 2.7
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Profile No. 26 cSsa 23 to 34 inches, brown (1OYR 5/3) clay; very
Area: Sen Bernerdino County, California. weak, medium, subangular blocky structure;
Vegetation: 99 percent of surface barren; hard, firm; very few, fine roots; calcareous;
occasional clumps of shadscale about 2k inches abrupt, smooth boundary.
high. C6ésa 34 to 41 inches, brown (LOYR 5/3) clay;
Parent material: Water-deposited material. messive; very hard, firm; very few roots;
Topography: Nearly level; elevation about 3,000 common, fine to medium, white, calcareous
feet; playa. segregations; celcareous; sbrupt, smooth
boundary.
cl 0 to 2 inches, yellowish-brown (1O0YR 5/4) o7 41 to 53 inches, pale-brown (1OYR 6/3) cley;
clay, pale brown (1OYR 6/3) when dry; messive; very hard, firm; many, medium, white,
compound, weak, coarse, prismatic and strong, calcareous segregations; calcareous; abrupt,
very fine, subangular blocky structure; very smooth boundary.
hard, firm; calecareous; ebrupt, smooth c8 53 to 62 inches, light yellowish-brown
boundery. (LOYR 6/4) clay; massive; very hard, firm;
02sa 2 to 6 inches, yellowish-brown (1OYR 5/4) few, medium, white, calcareous segregations;
clay, light yellowish brown (1O0YR 6/4) when calecareous; abrupt, smooth boundary.
dry; strong, very fine, granular structure;
soft, very friable; very few plent roots; 5
to 10 percent of volume is salt crystals as
much as 1/8 inch in diameter; calcareous;
abrupt, wavy boundary.
03sa 6 to 10 inches, dark yellowish-brown
10YR 4/4) silty clay, yellowish brown
10YR 5/4) when dry; compound, weak, very
coarse, prismatic and moderate, very fine to
medium, granular structure; slightly hard,
friable; few roots; calcareous; abrupt,
smooth boundary.
ckse 10 to 23 inches, brown (1OYR 5/3) clay;
compound, very weak, medium to coarse,
prismatic and weak, fine, subangular blocky
structure; very hard, firm; few roots;
calcareous; clear, smooth boundary.
Climatic Data (Lucerne Valley, Cal.) J F M B M J J A S 0 N D Ann.
Mean Temperatures, 1939-58 (deg. F.) 4 45 50 58 65 72 79 T8 72 60 L9 43 60
Mean Precipitation, 1939-58 (in.) 1.1 0.9 0,9 0% 0.0 0.0 0.1 0.2 0.2 0.3 0.5 1.0 5.5
Annual precipitation more than 0.4 end less than 10.6 inches during 9 yeers out of 10.
Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Organic
Depth, Hori- Very Coarse Medium Fine Very fine Silt Clay (em. matter
inches zon coarse sand sand sand sand per C C/N
sand 0.5- 0.25-  0.10- 0.05- 0.2- 0.02- ce.) ¢
2=1 1-0.5 0.25 0.10 0.05 0.002 £0.002 0.02 0.002 »2 W k
g:é g; 0.2 O.Z 0.5 3.9 T:3 25.h  62.2 11.9 24,1 1 0.10 8
sa =l i .6 3.3 5.8 24,7 65.1 10.2 22.9 0 L7 3k
6-10 (C3sa 3 «5 +5 2.9 L.7 k5.4 45,7 20.1 2 0
10-23  ch 32 w2
sa .1 2 3 1.8 L 29.5 63.7 8.0 27.3 0 16 12
23-34  (5sa s & =3 o2 Ll 2.7 30.5 65.1 5.6 28.4 0 '18
Ei‘”l Césa .2 RT 4 25 2.9 24,0 T0.6 6.5 21.6 O 19
53-23 gg .8 .; .0 <5 1.3 341 64.0 4.3 31.5 0 .13
. . .1 .6 T 15.1 __§§.3 2.6 13.6 0 .15
Cation Extractable cations, meq./100 gm. P Exch. Eﬁhgé CaCO3  Soluble
exch sat. Na lie cm. % salt
cap Ca Mg H Na K paste % 50 c' v 3
33.0 20.2 6.2 8.6 61 10.8 13.8 0.3
32'8 21"05 602 8.5 75 92,6 13.6 3.9
31.3 28.6 5.3 8.4 91 99.0 13.9 4.1
33.7 2h,5 6.2 8.4 T3 63.8 16.7 2.5
35.4 22.6 4.3 8.5 &4 36.4 21.9 1.6
36.2 26.1 4.0 8.6 T2 30.2 24,0 1.1
33.3 25.8 3.1 8.6 TT 22.0 28.5 0.8
h1.1 26.9 k. 8.5 66 21.6 3L.h 09

558055 O - 60 -7
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Profile No. 27

Ares: Puerto Rico.

Topography: Slightly less than 3 percent slope;
upland.

Vegetation: Native grasses and trees.

Parent material: Serpentine.

Al 0 to 11 inches, dark reddish-brown (2.5YR 2/4)
clay; strong, fine, granular structure; friable;
abrupt, smooth boundary.

A3 11 to 18 inches, dark reddish-brown (2.5YR 3/k4)
clay (has feel of clay loem); weak, fine,
blocky structure; very friable, nonsticky,
nonplestic; clear, smooth boundary.

B21 18 to 28 inches, dark-red (7.5R 3/8) clay; weak,
Tine, blocky structure; very friasble, nonsticky,
nonplastic; diffuse boundary.

B22 28 to 38 inches, dusky-red (7.5R 3/4) to dark-
red (7.5R 3/6) clay; massive; firm, nonsticky,
nonplastic; few, small, iron-coated pebbles
(probably serpentine); diffuse boundary.

B23 38 to 48 inches, dusky-red (7.5R 3/4) to dark-
red (7.5R 3/6) clay; massive; friable,
nonsticky, nonplastic; streaks of strong brown
(7.5YR 5/6); few, iron-coated pebbles; clear
boundary.

B3 L8 to 62 inches, dark-red (7.5R 3/6) clay;
massive; friable, nonsticky, nonplastic; streaks
of strong brown (7.5YR 5/6); diffuse boundary.

cl 62 to TO inches +, dusky-red (7.5R 3/L4) clay;
maessive; very firm, nonsticky, nonplastic.

Climatic Data (Mayaguez, P. R.) J F M A M J J A s o] N D Ann.
Mean Temperatures, 1931-52 (deg. F.) 71 71 2 T& 75 i R T T i T7 9 77 76 75
Mean Precipitation, 1931-52 (in.) 2.0 1.7 3.8 k4,1 8.5 8.6 9.9 10.4 11.1 8.1 5.4 2.5 75.9
Annuel precipitation more than 57.1 and less than 94,7 inches during 9 years out of 10.

Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Organic Free
Depth, Hori- Very Coarse Medium Fine Very fine 8Silt Clay (em. matter iron
inches zon coarse sand sand sand sand per C C/N oxides
sand 0.5- 0.25-  0.10- 0.05- 0.2- 0.02- cc.) ¢4 % h;o_o’
2-1 1-0.5 0.25 0.10 0.05  0.002 €0.002 0.02 0.002 2 w k
0-11 Al 1.5 2.0 0.9 2.3 2.5 36.3 54.5 10.6 29.6 Tr. 6.3 17 15.3
11-18 A3 2.9 1.5 .6 1.1 1.3 3%.9 57.7 9.0 27.8 Tr. 2.0+ 18  1k.3
18-28 B2l 2.3 .9 i ik 48 30.6 59.6 19.2 17.2 Tr. 1.33 17 17.5
28-38 B22 2.5 1.8 3.1 5.0 1.9 21.0 55.7 25.9 11.6 Tr. .85 20.5
38-48 B23 1.7 1.8 s 5 8.1 23.3 59.7 20.3 14.1 'Tr. .72 21.5
48-62 B3 k.0 3.3 1.h 3.5 7.0 27.2 53.6 19.5 17.0 17.h .56 20.8
62-T0+ Cl 8.8 k.0 1.0 1.k 1.9 b5.3 37.6 12.8 35.2 fTr. .19 28.%
Cation EXtractable cations, meq./100 gn. Base ___ pH Moisture tensions Cation Base
exch sat. pH pH 3 15 exch. sat.
gis Bk, ES R Do, e e G
26.7 1.k 1.5 335 0.l 0.1 12 5.1 k.3 37.0 26.5 36.6 8
12T .1 ——— 214 e-- - L 5.0 by 29.3 22.8 21.5 <l
8.2 —— e 15.T === i -- 5.0 b7 30.3 24.8 15.7 0
64 eme = 128 - - - 5.k 5.7 31.6 25-9 12.8 0
5.3 —— .1 12.0 === - 2 5.7 6.1 32.8 26. 12.1 <1
3.8 = --- 12.8 --- m—— == 5.9 6.4 30.3 2k.5 12.8 0
1.4 e . 9.k aa- - -- 6.1 6.7 22.4 18.0 9.4 0

*Exchange acidity
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Profile No. 28

Area: Puerto Rico.

Vegetation: Tropical rain forest.

Parent material: Residuum from tuffaceous rock.

Topography: 60 percent slope, on mountain side;
midway between top and bottom.

ol
02

2 1/2 to 2 inches, partly decomposed leaves.

2 to 0 inch, very dark brown (10YR 2/2), highly
decomposed plant litter; abundant roots.

0 to 4 inches, brown (10YR 4/3) clay common,
dark brown (10YR 3/3) mottles; weak, fine,
subangular blocky structure; nonsticky, nonplas-
tic; abundant roots make up about 50 percent of
the total mass; clear, smooth boundary.

4 to 7 inches, brown (10YR L4/3) to dark yellow-
ish-brown (10YR L/4) clay; moderate, fine, sub-
angular blocky structure; nonsticky, nonplastic;
abundant roots make up about 25 percent of the
total mass; abrupt, wavy boundary.

T to 14 inches, yellowish-brown (1OYR 5/6) to
strong-brown (7.5YR 5/6) silty clay loam; many,
medium, distinct, yellowish-red (5YR 5/6) mottles
and a few, fine, and medium, very pale brown
(10YR 7/k4) mottles; moderate, medium, subangular
blocky structure; nonsticky, nonplastic; abrupt,
wavy boundary.

1% to 19 inches, yellowish-brown (1O0YR 5/6) to
strong-brown (7.5YR 5/6) clay loem; many, medium,
distinct, yellowish-red (5YR 5/6) mottles and a
few, fine and medium, very pale brown (1OYR T/4)
mottles; weak, medium, subangular blocky
structure; nonsticky, nonplastic; few subangular
fragments of highly weathered, gray and brown,
easily broken, tuffaceous rock up to 2 inches in
diemeter; clear, smooth boundary.

All

B21

Bz2

Climatic data (Rio Blanco Upper, P. R.)
Mean temperatures, 1935-44 (deg. F.)
Mean precipitation, 1931-52 (inches)

J F
68 67

M
68

B3

Ab

A
69

19 to 28 inches, yellowish-brown (10YR 5/6) to
strong-brown (7.5YR 5/6) silty clay loam; few,
fine, very pale brown (10YR 7/4) mottles; very
weak, medium, subangular blocky structure; non-
sticky, nonplastic; yellowish-brown (10YR 5/L)
plugs common in old root channels; féw, soft,
subangular fragments of highly weathered, gray
and brown, tuffaceous rock up to 2 inches in
diameter; abrupt, wavy boundary.

28 to 34 inches, brown (10YR 4/3) silty clay
loam mingled with yellowish-brown (10YR 5/k)
silt loam in the ratio of about 2 parts silty
clay loam to 1 part of silt loam; few, fine,
very pale brown (10YR 7/4) mottles; massive;
nonsticky, nonplastic; few, soft, subangular
fragments of highly weathered, gray and brown
tuffaceous rock up to 2 inches in diameter;
abrupt, irregular boundary.

3% to 4h inches, yellowish-brown (10YR 5/6) loam
mingled with brown (10YR 4/3) silty clay loam in
the ratio of 2 parts of loam to 1 part of silty
clay loam; few, fine, very pale brown (10YR T/4)
mottles; massive; nonsticky, nonplastic; few,
soft, subangular fragments of highly weathered,
gray and brown tuffaceous rock up to 2 inches
in diameter.

M
TO

J
72

J
T2

A
13

S
13

0
T2

N
71

D
69

Ann.
T0

10.8 8.5 6.9 9.8 16.6 14.5 14.0 15.0 16.3 15.6 15.0 13.1 155.9

Annual precipitation more than 128.0 and less than 183.8 inches during 9 years out of 10.

Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Organic TFree
Depth, Hori- Very Coarse Medium Fine Very fine Silt Clay (em. matter iron
inches zon coarse  sand sand sand sand per C C/N oxides
sand 0.5~ - 0.25+ 0.10= 0.05= 0.2- 0.02- ce.) ¢ Fez03
2-1 1-0.5 0.25 0.10 0.05 0.002 €0.002 0.02 0.002 2 W k i
0-4 A1l T4 2.3 0.9 1.4 2.0 3.7 50.3 T.1 3L.4 Tr. 5.16 16 6.8
b7 Al2 R 5.9, 1.0 2.1 2.9 38.0 49.5 9.9 32.3 - 3.05 11 9.4
T-14 B2l .9 2.0 b 1207 5.4 5.3 k5.9 38.8 15.8 38.7 - .59 1k 107
14-19 Bg2 2.9 5.9 . 9.3 7.3 36.7 33.8 20.6 28.6 = .53 12 11.0
19-28 B3 A 1:1 1.6 5.5 5.1 57.3 29.0 15.4 50.4 - 25 12 10.6
28-34 Ab K | 1.5 2.2 T1 6.6 54.8 27.1 18.1 L47.6 - 13 7.9
3=k Cb 3.4 5.6 4.8 10.2 T3 46.6 22.1 20.5 39.1 - .16 8.0
Cation EXtractable cations, meq./100 gm. pH Base Base Cation Molsture tensions
— T exch. sat. exch.
s 20 in KC1 % % psy 1/3 atmos. 15 atmos.
cap. Ca Mg H* Na K 1:1 1l:1 b . g % %
17.4 0.5 0.8 28.8 0.2 0.1 4.8 h.1 9 5 30.4 37-9 2k.6
13.9 .3 .8 21.3 .2 A 4.8 Ll 10 6 22.7 36.1 24,1
1% 3 .5 15.5 3 -1 5.1 3.9 10 T 16.6 39.6 26.3
9.0 o Fa 17.2 .3 <.l 5.0 k.o 6 3 I7.7 ho.0 27.1
8.1 il i § 1.7 2 <l 5.2 4.0 4 2 15.0 45.9 e B
8.8 .1 =7, 13.8 2 <.l 5.2 3.9 3 2 4.1 4s.7 21.%
9.9 ¢.1 (-1 17.2 2 Tl 5.1 3.9 2 i 17.4 k7.6 22.0
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Profile No. 29 Area:
Vegetation:
Parent material:
Topograrhy:

Ap

B21

B22

Clx

Climatic data (Durham, N. H.) J F M A
Mean temperatures, 1931-52 (deg. F.)
Mean precipitation, 1931-52 (inches)

Strafford County, New Hampshire.
Hay; (patural) northern hardwoods.

Till.

2 percent slope; top of broad drumlin.

0 to 9 inches, very dark brown (10YR 3/3) sandy
loam; weak, medium, granular structure; friable;
abundant roots; 5 to 10 percent coarse fragments;
clear, wavy boundary.

