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Foreword

The publicatiorKeys to Soil Taxononserves two purposes. It provides the taxonomic
keys necessary for the classification of soils in a form that can be used easily in the field. It
also acquaints users of the taxonomic system with recent changes in the classification of
soils. This volume includes all revisions of the keys that so far have been approved,
replacing the original keys i8oil Taxonomy: A Basic System of Soil Classification for
Making and Interpreting Soil Survey$975), the work on which this and other abridged
versions, the first of which was published in 1983, are based. We plan to continue issuing
updated editions of thikeys toSoil Taxonomys changes warrant new editions. Plans are
under way to publish an updated versiorSofl Taxonomyn its entirety in 1999.

This publication incorporates all amendments approved to date and published in the
National Soil Taxonomy Handbook (NSTH) Issues 1-18. It includes the recommendations of
the International Committee on Low Activity Clays (NSTH Issue 8), the International
Committee on Oxisols (NSTH Issue 11), the International Committee on Andisols (NSTH
Issue 13), the International Committee on Vertisols (NSTH Issue 16), the International
Committee on Aquic Moisture Regime (NSTH Issue 16), the International Committee on
Spodosols (NSTH Issue 16), the International Committee on Aridisols (NSTH Issue 17), and
the International Committee on Families (NSTH Issue 18). Editorial changes have been
made throughout thkeys to Soil Taxonomy correct grammatical errors and clarify the
intent of the criteria.

The keys reproduced here were extracted from a computerized c8pil ®axonomy
which is maintained in complete, up-to-date form.

The authors of th&eys to Soil Taxonongre identified as the “Soil Survey Staff.” This
term is meant to include all of the soil classifiers in the National Cooperative Soil Survey
program and in the international community who have made significant contributions to the
improvement of the taxonomic system.

Horace Smith

Director, Soil Survey Division

Natural Resources Conservation Service
1998






CHAPTER 1

The Soils That We Classify

The word “soil,” like many common words, has several
meanings. In its traditional meaning, soil is the natural
medium for the growth of land plants, whether or not it has
discernible soil horizons. This meaning is still the common
understanding of the word, and the greatest interest in soil is
centered on this meaning. People consider soil important
because it supports plants that supply food, fibers, drugs, and

arbitrarily set at 200 cm. In soils where either biological
activity or current pedogenic processes extend to depths
greater than 200 cm, the lower limit of the soil for
classification purposes is still 200 cm. In some instances the
more weakly cemented bedrocks (paralithic materials, defined
later) have been described and used to differentiate soil series
(series control section, defined later), even though the

other wants of humans and because it filters water and recyclegaralithic materials below a paralithic contact are not
wastes. Soil covers the earth’s surface as a continuum, except considered soil in the true sense. In areas where soil has thin
on bare rock, in areas of perpetual frost or deep water, or on theemented horizons that are impermeable to roots, the soll

bare ice of glaciers. In this sense, soil has a thickness that is
determined by the rooting depth of plants.
Soilin this text is a natural body comprised of solids

extends as deep as the deepest cemented horizon, but not below
200 cm. For certain management goals, layers deeper than the
lower boundary of the soil that is classified (200 cm) must also

(minerals and organic matter), liquid, and gases that occurs onbe described if they affect the content and movement of water
the land surface, occupies space, and is characterized by one @nd air or other interpretative concerns.

both of the following: horizons, or layers, that are
distinguishable from the initial material as a result of

In the humid tropics, earthy materials may extend to a depth
of many meters with no obvious changes below the upper 1 or

additions, losses, transfers, and transformations of energy and 2 m, except for an occasional stone line. In many wet soils,

matteror the ability to support rooted plants in a natural
environment. This definition is expanded from the 1975
version ofSoil Taxonomyo include soils in areas of Antarctica

gleyed soil material may begin a few centimeters below the
surface and, in some areas, continue down for several meters
apparently unchanged with increasing depth. The latter

where pedogenesis occurs but where the climate is too harsh ta@ondition can arise through the gradual filling of a wet basin in

support the higher plant forms.

The upper limit of soil is the boundary between soil and air,
shallow water, live plants, or plant materials that have not
begun to decompose. Areas are not considered to have soil if

which the A horizon is gradually added to the surface and
becomes gleyed beneath. Finally, the A horizon rests on a thick
mass of gleyed material that may be relatively uniform. In both
of these situations, there is no alternative but to set the lower

the surface is permanently covered by water too deep (typically limit of soil at the arbitrary limit of 200 cm.

more than 2.5 m) for the growth of rooted plants. The

Soil, as defined in this text, does not need to have

horizontal boundaries of soil are areas where the soil grades todiscernible horizons, although the presence or absence of

deep water, barren areas, rock, or ice. In some places the
separation between soil and nonsoil is so gradual that clear
distinctions cannot be made.

The lower boundary that separates soil from the nonsoil
underneath is most difficult to define. Soil consists of the
horizons near the earth’s surface that, in contrast to the
underlying parent material, have been altered by the
interactions of climate, relief, and living organisms over time.
Commonly, soil grades at its lower boundary to hard rock or to
earthy materials virtually devoid of animals, roots, or other
marks of biological activity. The lowest depth of biological
activity, however, is difficult to discern and is often gradual.
For purposes of classification, the lower boundary of soil is

horizons and their nature are of extreme importance in soil
classification. Plants can be grown under glass in pots filled
with earthy materials, such as peat or sand, or even in water.
Under proper conditions all these media are productive for
plants, but they are nonsoil here in the sense that they cannot
be classified in the same system that is used for the soils of a
survey area, county, or even nation. Plants even grow on trees,
but trees are regarded as nonsoil.

Soil has many properties that fluctuate with the seasons. It
may be alternately cold and warm or dry and moist. Biological
activity is slowed or stopped if the soil becomes too cold or too
dry. The soil receives flushes of organic matter when leaves fall
or grasses die. Soil is not static. The pH, soluble salts, amount



10

of organic matter and carbon-nitrogen ratio, numbers of micro- establish a phase of the mantled soil or even another soil series
organisms, soil fauna, temperature, and moisture all change if the mantle affects the use of the soil.

with the seasons as well as with more extended periods of time. Any horizons or layers underlying a plaggen epipedon are
Soil must be viewed from both the short-term and long-term  considered to be buried.

perspective. A surface mantle of new material, as defined here, is largely
unaltered, at least in the lower part. It may have a diagnostic
Buried Soils surface horizon (epipedon) and/or a cambic horizon, but it has
no other diagnostic subsurface horizons, all defined later.
A buried soil is covered with a surface mantle of new soil However, there remains a layer 7.5 cm or more thick that fails
material that either is 50 cm or more thick or is 30 to 50 cm  the requirements for all diagnostic horizons, as defined later,
thick and has a thickness that equals at least half the total overlying a horizon sequence that can be clearly identified as

thickness of the named diagnostic horizons that are preserved the solum of a buried soil in at least half of each pedon. The
in the buried soil. A surface mantle of new material that does recognition of a surface mantle should not be based only on
not have the required thickness for buried soils can be used to studies of associated soils.
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CHAPTER 2

Differentiae for Mineral Soils and Organic Soils

Soil taxonomy differentiates between mineral soils and include what has been called litter or an O horizon. Material
organic soils. To do this, first, it is necessary to distinguish that has more organic carbon than in item 2 has been called
mineral soil material from organic soil material. Second, it is  peat or muck. Not all organic soil material accumulates in or
necessary to define the minimum part of a soil that should be under water. Leaf litter may rest on a lithic contact and support
mineral if a soil is to be classified as a mineral soil and the forest vegetation. The soil in this situation is organic only in

minimum part that should be organic if the soil is to be the sense that the mineral fraction is appreciably less than half
classified as an organic soil. the weight and is only a small percentage of the volume of the
Nearly all soils contain more than traces of both mineral soil.

and organic components in some horizons, but most soils are
dominantly one or the other. The horizons that are less than Distinction Between Mineral Soils and Organic

about 20 to 35 percent organic matter, by weight, have Soils

properties that are more nearly those of mineral than of organic

soils. Even with this separation, the volume of organic matter Most soils are dominantly mineral material, but many

at the upper limit exceeds that of the mineral material in the  mineral soils have horizons of organic material. For simplicity

fine-earth fraction. in writing definitions of taxa, a distinction between what is
meant by a mineral soil and an organic soil is useful. To apply

Mineral Soil Material the definitions of many taxa, one must first decide whether the
soil is mineral or organic. An exception is the Andisols

Mineral soil material (less than 2.0 mm in diametsther. (defined later). These generally are considered to consist of

mineral soils, but some may be organic if they meet other
criteria for Andisols. Those that exceed the organic carbon
limit defined for mineral soils have a colloidal fraction
dominated by short-range-order minerals or aluminum-humus
2. Is saturated with water for 30 days or more cumulative in complexes. The mineral fraction in these soils is believed to
normal years (or is artificially drained) and, excluding live give more control to the soil properties than the organic
roots, has an organic carbon content (by weight) of: fraction. Therefore, the soils are included with the Andisols
rather than the organic soils defined later as Histosols.

If a soil has both organic and mineral horizons, the relative
thickness of the organic and mineral soil materials must be
b. Less than 12 percent if the mineral fraction contains no considered. At some point one must decide that the mineral
clay; or horizons are more important. This point is arbitrary and
depends in part on the nature of the materials. A thick layer of
sphagnum has a very low bulk density and contains less
organic matter than a thinner layer of well-decomposed muck.
It is much easier to measure the thickness of layers in the field
. . . than it is to determine tons of organic matter per hectare. The
Organic Soil Material definition of a mineral soil, therefore, is based on the thickness
of the horizons, or layers, but the limits of thickness must vary
with the kinds of materials. The definition that follows is
intended to classify as mineral soils those that have both thick
mineral soil layers and no more organic material than the
amount permitted in the histic epipedon, which is defined in
chapter 3.

In the determination of whether a soil is organic or mineral,
1 Mineral soils include all soils except the suborder Histels and the order Histosols. the thickness of horizons is measured from the surface of the

1. Is saturated with water for less than 30 days (cumulative)
per year in normal years and contains less than 20 percent (by
weight) organic carborgr

a. Less than 18 percent if the mineral fraction contains 60
percent or more clayr

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

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

In the definition of mineral soil material above, material
that has more organic carbon than in item 1 is intended to
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soil whether that is the surface of a mineral or an organic
horizon, unless the soil is buried as defined in chapter 1. Thus,
any O horizon at the surface is considered an organic horizon
if it meets the requirements of organic soil material as defined
later, and its thickness is added to that of any other organic
horizons to determine the total thickness of organic soil
materials.

Definition of Mineral Soils

Mineral soils are soils that haegther of the following:

1. Mineral soil materials that meehe or moreof the
following:

a. Overlie cindery, fragmental, or pumiceous materials
and/or have voidshat are filled with 10 percent or less
organic materialand directly below these materials have
either a densic, lithic, or paralithic contaet;

b. When added with underlying cindery, fragmental, or

pumiceous materials, total more than 10 cm between the soil

surface and a depth of 50 con;

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

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

40 cm of the soil surface, have a total thicknessitber.

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

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

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

2 Materials that meet the definition of cindery, fragmental, or pumiceous but have more
than 10 percent, by volume, voids that are filled with organic soil materials are considered to b
organic soil materials.

a. Permafrost within 100 cm of the soil surfage;

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

Definition of Organic Soils

Organic soils have organic soil materials that:

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

2. Meetone or moreof the following:

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

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

c. Constitute two-thirds or more of the total thickness of
the soil to a densic, lithic, or paralithic contaad have no
mineral horizons or have mineral horizons with a total
thickness of 10 cm or lessr

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

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

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

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

It is a general rule that a soil is classified as an organic soil
(Histosol) if more than half of the upper 80 cm (32 in) of the
soil is organic or if organic soil material of any thickness rests

on rock or on fragmental material having interstices filled with

organic materials.
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Horizons and Characteristics Diagnostic for the Higher Catego
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This chapter defines the horizons and characteristics of
both mineral and organic soils. It is divided into three parts—
horizons and characteristics diagnostic for mineral soils,
characteristics diagnostic for organic soils, and horizons and
characteristics diagnostic for both mineral and organic soils.

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

Horizons and Characteristics
Diagnostic for Mineral Soils

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

Diagnostic Surface Horizons: The
Epipedon

The epipedon (Gepi, over, upon, angedon soil) is a
horizon that forms at or near the surface and in which most of

the rock structure has been destroyed. It is darkened by organic

matter or shows evidence of eluviation, or both. Rock structure

ef

subgroups. A soil with a mantle thick enough to have a buried
soil has no epipedon if the soil has rock structure to the surface
or has an Ap horizon less than 25 cm thick that is underlain by
soil material with rock structure. The melanic epipedon
(defined below) is uniqgue among epipedons. It forms
commonly in volcanic deposits and can receive fresh deposits
of ash. Therefore, this horizon is permitted to have layers
within and above the epipedon that are not part of the melanic
epipedon.

A recent alluvial or eolian deposit that retains stratifications
(5 mm or less thick) or an Ap horizon directly underlain by
such stratified material is not included in the concept of the
epipedon because time has not been sufficient for soil-forming
processes to erase these transient marks of deposition and for
diagnostic and accessory properties to develop.

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

Anthropic Epipedon

Required Characteristics

The anthropic epipedon shows some evidence of disturbance
by human activity and meets all of the requirements for a
mollic epipedon, except fame or bothof the following:

1. 1,500 milligrams per kilogram or more(? soluble in 1

as used here and in other places in this taxonomy includes finepercent citric acid and a regular decrease,@, B a depth of

stratification (less than 5 mm) in unconsolidated sediments
(eolian, alluvial, lacustrine, or marine) and saprolite derived
from consolidated rocks in which the unweathered minerals
and pseudomorphs of weathered minerals retain their relative
positions to each other.

Any horizon may be at the surface of a truncated soil. The
following section, however, is concerned with eight diagnostic
horizons that have formed at or near the soil surface. These
horizons can be covered by a surface mantle of new soll

125 cm;or

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

Folistic Epipedon

Required Characteristics

The folistic epipedon is defined as a layer (one or more

material. If the surface mantle has rock structure, the top of thehorizons) that is saturated for less than 30 days (cumulative) in
epipedon is considered the soil surface unless the mantle meetaormal years (and is not artificially drained) agither.

the definition of buried soils in chapter 1. If the soil includes a
buried soil, the epipedon, if any, is at the soil surface and the

epipedon of the buried soil is considered a buried epipedon and a.

is not considered in selecting taxa unless the keys specifically
indicate buried horizons, such as those in Thapto-Histic

1. Consists of organic soil material that:

Is 20 cm or more thick and either contains 75 percent or
more (by volumepBphagnuniibers or has a bulk density,
moist, of less than 0.Dbr
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b. Is 15 cm or more thiclgr

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

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

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

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

Most folistic epipedons consist of organic soil material
(defined in chapter 2). Item 2 provides for a folistic epipedon
that is an Ap horizon consisting of mineral soil material.
Histic Epipedon

Required Characteristics

The histic epipedon is a layer (one or more horizons) that is

characterized by saturation (for 30 days or more, cumulative)
and reduction for some time during normal years (or is
artificially drained) anceither.

1. Consists of organic soil material that:

a. Is 20 to 60 cm thick and either contains 75 percent or
more (by volumeBphagnuniibers or has a bulk density,
moist, of less than 0.Dbr

b. 1s 20 to 40 cm thickor

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

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

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

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

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

Melanic Epipedon

Required Characteristics
The melanic epipedon hasth of the following:

1. An upper boundary at, or within 30 cm of, either the
mineral soil surface or the upper boundary of an organic layer

with andic soil properties (defined below), whichever is
shallower;and

2. In layers with a cumulative thickness of 30 cm or more
within a total thickness of 40 crall of the following:

a. Andic soil properties throughowtnd

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

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

Mollic Epipedon

Required Characteristics

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

1. When dryeither or both

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

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

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

3. Oneof the following:
a. All of the following:

(1) Colors with a value of 3 or less, moist, and of 5 or
less, dry;and

(2) Colors with chroma of 3 or less, moiahd

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

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

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

4. A base saturation (by NBAc) of 50 percent or morend
5. An organic-carbon content of:

a. 2.5 percent or more if the epipedon has a color value,
moist, of 4 or 5pr
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b. 0.6 percent more than that of the C horizon (if one Ochric Epipedon

occurs) if the mollic epipedon has a color value less than 1

Munsell unit lower or chroma less than 2 units lower (both The ochric epipedon fails to meet the definitions for any of
moist and dry) than the C horizoaor, the other seven epipedons because it is too thin or too dry

too high a color value or chroma, contains too little organi
carbon, has too high anvalue or melanic index, or is both
massive and hard or harder when dry . Many ochric epipedons
have either a Munsell color value of 4 or more, moist, and 6 or
more, dry, or chroma of 4 or more, or they include an A or Ap
horizon that has both low color values and low chroma but is
too thin to be recognized as a mollic or umbric epipedon (and
has less than 15 percent calcium carbonate equivalent in the

c. 0.6 percent or mor@nd

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

a. 10 cm or the depth of the noncemented soil if the fine-earth fraction). Ochric epipedons also include horizons of
epipedon is loamy very fine sand or finer and is directly organic materials that are too thin to meet the requirements for
above a densic, lithic, or paralithic contact, a petrocalcic a histic or folistic epipedon.

horizon, or a duripan that is within 18 cm of the mineral The ochric epipedon includes eluvial horizons that are at or
soil surfacepr near the soil surface, and it extends to the first underlying

diagnostic illuvial horizon (defined below as an argillic,
kandic, natric, or spodic horizon). If the underlying horizon is
a B horizon of alteration (defined below as a cambic or oxic
horizon) and there is no surface horizon that is appreciably
darkened by humus, the lower limit of the ochric epipedon is
the lower boundary of the plow layer or an equivalent depth

c. 25 cm or more iéll of the following are 75 cm or more (18 cm) in a soil that has not been plowed. Actually, the same
below the mineral soil surface: horizon in an unplowed soil may be both part of the epipedon
and part of the cambic horizon; the ochric epipedon and the
subsurface diagnostic horizons are not all mutually exclusive.
The ochric epipedon does not have rock structure and does not
(2) The lower boundary of any argillic, cambic, natric, include finely stratified fresh sediments, nor can it be an Ap
oxic, or spodic horizon (defined belovand horizon directly overlying such deposits.

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

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

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

Plaggen Epipedon

d. 18 cm if the epipedon is loamy very fine sand or finerin ~ The plaggen epipedon is a human-made surface layer 50 cm

some part and one-third or more of the total thickness or more thick that has been produced by long-continued
between the top of the epipedon and the shallowest of any manuring.

features listed in item 6-c is less than 75 cm below the A plaggen epipedon can be identified by several means.
mineral soil surfaceor Commonly, it contains artifacts, such as bits of brick and

pottery, throughout its depth. There may be chunks of diverse
materials, such as black sand and light gray sand, as large as
the size held by a spade. The plaggen epipedon normally shows
7. Phosphate: spade marks throughout its depth and also remnants of thin
stratified beds of sand that were probably produced on the soil
surface by beating rains and were later buried by spading. A
map unit delineation of soils with plaggen epipedons would

b. Content decreasing irregularly with increasing depth  tend to have straight-sided rectangular bodies that are higher
below the epipedorgr than the adjacent soils by as much as or more than the
thickness of the plaggen epipedon.

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

a. Content less than 1,500 milligrams per kilogram
soluble in 1 percent citric acidy

c. Nodules are within the epipedand

8. Some part of the epipedon is moist for 90 days or more Umbric Epipedon
(cumulative) in normal years during times when the soil
temperature at a depth of 50 cm i¥5or higher, if the solil is Required Characteristics

not irrigated;and The umbric epipedon consists of mineral soil materials and

9. Then value (defined below) is less than 0.7. has the following properties:
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1. When dryeither or both 6. Phosphate:
a. Structural units with a diameter of 30 cm or less or a. Content less than 1,500 milligrams per kilogram
secondary structure with a diameter of 30 cm or l&ss; soluble in 1 percent citric acidy
b. A moderately hard or softer rupture-resistance class; b. Content decreasing irregularly with increasing depth
and below the epipedorgr

2. All of the following: c. Nodules are within the epipedand

a. Colors with a value of 3 or less, moist, and of 5 or less, 7. Some part of the epipedon is moist for 90 days or more

dry; and (cumulative) in normal years during times when the soil

b. Colors with chroma of 3 or lesand tempe_rature.at a depth of 50 cm i¥5or higher, if the soil is
not irrigated;and

c. If the soil has a C horizon, the umbric epipedon has a

color value at least 1 Munsell unit lower or chroma at least 8. Then value (defined below) is less than Cafid

2 units lower (both moist and dry) than that of the C 9. The umbric epipedon does not have the artifacts, spade
horizon or the epipedon has at least 0.6 percent more marks, and raised surfaces that are characteristic of the
organic carbon than that of the C horizend plaggen epipedon.

3. A base saturation (by NBAc) of less than 50 percent in

some or all partsand Diagnostic Subsurface Horizons

4. An organic-carbon content of. The horizons described in this section form below the

a. 0.6 percent more than that of the C horizon (if one surface of the soil, although in some areas they form directly

occurs) if the umbric epipedon has a color value less than 1 below a layer of leaf litter. They may be exposed at the surface

Munsell unit lower or chroma less than 2 units lower (both by truncation of the soil. Some of these horizons are generally

moist and dry) than the C horizoaor, regarded as B horizons, some are considered B horizons by

b. 0.6 percent or morend many but not all pedplogists, and others are generally regarded
as parts of the A horizon.

5. After mixing of the upper 18 cm of the mineral soil or

of the whole mineral soil if its depth to a densic, lithic, or Agric Horizon

paralithic contact or a duripan (all defined below) is less

than 18 cm, the minimum thickness of the epipedon is as The agric horizon is an illuvial horizon that has formed
follows: under cultivation and contains significant amounts of illuvial

a. 10 cm or the depth of the noncemented soil if the silt, clay, and humus.

epipedon is loamy very fine sand or finer and is directly Required Characteristics
above a densic, lithic, or paralithic contact or a duripan that

is within 18 cm of the mineral soil surface: The agric horizon is directly below an Ap horizon and has

the following properties:
b. 25 cm or more if the epipedon is loamy fine sand or

coarser throughout or if there are no underlying diagnostic
horizons (defined below) and the organic-carbon content of a. b5 percent or more (by volume) wormholes, including

1. A thickness of 10 cm or more aaither.

the underlying materials decreases irregularly with coatings that are 2 mm or more thick and have a value,
increasing depthor moist, of 4 or less and chroma of 2 or less;

c. 25 cm or more if the lower boundary of any argillic, b. 5 percent or more (by volume) lamellae that have a
cambic, natric, oxic, or spodic horizon (defined below) is 75  thickness of 5 mm or more and have a value, moist, of 4 or
cm or more below the mineral soil surface; less and chroma of 2 or less.

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

Albic Horizon

The albic horizon is an eluvial horizon, 1.0 cm or more
thick, that has 85 percent or more (by volume) albic materials
(defined below). It generally occurs below an A horizon but
e. 18 cm or more if none of the above conditions apply; may be at the mineral soil surface. Under the albic horizon
and there generally is an argillic, cambic, kandic, natric, or spodic
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horizon or a fragipan (defined below). The albic horizon may
lie between a spodic horizon and either a fragipan or an argillic
horizon, or it may be between an argillic or kandic horizon and
a fragipan. It may lie between a mollic epipedon and an argillic
or natric horizon or between a cambic horizon and an argillic,
kandic, or natric horizon or a fragipan. The albic horizon may
separate horizons that, if they were together, would meet the
requirements for a mollic epipedon. It may separate lamellae
that together meet the requirements for an argillic horizon.
These lamellae are not considered to be part of the albic
horizon.

Argillic Horizon

An argillic horizon is normally a subsurface horizon with a
significantly higher percentage of phyllosilicate clay than the
overlying soil material. It shows evidence of clay illuviation.
The argillic horizon forms below the soil surface, but it may be
exposed at the surface later by erosion.

Required Characteristics

1. All argillic horizons must medioth of the following
requirements:

a. Oneof the following:

(1) If the argillic horizon is coarse-loamy, fine-loamy,
coarse-silty, fine-silty, fine, or very-fine or is loamy or
clayey, including skeletal counterparts, it must be at least

2.
discontinuity between it and the illuvial horizon and no plo
layer directly above the illuvial layer, then the illuvial horizd
must contain more total clay than the eluvial horizon within a
vertical distance of 30 cm or less, as follows:

the ratio of fine clay to total clay in the illuvial horizon is
greater by 1.2 times or more than the ratio in the eluvial
horizon; and

D
[

If an eluvial horizon remains and there is no lithologic

A

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

b. If the eluvial horizon has 15 to 40 percent total clay in
the fine-earth fraction, the argillic horizon must have at
least 1.2 times more clay than the eluvial horizon;

c. If the eluvial horizon has 40 percent or more total clay

in the fine-earth fraction, the argillic horizon must contain

at least 8 percent (absolute) more clay (42 percent versus 50
percent, for example).

Calcic Horizon

The calcic horizon is an illuvial horizon in which secondary

calcium carbonate or other carbonates have accumulated to a
significant extent.

7.5 cm thick or at least one-tenth as thick as the sum of Required Characteristics

the thickness of all overlying horizons, whichever is
greater. For example, if the eluvial and illuvial horizons

The calcic horizon haall of the following properties:

together are more than 150 cm thick, then the argillic 1. Is 15 cm or more thiclgnd
horizon must be 15 cm or more thick, 2. Is not indurated or cemented to such a degree that it meets
(2) If the argillic horizon is sandy or sandy-skeletal, it  the requirements for a petrocalcic horizeand
must be at least 15 cm thiabe, .
3. Hasone or moreof the following:

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

b. Evidence of clay illuviation in at leagheof the
following forms:

(1) Oriented clay bridging the sand graios;
(2) Clay films lining porespr

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

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

(5) If the coefficient of linear extensibility is 0.04 or
higher and the soil has distinct wet and dry seasons, then

a. 15 percent or more CaC€quivalent (see below), and
its CaCQ equivalent is 5 percent or more (absolute) higher
than that of an underlying horizoar

b. 15 percent or more CaG@quivalent and 5 percent or
more (by volume) identifiable secondary carbonates;

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

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

(2) A sandy, sandy-skeletal, coarse-loamy, or loamy-
skeletal particle-size clasand

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

Cambic Horizon

A cambic horizon is the result of physical alterations,
chemical transformations, or removals or of a combination of
two or more of these processes.

Required Characteristics

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

1. Has a texture of very fine sand, loamy very fine sand, or
finer; and

2. Shows evidence of alterationdne of the following
forms:

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

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

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

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

(&) Value of 3 or less and chroma ofob;
(b) Value of 4 or more and chroma of 1 or lass;

(c) Any value, chroma of 2 or less, and redox
concentrationspr

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

properties:

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

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

3. Has properties that do not meet the requirements for an
anthropic, histic, folistic, melanic, mollic, plaggen, or umbric
epipedon, a duripan or fragipan, or an argillic, calcic, gypsic,
natric, oxic, petrocalcic, petrogypsic, placic, or spodic horizon;
and

4. Is not part of an Ap horizon, is not appreciably darkened

(does not meet the color requirements for a mollic or umbric
epipedon), and is not brittle.

Duripan

Required Characteristics

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

A duripan must meall of the following requirements:

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

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

3. Less than 50 percent of the volume of air-dry fragments
slakes in 1N HCI even during prolonged soaking, but more

than 50 percent slakes in concentrated KOH or NaOH or in
alternating acid and alkalgnd

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

Fragipan

Required Characteristics

To be identified as a fragipan, a layer must ral/ef the
following characteristics:

1. The layer is 15 cm or more thicknd

2. The layer shows evidence of pedogenesis within the
horizon or, at a minimum, on the faces of structural uaitsl;

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

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

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

Glossic Horizon

The glossic horizon (Gglossa tongue) develops as a result
of the degradation of an argillic, kandic, or natric horizon from
which clay and free iron oxides are removed.
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Required Characteristics (1) 4 percent or more (absolute) higher than that in the
. . . . . . surface horizon if that horizon has less than 20 percent
The glossic horizon is 5 cm or more thick and consists of: : ' .
total clay in the fine-earth fractiooy
1. An eluvial part, i.e., albic materials (defined below), which
constitute 15 to 85 percent (by volume) of the glossic horizon;

and

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

2. An illuvial part, i.e., remnants (pieces) of an argillic,

kandic, or natric horizon (defined below). (3) 8 percent or more (absolute) higher than that in the

surface horizon if that horizon has more than 40 percent
total clay in the fine-earth fractioand

b. At a depth:

Gypsic Horizon

The gypsic horizon is an illuvial horizon in which

secondary gypsum has accumulated to a significant extent. (1) Between 100 cm and 200 cm from the mineral soil

surface if the particle-size class is sandy or sandy-skeletal
Required Characteristics throughout the upper 100 cror,

A gypsic horizon haall of the following properties: (2) Within 100 cm from the mineral soil surface if the

. clay content in the fine-earth fraction of the surface

1. Is 15 cm or more thicland 4 :
horizon is 20 percent or morer,

2. Is not cemented or indurated to such a degree that it meets

: . . (3) Within 125 cm from the mineral soil surface for all
the requirements for a petrogypsic horizand

other soils;and
3. Is 5 percent or more gypsum and 1 percent or more (by 3 Has a thickness @fither
volume) secondary visible gypsuand

4. Has a product of thickness, in cm, multiplied by the a. 30 cm or morepr
gypsum content percentage of 150 or more. b. 15 cm or more if there is a densic, lithic, paralithic, or
petroferric contact within 50 cm of the mineral soil surface
and the kandic horizon constitutes 60 percent or more of the

vertical distance between a depth of 18 cm and the contact;

Thus, a horizon 30 cm thick that is 5 percent gypsum
qualifies as a gypsic horizon if it is 1 percent or more (by
volume) visible gypsum and is not cemented or indurated to
such a degree that it meets the requirements for a petrogypsic
horizon. 4. Has a texture of loamy very fine sand or firgd

The gypsum percentage can be calculated by multiplying
the milliequivalents of gypsum per 100 g soil by the
milliequivalent weight of CaSE2H,0, which is 0.086.

5. Has an apparent CEC of 16 cmol(+) or less per kg clay (by
1IN NH,OAc pH 7) and an apparent ECEC of 12 cmol(+) or
less per kg clay (sum of bases extracted with 1NOW¢ pH 7
plus 1N KCl-extractable Al) in 50 percent or more of its
thickness between the point where the clay increase
requirements are met and either a depth of 100 cm below that
point or a densic, lithic, paralithic, or petroferric contact if

The kandic horizon: shallower. (The percentage of clay is either measured by the
pipette method or estimated to be 2.5 times [percent water
retained at 1500 kPa tension minus percent organic carbon],
whichever is higher, but no more than 10)d

Kandic Horizon*

Required Characteristics

1. s a vertically continuous subsurface horizon that underlies
a coarser textured surface horizon. The minimum thickness of
the surface horizon is 18 cm after mixing or 5 cm if the
textural transition to the kandic horizon is abrupt and there is 6. Has a regular decrease in organic-carbon content with
no densic, lithic, paralithic, or petroferric contact (defined increasing depth, no fine stratification, and no overlying layers
below) within 50 cm of the mineral soil surfaeeid more than 30 cm thick that have fine stratification and/or an
2. Has its upper boundary: _organic_-carbon content that decreases irregularly with
increasing depth.

a. At the point where the clay percentage in the fine-earth
fraction, increasing with depth within a vertical distance of Natric Horizon
15 cm or less, isither.

Required Characteristics

1The concept of the kandic horizon and the “kandi” and “kanhapli” great groups of soils . . . " .
represent the work of the International Committee on the Classification of Low Activity Clays The natric horizon has, in addition to the properties of the

(ICOMLAC), chaired by Dr. Frank R. Moormann. argillic horizon:
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1. Either:

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

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

2. Either:

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

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

Ortstein

Required Characteristics
Ortstein hasll of the following:
1. Consists of spodic materiaksd
2. Isin alayer that is 50 percent or more cemergrd,;

3. Is 25 mm or more thick.

Oxic Horizon

Required Characteristics

The oxic horizon is a subsurface horizon that does not have

andic soil properties (defined below) and biof the
following characteristics:

1. A thickness of 30 cm or morand

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

3. Less than 10 percent weatherable minerals in the 50-
to 200-micron fractionand

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

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

a. Less than 4 percent (absolute) in its fine-earth fraction
if the fine-earth fraction of the surface horizon contains less
than 20 percent clayr

b. Less than 20 percent (relative) in its fine-earth fraction

if the fine-earth fraction of the surface horizon contains 20
to 40 percent claygr

c. Less than 8 percent (absolute) in its fine-earth fraction
if the fine-earth fraction of the surface horizon contains 40
percent or more claygnd

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

Petrocalcic Horizon

The petrocalcic horizon is an illuvial horizon in which
secondary calcium carbonate or other carbonates have
accumulated to the extent that the horizon is cemented or
indurated.

Required Characteristics

A petrocalcic horizon must meet the following
requirements:

1. The horizon is cemented or indurated by carbonates, with
or without silica or other cementing agerdasg

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

a. 10 cm or morepr

b. 1 cm or more if it consists of a laminar cap directly
underlain by bedrock.

Petrogypsic Horizon

The petrogypsic horizon is an illuvial horizon, 10 cm or
more thick, in which secondary gypsum has accumulated to the
extent that the horizon is cemented or indurated.

Required Characteristics

A petrogypsic horizon must meet the following
requirements:

1. The horizon is cemented or indurated by gypsum, with or
without other cementing agentmd

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

3. The horizon is 10 cm or more thicknd
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4. The horizon is 5 percent or more gypsum, and the product oxic horizon. If peds are present, the dark colors are most

of its thickness, in cm, multiplied by the gypsum content pronounced on surfaces of peds.
percentage is 150 or more. In the field a sombric horizon is easily mistaken for a
buried A horizon. It can be distinguished from some buried
Placic Horizon epipedons by lateral tracing. In thin sections the organic
matter of a sombric horizon appears more concentrated o
The placic horizon (Gr. base pfax, flat stone; meaning a peds and in pores than uniformly dispersed throughout the

thin cemented pan) is a thin, black to dark reddish pan that is matrix.
cemented by iron (or iron and manganese) and organic matter.

Required Characteristics Spodic Horizon

A placic horizon must meet the following requirements: A spodic horizon is an illuvial layer with 85 percent or more

1. The horizon is cemented or indurated with iron or iron spodic materials (defined below).

and manganese and organic matter, with or without other Required Characteristics

cementing agentsind A spodic horizon is normally a subsurface horizon

2. Because of lateral continuity, roots can penetrate only underlying an O, A, Ap, or E horizon. It may, however, meet

along vertical fractures with a horizontal spacing of 10 cm or the definition of an umbric epipedon.

more;and A spodic horizon must have 85 percent or more spodic
materials in a layer 2.5 cm or more thick that is not part of any

3. The horizon has a minimum thickness of 1 mm and, WhereA horizon
associated with spodic materials, is less than 25 mm thick. P ’

Salic Horizon Other Diagnostic Soil Characteristics

(Mineral Soils)

A salic horizon is a horizon of accumulation of salts that are
more soluble than gypsum in cold water. Diagnostic soil characteristics are features of the soil that
Required Characteristics are used_ in various places in the keys or in definitions of
diagnostic horizons.