9 to 13 inches, strong-brown (7.5YR 5/8) sandy
loam, weak, coarse, subangular blocky structure;
friable; plentiful roots; 5 to 10 percent coarse
fragments; clear, wavy boundary.

13 to 16 inches, yellowish-brown (1O0YR 5/4) sandy
loam; weak, coarse, subangular blocky structure;
friable; few, fine mottles of yellowish red (5YR
5/6); few roots; 15 to 25 percent coarse fragments;
abrupt, wavy boundary.

16 to 24 inches, olive (5Y 5/3) sandy loam; weak,
thick, platy structure, very firm; common, medium
mottles of yellowish red (SR 5/6); 20 to 30 per-
cent coarse fragments; grayish-brown (2.57 5/2)
vertical streaks, light brownish gray (2.5Y 6/2)
when dry; the streaks occur at intervals of a few
inches to several feet, are from less than 1 inch
to several inches thick, and are bordered by
yellowish-red (5YR 4/8) strips 1/4 inch thick.
The platy structure in the pan does not extend
into the bleached fracture planes or cracks; the
structure in the bleached fracture planes is
massive or weak subangular blocky. The bleached
fracture planes extend downward through the pan
and terminate at about 64 inches.

24 25

3k L5
3.6 2.8 3.9 3.7 3.1 3.5 3.5 3.2 3.5 2.8 L1 3.6 4.1

C2x

C3x
Cix

M

56

2, to 36 inches, olive (5Y 5/3) sandy loam;
strong, medium, platy structure; firm; irregular
layers of yellowish red (5YR 4/8) between layers
of light brownish gray (2.5Y 6/2); dif fuse
boundary.

36 to 48 inches, similar to horizon above except
that consistence is very firm.

48 to 64 inches, olive (5Y 5/3) fine sandy loam;
moderate, medium, platy structure; very firm;
clay films evident on ped faces and on pore
walls; alternating layers of yellowish brown
(10YR 5/4) and light bromish gray (2.57 6/2)
1/4 to 1/8 inch thick; 20 to 30 percent coarse
fragments; dif fuse boundary.

64 to 83 inches, similar to horizon above except
bleached fracture planes fade, clay films are
absent, and structure is weak medium platy.

J J A S 0 N D
65 70 68 61 51 39 27

Ann.
L7

Annual precipitation more than 28.3 and less than 53.9 inches during 9 years out of 10

Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Organic Free
Depth, Hori- Very Coarse Medium Fine Very fine 8ilt Clay (gm. matter iron
inches zon coarse  sand sand sand sand per [ C/N  oxides
sand 0.5- 0.25- 0.10- 0.05- 0.2- 0.02- ce.) ¢ Fe 04
2-1 1-0.5 0.25 0.10 0.05 0.002 €0.002 0.02 0.002 22 W k
0- Ap L.L 15.3 15.1 20.6 1157 27.k 6.1 3%.5 14.0 9 2.61 11 1.4
9-13 B2L 5.2 16.2 15.0 20.8 11.6 28.2 3.0 34,k 15.6 11 .80 13 1.3
13-16 B22 9.2 18.2 16.9 21.8 11.6 23.9 2.4 33.8 12,4, 8 51 12 1.1
16-2% Clx 4.5 12.7 13.0 20.0 13.h 3L.2 5.2 .+ 38.3 15.6 10 .10 1.0
24-36 C2x Bl: 13.6 10.6 18.5 15.9 29.8 5.5 40,7 15.2 10 .08 1,0
36-48 03x 5.2 16.0 11.6 20.6 16.4 25.0 5.2 k2,1 10.8 9 .03 a1
48-64F  chx 3.6 10.2 10.% 22.6 19.5 29.1 4.6 49.9 12.0 5 .03 .6
64-83 @5 3T 10.3 10.6 21.8 16.8 26.9 9.9 U43.2 13.0 6 .01 .6
Cation Extractable cations, meq./100 gm. Ea%?
exch. = ; 1:1
cgp. Ca Mg H Na K s
e 3.7 0.3 12.9 0.1 - 0.2 25 5.4
T«9 « T 2 6.7 o1 2 15 5.T
5.6 T 2 4,8 .1 .1 i 5.7
3.9 .6 MU SR | P 23 5.9
3.9 .k 2 3.0 .1 .2 23 5.k *Bxchange acidity.
4.6 1.3 .2 2.8 -1 2 39 5.5
3.6 1.l .2 3.0 o 2 4 5.6
BT 15 2 1ib .2 .2 57 6.0
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Profile No. 30

Area: Strafford County, New Hampshire Olx 20 to 23 inches, grayish-brown (2.5Y 5/2)
Vegetation: Northern hardwoods with some white pine. and 1light brownish-gray (2.5Y 6/2) loamy sand;
parent material: Till. upper pert of horizon has meny coarse, distinct
Topogrephy: 4 percent slope, facing west; 900 feet mottles of light olive brown (2.5Y 5/4);
downslope from top of broad drumlin. moderate, medium, platy structure; firm; lower
part has many, cO&rse, prominent mottles of

(018 2 to l%—inches, recently fallen leaves. dark reddish brown to yellowish red; the red

02 11 to 0 inches, partly decomposed litter. colors occur as blotches extending more or less

A1 0 to 1 inch, grayish-brown (1ovr 5/2} fine continuously in both horizontal and vertical
sandy loam; weak, medium, granular structure; directions; massive; very firm, brittle; few
very friable; fragments of subanguler rock roots throughout; ebout 10 percent coarse
from 3 to 10 inches across occur on the surface fragments 3 to 10 inches across; clear, wavy
at intervals of 6 to 8 feet; high in organic boundary.
matter; very strongly acid; clear, wavy 02x 23 to 31 inches, yellowish-brown (1ovr 5/4)
boundary. to light olive-brown (2.5Y 5/4) sendy loem;

A2 1 to 10 inches, light brownish-gray (1OYR 6/2) massive; extremely firm in place, firm when
loemy send; week, medium, subangular blocky removed; few roots; about 10 percent coarse
structure; very friable; 5 to 10 percent coarse fragments 3 to 10 inches across; occasional
fragments 3 to 10 inches across; few, fine, grayish vertical streaks, 2 to 3 inches long and
faint mottles of yellowish brown (LOYR 5/8); 1/2 inch thick, enclosed by yellowish-red edge
plentiful roots; clear, wavy boundary. approximately 1/32 inch thick; a few horizontal

El 10 to 18 inches, grayish-brown (2.5Y 5/2) loemy streaks of similar color and thickness; gradual
sand; few, fine, faint mottles of yellowish boundary.
brown (1OYR 5/8); weak, medium, subangular c3 31 to 43 inches, yellowish-brown {10¥r 5/8)
blocky structure; friable; plentiful roots; loamy send; common, medium, prominent mottles
about 10 percent coarse fragments 3 to 10 of 1light olive brown (2.5Y 5/4); weak, medium,
inches across; clear, wavy boundary. platy structure; firm in place, friable when

B2g 18 to 20 inches, olive (5Y 5/3) loamy sand; removed; 10 to 20 percent cosrse fragments 3
many, coerse, distinet mottles of very dark to 10 inches across; gradual boundary.
brown (1OYR 2/2); weak, thick, platy structure; ch 43 to 59 inches, olive (5Y 5/3) sandy loem;
friable; some peds coated with dark brown many, coarse, prominent mottles of yellowish
ElOYR 3/3; and others with very dark brown brown (1O0YR 5/4) end dusky red (2.5YR 3/2);

10YR 2/2); layers of dark reddish-brown weak, medium, platy structure; friable; 10 to
(5YR 3/2) orgenic matter, 1/4 to 1/32 inch 20 percent coarse fragments.

thick, between plates; many fine roots; abrupt,

wavy boundary,

¢limatic data (Durhem, N. H.) J F M A M J J A S 0 N D Ann.