A salic horizon is 15 cm or more thick and has, for 90
consecutive days or more in hormal years: Abrupt Textural Change

1. An electrical conductivity (EC) equal to or greater than 30

ds/m in a saturated pasend An abrupt textural change is a specific kind of change that

may occur between an ochric epipedon or an albic horizon and

2. A product of the EC, in dS/m, and thickness, in cm, an argillic horizon. It is characterized by a considerable

equal to 900 or more. increase in clay content within a very short vertical distance in
the zone of contact. If the clay content in the fine-earth fraction

Sombric Horizon of the ochric epipedon or albic horizon is less than 20 percent,

it doubles within a vertical distance of 7.5 cm or less. If the

A sombric horizon (Fsombre dark) is a subsurface horizon clay content in the fine-earth fraction of the ochric epipedon or
in mineral soils that has formed under free drainage. It the albic horizon is 20 percent or more, there is an increase of
contains illuvial humus that is neither associated with 20 percent or more (absolute) within a vertical distance of 7.5
aluminum, as is the humus in the spodic horizon, nor dispersed&m or less (e.g., an increase from 22 to 42 percent) and the clay
by sodium, as is common in the natric horizon. Consequently, content in some part of the argillic horizon is 2 times or more
the sombric horizon does not have the high cation-exchange the amount contained in the overlying horizon.
capacity in its clay that characterizes a spodic horizon and does Normally, there is no transitional horizon between an ochric
not have the high base saturation of a natric horizon. It does epipedon or an albic horizon and an argillic horizon, or the

not underlie an albic horizon. transitional horizon is too thin to be sampled. Some soils,
Sombric horizons are thought to be restricted to the cool,  however, have a glossic horizon or interfingering of albic
moist soils of high plateaus and mountains in tropical or materials (defined below) in parts of the argillic horizon. The
subtropical regions. Because of strong leaching, their base upper boundary of such a horizon is irregular or even
saturation is low (less than 50 percent by, &Kc). discontinuous. Sampling this mixture as a single horizon

The sombric horizon has a lower color value or chroma, or might create the impression of a relatively thick transitional
both, than the overlying horizon and commonly contains more horizon, whereas the thickness of the actual transition at the
organic matter. It may have formed in an argillic, cambic, or  contact may be no more than 1 mm.
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Albic Materials Required Characteristics

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

Albic (L. albus white) materials are soil materials with a
color that is largely determined by the color of primary sand
and silt particles rather than by the color of their coatings. This
definition implies that clay and/or free iron oxides have been 1. In the fine-earth fractiorgll of the following:
removed from the materials or that the oxides have been
segregated to such an extent that the color of the materials is
largely determined by the color of the primary particles.

a. Aluminum plusz iron percentages (by ammonium
oxalate) totaling 2.0 percent or moesid

. . b. A bulk density, measured at 33 kPa water retention, of
Required Characteristics ’

0.90 g/cnm or less;and
Albic materials havene of the following colors: c. A phosphate retention of 85 percent or more:

1. Chroma of 2 orlessind either 2. In the fine-earth fraction, a phosphate retention of 25

a. A color value, moist, of 3 and a color value, dry, of 6 or percent or more, 30 percent or more particles 0.02 to 2.0 mm

more;or in size, andne of the following:
b. A color value, moist, of 4 or more and a color value, a. Aluminum plusz iron percentages (by ammonium
dry, of 5 or morepr oxalate) totaling 0.40 or more and, in the 0.02 to 2.0 mm

2. Chroma of 3 or lesand either fraction, 30 percent or more volcanic glass;

b. Aluminum plusYz iron percentages (by ammonium

a. A color value, moist, of 6 or morex oxalate) totaling 2.0 or more and, in the 0.02 to 2.0 mm

b. A color value, dry, of 7 or morey fraction, 5 percent or more volcanic glass;
3. Chroma that is controlled by the color of uncoated grains ¢. Aluminum plus!/z iron percentages (by ammonium
of silt or sand, hue of 5YR or redder, and the color values listed oxalate) totaling between 0.40 and 2.0 and, in the 0.02 to
in item 1-a or 1-b above. 2.0 mm fraction, enough volcanic glass so that the glass

percentage, when plotted against the value obtained by
adding aluminum plud: iron percentages in the fine-earth
fraction, falls within the shaded area of figure 1.

Relatively unaltered layers of light colored sand, volcanic
ash, or other materials deposited by wind or water are not
considered albic materials, although they may have the same
color and apparent morphology. These deposits are parent
materials that are not characterized by the removal of clay Anhydrous Conditions
and/or free iron and do not overlie an illuvial horizon or other

soil horizon, except for a buried soil. Light colored krotovinas Anhydrous conditions (Ganydros waterless) refer to the
or filled root channels should be considered albic materials active layer in soils of cold deserts and other areas with
only if they have no fine stratifications or lamellae, if any permafrost (often dry permafrost) and low precipitation

sealing along the krotovina walls has been destroyed, and if  (usually less than 50 mm water equivalent). Anhydrous soil
these intrusions have been leached of free iron oxides and/or conditions are similar to the aridic (torric) soil moisture

clay after deposition. regimes, except that the soil temperature is less th@n 0
Andic Soil Properties Coefficient of Linear Extensibility (COLE)

Andic soil properties result mainly from the presence of The coefficient of linear extensibility (COLE) is the ratio of
significant amounts of allophane, imogolite, ferrihydrite, or the difference between the moist length and dry length of a
aluminum-humus complexes in soils. These materials, clod to its dry length. It is (Lm - Ld)/Ld, where Lm is the
originally termed “amorphous” (but understood to contain length at 33 kPa tension and Ld is the length when dry. COLE
allophane) in the 1975 edition 8bil TaxonomyUSDA, SCS, can be calculated from the differences in bulk density of the
1975), are commonly formed during the weathering of tephra clod when moist and when dry. An estimate of COLE can be
and other parent materials with a significant content of calculated in the field by measuring the distance between two

volcanic glass. Although volcanic glass is or was a common  pins in a clod of undisturbed soil at field capacity and again
component in many Andisols, it is not a requirement of the after the clod has dried. COLE does not apply if the shrinkage
Andisol order. is irreversible.
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a0 Fragic Soil Properties

Fragic soil properties are the essential properties of a
Andic So fragipan. They have neither the layer thickness nor volumd
Propestio requirements for the fragipan. Fragic soil properties are in
subsurface horizons, although they can be at or near the 3
oy . in truncated soils. Aggregates with fragic soil properties have a
Y . firm or firmer rupture-resistance class and a brittle manner of
] % failure when soil water is at or near field capacity. Air-dry
T-1 1] . \ fragments of the natural fabric, 5 to 10 cm in diameter, slake
T Y when they are submerged in water. Aggregates with fragic soil
! i properties show evidence of pedogenesis, including one or
| . ! \ more of the following: oriented clay within the matrix or on
' . . \ faces of peds, redoximorphic features within the matrix or on

oo -
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faces of peds, strong or moderate soil structure, and coatings of
albic materials or uncoated silt and sand grains on faces of
Tt \ peds or in seams. Peds with these properties are considered to
.. have fragic soil properties regardless of whether or not the
A | density and brittleness are pedogenic.

“a - \g Soil aggregates with fragic soil properties must:

: 1. Show evidence of pedogenesis within the aggregates or, at
1 | A a minimum, on the faces of the aggregatesi

10

Cilass n BOE — 2.0 mm Irgchicn (4%]

, _ 1
N . | 2% ST T 2. Slake when air-dry fragments of the natural fabric, 5 to 10
. d R . . -—-—|— cm in diameter, are submerged in water

2 10 1FE an 3. Have a firm or firmer rupture-resistance class and a brittle
manner of failure when soil water is at or near field capacity;

Agig—gralale—ertraciable alurwrom and
« 112 acic-oxalaie—axtractabla iron (S0 ho ) ) ] )
less shan 2.1 mm frachisn 4. Restrict the entry of roots into the matrix when soil water

is at or near field capacity.

ra

Figure 1.—Soils that are plotted in the shaded area have andic soil
properties. A soil has these properties if the fraction less than 2.0 mm .
in size has phosphate retention of more than 25 percent and the 0.02 to Identifiable Secondary Carbonates
2.0 mm fraction is at least 30 percent of the fraction less than 2.0 mm

in size. The term “identifiable secondary carbonates” is used in the

definitions of a number of taxa. It refers to translocated

Durinodes authigenic calcium carbonate that has been precipitated in
place from the soil solution rather than inherited from a soil

Durinodes (L.durus hard, anchodus knot) are weakly parent material, such as a calcareous loess or till.

cemented to indurated nodules with a diameter of 1 cm or Identifiable secondary carbonates either may disrupt the soil

more. The cement is Sjpresumably opal and structure or fabric, forming masses, nodules, concretions, or

microcrystalline forms of silica. Durinodes break down in hot  spheroidal aggregates (white eyes) that are soft and powdery

concentrated KOH after treatment with HCI to remove when dry, or may be present as coatings in pores, on structural

carbonates but do not break down with concentrated HCI alonefaces, or on the undersides of rock or pararock fragments. If
Dry durinodes do not slake appreciably in water, but prolonged present as coatings, the secondary carbonates cover a
soaking can result in spalling of very thin platelets. Durinodes significant part of the surfaces. Commonly, they coat all of the
are firm or firmer and brittle when wet, both before and after  surfaces to a thickness of 1 mm or more. If little calcium
treatment with acid. Most durinodes are roughly concentric carbonate is present in the soil, however, the surfaces may be
when viewed in cross section, and concentric stringers of opal only partially coated. The coatings must be thick enough to be
are visible under a hand lens. visible when moist. Some horizons are entirely engulfed by
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carbonates. The color of these horizons is largely determined horizon is not required above the uppermost lamella if the soil

by the carbonates. The carbonates in these horizons are withinis truncated.)

the concept of identifiable secondary carbonates. Lamellae may meet the requirements for either a cambic or
The filaments commonly seen in a dry calcareous horizon an argillic horizon. A combination of two or more lamellae 15

are within the meaning of identifiable secondary carbonates if c¢m or more thick is a cambic horizon if the texture is very fine

the filaments are thick enough to be visible when the soil is sand, loamy very fine sand, or finer. A combination of two or

moist. Filaments commonly branch on structural faces. more lamellae meets the requirements for an argillic horizon if
there is 15 cm or more cumulative thickness of lamellae that
Interfingering of Albic Materials are 0.5 cm or more thick and that have a clay contesitlugr.

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

The term “interfingering of albic materials” refers to albic
materials that penetrate 5 cm or more into an underlying
argillic, kandic, or natric horizon along vertical and, to a lesser
degree, horizontal faces of peds. There need not be a
continuous overlying albic horizon. The albic materials 2. 20 percent or more (relative) higher than in the overlying
constitute less than 15 percent of the layer that they penetrate, eluvial horizon (e.g., 24 percent versus 20 percent) if all parts
but they form continuous skeletans (ped coatings of clean silt of the eluvial horizon have more than 15 percent clay in the
or sand defined by Brewer, 1976) 1 mm or more thick on the fine-earth fraction.
vertical faces of peds, which means a total width of 2 mm or
more between abutting peds. Because quartz is such a commo
constituent of silt and sand, these skeletans are usually light
gray when moist and nearly white when dry, but their color is
determined in large part by the color of the sand or silt
fraction.

Linear Extensibility (LE)

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

Interfingering of albic materials is recognized if albic soil horizons.

materials: . . . L
Lithologic Discontinuities
1. Penetrate 5 cm or more into an underlying argillic or

natric horizon;and Lithologic discontinuities are significant changes in
particle-size distribution or mineralogy that represent
differences in lithology within a soil. A lithologic discontinuity
can also denote an age difference. For information on using
3. Constitute less than 15 percent (by volume) of the layer  horizon designations for lithologic discontinuities, seeSbé

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

that they penetrate. Survey Manua(USDA, SCS, 1993).
Not everyone agrees on the degree of change required for a
Lamellae lithologic discontinuity. No attempt is made to quantify

lithologic discontinuities. The discussion below is meant to

A lamella is an illuvial horizon less than 7.5 cm thick. Each serve as a guideline.
lamella contains an accumulation of oriented silicate clay on or  Several lines of field evidence can be used to evaluate
bridging sand and silt grains (and rock fragments if any are lithologic discontinuities. In addition to mineralogical and
present). A lamella has more silicate clay than the overlying textural differences that may require laboratory studies, certain
eluvial horizon. observations can be made in the field. These include but are
not limited to the following:

1. Abrupt textural contacts—An abrupt change in

A lamella is an illuvial horizon less than 7.5 cm thick particle-size distribution, which is not solely a change in clay
formed in unconsolidated regolith more than 50 cm thick. content resulting from pedogenesis, can often be observed.
Each lamella contains an accumulation of oriented silicate clay 2. Contrasting sand sizes—Significant changes in sand
on or bridging the sand and silt grains (and coarse fragments ifsize can be detected. For example, if material containing
any are present). Each lamella is required to have more silicatemostly medium sand or finer sand abruptly overlies material
clay than the overlying eluvial horizon. containing mostly coarse sand and very coarse sand, one can

Lamellae occur in a vertical series of two or more, and each assume that there are two different materials. Although the
lamella must have an overlying eluvial horizon. (An eluvial materials may be of the same mineralogy, the contrasting sand

Required Characteristics
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sizes result from differences in energy at the time of deposition
by water and/or wind.

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

4. Stone lines—The occurrence of a horizontal line of
rock fragments in the vertical sequence of a soil indicates that
the soil may have developed in more than one kind of parent
material. The material above the stone line is most likely
transported, and the material below may be of different origin.

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

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

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

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

9. Micromorphological features—Marked differences in

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

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

n Value

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

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

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

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

Few data for calculations of tlmevalue are available in the

the size and shape of resistant minerals in one horizon and notJnited States, but the criticalvalue of 0.7 can be

in another are indicators of differences in materials.
Use of Laboratory Data

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

1. Laboratory data—visual scan—The array of

approximated closely in the field by a simple test of squeezing
a soil sample in the hand. If the soil flows between the fingers
with difficulty, then value is between 0.7 and 1.0 (slightly fluid
manner of failure class); if the soil flows easily between the
fingers, then value is 1 or more (moderately fluid or very fluid
manner of failure class).

Petroferric Contact

A petroferric (Gr.petra, rock, and Lferrum iron; implying

laboratory data is assessed in an attempt to determine if a fieldironstone) contact is a boundary between soil and a continuous

designated discontinuity is corroborated and if any data show
evidence of a discontinuity not observed in the field. One must
sort changes in lithology from changes caused by pedogenic
processes. In most cases the quantities of sand and coarser

fractions are not altered significantly by soil-forming processes.

layer of indurated material in which iron is an important
cement and organic matter is either absent or present only in
traces. The indurated layer must be continuous within the
limits of each pedon, but it may be fractured if the average
lateral distance between fractures is 10 cm or more. The fact

Therefore, an abrupt change in sand size or sand mineralogy ighat this ironstone layer contains little or no organic matter

a clue to lithologic change. Gross soil mineralogy and the
resistant mineral suite are other clues.

distinguishes it from a placic horizon and an indurated spodic
horizon (ortstein), both of which contain organic matter.
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Several features can aid in making the distinction between asoils. The less common ones include sphene, rutile, zircon,

lithic contact and a petroferric contact. First, a petroferric tourmaline, and beryl.

contact is roughly horizontal. Second, the material directly

below a petroferric contact contains a high amount of iron Slickensides

(normally 30 percent or more f&). Third, the ironstone

sheets below a petroferric contact are thin; their thickness Slickensides are polished and grooved surfaces and

ranges from a few centimeters to very few meters. Sandstone, generally have dimensions exceeding 5 cm. They are produced
on the other hand, may be thin or very thick, may be level- when one soil mass slides past another. Some slickensides

bedded or tilted, and may contain only a small percentage of occur at the lower boundary of a slip surface where a mass of
Fe,0O,. In the Tropics, the ironstone is generally more or less  soil moves downward on a relatively steep slope. Slickensides

vesicular. result directly from the swelling of clay minerals and shear
failure. They are very common in swelling clays that undergo
Plinthite marked changes in moisture content.

Plinthite (Gr.plinthos brick) is an iron-rich, humus-poor Spodic Materials
mixture of clay with quartz and other minerals. It commonly
occurs as dark red redox concentrations that usually form platy, Spodic materials form in an illuvial horizon that normally
polygonal, or reticulate patterns. Plinthite changes irreversibly underlies a histic, ochric, or umbric epipedon or an albic
to an ironstone hardpan or to irregular aggregates on exposurehorizon. In most undisturbed areas, spodic materials underlie
to repeated wetting and drying, especially if it is also exposed an albic horizon. They may occur within an umbric epipedon
to heat from the sun. The lower boundary of a zone in which  or an Ap horizon.
plinthite occurs generally is diffuse or gradual, but it may be A horizon consisting of spodic materials normally has an
abrupt at a lithologic discontinuity. optical-density-of-oxalate-extract (ODOE) value of 0.25 or
Generally, plinthite forms in a horizon that is saturated with more, and that value is commonly at least 2 times as high as
water for some time during the year. Initially, iron is normally  the ODOE value in an overlying eluvial horizon. This increase
segregated in the form of soft, more or less clayey, red or dark in ODOE value indicates an accumulation of translocated
red redox concentrations. These concentrations are not organic materials in an illuvial horizon. Soils with spodic
considered plinthite unless there has been enough segregationmaterials show evidence that organic materials and aluminum,
of iron to permit their irreversible hardening on exposure to  with or without iron, have been moved from an eluvial horizon
repeated wetting and drying. Plinthite is firm or very firm to an illuvial horizon.
when the soil moisture content is near field capacity and hard
when the moisture content is below the wilting point. Plinthite
does not harden irreversibly as a result of a single cycle of Spodic materials are mineral soil materials that do not have
drying and rewetting. After a single drying, it will remoisten all of the properties of an argillic or kandic horizon; are
and then can be dispersed in large part if one shakes it in watedominated by active amorphous materials that are illuvial and
with a dispersing agent. are composed of organic matter and aluminum, with or without
In a moist soil, plinthite is soft enough to be cut with a iron; and havéooth of the following:
spade_. After_lrreversm_)le hardening, it is no longer con5|de_red 1. A pH value in water (1:1) of 5.9 or less and an organic-
plinthite but is called ironstone. Indurated ironstone materials carbon content of 0.6 percent or maaa
can be broken or shattered with a spade but cannot be disperseé1 P
if one shakes tham in water with a dispersing agent. 2. One or bothof the following:

Definition of Spodic Materials

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

Resistant Minerals

Several references are made to resistant minerals in this
taxonomy. Obviously, the stability of a mineral in the soil is a
partial function of the soil moisture regime. Where resistant (1) Hue of 5YR or redder
minerals are referred to in the definitions of diagnostic
horizons and of various taxa, a humid climate, past or present,
is always assumed.