Meen temperatures, 1931-52 (deg. F.) 2k 25 34 45 56 65 T0O 68 61 51 39 27 iy

Meen precipitation, 1931-52 (inches) 2.6 2.8 3.9 3.7 3.1 3.5 3.5 3.2 35 2,8 b 3.6 4l.l

Annual precipitetion more then 28.3 and less than 53.9 inches during 9 years out of 10.

Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Organic Free
Depth, Hori- Very Coarse Medlum Fine Very fine Silt Clay (gm. matter iron
inches zon coarse sand sand sand sand per 5] T/W oxides
sand 0.5- 0.25-  0.10- 0.05- .2~ 0.02- ce.) ¢ Fe 03
2-1 1-0.5 0.25 0.10 0.05  0.002 €0.002 0.02 0.002 2 = . %
g-io Al (Not determined-highly orgenic)
i6ia g 6.4 k.1 k.5 26.8 17.0 19.9 1.3 143.8 7.8 13 13.0 44 0.2
5.6 1.7 15.1 26.9 7.1 17.9 2.7 lke.2 7.0 13 1 8 -2
18-20 B2g 5.5 15.8 15.3 25.9 17.0 18.5 2.0 k1.7 ?.5 10 -h5 2
20-23  Clx 5.1 7.4 17.2 28.1 4.0 15.4 1.7 37.1 5'5 12 '59 - .6
23-31 c2x 5.8 12.3 1.7 23.6 17.8 8.1 20 ké’ . .69 17 1
31-k3 €3 6 : e Sef 48.E L 3 03 37 L3
.2 4.7  13.0 25.1 19.2 20. 1 L .6
43-59 ¢k 4,5 14,1 12,2 22,7 1%.5 5. 222 hgﬂ '.:'E i? '8 6
Cation Extractable cations, meq./100 gm. Bese EH . .
exch. sat. 1L
=
cgp. Ca Mg H Na K L
.7 0.7 1.6 38.8 0.1 0.5 T 4.5
1:8 <l Fal 1.6 <.1 .1 11 L.6
g.l < 2 2 k8 =<l i 6 b
e I e B A
+4 . . - - . -

o1 <.l i T ) ik 14 5.k *Exchange acldity.

1.7 <.1 O oL 18 5.6

223 .6 23 1.2 .1 .1 48 5.8
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Profile No. 31

Area: Tehama County, California

Vegetation: Sparse; annual grasses and associated
herbaceous plants; alfileria (Erodium cicutarium)
predominates and is only about 2 inches high.

Parent material: Alluvium or valley-fill materials.

Topography: One percent slope; about halfway between
mound and intermound areas, which are 5 to 20 feet
in diameter; 315 feet elevation; terrace.

Ap 0 to 8 inches, dark reddish-brown (2.5YR 3/L4),
light gravelly loam, yellowish red (5YR 5/6)
when dry; weak, granular structure; slightly
hard, very friable, slightly plastic;
plentiful, fine roots; gradual boundary.

8 to 14% inches, red (2.5YR 4/6) gravelly loam,
yellowish red (5YR 5/6) when dry; weak, blocky
structure; slightly hard, friable, slightly
plastic; plentiful, fine roots, but somewhat
fewer than in layer above; gradual boundary.
143 to 193 inches, yellowish-red (5YR 4/6)
gravelly loam, yellowish red (5YR 5/6) when
dry; weak, blocky structure; slightly hard,
friable, slightly plastic; plentiful, fine
roots; abrupt, wavy boundary.

19% to 22 inches, yellowish-red (5YR 4/6) clay
containing a small amount of gravel; strong,
blocky to prismatic structure; very compact;
extremely hard, extremely firm, very plastic;
surfaces of peds glazed dark red (2.5YR 3/6);
very few roots; coatings of manganese oxide
evident; wavy boundary.

22 to 244 inches, yellowish-red (SYR 4/6), very
gravelly, indurated hardpan; massive; glazed
surface is dark red (2.5YR 3/6); coatings of
manganese oxide evident; gradual boundary.

A22

B2t

Clm

Climatic data (Red Bluff, Calif.) J F M
Mean temperatures, 1931-48 (deg. F.) 4 50 55
Mean precipitation, 1931-48 (inches) b1 3.6 2.8

A
60

2.2 1.2 0,5 0:0 Do 0.3

243 to 35 inches, yellowish-red (SYR 5/6),
gravelly, strongly cemented hardpan; massive;
coatings of manganese oxide evident, and, in
general, material is harder where manganese
oxide occurs.

M J J A ] 0 N D Ann.
68 75 82 79 T4 65 S5k L7 63
1.6 2.2 4.8 235

Annual precipitation more than 11.4 and less than 35.0 inches during 9 years out of 10.

Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Organic
Depth, Hori- Very Coarse Medium Fine Very fine B5ilt Clay (gm. matter
inches zon coarse sand sand sand sand per [« C/N
sand 0.5- 0.25-  0.10- 0.05- 0.2- 0.02- ce.) ¢
2.1 1-0.5 0.25 0.10 0.05 0.002 €0.002 0.02 0.002 »2 5=
0-8 Ap 9.1 8.6 4.3 10.0 18.2 40,2 9.6 19.8 25 0.36
8-14% A21 8.2 7.9 4.5 10.3 19.1 39.1 10.9 19.9 21 .18
141 19% A22 10.1 7.5 4.3 9.7 17.5 38.7 12.2 19.5 19 .1k
195-22 B2t 6.1 k.9 2.0 " T.4 19.5 55.5 11.1 14 .35
22-241 clm  28.5  15.5 4.6 6.5 5.0 13.9 26.0 10.0 51 .18
24335 @2m  25.1 13.9 4.4 5.3 5.7 19.6 26.0 14.9 4k .05
Catian Extractable cations, meq./100 gm. Ba%e g%
exch. Bg ’ ‘E&B‘Ee
cgp- Ca Mg H Na K 8
7.5 3.2 1.3 2.6 Tr. 0.38 65 5.7
8.0 3.2 1.9 2.6 <0.0L .25 67 5.6
8.6 3.2 2.6 2.6 203 AT 70 5.5
32.8 12.6 13.4 6.2 .29 .28 81 5.3
33.0 13.5 13.5 5.4 .37 .28 8l 5.5
28,1 12.6 12.2 2.9 .20 .21 90 6.8

*Exchange acidity.
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profile No. 32 B'21t 25 to 32 inches, olive-brown (2.5Y U/L), very

Area: Aroostook County, Maine gravelly, heavy losm; moderate, medium, sub-
Vegetation: Fallow strip between potatoes and timothy; angular blocky structure; friable; clay films on
(natural) sugar maple, beech, white and yellow birch, ped faces; pore channels are evident on ped
some spruce and fir. faces; many, fine, pores glazed with clay in

Parent material: Till from calcareous shale with some interiors of peds; 60 to 80 percent by volume

limestone. of angular and subesngular pebbles 2 to 4 inches

Topography: Long slopes of 3 to 8 percent, irregularly in diameter so conspicuous as to resemble a

convex and concave; upland. "stone line" or golifluction unconformity; about

Ap 0 to 8 inches, brown (1OYR 4/3) gravelly silt 20 percent of the fragments are very friable,
loam, light brownish gray (2.5Y 6/2) to light leached, and brown; fine, faint, gray mottling
yellowish brown (2.5Y 6/4) when dry; week, cceurs in a few places; pH 5.0 to 5.2; gradual,
coasrse and fine granular structure; very fri- smooth boundary.
able; 20 to 30 percent by volume of subrounded B'oot 32 to 4O inches, olive-brown (2.5Y 4/L), grav-
and angular fragments of dark-gray shale silt- elly loam; very wesk, Very coarse, blocky struc-
gstone and fine-grained quartzite, % to 3 inches ture; ped faces have a surface network of pore
in diameter, some of which are brown inside; channels glazed with light olive- brown (2.5Y
abrupt, smooth boundary. 5/&) clay; pores are mostly between peds and