Resistant minerals are durable minerals in the 0.02 to 2.0 (3) Hue of 10YR or neutral and a color value and
mm fraction. Quartz is the most common resistant mineral in chroma of 2 or lesgyr

(2) Hue of 5YR, color value of 5 or less, and chroma
of 4 or lesspr
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(4) A color of 10YR 3/1pr Characteristics Diagnostic for

b. With or without an albic horizon and one of the colors 1 1
listed above or hue of 7.5YR, color value, moist, of 5 or less, Orgar"C SO”S

chroma of 5 or 6 (crushed and smoothed sample)paad Following is a description of the characteristics that are
or moreof the following morphological or chemical used only with organic soils.
properties:

(1) Cementation by organic matter and aluminum, with Kinds of Organic Soil Materials
or without iron, in 50 percent or more of each pedon and

a very firm or firmer rupture-resistance class in the Three different kinds of organic soil materials are

cemented parpr distinguished in this taxonomy, based on the degree of

(2) 10 percent or more cracked coatings on sand grains_decomposition Of. the plant materia_lls from Which the organic_

or ‘materials are derived. The three kinds are (1) fibric, (2) hemic,
and (3) sapric. Because of the importance of fiber content in

(3) Aluminum plusYz iron percentages (by ammonium the definitions of these materials, fibers are defined before the

oxalate) totaling 0.50 or more, and half that amount or  kinds of organic soil materials.

less in an overlying umbric (or subhorizon of an umbric)

epipedon, ochric epipedon, or albic horizon; Fibers

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

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

ochric epipedon, or albic horizon. 1. Are large enough to be retained on a 100-mesh sieve
(openings 0.15 mm across) when the materials are screened,;
Weatherable Minerals and

2. Show evidence of the cellular structure of the plants from

Several references are made to weatherable minerals in thlsWhiCh they are derivedind

taxonomy. Obviously, the stability of a mineral in a soil is a
partial function of the soil moisture regime. Where weatherable3. Either are 2 cm or less in their smallest dimension or are
minerals are referred to in the definitions of diagnostic decomposed enough to be crushed and shredded with the
horizons and of various taxa in this taxonomy, a humid fingers.

climate, either present or past, is always assumed. The
minerals that are included in the meaning of weatherable
minerals are as follows:

Pieces of wood that are larger than 2 cm in cross section
and are so undecomposed that they cannot be crushed and
shredded with the fingers, such as large branches, logs, and
1. Clay minerals: All 2:1 lattice clays, except for one thatis  stumps, are not considered fibers but are considered coarse
currently considered to be an aluminum-interlayered chlorite. fragments (comparable to gravel, stones, and boulders in
Sepiolite, talc, and glauconite are also included in this group ofmineral soils).
weatherable clay minerals, although they are not everywhere of

clay size. Fibric Soil Materials

2. Silt- and sand-sized minerals (0.02 to 0.2 mm in
diameter): Feldspars, feldspathoids, ferromagnesian minerals,
glass, micas, zeolites, and apatite. 1. Contain three-fourths or more (by volume) fibers after
rubbing, excluding coarse fragments;

Fibric soil materials are organic soil materials thitter.

Obviously, this definition of the term “weatherable

minerals” is restrictive. The intent is to include, in the 2. Contain two-fifths or more (by volume) fibers after
definitions of diagnostic horizons and various taxa, only rubbing, excluding coarse fragments, and yield color values
those weatherable minerals that are unstable in a humid and chromas of 7/1, 7/2, 8/1, 8/2, or 8/3 (fig. 2) on white

climate compared to other minerals, such as quartz and 1:1  chromatographic or filter paper that is inserted into a paste
lattice clays, but that are more resistant to weathering than made of the soil materials in a saturated sodium-pyrophosphate
calcite. solution.
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Hemic Soil Materials

Hemic soil materials (Ghemi half; implying intermediate
decomposition) are intermediate in their degree of
decomposition between the less decomposed fibric and more
decomposed sapric materials. Their morphological features
give intermediate values for fiber content, bulk density, and
water content. Hemic soil materials are partly altered both
physically and biochemically.

Sapric Soil Materials

Sapric soil materials (Gsapros rotten) are the most highly
decomposed of the three kinds of organic soil materials. They
have the smallest amount of plant fiber, the highest bulk
density, and the lowest water content on a dry-weight basis at
saturation. Sapric soil materials are commonly very dark gray
to black. They are relatively stable; i.e., they change very little
physically and chemically with time in comparison to other
organic soil materials.

Sapric materials have the following characteristics:

1. The fiber content, after rubbing, is less than one-sixth (by
volume), excluding coarse fragmenasid

2. The color of the sodium-pyrophosphate extract on white
chromatographic or filter paper is below or to the right of a

line drawn to exclude blocks 5/1, 6/2, and 7/3 (Munsell
designations, fig. 2). If few or no fibers can be detected and the
color of the pyrophosphate extract is to the left of or above this
line, the possibility that the material is limnic must be
considered.

Humilluvic Material

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

To be recognized as a differentia in classification, the
humilluvic material must constitute one-half or more (by
volume) of a layer 2 cm or more thick.

Limnic Materials

The presence or absence of limnic deposits is taken into
account in the higher categories of Histosols but not Histels.
The nature of such deposits is considered in the lower
categories of Histosols. Limnic materials include both organic
and inorganic materials that were either (1) deposited in water
by precipitation or through the action of aquatic organisms,

Fibrl; pall macas0ol s e have x
nokse Flbser conlap] od dow-len@e
14 auz-1anthe By wolume

[ 1
| 1
| B |
| 1
' ogroganoun earih
e
H
L= —=1 1
&
T
1
&)
Zapric
rall
a
. HeATiniM
o
M 2 i3 ‘i L | -]
thana

Figure 2.—Value and chroma of pyrophosphate solution of fibric and sapric
materials.

such as algae or diatoms, or (2) derived from underwater and
floating aquatic plants and subsequently modified by aquatic
animals. They include coprogenous earth (sedimentary peat),
diatomaceous earth, and marl.

Coprogenous Earth

A layer of coprogenous earth (sedimentary peat) is a limnic
layer that:

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

2.

3. Either forms a slightly viscous water suspension and is
nonplastic or slightly plastic but not sticky, or shrinks upon

Has a color value, moist, of 4 or leasp
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drying, forming clods that are difficult to rewet and often tend the control section only if the water extends below a depth of

to crack along horizontal planesnd 130 or 160 cm, respectively. A densic, lithic, or paralithic
contact, if shallower than 130 or 160 cm, constitutes the lower
boundary of the control section. In some soils the lower D
boundary is 25 cm below the upper limit of permafrost. An |
unconsolidated mineral substratum shallower than those A
limits does not change the lower boundary of the control

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

section.
Diatomaceous Earth The control section of Histosols and Histels is divided
somewhat arbitrarily into three tiers—surface, subsurface, and
A layer of diatomaceous earth is a limnic layer that: bottom tiers.

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

Surface Tier

The surface tier of a Histosol or Histel extends from the soll
surface to a depth of 60 cm if either (1) the materials within
that depth are fibric and three-fourths or more of the fiber
2. Either yields a saturated sodium-pyrophosphate extract on volume is derived fronsphagnunor other mosses or (2) the
white chromatographic or filter paper that has a color value of materials have a bulk density of less than 0.1. Otherwise, the
8 or more and chroma of 2 or less or has a cation-exchange surface tier extends from the soil surface to a depth of 30 cm.
capacity of less than 240 cmol(+) per kg organic matter (by Some organic soils have a mineral surface layer less than 40
loss on ignition), or both. cm thick as a result of flooding, volcanic eruptions, additions
of mineral materials to increase soil strength or reduce the
hazard of frost, or other causes. If such a mineral layer is less
than 30 cm thick, it constitutes the upper part of the surface
tier; if it is 30 to 40 cm thick, it constitutes the whole surface
1. Has a color value, moist, of 5 or moaad tier and part of the subsurface tier.

2. Reacts with dilute HCI to evolve CO

Marl

A layer of marl is a limnic layer that:

The color of marl usually does not change irreversibly on Subsurface Tier

drying because a layer of marl contains too little organic
matter, even before it has been shrunk by drying, to coat the
carbonate particles.

The subsurface tier is normally 60 cm thick. If the control
section ends at a shallower depth (at a densic, lithic, or
paralithic contact or a water layer or in permafrost), however,

. . . . the subsurface tier extends from the lower boundary of the
Thickness of Orgamc Soil Materials surface tier to the lower boundary of the control section. It

(Control Section of Histosols and Histels) includes any unconsolidated mineral layers that may be present
within those depths.

The thickness of organic materials over limnic materials,
mineral materials, water, or permafrost is used to define the  Bottom Tier
Histosols and Histels.

For practical reasons, an arbitrary control section has been  The bottom tier is 40 cm thick unless the control section has
established for the classification of Histosols and Histels. its lower boundary at a shallower depth (at a densic, lithic, or
Depending on the kinds of soil material in the surface layer,  paralithic contact or a water layer or in permafrost).
the control section has a thickness of either 130 cm or 160 cm  Thus, if the organic materials are thick, there are two
from the soil surface if there is no densic, lithic, or paralithic ~ possible thicknesses of the control section, depending on the

contact, thick layer of water, or permafrost within the presence or absence and the thickness of a surface mantle of
respective limit. The thicker control section is used if the fibric moss or other organic material that has a low bulk
surface layer to a depth of 60 cm either contains three-fourths density (less than 0.1). If the fibric moss extends to a depth of
or more fibers derived frorf8phagnumHypnum or other 60 cm and is the dominant material within this depth (three-

mosses or has a bulk density of less than 0.1. Layers of water, fourths or more of the volume), the control section is 160 cm
which may be between a few centimeters and many meters  thick. If the fibric moss is thin or absent, the control section
thick in these soils, are considered to be the lower boundary of extends to a depth of 130 cm.
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Horizons and Characteristics
Diagnostic for Both Mineral and
Organic Soils

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

Aquic Conditions?

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

Elements of aquic conditions are as follows:

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

while the actual water table occurs at greater depth. Use of well

sealed piezometers or tensiometers is therefore recommended
for measuring saturation. Problems may still occur, however, if
water runs into piezometer slits near the bottom of the
piezometer hole or if tensiometers with slowly reacting
manometers are used. The first problem can be overcome by
using piezometers with smaller slits and the second by using
transducer tensiometry, which reacts faster than manometers.
Soils are considered wet if they have pressure heads greater
than -1 kPa. Only macropores, such as cracks between peds o
channels, are then filled with air, while the soil matrix is
usually still saturated. Obviously, exact measurements of the
wet state can be obtained only with tensiometers. For
operational purposes, the use of piezometers is recommended
as a standard method.

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

Three types of saturation are defined:

21n 1992, the term “aquic conditions” was introduced and other changes were made
throughout this taxonomy as a result of recommendations submitted to NRCS by the
International Committee on Aquic Moisture Regime (ICOMAQ), which was established in
1982 and was chaired initially by Dr. Frank Moormann, then by Dr. Johan Bouma.

L

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

b. Episaturation—The soil is saturated with water in one

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

c. Anthric saturation—This term refers to a special kind

of aquic conditions that occur in soils that are cultivated and
irrigated (flood irrigation). Soils with anthraquic conditions
must meet the requirements for aquic conditions and in
addition haveboth of the following:

(1) Atilled surface layer and a directly underlying
slowly permeable layer that has, for 3 months or more in
normal yearshoth

(a) Saturation and reductioand
(b) Chroma of 2 or less in the matraand

(2) A subsurface horizon withne or moreof the
following:

(a) Redox depletions with a color value, moist, of 4
or more and chroma of 2 or less in macropooes;

(b) Redox concentrations of iroar

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

The degree of reduction in a soil can be characterized by
the direct measurement of redox potentials. Direct
measurements should take into account chemical equilibria as
expressed by stability diagrams in standard soil textbooks.
Reduction and oxidation processes are also a function of soil
pH. Obtaining accurate measurements of the degree of
reduction in a soil is difficult. In the context of this taxonomy,
however, only a degree of reduction that results in reduced iron
is considered, because it produces the visible redoximorphic

features that are identified in the keys. A simple field test is
available to determine if reduced iron ions are present. A
freshly broken surface of a field-wet soil sample is treated with
alpha,alpha-dipyridyl in neutral, 1-normal ammonium-acetate
solution. The appearance of a strong red color on the freshly
broken surface indicates the presence of reduced iron ions. A
positive reaction to the alpha,alpha-dipyridy! field test for
ferrous iron (Childs, 1981) may be used to confirm the
existence of reducing conditions and is especially useful in
situations where, despite saturation, normal morphological
indicators of such conditions are either absent or obscured (as
by the dark colors characteristic of melanic great groups). A
negative reaction, however, does not imply that reducing
conditions are always absent. It may only mean that the level of
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free iron in the soil is below the sensitivity limit of the test or that of the adjacent matrix (often referred to as albans or
that the soil is in an oxidized phase at the time of testing. Use neoalbans)and
of alpha,alpha-dipyridyl in a 10 percent acetic-acid solution is
not recommended because the acid is likely to change soll
conditions, for example, by dissolving CaCO

The duration of reduction required for creating aquic
conditions is not specified. c. Reduced matrix-This is a soil matrix that has low
chromain situ but undergoes a change in hue or chroma
within 30 minutes after the soil material has been exposed
to air.

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

3. Redoximorphic features associated with wetness result
from alternating periods of reduction and oxidation of iron and
manganese compounds in the soil. Reduction occurs during
saturation with water, and oxidation occurs when the soil is not d. In soils that have no visible redoximorphic features, a
saturated. The reduced iron and manganese ions are mobile reaction to an alpha,alpha-dipyridyl solution satisfies the
and may be transported by water as it moves through the soil. requirement for redoximorphic features.

Certain redox patterns occur as a function of the patterns in
which the ion-carrying water moves through the soil and as a
function of the location of aerated zones in the soil. Redox
patterns are also affected by the fact that manganese is reduce
more rapidly than iron, while iron oxidizes more rapidly upon
aeration. Characteristic color patterns are created by these
processes. The reduced iron and manganese ions may be
removed from a soil if vertical or lateral fluxes of water occur,

in which case there is no iron or manganese precipitation in
that soil. Wherever the iron and manganese are oxidized and
precipitated, they form either soft masses or hard concretions
or nodules. Movement of iron and manganese as a result of .
redox processes in a soil may result in redoximorphic features Cryoturbation
that are defined as follows:

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

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

Cryoturbation (frost churning) is the mixing of the soil

a. Redox concentrations-These are zones of apparent matrix within the pedon that results in irregular or broken
accumulation of Fe-Mn oxides, including: horizons, involutions, accumulation of organic matter on the
permafrost table, oriented rock fragments, and silt caps on rock

(1) Nodules and concretions, which are cemented
bodies that can be removed from the soil intact.
Concretions are distinguished from nodules on the basis
of internal organization. A concretion typically has
concentric layers that are visible to the naked eye.

fragments.

Densic Contact

- . . A densic contact (Ldensusthick) is a contact between
Nodules do not have visible organized internal structure. _ . : . )
soil and densic materials (defined below). It has no cracks,

Boundaries commonly are diffuse if formedsitu and . .
. : ._or the spacing of cracks that roots can enter is 10 cm or
sharp after pedoturbation. Sharp boundaries may be rellctmore

features in some soiland

(2) Masses, which are noncemented concentrations of Densic Materials
substances within the soil matriand

Densic materials are relatively unaltered materials (do not
meet the requirements for any other named diagnostic horizons
or any other diagnostic soil characteristic) that have a
noncemented rupture-resistance class. The bulk density or the
organization is such that roots cannot enter, except in cracks.
These are mostly earthy materials, such as till, volcanic
mudflows, and some mechanically compacted materials, for
example, mine spoils. Some noncemented rocks can be densic
materials if they are dense or resistant enough to keep roots
(1) Iron depletions, i.e., zones that contain low amounts from entering, except in cracks.
of Fe and Mn oxides but have a clay content similar to Densic materials are noncemented and thus differ from

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

b. Redox depletions-These are zones of low chroma
(chromas less than those in the matrix) where either Fe-Mn
oxides alone or both Fe-Mn oxides and clay have been
stripped out, including:
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paralithic materials and the material below a lithic contact,
both of which are cemented.

Densic materials have, at their upper boundary, a densic
contact if they have no cracks or if the spacing of cracks that

Paralithic Contact

A paralithic (lithiclike) contact is a contact between soil and
paralithic materials (defined below) where the paralithic

roots can enter is 10 cm or more. These materials can be usedmaterials have no cracks or the spacing of cracks that roots can

to differentiate soil series if the materials are within the series
control section.

Gelic Materials

Gelic materials are mineral or organic soil materials that
show evidence of cryoturbation (frost churning) and/or ice

enter is 10 cm or more.

Paralithic Materials

Paralithic materials are relatively unaltered materials (do
not meet the requirements for any other named diagnostic
horizons or any other diagnostic soil characteristic) that have

segregation in the active layer (seasonal thaw layer) and/or thean extremely weakly cemented to moderately cemented

upper part of the permafrost. Cryoturbation is manifested by
irregular and broken horizons, involutions, accumulation of
organic matter on top of and within the permafrost, oriented
rock fragments, and silt-enriched layers. The characteristic
structures associated with gelic materials include platy, blocky,
or granular macrostructures; the structural results of sorting;
and orbiculic, conglomeric, banded, or vesicular microfabrics.

rupture-resistance class. Cementation, bulk density, and the
organization are such that roots cannot enter, except in cracks.
Paralithic materials have, at their upper boundary, a paralithic
contact if they have no cracks or if the spacing of cracks that
roots can enter is 10 cm or more. Commonly, these materials
are partially weathered bedrock or weakly consolidated
bedrock, such as sandstone, siltstone, or shale. Paralithic

Ice segregation is manifested by ice lenses, vein ice, segregatethaterials can be used to differentiate soil series if the materials
ice crystals, and ice wedges. Cryopedogenic processes that leadre within the series control section. Fragments of paralithic

to gelic materials are driven by the physical volume change of
water to ice, moisture migration along a thermal gradient in

the frozen system, or thermal contraction of the frozen material

by continued rapid cooling.

Glacic Layer

A glacic layer is massive ice or ground ice in the form of ice
lenses or wedges. The layer is 30 cm or more thick and
contains 75 percent or more visible ice.

Lithic Contact

materials 2.0 mm or more in diameter are referred to as
pararock fragments.

Permafrost

Permafrost is defined as a thermal condition in which a
material (including soil material) remains belovw®for 2 or
more years in succession. Those gelic materials having
permafrost contain the unfrozen soil solution that drives
cryopedogenic processes. Permafrost may be cemented by ice
or, in the case of insufficient interstitial water, may be dry. The
frozen layer has a variety of ice lenses, vein ice, segregated ice
crystals, and ice wedges. The permafrost table is in dynamic

A lithic contact is the boundary between soil and a coherent equilibrium with the environment.

underlying material. Except in Ruptic-Lithic subgroups, the
underlying material must be virtually continuous within the
limits of a pedon. Cracks that can be penetrated by roots are
few, and their horizontal spacing is 10 cm or more. The
underlying material must be sufficiently coherent when moist
to make hand-digging with a spade impractical, although the

Soil Moisture Regimes

The term “soil moisture regime” refers to the presence or
absence either of ground water or of water held at a tension of
less than 1500 kPa in the soil or in specific horizons during

material may be chipped or scraped with a spade. The materialperiods of the year. Water held at a tension of 1500 kPa or

below a lithic contact must be in a strongly cemented or more
cemented rupture-resistance class. Commonly, the material is
indurated. The underlying material considered here does not
include diagnostic soil horizons, such as a duripan or a
petrocalcic horizon.

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

more is not available to keep most mesophytic plants alive. The
availability of water is also affected by dissolved salts. If a soll

is saturated with water that is too salty to be available to most
plants, it is considered salty rather than dry. Consequently, a
horizon is considered dry when the moisture tension is 1500
kPa or more and is considered moist if water is held at a
tension of less than 1500 kPa but more than zero. A soil may
be continuously moist in some or all horizons either throughout
the year or for some part of the year. It may be either moist in
winter and dry in summer or the reverse. In the Northern
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Hemisphere, summer refers to June, July, and August and Classes of Soil Moisture Regimes

winter refers to December, January, and February. The soil moisture regimes are defined in terms of the level

Normal Years of ground water and in terms of the seasonal presence or
absence of water held at a tension of less than 1500 kPa i
moisture control section. It is assumed in the definitions t
the soil supports whatever vegetation it is capable of
supporting, i.e., crops, grass, or native vegetation, and that the
amount of stored moisture is not being increased by irrigation
or fallowing. These cultural practices affect the soil moisture
conditions as long as they are continued.

Aquic moisture regime—The aquic (Laqua water)
moisture regime is a reducing regime in a soil that is virtually
free of dissolved oxygen because it is saturated by water. Some
soils are saturated with water at times while dissolved oxygen
is present, either because the water is moving or because the
environment is unfavorable for micro-organisms (e.g., if the
temperature is less tharf@); such a regime is not considered
aquic.

It is not known how long a soil must be saturated before it is
said to have an aquic moisture regime, but the duration must

The intent in defining the soil moisture control section is to be at least a few days, because it is implicit in the concept that
facilitate estimation of soil moisture regimes from climatic dissolved oxygen is virtually absent. Because dissolved oxygen
data. The upper boundary of this control section is the depth tois removed from ground water by respiration of micro-
which a dry (tension of more than 1500 kPa, but not air-dry)  organisms, roots, and soil fauna, it is also implicit in the
soil will be moistened by 2.5 cm of water within 24 hours. The concept that the soil temperature is above biologic zero for
lower boundary is the depth to which a dry soil will be some time while the soil is saturated. Biologic zero is defined
moistened by 7.5 cm of water within 48 hours. These depths doas 5°C in this taxonomy. In some of the very cold regions of
not include the depth of moistening along any cracks or animalthe world, however, biological activity occurs at temperatures

D

In the discussions that follow and throughout the keys, the |

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

1975).

A

Soil Moisture Control Section

burrows that are open to the surface. below 5°C.

If 7.5 cm of water moistens the soil to a densic, lithic, Very commonly, the level of ground water fluctuates with
paralithic, or petroferric contact or to a petrocalcic or the seasons; it is highest in the rainy season or in fall, winter,
petrogypsic horizon or a duripan, the contact or the upper or spring if cold weather virtually stops evapotranspiration.
boundary of the cemented horizon constitutes the lower There are soils, however, in which the ground water is always
boundary of the soil moisture control section. If a soil is at or very close to the surface. Examples are soils in tidal

moistened to one of these contacts or horizons by 2.5 cm of  marshes or in closed, landlocked depressions fed by perennial
water, the soil moisture control section is the boundary or the streams. Such soils are considered to have a peraquic moisture
contact itself. The control section of such a soil is considered regime.
moist if the contact or upper boundary of the cemented horizon  Aridic and torric (L. aridus, dry, and L. torridus, hot and
has a thin film of water. If that upper boundary is dry, the dry) moisture regimes—These terms are used for the same
control section is considered dry. moisture regime but in different categories of the taxonomy.
The moisture control section of a soil extends approximately In the aridic (torric) moisture regime, the moisture control
(1) from 10 to 30 cm below the soil surface if the particle-size section is, in normal years:
class of the soll is fine-loamy, coarse-silty, fine-silty, or clayey;
(2) from 20 to 60 cm if the particle-size class is coarse-loamy;
and (3) from 30 to 90 cm if the particle-size class is sandy. If
the soil contains rock and pararock fragments that do not
absorb and release water, the limits of the moisture control
section are deeper. The limits of the soil moisture control
section are affected not only by the particle-size class but also
by differences in soil structure or pore-size distribution or by Soils that have an aridic (torric) moisture regime normally
other factors that influence the movement and retention of occur in areas of arid climates. A few are in areas of semiarid
water in the soil. climates and either have physical properties that keep them

1. Dry in all parts for more than half of the cumulative days
per year when the soil temperature at a depth of 50 cm from
the soil surface is above®§; and

2. Moist in some or all parts for less than 90 consecutive days
when the soil temperature at a depth of 50 cm is ab6@e 8
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dry, such as a crusty surface that virtually precludes the
infiltration of water, or are on steep slopes where runoff is

If the mean annual soil temperature is lower thad2and
if the mean summer and winter soil temperatures differ #y 6

high. There is little or no leaching in this moisture regime, and or more at a depth of 50 cm from the soil surface, the soll

soluble salts accumulate in the soils if there is a source.

The limits set for soil temperature exclude from these
moisture regimes soils in the very cold and dry polar regions
and in areas at high elevations. Such soils are considered to
have anhydrous conditions (defined earlier).

Udic moisture regime—The udic (L.udus humid)
moisture regime is one in which the soil moisture control

moisture control section in areas of the ustic moisture regime is
dry in some or all parts for 90 or more cumulative days in
normal years, but it is not dry in all parts for more than half of
the cumulative days when the soil temperature at a depth of 50
cm is higher than 8C. If in normal years the moisture control
section is moist in all parts for 45 or more consecutive days in
the 4 months following the winter solstice, the moisture control

section is not dry in any part for as long as 90 cumulative days section is dry in all parts for less than 45 consecutive days in

in normal years. If the mean annual soil temperature is lower
than 22°C and if the mean winter and mean summer soil

the 4 months following the summer solstice.
In tropical and subtropical regions that have a monsoon

temperatures at a depth of 50 cm from the soil surface differ by climate with either one or two dry seasons, summer and winter

5 °C or more, the soil moisture control section, in normal

seasons have little meaning. In those regions the moisture

years, is dry in all parts for less than 45 consecutive days in theregime is ustic if there is at least one rainy season of 3 months

4 months following the summer solstice. In addition, the udic
moisture regime requires, except for short periods, a three-
phase system, solid-liquid-gas, in part or all of the soll
moisture control section when the soil temperature is above
5°C.

The udic moisture regime is common to the soils of humid
climates that have well distributed rainfall; have enough rain
in summer so that the amount of stored moisture plus rainfall
is approximately equal to, or exceeds, the amount of
evapotranspiration; or have adequate winter rains to recharge
the soils and cool, foggy summers, as in coastal areas. Water
moves downward through the soils at some time in normal
years.

In climates where precipitation exceeds evapotranspiration
in all months of normal years, the moisture tension rarely
reaches 100 kPa in the soil moisture control section, although

or more. In temperate regions of subhumid or semiarid
climates, the rainy seasons are usually spring and summer or
spring and fall, but never winter. Native plants are mostly
annuals or plants that have a dormant period while the soil is
dry.

Xeric moisture regime—The xeric (Grxeros dry)
moisture regime is the typical moisture regime in areas of
Mediterranean climates, where winters are moist and cool and
summers are warm and dry. The moisture, which falls during
the winter, when potential evapotranspiration is at a minimum,
is particularly effective for leaching. In areas of a xeric
moisture regime, the soil moisture control section, in normal
years, is dry in all parts for 45 or more consecutive days in the
4 months following the summer solstice and moist in all parts
for 45 or more consecutive days in the 4 months following the
winter solstice. Also, in normal years, the moisture control

there are occasional brief periods when some stored moisture isection is moist in some part for more than half of the

used. The water moves through the soil in all months when it
is not frozen. Such an extremely wet moisture regime is called
perudic (L.per, throughout in time, and ludus humid). In
the names of most taxa, the formative element “ud” is used to
indicate either a udic or a perudic regime; the formative
element “per” is used in selected taxa.

Ustic moisture regime—The ustic (L.ustus burnt;

cumulative days per year when the soil temperature at a depth
of 50 cm from the soil surface is higher thatCéor for 90 or

more consecutive days when the soil temperature at a depth of
50 cm is higher than €. The mean annual soil temperature is
lower than 22C, and the mean summer and mean winter soil
temperatures differ by € or more either at a depth of 50 cm
from the soil surface or at a densic, lithic, or paralithic contact

implying dryness) moisture regime is intermediate between the if shallower.

aridic regime and the udic regime. Its concept is one of
moisture that is limited but is present at a time when
conditions are suitable for plant growth. The concept of the
ustic moisture regime is not applied to soils that have
permafrost or a cryic soil temperature regime (defined below).
If the mean annual soil temperature is°@2or higher or if
the mean summer and winter soil temperatures differ by less
than 6°C at a depth of 50 cm below the soil surface, the soil

moisture control section in areas of the ustic moisture regime i

dry in some or all parts for 90 or more cumulative days in

normal years. It is moist, however, in some part either for more

than 180 cumulative days per year or for 90 or more
consecutive days.

Soil Temperature Regimes

Classes of Soil Temperature Regimes

Following is a description of the soil temperature regimes
used in defining classes at various categoric levels in this
taxonomy.

Cryic (Gr. kryos coldness; meaning very cold soils}-

AN :
Soils in this temperature regime have a mean annual

temperature lower than°® but do not have permafrost.

1. In mineral soils the mean summer soil temperature (June,
July, and August in the Northern Hemisphere and December,
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January, and February in the Southern Hemisphere) either at a

depth of 50 cm from the soil surface or at a densic, lithic, or
paralithic contact, whichever is shallower, is as follows:

a. If the soil is not saturated with water during some part
of the summer and

1)
(2)

b. If the soil is saturated with water during some part of
the summer and

If there is no O horizon: lower than 15; or

If there is an O horizon: lower tharf®@; or

(1) If there is no O horizon: lower than 13; or
(2) |If there is an O horizon or a histic epipedon: lower
than 6°C.

2. In organic soils the mean annual soil temperature is lower
than 6°C.

Cryic soils that have an aquic moisture regime commonly
are churned by frost.

Isofrigid soils could also have a cryic temperature regime. A
few with organic materials in the upper part are exceptions.

The concepts of the soil temperature regimes described
below are used in defining classes of soils in the low
categories.

Frigid. —A soil with a frigid temperature regime is
warmer in summer than a soil with a cryic regime, but its
mean annual temperature is lower thad€&nd the difference
between mean summer (June, July, and August) and mean

Isomesic—The mean annual soil temperature RC8or
higher but lower than 1%.

Isothermic.—The mean annual soil temperature is"@5or
higher but lower than 2Z.

Isohyperthermic.—The mean annual soil temperature is
22°C or higher.

Sulfidic Materials

Sulfidic materials contain oxidizable sulfur compounds.
They are mineral or organic soil materials that have a pH
value of more than 3.5 and that, if incubated as a layer
1 cm thick under moist aerobic conditions (field capacity)
at room temperature, show a drop in pH of 0.5 or more
units to a pH value of 4.0 or less (1:1 by weight in water or
in a minimum of water to permit measurement) within 8
weeks.

Sulfidic materials accumulate as a soil or sediment that is
permanently saturated, generally with brackish water. The
sulfates in the water are biologically reduced to sulfides as the
materials accumulate. Sulfidic materials most commonly
accumulate in coastal marshes near the mouth of rivers that
carry noncalcareous sediments, but they may occur in
freshwater marshes if there is sulfur in the water. Upland
sulfidic materials may have accumulated in a similar manner
in the geologic past.

If a soil containing sulfidic materials is drained or if sulfidic
materials are otherwise exposed to aerobic conditions, the
sulfides oxidize and form sulfuric acid. The pH value, which

winter (December, January, and February) soil temperatures is normally is near neutrality before drainage or exposure, may

more than 6C either at a depth of 50 cm from the soil surface
or at a densic, lithic, or paralithic contact, whichever is
shallower.

Mesic—The mean annual soil temperature C8or
higher but lower than 1%, and the difference between mean
summer and mean winter soil temperatures is more th@&n 6
either at a depth of 50 cm from the soil surface or at a densic,
lithic, or paralithic contact, whichever is shallower.

Thermic.—The mean annual soil temperature is"@5or
higher but lower than 2Z, and the difference between mean
summer and mean winter soil temperatures is more th@&n 6
either at a depth of 50 cm from the soil surface or at a densic,
lithic, or paralithic contact, whichever is shallower.

Hyperthermic.—The mean annual soil temperature is

22°C or higher, and the difference between mean summer and.

mean winter soil temperatures is more thag @ither at a
depth of 50 cm from the soil surface or at a densic, lithic, or
paralithic contact, whichever is shallower.

If the name of a soil temperature regime has the pigdjx
the mean summer and mean winter soil temperatures differ by
less than BC at a depth of 50 cm or at a densic, lithic, or
paralithic contact, whichever is shallower.

Isofrigid. —The mean annual soil temperature is lower than
8 °C.

drop below 3. The acid may induce the formation of iron and
aluminum sulfates. The iron sulfate, jarosite, may segregate,
forming the yellow redoximorphic concentrations that
commonly characterize a sulfuric horizon. The transition from
sulfidic materials to a sulfuric horizon normally requires very
few years and may occur within a few weeks. A sample of
sulfidic materials, if air-dried slowly in shade for about 2
months with occasional remoistening, becomes extremely
acid.

Sulfuric Horizon

Required Characteristics

The sulfuric (L.sulfur) horizon is 15 cm or more thick and

is composed of either mineral or organic soil material that has
a pH value of 3.5 or less (1:1 by weight in water or in a
minimum of water to permit measurement) and shows evidence
that the low pH value is caused by sulfuric acid. The evidence
is one or moreof the following:

1.
2.

Jarosite concentrationst,
Directly underlying sulfidic materials (defined abova);

3. 0.05 percent or more water-soluble sulfate.
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CHAPTER 4

Identification of the Taxonomic Class of a Soll

The taxonomic class of a specific soil can be determined sections for classes used as components of a family must be
by using the keys that follow in this and other chapters. Itis  used to determine the control section before use of the keys to
assumed that the reader is familiar with the definitions of classes.
diagnostic horizons and properties that are given in chapters 2  The descriptions and definitions of individual soil series are
and 3 of this publication and with the meanings of the terms  not included in this text. Definitions of the series and of the

used for describing soils given in tBeil Survey ManualThe control section are given in chapter 17.

Index at the back of this publication indicates the pages on In the “Key to Soil Orders” and the other keys that follow,

which definitions of terms are given. the diagnostic horizons and the properties mentioned do not
Standard rounding conventions should be used to determineinclude those below any densic, lithic, paralithic, or petroferric

numerical values. contact. The properties of buried soils and the properties of a

Soil colors (hue, value, and chroma) are used in many of  surface mantle are considered on the basis of whether or not
the criteria that follow. Soil colors typically change value and the soil meets the meaning of the term “buried soil” given in
some change hue and chroma, depending on the water state. chapter 1.