A2 8 to 12 inches, pale-brown (10YR 6/3) loam that appear as channels when peds are separated;
appears light gray in places; wesk, thin, platy gradusl, smooth boundary.
or very weak, fine, granular structure; very B'23t L0 to 49 inches, olive-brown (2.5Y 4/L4) grav-
friable; discontinuous, occurring as spots 8 to elly loam; very weak, Very Coarse, subangular
12 inches wide and 1 to 2 inches thick at hori- blocky and moderate, medium, platy structure;
zontal distances of 6 to 8 feet; abrupt, smooth clay films on blocky peds; friable; ped faces
boundary. (This horizon not sampled.) have a surface network of pore channels glazed

Beir 8 to 1b inches, brown (7.5YR L/4) gravelly with light olive brown (2.5Y 5/4) clay; pores
loam; compound, very weak, subangular and week, are mostly between peds and appear as channels
very fine, granular structure; very friable dis- when peds are separated; gradual, smooth
continmuous in the sample pit but, in general, boundary .
occurs over 80 to 90 percent of the area; 0] 49 to 58 inches, olive-brown (2.5Y 4/k4) gravelly
abundant roots; broken, wavy boundary. loem; with moderate, thick, platy structure;

A2 1L to 25 inches, yellowish-brown (1O0YR 5/L) peds are + to 4 inch thick, are 2 to 3 inches
gravelly loam that crushes to a slightly across, and are feathered at the edges; firm to
browner hue; compound weak, thick, platy and very firm, nonplastic; a few, friable, leached
wesk, fine, subangular structure; horizontal fragments, + to 5 inch in diameter; calcareous.
faces of peds have a few clay films in pore Remarks: Shale fragments + to 4 inches in diameter
channels and around openings; friable; slight- occur below a depth of 8 inches. They make up
ly brittle; many, fine, vertical, cylindrical 60 to 80 percent by volume of the B'2l horizon
pores in plates, many of which extend continu- and 10 to 40 percent of other horizons.

ously from top to bottom and with upper open-

ings glazed with clay; abrupt, smooth boundary.
Climatic data (Presque Isle, Maine) J F M A M J J A S 0 N D Ann.
Mean temperatures, 1931-59 (deg. F.) 12 14 25 38 52 6L 66 65 56 W+ 32 17 ko
Mean precipitation, 1931-50 (inches) 1.9 1.9 2.1 2.5 3.0 3.9 %0 3.1 3.k 35 3.0 8.2 34.5
Annusl precipitation more than 26.9 and less than 42,1 inches during 9 years out of 10.

Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. QOrganic Free
Depth, Hori- Very Coarse Medium Fine Very fine Silt Clay (gm. matter iron
inches zon coarse sand sand sand sand per [¢) C/N oxides
sand 0.5- 0.25-  0.10- 0.05- 0.2- 0.02- ce.) ¢ Fe 0
2.1 1-0.5 0.25 0.10  0.05 0.002€0.002 0.02 0.002 32 % i 3
0-8 Ap 8.8 6.2 k.0 7.6 8.6 kg6 15.2 32.6 30.0 26 2.56 10 2,1
8-14 B2ir 6.3 T3 4,8 3.2 9.7 47.9 14.8 Lkl.2 21.6 2L 1.55 d2 2:
1425 A'2 8.9 9.3 6.0 11.0 11.0 41.3 12.5 33.8 24,8 28 .16 155
25-32  B'2lt 6.7 6.5 k.0 7.6 8.5 k2.0 24.7 26.8 28.1 32 W14 2.1
32-k0  B'22t 7.0 6.8 L7 8.9 9.1 hais 21,2 29,7 £7-1 19 .08 1.8
Lo-kg B'23t 6.4 T.b b7 9.2 9.2 2,5 20.6 29.2 28.0 22 .10 1.9
Lhg-58+ ¢ 9.4 T L.2 T.1 7.8 k1.6 22.2 25.8 27.6 25 .08 2.0
Cation Extractable cations, meq./100 gm. Base pH CaC03 Molsture teni%‘m
et " sat U 6.5 eq&iv 3 alﬁgs e
- & B
cap.  Ca Mg H Na K 8 = 4 q
29,% 3.0 0.7 18.2 0.1 0.7 20 4.8 27.8 8.2
23.8 1.0 b T - T i & k4.6 28.3 8.5
Tl 2.0 i3 6 . .2 35 4.8 16.8 5.1
10.8 .51 B L6 e io 57 5.1 21.0 9.2
9.7 6.1 .8 o7 &l Pl 72 6.0 20.0 8.2
9.7 6.1 .9 2.5 ix A Th 6.2 19.3 7.5
Calcareous. T-T 10 20.1 9.0

*
Exchange acidity.
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Profile No. 33 B23 28 to 34 inches, yellowish-brown (10YR 5/4)
Area: Faribault County, Minnesota sandy loam; weak, medium, subangular blocky
Vegetation: Big and little bluestem (Andropogon structure; peds asbout % inch in diameter;
gerardi and A. scoparius), wild sweeEEEE_ngfﬁyrus), friable; few roots; very few root channels;
goldenrod (Solidago), wild rose (Rosa), milkweed many shale fragments and granitic pebbles.
(Asclepias), and Kentucky bluegrass IP& pratensis). Cl 34 to 37 inches, light yellowish-brown (2.5Y
Parent material: Calcareocus glacial till. 6/3) sandy loam; friable; few fine roots; many
Topography: 4 percent slope; morainic uplands. shale fragments and small granitic pebbles; few
dolomitic pebbles; calcareous material confined
All 0 to 2% inches, very dark brown (10YR 2/2) to coatings on pebbles rather than being in
sandy clay loam; medium, granular structure; soil mass.
abundant, fibrous roots. ce 37 to 46 inches, light yellowish-brown (2.5Y
A2 21 to 9 inches, very dark brown (1OYR 2/2) 6/3) loam; weak subangular blocky structure;
sandy clay loam; moderate, medium, granular frigble; few very fine roots; many shale
structure; the peds are 1/8 to 1/L inch in fragments and pebbles of granitic origin; few
diameter; friable; fine and medium roots; dolomitic pebbles; slight segregation of lime
numerous worm casts; wormholes present; few and iron; pebbles have coatings of limy material;
small pebbles of mixed origin. few root channels partly filled with segrega-
A3 9 to IS5 inches, very dark brown (1OYR 2/2), tions of lime; calcareous.
heavy loam stresked with dark brown (LOYR 3/3); C3 46 to 58 inches, light yellowish-brown (2.5Y
moderate, medium, gramilar structure; friable, 6/3) sandy loem; friable; few segregations of
slightly plastic, slightly sticky; peds coated iron and lime, the latter occurring as streaks;
with very dark brown, but, when crushed, the mumerous pebbles of mixed origin including
material is dark yellowish brown; abundant fragments of shale; calcareous.
roots; many small pebbles; numerous worm casts.
B21 15 to 23 inches, dark yellowish-brown(1lOYR L/4),
heavy loam; moderate, fine, subangular blocky
structure; friable, slightly plastic, slightly
sticky; very dark brown material in a few
channels and voids; very few pebbles; plentiful
roots; few worm casts.
B22 23 to 28 inches, yellowish-brown (10YR 5/k4)
loam; weak, fine and medium, subangular blocky
structure; peds L to % inch in diameter;
friable, slightly plastic; plentiful roots; few
shale fragments and small pebbles of granitic
origin; few worm casts and root channels.
Climatic data (Winnebago, Minn.) J F M A M J J A 8 «0 N D Ann.
Mean temperatures, 1931-52 (deg. F.) 15 18 30 4 58 6 T4+ 71 62 50 32 20 45
Mean precipitation, 1931-52 (inches) 0.8 0.8 1.6 2.0 3.8 48 3.2 3.8 3.2 1.5 1.5 1.0 27.9
Annual precipitation more than 18.8 and less than 37.0 inches during 9 years out of 10.
Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Orgenic Free
Depth, Hori- Very Coarse Medlum Fine Very fine Silt Clay (gm. matter iron
inches zon coarse sand sand sand sand per ¢ C/N oxides
sand 0.5- 0.25-  0.10- 0.05- 0.2- 0.02- cc.) g Fe,03
o-1 1-0.5 0.25 0.10 0.05 0.002 €0.002 0.02 0.002 D2 - - i
0-23 ALl 2.2 5.0 6.9 22.h 12.8 27.8  22.9 58 15 1.0
2%- Al2 2.9 5.4 6.5 2l.2 13.7 27.2 23.1 2.38 12 1.0
9-15 Al3 2.3 o i 6.5 20.4 13.1 28.3 24.3 1.29 11 1ben |
15-23 B2l 2.8 5.0 6.1 19.3 13.9 29.5 23.kh .59 9 1.4
23-28 B22 2.6 L7 6.6 21.3 14,6 30.8 19.4 35 8 1.3
28-34  B23 3.4 6.0 T.1 21.9 1k.6 30.1 16.9 27 1.2
34-37 C1 5.9 5.9 T.0 22,0 14.5 29.9 1k.6 .23 1.0
37-46  c2 4.5 6.0 6.9 19.3 15.2 34,1 1k.0 .15 1.0
46-58 ¢C3 4.8 6. 6.6 _19.3 15.7 33.4  1h.2 .08 1.0
Cation EXtractable cations, meq./100 gn. Base pH CaCO3
exch. sat. 1:1 equiéflent
e8P Ca Mg E*  Na K E n
31.5 20.9 6.2 3.6 0.1 0.7 89 7.0
2h.6 15.5 k.9 3.9 .1 .2 8k 6.8
21.5 11.% L.0 5.8 .1 .2 73 5.8
19.9 11.1 k.o by .2 .2 78 5.9
17.5 A0.2 3.6 3.3 .2 .2 81 6.0
15.5 9.4 3.0 2.8 .2 .1 82 6.2
23.9 19.9 3.5 o] .3 .2 100 7.7 k.9
26.6 22. 3.3 o] i3 o 100 8.1 15.4
26.h 22,7 3.3 0 3 il 100 8.2 17.5