In many of the criteria of the keys, the water state is specified. If a soil has a surface mantle and is not a buried soil, the top
If no water state is specified, the soil is considered to meet of the original surface layer is considered the “soil surface” for
the criterion if it does so when moist or dry or both moist and determining depth to and thickness of diagnostic horizons and
dry. most other diagnostic soil characteristics. The only properties

All of the keys in this taxonomy are designed in such a way of the surface mantle that are considered are soil temperature,
that the user can determine the correct classification of a soil soil moisture (including aquic conditions), and any andic or
by going through the keys systematically. The user must start avitrandic properties.
the beginning of the “Key to Soil Orders” and eliminate, one If a soil profile includes a buried soil, the present soil
by one, all classes that include criteria that do not fit the soil in surface is used to determine soil moisture and temperature as
guestion. The soil belongs to the first class listed for which it  well as depth to and thickness of diagnostic horizons and other

meets all the required criteria. diagnostic soil characteristics. Diagnostic horizons of the
In classifying a specific soil, the user of soil taxonomy buried soil are not considered in selecting taxa unless the
begins by checking through the “Key to Soil Orders” to criteria in the keys specifically indicate buried horizons, such

determine the name of the first order that, according to the as in Thapto-Histic subgroups. Most other diagnostic soil
criteria listed, includes the soil in question. The next step is  characteristics of the buried soil are not considered, but organic
to go to the page indicated to find the “Key to Suborders” of  carbon if of Holocene age, andic soil properties, base

that particular order. Then the user systematically goes throughsaturation, and all properties used to determine family and

the key to identify the suborder that includes the soil, i.e., the series placement are considered.

first in the list for which it meets all the required criteria. The
same procedure is used to find the great group class of the soil
in the “Key to Great Groups” of the identified suborder.
Likewise, going through the “Key to Subgroups” of that great A Soils that have:
group, the user selects as the correct subgroup name the name

Key to Soil Orders

of the first taxon for which the soil meets all of the required 1. Permafrost within 100 cm of the soil surface;

criteria. . . . . - 2. Gelic materials within 100 cm of the soil surface and
The family level is determined, in a similar manner, after permafrost within 200 cm of the soil surface

the subgroup has been determined. Chapter 17 can be used, 0. 149

as one would use other keys in this taxonomy, to determine
which components are part of the family. The family,
however, typically has more than one component, and
therefore the entire chapter must be used. The keys to control 1. Do not have andic soil properties in 60 percent or more

B. Other soils that:
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of the thickness between the soil surface and either a depth
of 60 cm or a densic, lithic, or paralithic contact or duripan

(4) A coarse-loamy, loamy-skeletal, or finer particle-
size class and a frigid temperature regime in the soil;

C.

if shallower;and

2. Have organic soil materials that meae or moreof
the following:

a. Overlie cindery, fragmental, or pumiceous materials

and/or fill their intersticdsand directly below these
materials, have a densic, lithic, or paralithic contact;
or

b. When added with the underlying cindery,

fragmental, or pumiceous materials, total 40 cm or more

between the soil surface and a depth of 50am;

c. Constitute two-thirds or more of the total thickness
of the soil to a densic, lithic, or paralithic contaod

have no mineral horizons or have mineral horizons with

a total thickness of 10 cm or less;

d. Are saturated with water for 30 days or more per

year in normal years (or are artificially drained), have an

upper boundary within 40 cm of the soil surface, and
have a total thickness efther.

(1) 60 cm or more if three-fourths or more of their

volume consists of moss fibers or if their bulk density,

moist, is less than 0.1 g/énor

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

p. 159

Other soils that do not have a plaggen epipedon or an

argillic or kandic horizon above a spodic horizand have
one or moreof the following:

than 10 percent, by volume, voids that are filled with organic soil materials are considered to be

1. A spodic horizon, an albic horizon in 50 percent or
more of each pedon, and a cryic soil temperature regime;
or

2. An Ap horizon containing 85 percent or more spodic
materials;or

3. A spodic horizon witlall of the following
characteristics:

a. One or moreof the following:
(1) A thickness of 10 cm or morer
(2) An overlying Ap horizonpr

(3) Cementation in 50 percent or more of each

or
(5) A cryic temperature regime in the s@hd

b. An upper boundary within the following depths from
the mineral soil surfacesither

(1) Less than 50 cngr

(2) Less than 200 cm if the soil has a sandy particle-
size class in at least some part between the mineral
soil surface and the spodic horizamd

c. A lower boundary as follows:

(1) Eitherat a depth of 25 cm or more below the
mineral soil surface or at the top of a duripan or
fragipan or at a densic, lithic, paralithic, or petroferric
contact, whichever is shallowest;

(2) At any depth,

(&) If the spodic horizon has a coarse-loamy,
loamy-skeletal, or finer particle-size class and the
soil has a frigid temperature regine;

(b)
d. Either

If the soil has a cryic temperature regirand

(1) A directly overlying albic horizon in 50 percent
or more of each pedoor

(2) No andic soil properties in 60 percent or more of
the thickneseither.

(&) Within 60 cm either of the mineral soll
surface or of the top of an organic layer with andic
soil properties, whichever is shallower, if there is
no densic, lithic, or paralithic contact, duripan, or
petrocalcic horizon within that deptbr

(b) Between either the mineral soil surface or the
top of an organic layer with andic soil properties,
whichever is shallower, and a densic, lithic, or
paralithic contact, a duripan, or a petrocalcic

horizon.
Boodosol$p. 249

D. Other soils that have andic soil properties in 60 percent or
more of the thicknessither.

1.

Within 60 cm either of the mineral soil surface or of the

top of an organic layer with andic soil properties, whichever
is shallower, if there is no densic, lithic, or paralithic

pedon;or contact, duripan, or petrocalcic horizon within that depth;
or
1 Materials that meet the definition of cindery, fragmental, or pumiceous but have more . . .
o P 2. Between either the mineral soil surface or the top of an

organic soil materials.

organic layer with andic soil properties, whichever is
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shallower, and a densic, lithic, or paralithic contact, a
duripan, or a petrocalcic horizon.
p. 83

E. Other soils that haweither.

1. An oxic horizon that has its upper boundary within 150
cm of the mineral soil surface and no kandic horizon that
has its upper boundary within that depath;

2. 40 percent or more (by weight) clay in the fine-earth

a. Saturation with water in one or more layers within
100 cm of the soil surface for 1 month or more during a
normal yearand

b. A moisture control section that is dry in some or all
parts at some time during normal yeasd

c. No sulfuric horizon that has its upper boundary
within 150 cm of the mineral soil surface.

Aridisols] p. 10

fraction between the mineral soil surface and a depth of 18 H. Other soils that haveither.

cm (after mixing)and a kandic horizon that has the
weatherable-mineral properties of an oxic horizon and has
its upper boundary within 100 cm of the mineral soll

surface.
p. 233

F. Other soils that have:

1. Alayer 25 cm or more thick, with an upper boundary
within 100 cm of the mineral soil surface, that kéker
slickensidesr wedge-shaped peds that have their long axes
tilted 10 to 60 degrees from the horizontaig

2. A weighted average of 30 percent or more clay in the
fine-earth fraction either between the mineral soil surface
and a depth of 18 cm or in an Ap horizon, whichever is
thicker,and 30 percent or more clay in the fine-earth
fraction of all horizons between a depth of 18 cm and either
a depth of 50 cm or a densic, lithic, or paralithic contact, a
duripan, or a petrocalcic horizon if shallowand

3. Cracksthat open and close periodically.
p. 281
G. Other soils that:
1. Have:
a. An aridic soil moisture regimand
b. An ochric or anthropic epipedoand

c. One or moreof the following with the upper
boundary within 100 cm of the soil surface: a cambic
horizon with a lower depth of 25 cm or more; a cryic
temperature regime and a cambic horizon; a calcic,
gypsic, petrocalcic, petrogypsic, or salic horizon; or a
duripan;or

d. An argillic or natric horizonor

2. Have a salic horizorand

2 A crack is a separation between gross polyhedrons. If the surface is strongly self-
mulching, i.e., a mass of granules, or if the soil is cultivated while cracks are open, the cracks

may be filled mainly by granular materials from the surface, but they are open in the sense that

the polyhedrons are separated. A crack is regarded as open if it controls the infiltration and
percolation of water in a dry, clayey soil.

1. An argillic or kandic horizon, but no fragipan, and a
base saturation (by sum of cations) of less than 35 percent at
one of the following depths:

a. If the epipedon has a sandy or sandy-skeletal
particle-size class throughowtther.

(1) 125 cm below the upper boundary of the argillic
horizon (but no deeper than 200 cm below the mineral
soil surface) or 180 cm below the mineral soil surface,
whichever is deepear

(2) At a densic, lithic, paralithic, or petroferric
contact if shalloweror

b. The shallowest of the following depths:

(1) 125 cm below the upper boundary of the argillic
or kandic horizonpr

(2) 180 cm below the mineral soil surface;

(3) At a densic, lithic, paralithic, or petroferric
contact;or

2. A fragipan andoth of the following:

a. Either an argillic or a kandic horizon above, within,
or below it or clay films 1 mm or more thick in one or
more of its subhorizonsind

b. A base saturation (by sum of cations) of less than
35 percent at the shallowest of the following depths:

(1) 75 cm below the upper boundary of the fragipan;
or

(2) 200 cm below the mineral soil surface;

(3) At a densic, lithic, paralithic, or petroferric

contact.
Ultisols| p. 259

Other soils that havisoth of the following:
1. Either.

a. A mollic epipedonpr

b. Botha surface horizon that meets all the
requirements for a mollic epipedon except thickness after
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the soil has been mixed to a depth of 18ada
subhorizon more than 7.5 cm thick, within the upper part
of an argillic, kandic, or natric horizon, that meets the
color, organic-carbon content, base saturation, and
structure requirements of a mollic epipedon but is
separated from the surface horizon by an albic horizon;
and

2. A base saturation of 50 percent or more (by,Oit)

in all horizonseither between the upper boundary of any
argillic, kandic, or natric horizon and a depth of 125 cm
below that boundargr between the mineral soil surface

and a depth of 180 cror between the mineral soil surface
and a densic, lithic, or paralithic contact, whichever depth is

shallowest.
p. 191

J. Other soils that do not have a plaggen epipedon and that
haveeither.

1. An argillic, kandic, or natric horizormr

2. A fragipan that has clay films 1 mm or more thick in

some part.
p. 41

K. Other soils that haveither.
1. One or moreof the following:

a. A cambic horizon with its upper boundary within

100 cm of the mineral soil surface and its lower boundary
at a depth of 25 cm or more below the mineral soil
surface;or

b. A calcic, petrocalcic, gypsic, petrogypsic, or
placic horizon or a duripan with an upper boundary

2.

within a depth of 100 cm of the mineral soil surface;
or

c. A fragipan or an oxic, sombric, or spodic horizon
with an upper boundary within 200 cm of the mineral
soil surfacepr

d. A sulfuric horizon that has its upper boundary
within 150 cm of the mineral soil surfaaer;

e. A cryic temperature regime and a cambic horizon;
or

No sulfidic materials within 50 cm of the mineral soil

surface;and both

a. In one or more horizons between 20 and 50 cm
below the mineral soil surface, eithermmalue of 0.7 or
less or less than 8 percent clay in the fine-earth fraction;
and

b. One or bothof the following:

(1) A salic horizon or a histic, mollic, plaggen, or
umbric epipedonor

(2) In 50 percent or more of the layers between the
mineral soil surface and a depth of 50 cm, an
exchangeable sodium percentage of 15 or more (or a
sodium adsorption ratio of 13 or more), which
decreases with increasing depth below 50 ama,also
ground water within 100 cm of the mineral soil
surface at some time during the year when the solil is

not frozen in any part.
p. 165

L. Other soils.

p. 129



41

CHAPTER 5

Alfisols
Key to Suborders
JA. Alfisols that have, in one or more horizons within 50 cm "\'C. _?‘; 3 Iy s s
of the mineral soil surface, aquic conditions (other than :': sk A ;
anthraquic conditions) for some time in normal years (or 4 LT -?-?
artificial drainage)and haveone or bothof the following: "y
A wt "
1. Redoximorphic features in all layers between either the ] ? i -

lower boundary of an Ap horizon or a depth of 25 cm below
the mineral soil surface, whichever is deeper, and a depth ol
40 cm;and oneof the following within the upper 12.5 cm of
the argillic, natric, glossic, or kandic horizon:

a. 50 percent or more redox depletions with chroma of
2 or less on faces of peds and redox concentrations
within peds;or

JAB. Other Aqualfs that have one or more horizons, at a
depth between 30 and 150 cm from the mineral soil surface, in
which plinthite either forms a continuous phase or constitutes
b. Redox concentrations and 50 percent or more redox one-half or more of the volume.

depletions with chroma of 2 or less in the matoix; Plinthaqualfs p. 50

c. 50 percent or more redox depletions with chroma of

1 or less on faces of peds or in the matrix, or bath; JAC.  Other Aqualfs that have a duripan.

Duraqualfs p. 43
2. In the horizons that have aquic conditions, enough
active ferrous iron to give a positive reaction to alpha,alpha- JAD. Other Aqualfs that have a natric horizon.

dipyridyl at a time when the soil is not being irrigated. Natraqualfs p. 49
Aqualfs p. 41

JAE. Other Aqualfs that have a fragipan with an
JB. Other Alfisols that have a cryic or isofrigid temperature  upper boundary within 100 cm of the mineral soil

regime. surface.
Cryalfs p. 50 Fragiaqualfsp. 47
JC. Other Alfisols that have an ustic moisture regime. JAF. Other Aqualfs that have a kandic horizon.
Ustalfs p. 65 Kandiaqualfs p. 48
JD. Other Alfisols that have a xeric moisture regime. JAG. Other Aqualfs that have one or more layers, at least 25

Xeralfs p. 76 cm thick (cumulative) within 100 cm of the mineral soil
surface, that have 50 percent or more (by volume) recognizable
JE. Other Alfisols. bioturbation, such as filled animal burrows, wormholes, or
Udalfs, p. 54 casts.

Vermagqualfsp. 50

Aqualfs
JAH. Other Aqualfs that have an abrupt textural change
Key to Great Groups between the ochric epipedon or the albic horizon and the
argillic horizon and have a moderately low or lower saturated
JAA. Aqualfs that have a cryic temperature regime. hydraulic conductivity in the argillic horizon.

Cryaqualfs p. 43 Albaqualfs p. 42
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JAl. Other Aqualfs that have a glossic horizon.
Glossaqualfsp. 48
JAJ. Other Aqualfs that have episaturation.

Epiaqualfs p. 45

JAK. Other Aqualfs.
Endoaqualfsp. 43

Albaqualfs

Key to Subgroups

JAHA. Albaqualfs that have a sandy or sandy-skeletal
particle-size class throughout a layer extending from the
mineral soil surface to the top of an argillic horizon at a depth
of 50 cm or more below the mineral soil surface.

Arenic Albaqualfs

JAHB. Other Albaqualfs that haumth of the following:

1. One or both

a. Cracks within 125 cm of the mineral soil surface that
are 5 mm or more wide through a thickness of 30 cm or
more for some time in normal years, and slickensides or

wedge-shaped aggregates in a layer 15 cm or more thick

that has its upper boundary within 125 cm of the mineral
soil surfacepr

b. A linear extensibility of 6.0 cm or more between the
mineral soil surface and either a depth of 100 cm or a
densic, lithic, or paralithic contact, whichever is
shallower;and

2. Chroma of 3 or more in 40 percent or more of the
matrix between the lower boundary of the A or Ap horizon
and a depth of 75 cm from the mineral soil surface.

Aeric Vertic Albaqualfs

JAHC. Other Albaqualfs that hawmth of the following:

1. One or both

a. Cracks within 125 cm of the mineral soil surface that
are 5 mm or more wide through a thickness of 30 cm or
more for some time in normal years, and slickensides or

wedge-shaped aggregates in a layer 15 cm or more thick

that has its upper boundary within 125 cm of the mineral
soil surfacepr

b. A linear extensibility of 6.0 cm or more between the
mineral soil surface and either a depth of 100 cm or a
densic, lithic, or paralithic contact, whichever is
shallower;and

2. An Ap horizon or materials between the mineral soll
surface and a depth of 18 cm that, after mixing, eesor
more of the following:

a. A color value, moist, of 4 or morer

b. A color value, dry, of 6 or morey

c. Chroma of 4 or more.
Chromic Vertic Albaqualfs

JAHD. Other Albaqualfs that haxane or bothof the
following:

1. Cracks within 125 cm of the mineral soil surface that
are 5 mm or more wide through a thickness of 30 cm or
more for some time in normal years, and slickensides or
wedge-shaped aggregates in a layer 15 cm or more thick
that has its upper boundary within 125 cm of the mineral
soil surfacepr

2. Alinear extensibility of 6.0 cm or more between the

mineral soil surface and either a depth of 100 cm or a

densic, lithic, or paralithic contact, whichever is shallower.
Vertic Albaqualfs

JAHE. Other Albaqualfs that havwmth

1. Chroma of 3 or more in 40 percent or more of the
matrix between the lower boundary of the A or Ap horizon
and a depth of 75 cm from the mineral soil surfare

2. A mollic epipedon, an Ap horizon that meets all of the
requirements for a mollic epipedon except thickness, or
materials between the soil surface and a depth of 18 cm that
meet these requirements after mixing.

Udollic Albaqualfs

JAHF. Other Albaqualfs that have chroma of 3 or more in 40
percent or more of the matrix between the lower boundary of
the A or Ap horizon and a depth of 75 cm from the mineral
soil surface.