*Exchange acidity.



Profile No. 34

Area: Greenbrier County, West Virginia

Vegetation: Mixed stand of oak, hickory, yellow pop-
lar, and cucumbertrees.

Parent material: Residuum from red siltstone, shale,
and sandstone.

Topography: 25 percent slope; 2,400 feet elevation;
dissected uplands.

oL 3 to % inch, deciducus leaf litter.

02 1 to O inch, mixed, partly decomposed organic
matter and mineral material.

Al 0 to 2 inches, dark reddish-brown (5YR 3/3)
silt loam; moderate, fine, granular structure;
very friable; clear, wavy boundary.

A2 2 to T inches, reddish-brown (5YR 5/3) silt
loam; weak, fine, subangular and very weak,
thin, platy structure; very friable; clear,
wavy boundary.

B2 7 to 13 inches, dark reddish-brown (S5YR 3/h4),

heavy silt loam; moderate, fine and medium,
subangular blocky structure; friable;
digcontinuous clay films on some peds, clear,
wavy boundary.

C 13 to 23 inches, dark reddish-brown (SYR 3/4),
heavy silt loam; massive to very weak, medium,
subangular blocky structure; 75 percent by
volume of channer-sized siltstone; clear,
wavy boundary.

R 23 inches +, red siltstone.

Climatic data (Rainelle, W. Va.) J F M A M J J A S 0 N D Ann.
Mean temperatures, 1931-52 (deg. F.) 33 33 L 50 59 67 T0 69 63 52 Ll 33 51
Mean precipitation, 1931-52 (inches) by 40 5.1 &1 k.7 5.1 5.1 5.1 3.3 2.7 3.5 k4.0 50.9
Annusl precipitation more than 40.7 and less than 6l.1 inches during 9 years out of 10.
Particle size distribution (mm.) (%) Pipette and hexametaphosphate B.D. Orgenic Free
Depth, Hori- ~Very Coarse Medium Fine Very fine Silt Clay (em. matter iron
inches =zon coarse  sand sand sand sand per [ C/N oxides
sand 0.5- 0.25-  0.10- 0.05- .2~ 0.02- cc.) % Fe203
2-1 1-0.5 0.25 0.10 0.05 0.002 £0.002 0.02 0.002 »2 © %
0-2 Al 0.6 1.5 1.1 6.0 k4.4 60.% 16.0 41.7 37.5 Tr 5.48 22 2.3
2-7 A2 2 1.0 .9 4.8 12.8 2.1 18.2 39.2 39.3 Tr 141 1.13 16 2.6
7-13 B2 i .8 o7 3.2 7.6 64.4 23.2 30.7 U43.5 Tr 172 “ <33 -1 3.2
13-23 ¢ <l +5 .8 2.6 6.k 69.5 20.2 35.7 41.9 Tr 1.85 .1+ 4 4,0
Cation Extractable cations, meq./100 gm. Base fH Base (ation Moisture tensions
o sat. 1 sat. exch. 1/3 15
cgp- Ca Mg B* Na K Iy P f:p. at%os. atmos.
16.2 6,5 1.6 1h.T ol 0.6 54 5,1 37 23.4 345 9.8
8.4 1.0 .6 9.5 €1 -3 23 4,9 7 11.% 27.9 6.5
8. 0 1.0 9.7 ¢l P 22 k.7 16 11.6 25.7 8.5
9.7 « L& 100 <.1 2 2l L7 19 12.3 23.1 8.4

*Exchange acidity.
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Chapter 6. Criteria of Classification in the Lower Categories

FAMILY AND SERIES

The criteria of classification proposed for use in
the higher categories have been tested through a series
of approximations. Those proposed here for the fami-
lies have not been tested so thoroughly and are pre-
sented tentatively so that they may be tested. Genetic
considerations have guided the classification in the
higher categories, but plant growth and, to a lesser
extent, soil mechanics have guided the classification
in the lower categories. Soil genesis is not ignored
inthese lower categories but has a subordinate position.

Criteria for Families

The criteria proposed for differentiation of fami-
lies within a subgroup are of two kinds. One applies
to the solum below normal plow layer depth, or to
arbitrary depths of 15 to 75 cm. (6 to 30 inches) if the
sola are very thin or absent. Texture, mineralogy,
and reaction are of this character. The other kind is
applied to specific horizons or depths. An example is
the defined characteristics associated with minor
variations in wetness.

The criteria that can be proposed at this time are:

Texture: If texture is relevant, six broad classes ac-
cording to particle-size distribution are proposed
for use. In some orders or suborders, only one of
these classes occurs; in other suborders all may
occur. And in soils formed inrecent volcanic ejecta,
texture may have little or no relevance. These are
the texture classes:

1. Fragmental soils:
coarse sand.

2. Sandy soils: Sands other than coarse sand, and
loamy sands.

3. Light loamy soils: Light sandyloams (lessthan
15 percent clay) other thanlight very fine sandy
loam; and light loams (less than 15 percent clay).

4. Light silty soils: Silt; light silt loam (less than
15 percent clay); and light very fine sandy loam
(less than 15 percent clay).

5. Heavy loamy soils: Heavy sandy loams, loams,
and silt loams (all with more than 15 percent
clay); sandy clay loam; clay loam and silty clay
loam.

6. Fine-textured soils:
clay.

Stones, cobbles, gravel, and

Clay, silty clay, and sandy

In classes 2 to 5 above, very gravelly subclasses
may need recognition.

Mineralogy: Classes according to mineralogy are
proposed for use where relevant. The mineralogy
classes apply to the same depth limits as do the
texture classes. The mineralogy classes are:

1. Quartzose: More than 65 percent quartz, chert,
or other forms of SiOg.

2. Carbonates and sulfates; more than 40 percent
carbonates and sulfates. Carbonates alone to

the extent of 40 percent may need to be distin-
guished from sulfates alone and from mixtures.

3. Layer lattice: More than 35 percent micas,
silicate clays, and free oxides of iron and alu-
minum of clay size; less than 40 percent car-
bonates and sulfates. Subclasses according to
kind of clay may be used as needed. Normally
texture classes make the layer-lattice grouping
unnecessary, but in some few cases the distinc-
tion is needed if carbonates are present inclay-
size particles.

4. Mixed: Less than 65 percentquarts, 40 percent
carbonates and sulfates, and 35 percent micas,
silicate clays, and free oxides of clay size.

Some subclasses are sometimes needed in addi-
tion to the above. Among these two can be listed
tentatively:

a. Phosphatic for phosphate-rich materials. In
sands with more than 0.1 percent P, and in loamy
and clayey soils with more than about 1 percent
P

b. Iron sulfates,commonly Jarosite (straw colored)
if associated with a pH of 3.5 or less, or poly-
sulfides with 0.75 percent sulfur or more in the
absence of carbonates equivalent to the sulfur
(for cat clays).

Reaction classes according to pH of the soil in water
at 1:1: For precise measurements of pH, the soils
of humid regions should be preleached to remove
water soluble salts. pH classes are not used in
jarositic soils (item b under mineralogy).

1. Acid, pH less than about 6.1.
2. Nearly neutral, pH between about 6.1 and 8.0.
3. Alkaline, pH higher than about 8.0.

The limits for reaction are approximate only,
and apply to the average over the range of depths
used for determining texture and mineralogy. A
variation of one-half unit above or below the limits
will undoubtedly have to be tolerated between adja-
cent pedons that are otherwise indistinguishable.
Reaction classes are proposed for use only in
Entisols.

Other criteria will be needed on occasions in par-
ticular classes. Among these are:

1. Bulk density and permeability need to be used
singly or in combination in aquic soils, particularly
Aquents, to distinguishthe sea clays from river clays.

2. Characteristics associated with wetness, such
as minor differences indepths to mottles of low chroma
(2 or less) in Alfisols and Ultisols, chromas of more
than 2 in the upper 50 centimeters of Aquents, or the
presence or absence of an umbric epipedon in
Humagquods. E

3. Moisture equivalent, more or less than 2 per-
cent in Quarzopsamments.

4, Consistence, both moist and dry, of Spodosols,
to distinguish ortsteins and fragipans.
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To this list we shall need to add others, for the
criteria here will not provide reasonable families of
Oxisols or Histosols.

Criteria for Soil Series
All differentiae used in higher categories are also

differentiae between series. We may say that soil
properties that can be seen, felt, measured, or inferred
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with reasonable accuracy may be used to define soil
series. However, to be used, the properties should
have relevance to soil genesis, to plant growth, or to
engineering uses, or should be very obvious.

Satisfactoryfamilies are being approached but have
not been generally developed for the soils of the United
States. We therefore cannot make many specific state-
ments at this time about the differentiae between series
that are in the same family.



Chapter 7. Key to Orders and Suborders

A. Clayey mineral soils (more than 35 percent clay)
having more than 30 milliequivalents exchange capac-
ity per 100 grams of soil in all horizons below the
surface 5 cm. (2 inches); having at some season, if not
irrigated, cracks 1 to 25 cm. wide reaching at least to
the middle of any solum present; and having one or
more of the following: (1) Gilgai;(2) slickensides close
enough to intersect; or (3) at some depth between 25
and 100 cm. (10 and 40 inches), wedge-shaped or
parallelepipednatural structural aggregates with their
long axis tilted 10 to 60 degrees from horizontal.

Order 2--Vertisol, p. 124

a. Vertisols having one or both of the following
characteristics associated with periodic wetness,
namely:
(1) Chromas less than 1.5 throughout the upper
30 cm. (12 inches).
(2) Distinct or prominent mottling within the
surface 75 cm. (30 inches).

Suborder 2.1—Aquert, p. 124

b. Other Vertisols.

Suborder 2.2--Ustert, p. 128

B. Other mineral soils with a plaggen epipedon, or
with no diagnostic horizon other than an ochric or
anthropic epipedon, albic horizon, or agric horizon.
May have a histic epipedon if the N value exceeds 0.5
in all layers between 20 and 50 cm. (8 and 12 inches).
May have hardened plinthite. May have buried diag-
nostic horizons if the surface of the buried soil is
buried to a depth of more than 50 cm. (20 inches), or
to a depth between 30 and 50 cm. (12 and 20 inches) if
the buried solum is less than twice the thickness of
the overlying deposit.

Order 1--Entisol, p. 105

a. Entisols either saturated with water at some
period of the year or artificially drained that have,
at depths of less than 50 cm. (20 inches), character-
istics associated with wetness, namely, one or more
of the following:
(1) A histic epipedon if the Nvalue exceed 0.5 in
all horizons between 20 and 50 cm. (8 and 20
inches).
(2) Sodium saturation of more than 15 percent in
the surface material and decreasing saturation
with depth below 50 c¢m. (20 inches).
(3) Colors as follows:
(a) if hues are as red or redder than 10YR and
there is mottling, chromas of 2 or less; or if
there is no mottling, chromas of less than 1.
(b) If hues are between l0YR and 10Y and if
there is distinct or prominent mottling, chromas
of 3 or less;or if thereis no mottling, chromas
of 1 or less.
(c) Hues bluer than 10Y.
(d) Anycolor if due to uncoated grains of sand.
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Suborder 1.1--Aquent, p. 105

b. Other Entisols that are usually moist and have
coarse texture to a depth of 50 cm. (20 inches) or
more. ('"Coarse texture' includes all sands and all
loamy sands except loamy very fine sand.)

Suborder l.2--Psamment, p. 108

c. Other Entisolsthat,unless irrigated, are usually
dry when not frozen.

Suborder 1.3--Ustent, p. 111

d. Other Entisols.

Suborder 1.4—Udent, p. 113

C. Other mineral soils, usually moist, that do not
have spodic, argillic, and oxic horizons or mollic epi-
pedons but do have conductivity of the saturation
extract less than 1 millimho per cm. at 25°C, and one
or more of the following diagnostic horizons:

Histic epipedon

Umbric epipedon

Cambic horizon

Fragipan

Duripan

Or, having a mollic epipedon if the clay fraction is
dominated by allophane, or the silt and sand fraction
is dominantly volcanic ash or pumice.

Order 3 - Inceptisol, p. 136

a. Inceptisols either saturated with water at some
period of the year or artificially drained that have,
at depths of less than 50 cm,. (20 inches), charac-
teristics associated with wetness, namely, one or
more of the following:
(1) A histic epipedon.
(2) Sodium saturation of more than 15 percent in
the surface material, and decreasing saturation
with increasing depth below 50 cm. (20 inches).
(3) Colors, as follows, on ped faces if peds are
present, or dominant in matrix:
(a) If hues are as red or redder than 10YR and
there is mottling, chromas of 2 or less; and if
there is no mottling, chromas less than 1.
(b) If hues are between 10YR and 10Y and there
is distinct or prominent mottling, chromas of
3 or less; and if there is no mottling, chromas
of 1 or less.
(c) Hues bluer than 10Y.
(d) Anycolor if due to uncoated grains of sand.