Aeric Albaqualfs

JAHG. Other Albaqualfs that have, throughout one or more
horizons with a total thickness of 18 cm or more within 75 cm
of the mineral soil surfacene or moreof the following:

1. A fine-earth fraction with both a bulk density of 1.0
g/cn? or less, measured at 33 kPa water retention, and Al
plus¥2 Fe percentages (by ammonium oxalate) totaling
more than 1.0pr

2. More than 35 percent (by volume) fragments coarser
than 2.0 mm, of which more than 66 percent is cinders,
pumice, and pumicelike fragments;

3. A fine-earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diametand

a. Inthe 0.02 to 2.0 mm fraction, 5 percent or more
volcanic glassand

b. [(Al plusY/z Fe, percent extracted by ammonium
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oxalate) times 60] plus the volcanic glass (percent) is
equal to 30 or more.
Aquandic Albaqualfs

JAHH. Other Albaqualfs that have a mollic epipedon, an Ap
horizon that meets all of the requirements for a mollic
epipedon except thickness, or materials between the soil

surface and a depth of 18 cm that meet these requirements aft

mixing.
Mollic Albaqualfs

JAHI. Other Albaqualfs that have an umbric epipedon, an Ap
horizon that meets all of the requirements for an umbric
epipedon except thickness, or materials between the soil

surface and a depth of 18 cm that meet these requirements after

mixing.
Umbric Albaqualfs
JAHJ. Other Albaqualfs.
Typic Albaqualfs
Cryaqualfs
Key to Subgroups

JAAA. All Cryaqualfs (provisionally).
Typic Cryaqualfs

Duraqualfs

Key to Subgroups

JACA. All Duraqualfs (provisionally).
Typic Duraqualfs

Endoaqualfs

Key to Subgroups

JAKA. Endoaqualfs that have, throughout one or more
horizons with a total thickness of 18 cm or more within
75 cm of the mineral soil surfacene or moreof the
following:

1. A fine-earth fraction with both a bulk density of 1.0
glcn? or less, measured at 33 kPa water retention, and Al
plus?2 Fe percentages (by ammonium oxalate) totaling
more than 1.0pr

2. More than 35 percent (by volume) fragments coarser
than 2.0 mm, of which more than 66 percent is cinders,
pumice, and pumicelike fragments;

3. A fine-earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diametand

a. Inthe 0.02 to 2.0 mm fraction, 5 percent or more
volcanic glassand

b. [(Al plusYz Fe, percent extracted by ammonium
oxalate) times 60] plus the volcanic glass (percent) is
equal to 30 or more.

Aquandic Endoaqualfs

YaKB. Other Endoaqualfs that hatseth of the following:

1. One or both

a. Cracks within 125 cm of the mineral soil surface
are 5 mm or more wide through a thickness of 30 ¢

more for some time in normal years, and slickensides or
wedge-shaped aggregates in a layer 15 cm or more thick
that has its upper boundary within 125 cm of the mineral
soil surfacepr

b. A linear extensibility of 6.0 cm or more between the
mineral soil surface and either a depth of 100 cm or a
densic, lithic, or paralithic contact, whichever is
shallower;and

2. An Ap horizon or materials between the mineral soll
surface and a depth of 18 cm that, after mixing, eesor
more of the following:

a. A color value, moist, of 4 or morer
b. A color value, dry, of 6 or morer

c. Chroma of 4 or more.
Chromic Vertic Endoaqualfs

JAKC. Other Endoaqualfs that hagae or bothof the
following:

1. Cracks within 125 cm of the mineral soil surface that
are 5 mm or more wide through a thickness of 30 cm or
more for some time in normal years, and slickensides or
wedge-shaped aggregates in a layer 15 cm or more thick
that has its upper boundary within 125 cm of the mineral
soil surfacepr

2. Alinear extensibility of 6.0 cm or more between
the mineral soil surface and either a depth of 100 cm
or a densic, lithic, or paralithic contact, whichever is
shallower.

Vertic Endoaqualfs

JAKD. Other Endoaqualfs that have:
1. Fragic soil properties:

a. In 30 percent or more of the volume of a layer 15 cm
or more thick that has its upper boundary within 100 cm
of the mineral soil surfacer



44 Keys to Soil Taxonomy
b. In 60 percent or more of the volume of a layer 15 cm a. Hue of 7.5YR or redder in 50 percent or more of the
or more thick;and matrix; and

2. In one or more horizons between the A or Ap horizon (1) If peds are present, chroma of 2 or more on 50

and a depth of 75 cm below the mineral soil surface, one or
a combination of the following colors:

a. Hue of 7.5YR or redder in 50 percent or more of the
matrix; and

(1) If peds are present, chroma of 2 or more on 50
percent or more of ped exteriors or no redox
depletions with chroma of 2 or less in ped interiors;

(2) If peds are absent, chroma of 2 or more in 50
percent or more of the matrigr

b. In 50 percent or more of the matrix, hue of 10YR or
yellowerand either

(1) Both a color value of 3 or more (moist) and
chroma of 3 or more (moist and drgy;

(2) Chroma of 2 or more if there are no redox
concentrations.
Aeric Fragic Endoaqualfs

JAKE. Other Endoaqualfs that have fragic soil properties:

1. In 30 percent or more of the volume of a layer 15 cm or
more thick that has its upper boundary within 100 cm of the
mineral soil surfaceopr

2. In 60 percent or more of the volume of a layer 15 cm or
more thick.
Fragic Endoaqualfs

JAKF. Other Endoaqualfs that have a sandy or sandy-skeletal
particle-size class throughout a layer extending from the
mineral soil surface to the top of an argillic horizon at a depth
of 50 to 100 cm below the mineral soil surface.

Arenic Endoaqualfs

JAKG. Other Endoaqualfs that have a sandy or sandy-
skeletal particle-size class throughout a layer extending
from the mineral soil surface to the top of an argillic
horizon at a depth of 100 cm or more below the mineral soil
surface.

Grossarenic Endoaqualfs

JAKH. Other Endoaqualfs that habeth

1. A mollic epipedon, an Ap horizon that meets all of the
requirements for a mollic epipedon except thickness, or

materials between the soil surface and a depth of 18 cm that

meet these requirements after mixiagd

2. In one or more horizons between the A or Ap horizon
and a depth of 75 cm below the mineral soil surface, one or
a combination of the following colors:

JAKI.

percent or more of ped exteriors or no redox
depletions with chroma of 2 or less in ped interiors;

(2) If peds are absent, chroma of 2 or more in 50
percent or more of the matrigr

b. In 50 percent or more of the matrix, hue of 10YR or
yellowerand either

(1) Both a color value of 3 or more (moist) and
chroma of 3 or moregr

(2) Chroma of 2 or more if there are no redox
concentrations.
Udollic Endoaqualfs

Other Endoaqualfs that habeth

1. An umbric epipedon, an Ap horizon that meets all of
the requirements for an umbric epipedon except thickness,
or materials between the soil surface and a depth of 18 cm
that meet these requirements after mixizauggl

2. In one or more horizons between the A or Ap horizon
and a depth of 75 cm below the mineral soil surface, one or
a combination of the following colors:

a. Hue of 7.5YR or redder in 50 percent or more of the
matrix; and

(1) If peds are present, chroma of 2 or more on 50
percent or more of ped exteriors or no redox
depletions with chroma of 2 or less in ped interiors;

(2) If peds are absent, chroma of 2 or more in 50
percent or more of the matrigr

b. In 50 percent or more of the matrix, hue of 10YR or
yellowerand either

(1) Both a color value of 3 or more (moist) and
chroma of 3 or moregr

(2) Chroma of 2 or more if there are no redox
concentrations.
Aeric Umbric Endoaqualfs

JAKJ. Other Endoaqualfs that have, in one or more horizons
between the A or Ap horizon and a depth of 75 cm below the
mineral soil surface, in 50 percent or more of the matrix, one
or a combination of the following colors:

1. Hue of 7.5YR or reddegnd

a. |If peds are present, chroma of 2 or more (both moist
and dry) on 50 percent or more of ped exteriors or no
redox depletions with chroma of 2 or less (both moist and
dry) in ped interiorspr
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b. If peds are absent, chroma of 2 or more (both moist or no redox depletions with chroma of 2 or less (both
and dry);or moist and dry) in ped interiorsr
2. Hue of 10YR or yelloweand either (2) If peds are absent, chroma of 2 or more (both

a. Both a color value of 3 or more (moist) and chroma moist and dry)pr

of 3 or more (moist and drydr b. Hue of 10YR or yelloweand either

b. Chroma of 2 or more (both moist and dry) and no (1) Both a color value of 3 or more (moist)

redox concentrations. and chroma of 3 or more (moist and dry);
Aeric Endoaqualfs or

(2) Chroma of 2 or more (both moist and dry) an

JAKK. Other Endoaqualfs that have a mollic epipedon, an :
no redox concentrationand

Ap horizon that meets all of the requirements for a mollic

epipedon except thickness, or materials between the soil 3. An Ap horizon or materials between the mineral soi
surface and a depth of 18 cm that meet these requirements after surface and a depth of 18 cm that, after mixing, ltesor
mixing. more of the following:

Mollic Endoaqualfs a. A color value, moist, of 4 or morer
JAKL. Other Endoaqualfs that have an umbric epipedon, an b. A color value, dry, of 6 or morer
Ap horizon that meets all of the requirements for an umbric
epipedon except thickness, or materials between the soil

surface and a depth of 18 cm that meet these requirements after
mixing.

c. Chroma of 4 or more.
Aeric Chromic Vertic Epiaqualfs

Umbric Endoaqualfs JAJB. Other Epiaqualfs that habeth of the following:

JAKM. Other Endoaqualfs. 1. One or both

Typic Endoaqualfs a. Cracks within 125 cm of the mineral soil surface that
are 5 mm or more wide through a thickness of 30 cm or
Epiaqualfs more for some time in normal years, and slickensides or
wedge-shaped aggregates in a layer 15 cm or more thick
Key to Subgroups that has its upper boundary within 125 cm of the mineral

JAJA. Epiaqualfs that hawval of the following: soil surfacepr

1. One or both b._ A Iinegr extensibility o_f 6.0 cm or more between the
mineral soil surface and either a depth of 100 cm or a
a. Cracks within 125 cm of the mineral soil surface that densic, lithic, or paralithic contact, whichever is

are 5 mm or more wide through a thickness of 30 cm or shallower;and

more for some time in normal years, and slickensides or
wedge-shaped aggregates in a layer 15 cm or more thick
that has its upper boundary within 125 cm of the mineral

soil surfacepr

2. In one or more horizons between the A or Ap horizon
and a depth of 75 cm below the mineral soil surface, in 50
percent or more of the matrix, one or a combination of the
following colors:

b. A linear extensibility of 6.0 cm or more between the
mineral soil surface anéll either a depth of 100 cm or a a. Hue of 7.5YR or reddeand
densic, lithic, or paralithic contact, whichever is (1) If peds are present, chroma of 2 or more (both
shallower;and moist and dry) on 50 percent or more of ped exteriors
or no redox depletions with chroma of 2 or less (both

2. In one or more horizons between the A or Ap horizon : : L
moist and dry) in ped interiorsr

and a depth of 75 cm below the mineral soil surface, in 50

percent or more of the matrix, one or a combination of the (2) If peds are absent, chroma of 2 or more (both
following colors: moist and dry)pr
a. Hue of 7.5YR or reddeand b. Hue of 10YR or yelloweand either
(1) If peds are present, chroma of 2 or more (both (1) Both a color value of 3 or more (moist) and

moist and dry) on 50 percent or more of ped exteriors chroma of 3 or more (moist and drgy;
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(2) Chroma of 2 or more (both moist and dry) and
no redox concentrations.
Aeric Vertic Epiaqualfs
JAJC. Other Epiaqualfs that haleth of the following:

1. One or both

a. Cracks within 125 cm of the mineral soil surface that

are 5 mm or more wide through a thickness of 30 cm or

3. A fine-earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diametand

a. Inthe 0.02 to 2.0 mm fraction, 5 percent or more
volcanic glassand

b. [(Al plusYz Fe, percent extracted by ammonium
oxalate) times 60] plus the volcanic glass (percent) is
equal to 30 or more.

Aquandic Epiaqualfs

more for some time in normal years, and slickensides or
wedge-shaped aggregates in a layer 15 cm or more thick JAJF. Other Epiaqualfs that have:
that has its upper boundary within 125 cm of the mineral

soil surfacepr

b. A linear extensibility of 6.0 cm or more between the
mineral soil surface and either a depth of 100 cm or a
densic, lithic, or paralithic contact, whichever is
shallower;and

2. An Ap horizon or materials between the mineral soll
surface and a depth of 18 cm that, after mixing, lwnesor
more of the following:

a. A color value, moist, of 4 or morer
b. A color value, dry, of 6 or morey

c. Chroma of 4 or more.
Chromic Vertic Epiaqualfs

JAJD. Other Epiaqualfs that havee or bothof the
following:

1. Cracks within 125 cm of the mineral soil surface that
are 5 mm or more wide through a thickness of 30 cm or
more for some time in normal years, and slickensides or
wedge-shaped aggregates in a layer 15 cm or more thick
that has its upper boundary within 125 cm of the mineral
soil surfacepr

2. Alinear extensibility of 6.0 cm or more between the

mineral soil surface and either a depth of 100 cm or a

densic, lithic, or paralithic contact, whichever is shallower.
Vertic Epiaqualfs

JAJE. Other Epiaqualfs that have, throughout one or more
horizons with a total thickness of 18 cm or more within

75 cm of the mineral soil surfacene or moreof the

following:

1. A fine-earth fraction with both a bulk density of 1.0
g/cn? or less, measured at 33 kPa water retention, and Al
plus¥2 Fe percentages (by ammonium oxalate) totaling
more than 1.0pr

2. More than 35 percent (by volume) fragments coarser
than 2.0 mm, of which more than 66 percent is cinders,
pumice, and pumicelike fragments;

1. Fragic soil properties:

a. In 30 percent or more of the volume of a layer 15 cm
or more thick that has its upper boundary within 100 cm
of the mineral soil surfacer

b. In 60 percent or more of the volume of a layer 15 cm
or more thick;and

2. In one or more horizons between the A or Ap horizon
and a depth of 75 cm below the mineral soil surface, in 50
percent or more of the matrix, one or a combination of the
following colors:

a. Hue of 7.5YR or reddeand

(1) If peds are present, chroma of 2 or more (both
moist and dry) on 50 percent or more of ped exteriors
or no redox depletions with chroma of 2 or less (both
moist and dry) in ped interiorsr

(2) If peds are absent, chroma of 2 or more (both
moist and dry)pr

b. Hue of 10YR or yelloweand either

(1) Both a color value of 3 or more (moist) and
chroma of 3 or more (moist and drgy;

(2) Chroma of 2 or more (both moist and dry) and
no redox concentrations.
Aeric Fragic Epiaqualfs

JAJG. Other Epiaqualfs that have fragic soil properties:

1. In 30 percent or more of the volume of a layer 15 cm or
more thick that has its upper boundary within 100 cm of the
mineral soil surfaceopr

2. In 60 percent or more of the volume of a layer 15 cm or
more thick.
Fragic Epiaqualfs

JAJH. Other Epiaqualfs that have a sandy or sandy-skeletal
particle-size class throughout a layer extending from the
mineral soil surface to the top of an argillic horizon at a depth
of 50 to 100 cm below the mineral soil surface.

Arenic Epiaqualfs
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JAJI. Other Epiaqualfs that have a sandy or sandy-skeletal
particle-size class throughout a layer extending from the
mineral soil surface to the top of an argillic horizon at a depth
of 100 cm or more below the mineral soil surface.
Grossarenic Epiaqualfs

JAJJ. Other Epiaqualfs that have:

1. An umbric epipedon, an Ap horizon that meets all of
the requirements for an umbric epipedon except thickness,
or materials between the soil surface and a depth of 18 cm
that meet these requirements after mixiaggl

2. In one or more horizons between the A or Ap horizon
and a depth of 75 cm below the mineral soil surface, in 50
percent or more of the matrix, one or a combination of the
following colors:

Hue of 7.5YR or reddeand

(1) If peds are present, chroma of 2 or more (both
moist and dry) on 50 percent or more of ped exteriors
or no redox depletions with chroma of 2 or less (both
moist and dry) in ped interiorsr

(2) If peds are absent, chroma of 2 or more (both
moist and dry)pr

a.

Hue of 10YR or yelloweand either

(1) Both a color value of 3 or more (moist) and
chroma of 3 or more (moist and drgy;

(2) Chroma of 2 or more (both moist and dry) and
no redox concentrations.
Aeric Umbric Epiaqualfs

JAJK. Other Epiaqualfs that habeth

1. A mollic epipedon, an Ap horizon that meets all of the
requirements for a mollic epipedon except thickness, or

materials between the soil surface and a depth of 18 cm that

meet these requirements after mixiagd

2. In 50 percent or more of the matrix in one or more
horizons between the A or Ap horizon and a depth of 75 cm
below the mineral soil surface, one or a combination of the
following colors:

Hue of 7.5YR or reddeand

(1) If peds are present, chroma of 2 or more on 50
percent or more of ped exteriors or no redox
depletions with chroma of 2 or less in ped interiors;

(2) If peds are absent, chroma of 2 or more in 50
percent or more of the matrigr

a.

Hue of 10YR or yelloweand either

(1) Both a color value of 3 or more (moist) and
chroma of 3 or moregr

(2) Chroma of 2 or more if there are no redox
concentrations.
Udollic Epiaqualfs

JAJL. Other Epiaqualfs that have, in one or more horizons
between the A or Ap horizon and a depth of 75 cm below the
mineral soil surface, in 50 percent or more of the matrix, one
or a combination of the following colors:

1. Hue of 7.5YR or reddegnd

a. |If peds are present, chroma of 2 or more (both
and dry) on 50 percent or more of ped exteriors or n
redox depletions with chroma of 2 or less (both mois
dry) in ped interiorspr

b. If peds are absent, chroma of 2 or more (both moist
and dry);or

Hue of 10YR or yelloweand either

a. Both a color value of 3 or more (moist) and chroma
of 3 or more (moist and drydr

b. Chroma of 2 or more (both moist and dry) and no
redox concentrations.
Aeric Epiaqualfs

JAJM. Other Epiaqualfs that have a mollic epipedon, an Ap
horizon that meets all of the requirements for a mollic
epipedon except thickness, or materials between the soil
surface and a depth of 18 cm that meet these requirements after
mixing.