Suborder 3.l1--Aquept, p. 136

b. Other Inceptisols in which more than 60 percent
of the clay fraction of any ochric, umbric, or mollic
epipedon or any cambic horizon consists of allophane,
or in which the silt and sand fractionhave morethan
60 percent of volcanic ash or pumice,



Suborder 3.2--Andept, p. 139

c. OtherInceptisols with an anthropic epipedon, or
with an umbric epipedon that is either 25 cm. or
more thick or that has a mean annual temperature
less than 8.3°C. (47°F.) and mean summer temper-
ature less than 10°C. (50°F.) if underlying an O
horizon.

Suborder 3.3--Umbrept, p. 141
d. Other Inceptisols.
Suborder 3.4--Ochrept, p. 143

D. Other mineral soilshaving an ochric epipedon and

one of the following combinations of properties:
a. Unless irrigated, usually dry in and below the
zone of rooting when not frozen, and with one or
more of the following: cambic, argillic, calcic,
gypsic, or salic horizons or duripans that are
softened by a single treatment with acid followed by
a single treatment with concentrated alkali; and,
unless either an argillic horizon or a calcichorizon
immediately underlies a calcareous epipedon, hav-
ing, at some depth, a conductivity of the saturation
extract greater than 1 millimho per cm. at 25 C.
b. Usually moist and lacking an argillic or spodic
horizon, but having, a calcic, gypsic, or salic hori-
zon or a duripan and having at some depth, a con-
ductivity of the saturation extract greater than 1
millimho per cm. at 25 C.

Order 4—Aridisol, p. 156
c. Aridisols without argillic or natric horizon.
Suborder 4.1--Orthid, p. 156
d. Other Aridisols.
Suborder 4.2--Argid, p. 158
E. Other mineral soils having a spodic horizon.
Order 6--Spodosol, p. 192

a. OSpodosols either saturated with water at some
season or artificially drained that have character-
istics associated with wetne ss, namely, one or more
of the following:
(1) A histic epipedon.
(2) Mottling in an albic horizon or in the top of
the spodic horizon, or a duripan in the albic
horizon.
(3) If free iron and manganese are lacking in the
upper part of the spodic horizon, no coatings of
iron oxides on the individual grains of silt and
sand in the materials immediately below the
spodic horizon, or there are mottles in materials
immediately below the spodic horizon.

Suborder 6.1-—Aquod, p. 192

b. Other Spodosols having a spodic horizon enriched
chiefly with humus or aluminum in at least the upper
part (7.5 cm. or more) of the spodic horizon; and
this part containing humus mainly in dispersed
forms--coatings and pore fillings rather than
rounded or subangular silt-sized pellets of humus
or humus and iron.

Suborder 6.2—Humod, p. 196

c. Other Spodosols with spodic horizons having
rounded to subangular silt-sized pellets of humus
or of humus and iron.

Suborder 6.3—Orthod, p. 196
d. Other Spodosols.
Suborder 6.4--Ferrod, p. 199

F. Other mineral soils having an oxic horizon or
having, within 30 cm. of the surface, plinthite that
forms a continuous phase and that has not hardened.

Order 9--Oxisol, p. 238

(The suborders of the Oxisol order are discussed on
pp. 238.)

G. Other mineral soils having an argillic horizon in
which the base saturation is less than 35 percent (ca-
pacity determined by sum of bases plus exchange
acidity); or, within the argillic horizon or the C, a
base saturation that decreases with depth; or, if base
saturation increases with depth within or immediately
below the argillic horizon, no tonguing of an albic
horizon into the argillic horizon.

Order 8--Ultisol, p. 226

a. Ultisols either saturated with water at some
season or artificially drained that have character-
istics associated with wetness, namely: mottles,
iron-manganese concretions, or moist chromas of
2 or less immediately below any Ap or Al horizon
that has moist values of less than 3.5 when rubbed,
and one of the following:
(1) If hues are as red or redder than 10YR and
there is mottling, a dominant chroma of 1 or 2 on
surfaces of the peds or in the matrix of the argil-
lic horizon.
(2) If hues are yellower than 10YR and there is
mottling, a dominant chroma of 1 to 3 on the sur-
faces of peds or in the matrix of the argillic
horizon.
(3) Chromas of 1 or less on surfaces of peds or
in the matrix of the argillic horizon.

Suborder 8.1--Aquult, p. 226
b. Other Ultisols with an ochric epipedon, and soils
with an argillic horizonthat has chroma of 6 or less,
a moist value of less than 4 throughout, and a dry

value that is no more than 1 unit higher than the
moist value.

Suborder 8.2--Ochrult, p. 227
c. Other Ultisols.
Suborder 8.3--Umbrult, p. 230
H. Other mineral soils having a mollic epipedon.
Order 5--Mollisol, p. 168
a. Mollisols without argillic or calcic horizons but
having material that contains more than 40 percent

calcium carbonate immediately below the mollic
epipedon; having a mollic epipedon not more than
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30 cm. (12 inches) thick if the gravel content is less
than 20 percent; and having a mollic epipedon not
more than 50 cm,. (20 inches) thick if gravel content
exceeds 40 percent. Intermediate gravel content
permits intermediate thickness.

Suborder 5.1—Rendoll, p. 168

b. Other Mollisols having an albic horizonimmedi-
ately underlying the mollic epipedon; having an
argillic horizon; and having characteristics asso-
ciated with wetness in the albic and argillic horizons,
namely: mottles, iron-manganese concretions, or
both.

Suborder 5.2--Alboll, p. 168

c. Other Mollisols, either saturated with water at
some period during the year or artificially drained,
that have one or more of the following characteris-
tics associated with wetness:
(1) A histic epipedon.
(2) Sodium saturation of more than 15 percent in
the upper part of the mollic epipedon, and below
50 cm. (20 inches), decreasing saturation with in-
creasing depth.
(3) Colors, as follows, immediately below the
mollic epipedon:
(a) If hues are as red or redder than 10YR and
there is mottling, chromas of 2 or less on sur-
faces of peds, or in the matrix if peds are
absent; and if there is no mottling, chromas of
less than 1.
(b) If hues are between 10YR and 10Y and there
is distinct or prominent mottling, chromas of
3 orless on surfaces of peds, if peds are pres-
ent, or in matrixif peds are absent; and if there
is no mottling, chromas of 1 or less.

Suborder 5.3--Aquoll, p. 169

d. Other Mollisols having in the solum a mean
annual temperature of 8.3° C. (47° F.) or less and
having in the mollic epipedon, to depths of 15 cm.
(6 inches) or more, a moist chroma of 1.5 or
less.

Suborder 5.4--Altoll, p. 172

e. Other Mollisols having one of the following com-
binations of characteristics:

(1) An argillic or cambic horizon and either—

(2) In cambic or argillic horizon, a base satu-
ration of less than 80 percent as determined
by NH4OAc; or:
(b) In cambic or argillic horizon, a base sat-
uration of more than 80 percent, provided the
conductivity of the saturation extract at 25° C.
is less than 1 millimho per cm. down to which-
ever of these depths is least—to bedrock or
down to the depth where the total water-holding
capacity at 1/3 bar tension equals 12 inches of
water; and with increase in depth below the
cambic or argillic horizon, either no increase
in saturation with Na+ and K+, or exchange
acidity in excess of Na+ and K+.

(2) Without cambic or argillic horizons, but with

either:

(a) Base saturation of less than 80 percent in
mollic epipedon and in at least a part of next
underlying horizon; or
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(b) Base saturation of more than 80 percent in
the mollic epipedon or in all parts of the next
underlying horizon; and the conductivity of the
saturation extract at 25° C. is less than 1
millimho per cm. down to whichever of these
depths is least--down to bedrock or down tothe
depth where the total water-holding capacity
measured at 1/3 atmosphere tension equals 12
inches; and with increase in depth in the C,
either there is no increase of saturation with
Na+ and K+, or thereis exchange acidity in ex-
cess of Na+ and K+.

Suborder 5.5--Udoll, p. 174
f. Other Mollisols.
Suborder 5.6--Ustoll, p. 177

Other mineral soils with argil