Mollic Epiaqualfs

JAJIN. Other Epiaqualfs that have an umbric epipedon, an Ap
horizon that meets all of the requirements for an umbric
epipedon except thickness, or materials between the soil
surface and a depth of 18 cm that meet these requirements after
mixing.

Umbric Epiaqualfs

JAJO. Other Epiaqualfs.
Typic Epiaqualfs

Fragiaqualfs

Key to Subgroups

JAEA. Fragiaqualfs that have one or more layers, at least 25
cm thick (cumulative) within 100 cm of the mineral soil
surface, that have 25 percent or more (by volume) recognizable
bioturbation, such as filled animal burrows, wormholes, or
casts.

Vermic Fragiaqualfs

JAEB. Other Fragiaqualfs that have, between the A or Ap
horizon and a fragipan, a horizon with 50 percent or more
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chroma of 3 or more if hue is 10YR or redder or of 4 or more if
hue is 2.5Y or yellower.
Aeric Fragiaqualfs

JAEC. Other Fragiaqualfs that have 5 percent or more (by
volume) plinthite in one or more horizons within 150 cm of the
mineral soil surface.

Plinthic Fragiaqualfs

JAED. Other Fragiaqualfs that have an Ap horizon with a
color value, moist, of 3 or less and a color value, dry, of 5 or
less (crushed and smoothed sample) or materials between the
soil surface and a depth of 18 cm that have these color values
after mixing.

Humic Fragiaqualfs

JAEE. Other Fragiaqualfs.
Typic Fragiaqualfs

Glossaqualfs

Key to Subgroups

JAIA. Glossaqualfs that have a histic epipedon.
Histic Glossaqualfs

JAIB. Other Glossaqualfs that have a sandy or sandy-skeletal
particle-size class throughout a layer extending from the
mineral soil surface to the top of an argillic horizon at a depth
of 50 cm or more below the mineral soil surface.

Arenic Glossaqualfs

JAIC. Other Glossaqualfs that have:

1. Fragic soil properties:

a. In 30 percent or more of the volume of a layer 15 cm
or more thick that has its upper boundary within 100 cm
of the mineral soil surfacer

b. In 60 percent or more of the volume of a layer 15 cm
or more thick;and

2. In one or more horizons between the A or Ap horizon
and a depth of 75 cm below the mineral soil surface, one or
a combination of the following colors:

a. Hue of 7.5YR or redder in 50 percent or more of the
matrix; and

(1) If peds are present, chroma of 2 or more on 50
percent or more of ped exteriors or no redox
depletions with chroma of 2 or less in ped interiors;

(2) If peds are absent, chroma of 2 or more in 50
percent or more of the matrigr

b. In 50 percent or more of the matrix, hue of 10YR or
yellowerand either

(1) Both a color value of 3 or more (moist) and
chroma of 3 or more (moist and drgy;

(2) Chroma of 2 or more if there are no redox
concentrations.
Aeric Fragic Glossaqualfs

JAID. Other Glossaqualfs that have fragic soil properties:

1. In 30 percent or more of the volume of a layer 15 cm or
more thick that has its upper boundary within 100 cm of the
mineral soil surfaceopr

2. In 60 percent or more of the volume of a layer 15 cm or
more thick.
Fragic Glossaqualfs

JAIE. Other Glossaqualfs that have, in one or more horizons
between the A or Ap horizon and a depth of 75 cm below the
mineral soil surface, in 50 percent or more of the matrix, one
or a combination of the following colors:

1. Hue of 7.5YR or reddegnd

a. |If peds are present, chroma of 2 or more (both moist
and dry) on 50 percent or more of ped exteriors or no
redox depletions with chroma of 2 or less (both moist and
dry) in ped interiorspr

b. If peds are absent, chroma of 2 or more (both moist
and dry);or

Hue of 10YR or yelloweand either

a. Both a color value of 3 or more (moist) and chroma
of 3 or more (moist and drydr

b. Chroma of 2 or more (both moist and dry) and no
redox concentrations.
Aeric Glossaqualfs

JAIF. Other Glossaqualfs that have a mollic epipedon, an Ap
horizon that meets all of the requirements for a mollic
epipedon except thickness, or materials between the soil
surface and a depth of 18 cm that meet these requirements after
mixing.

Mollic Glossaqualfs

JAIG. Other Glossaqualfs.
Typic Glossaqualfs

Kandiaqualfs

Key to Subgroups

JAFA. Kandiaqualfs that have a sandy or sandy-skeletal
particle-size class throughout a layer extending from the
mineral soil surface to the top of a kandic horizon at a depth of
50 to 100 cm below the mineral soil surface.

Arenic Kandiaqualfs
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JAFB. Other Kandiaqualfs that have a sandy or sandy- b. Chroma of 2 or more (both moist and dry) and no
skeletal particle-size class throughout a layer extending from redox concentrations.
the mineral soil surface to the top of a kandic horizon at a Aeric Kandiaqualfs

depth of 100 cm or more below the mineral soil surface.
Grossarenic Kandiaqualfs JAFF. Other Kandiaqualfs that have an umbric epipedon, an
Ap horizon that meets all of the requirements for an umbric
JAFC. Other Kandiaqualfs that have 5 percent or more (by epipedon except thickness, or materials between the soil
volume) plinthite in one or more horizons within 150 cm of the surface and a depth of 18 cm that meet these requirements after
mineral soil surface. mixing.
Plinthic Kandiaqualfs Umbric Kandiaqualfs

JAFD. Other Kandiaqualfs that habeth JAFG. Other Kandiaqualfs.

1. An Ap horizon with a color value, moist, of 3 or less Typic Kandiaqualfs

and a color value, dry, of 5 or less (crushed and smoothed
sample) or materials between the soil surface and a depth of
18 cm that have these color values after mixarg]

Natraqualfs

Key to Subgroups
2. In one or more horizons between the A or Ap horizon
and a depth of 75 cm below the mineral soil surface, in 50
percent or more of the matrix, one or a combination of the 1. Cracks within 125 cm of the mineral soil surface that
following colors: are 5 mm or more wide through a thickness of 30 cm or
a. Hue of 7.5YR or reddeand more for some time in normal years, and slickensides or
wedge-shaped aggregates in a layer 15 cm or more thick
(1) If peds are present, chroma of 2 or more (both that has its upper boundary within 125 cm of the mineral
moist and dry) on 50 percent or more of ped exteriors soil surfacepr
or no redox depletions with chroma of 2 or less (both
moist and dry) in ped interiorsr

JADA. Natraqualfs that havene or bothof the following:

2. Alinear extensibility of 6.0 cm or more between the
mineral soil surface and either a depth of 100 cm or a
(2) If peds are absent, chroma of 2 or more (both densic, lithic, or paralithic contact, whichever is shallower.
moist and dry)pr Vertic Natraqualfs
b. Hue of 10YR or yelloweand either JADB. Other Natraqualfs that have one or more layers, at
(1) Both a color value of 3 or more (moist) and least 25 cm thick (cumulative) within 100 cm of the mineral
chroma of 3 or more (moist and drgy; soil surface, that have 25 percent or more (by volume)
recognizable bioturbation, such as filled animal burrows,

(2) Chroma of 2 or more (both moist and dry) and
wormholes, or casts.

no redox concentrations.

Aeric Umbric Kandiaqualfs Vermic Natraqualfs

JAFE. Other Kandiaqualfs that have, in one or more horizons‘]ADC' Other Natraqualfs that habeth

between the A or Ap horizon and a depth of 75 cm below the 1. A glossic horizon or interfingering of albic materials
mineral soil surface, in 50 percent or more of the matrix, one into the natric horizonand

or a combination of the following colors: 2. An exchangeable sodium percentage of less than 15 and

1. Hue of 7.5YR or reddegnd less magnesium plus sodium than calcium plus extractable
acidity either throughout the upper 15 cm of the natric
horizon or in all horizons within 40 cm of the mineral soil
surface, whichever is deeper.

a. |If peds are present, chroma of 2 or more (both moist
and dry) on 50 percent or more of ped exteriors or no
redox depletions with chroma of 2 or less (both moist and

dry) in ped interiorsor Albic Glossic Natraqualfs

b. If peds are absent, chroma of 2 or more (both moist JADD. Other Natraqualfs that have an exchangeable sodium
and dry);or percentage of less than 15 and less magnesium plus sodium
than calcium plus extractable acidity either throughout the
upper 15 cm of the natric horizon or in all horizons within 40
a. Both a color value of 3 or more (moist) and chroma cm of the mineral soil surface, whichever is deeper.

of 3 or more (moist and drydr Albic Natraqualfs

2. Hue of 10YR or yelloweand either
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JADE. Other Natraqualfs that have a glossic horizon
or interfingering of albic materials into the natric
horizon.
Glossic Natraqualfs

JADF. Other Natraqualfs that have a mollic epipedon, an Ap

horizon that meets all of the requirements for a mollic
epipedon except thickness, or materials between the soil

surface and a depth of 18 cm that meet these requirements after

mixing.
Mollic Natraqualfs

JADG. Other Natraqualfs.
Typic Natraqualfs

Plinthaqualfs

Key to Subgroups

JABA. All Plinthaqualfs (provisionally).
Typic Plinthaqualfs

Vermaqualfs

Key to Subgroups

JAGA. \Vermagqualfs that have an exchangeable sodium
percentage of 7 or more (or a sodium adsorption ratio of 6 or
more)either or both

1. Throughout the upper 15 cm of the argillic horizon;
and/or

2. Throughout all horizons within 40 cm of the mineral
soil surface.
Natric Vermaqualfs

JAGB. Other Vermaqualfs.
Typic Vermaqualfs

Cryalfs
Key to Great Groups

JBA. Cryalfs that havall of the following:

1. An argillic, kandic, or natric horizon that has its upper
boundary 60 cm or more beldvoth

a. The mineral soil surfacand

b. The lower boundary of any surface mantle
containing 30 percent or more vitric volcanic ash,
cinders, or other vitric pyroclastic materiadsid

2. A texture (in the fine-earth fraction) finer than loamy

fine sand in one or more horizons above the argillic, kandic,

or natric horizonand

3. Either a glossic horizon or interfingering of albic
materials into the argillic, kandic, or natric horizon.

Palecryalfs p. 53

JBB. Other Cryalfs that have a glossic horizon.
Glossocryalfsp. 50

JBC. Other Cryalfs.
Haplocryalfs p. 52

Glossocryalfs

Key to Subgroups

JBBA. Glossocryalfs that have a lithic contact within 50 cm
of the mineral soil surface.
Lithic Glossocryalfs

JBBB. Other Glossocryalfs that hawae or bothof the
following:

1. Cracks within 125 cm of the mineral soil surface that
are 5 mm or more wide through a thickness of 30 cm or
more for some time in normal years, and slickensides or
wedge-shaped aggregates in a layer 15 cm or more thick
that has its upper boundary within 125 cm of the mineral
soil surfacepr

2. Alinear extensibility of 6.0 cm or more between
the mineral soil surface and either a depth of 100 cm
or a densic, lithic, or paralithic contact, whichever is
shallower.

Vertic Glossocryalfs

JBBC. Other Glossocryalfs that have, throughout one or more
horizons with a total thickness of 18 cm or more within 75 cm
of the mineral soil surface, a fine-earth fraction with both a
bulk density of 1.0 g/chor less, measured at 33 kPa water
retention, and Al plug: Fe percentages (by ammonium
oxalate) totaling more than 1.0.

Andic Glossocryalfs

JBBD. Other Glossocryalfs that have, throughout one or
more horizons with a total thickness of 18 cm or more
within 75 cm of the mineral soil surfacene or bothof the
following:

1. More than 35 percent (by volume) fragments coarser
than 2.0 mm, of which more than 66 percent is cinders,
pumice, and pumicelike fragments;

2. A fine-earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diametand

a. Inthe 0.02 to 2.0 mm fraction, 5 percent or more
volcanic glassand
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b. [(Al plusY/z Fe, percent extracted by ammonium
oxalate) times 60] plus the volcanic glass (percent) is
equal to 30 or more.

Vitrandic Glossocryalfs

JBBE. Other Glossocryalfs that have, in one or more
subhorizons within the upper 25 cm of the argillic, kandic, or
natric horizon, redox depletions with chroma of 2 or less
and also aquic conditions for some time in normal years
(or artificial drainage).

Aquic Glossocryalfs

JBBF. Other Glossocryalfs that are saturated with water in
one or more layers within 100 cm of the mineral soil surface in
normal years foeither or both

1. 20 or more consecutive days;

2. 30 or more cumulative days.
Oxyaquic Glossocryalfs

JBBG. Other Glossocryalfs that have fragic soil properties:

1. In 30 percent or more of the volume of a layer 15 cm or
more thick that has its upper boundary within 100 cm of the
mineral soil surfacegr

2. In 60 percent or more of the volume of a layer 15 cm or
more thick.
Fragic Glossocryalfs

JBBH. Other Glossocryalfs that have:
1. A xeric moisture regimegnd

2. An Ap horizon with a color value, moist, of 3 or

less and a color value, dry, of 5 or less (crushed and
smoothed sample) or materials between the soil surface
and a depth of 18 cm that have these color values after
mixing; and

3. A base saturation of 50 percent or more (by,Oit)
in all parts from the mineral soil surface to a depth of 180
cm or to a densic, lithic, or paralithic contact, whichever is
shallower.

Xerollic Glossocryalfs

JBBI. Other Glossocryalfs that have:

1. A xeric moisture regimegnd

2. An Ap horizon with a color value, moist, of 3 or
less and a color value, dry, of 5 or less (crushed and
smoothed sample) or materials between the soil surface
and a depth of 18 cm that have these color values after
mixing.

Umbric Xeric Glossocryalfs

JBBJ. Other Glossocryalfs that:

1. Are dry in some part of the moisture control section for
45 or more days (cumulative) in normal yeanscl

2. Have an Ap horizon with a color value, moist, of 3 or
less and a color value, dry, of 5 or less (crushed and
smoothed sample) or materials between the soil surface and
a depth of 18 cm that have these color values after mixing;
and

3. Have a base saturation of 50 percent or more (by
NH,OACc) in all parts from the mineral soil surface to a
depth of 180 cm or to a densic, lithic, or paralithic conta
whichever is shallower.

Ustollic Glossocryalfs

JBBK. Other Glossocryalfs that have a xeric moisture
regime.
Xeric Glossocryalfs

JBBL. Other Glossocryalfs that are dry in some part of the
moisture control section for 45 or more days (cumulative) in
normal years.

Ustic Glossocryalfs

JBBM. Other Glossocryalfs that:

1. Have an Ap horizon with a color value, moist, of 3 or
less and a color value, dry, of 5 or less (crushed and
smoothed sample) or materials between the soil surface and
a depth of 18 cm that have these color values after mixing;
and

2. Have a base saturation of 50 percent or more (by
NH,OACc) in all parts from the mineral soil surface to a
depth of 180 cm or to a densic, lithic, or paralithic contact,
whichever is shallower.

Mollic Glossocryalfs

JBBN. Other Glossocryalfs that have an Ap horizon with a
color value, moist, of 3 or less and a color value, dry, of 5 or
less (crushed and smoothed sample) or materials between the
soil surface and a depth of 18 cm that have these color values
after mixing.

Umbric Glossocryalfs

JBBO. Other Glossocryalfs that have a base saturation of 50
percent or more (by NDAc) in all parts from the mineral soil
surface to a depth of 180 cm or to a densic, lithic, or paralithic
contact, whichever is shallower.

Eutric Glossocryalfs

JBBP. Other Glossocryalfs.
Typic Glossocryalfs
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Haplocryalfs

Key to Subgroups

JBCA. Haplocryalfs that have a lithic contact within 50 cm of
the mineral soil surface.
Lithic Haplocryalfs

JBCB. Other Haplocryalfs that haeae or bothof the
following:

1. Cracks within 125 cm of the mineral soil surface that
are 5 mm or more wide through a thickness of 30 cm or
more for some time in normal years, and slickensides or
wedge-shaped aggregates in a layer 15 cm or more thick
that has its upper boundary within 125 cm of the mineral
soil surfacepr

2. Alinear extensibility of 6.0 cm or more between
the mineral soil surface and either a depth of 100 cm
or a densic, lithic, or paralithic contact, whichever is
shallower.

Vertic Haplocryalfs

JBCC. Other Haplocryalfs that have, throughout one or more
horizons with a total thickness of 18 cm or more within 75 cm
of the mineral soil surface, a fine-earth fraction with both a
bulk density of 1.0 g/chor less, measured at 33 kPa water
retention, and Al plug: Fe percentages (by ammonium
oxalate) totaling more than 1.0.

Andic Haplocryalfs

JBCD. Other Haplocryalfs that have, throughout one or
more horizons with a total thickness of 18 cm or more
within 75 cm of the mineral soil surfacene or bothof the
following:

1. More than 35 percent (by volume) fragments
coarser than 2.0 mm, of which more than 66 percent
is cinders, pumice, and pumicelike fragments;

or

2. A fine-earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diametand

a. Inthe 0.02 to 2.0 mm fraction, 5 percent or more
volcanic glassand

b. [(Al plusYz Fe, percent extracted by ammonium
oxalate) times 60] plus the volcanic glass (percent) is
equal to 30 or more.

Vitrandic Haplocryalfs

JBCE. Other Haplocryalfs that have, in one or more horizons
within 75 cm of the mineral soil surface, redox depletions with
chroma of 2 or less and also aquic conditions for some time in
normal years (or artificial drainage).

Aquic Haplocryalfs

JBCF. Other Haplocryalfs that are saturated with water in one
or more layers within 100 cm of the mineral soil surface in
normal years foeither or both

1. 20 or more consecutive days;
2. 30 or more cumulative days.
Oxyaquic Haplocryalfs
JBCG. Other Haplocryalfs that have an argillic horizon that:
1.

2. Is a combination of two or more lamellae and one or
more subhorizons with a thickness of 7.5 to 20 cm, each
layer with an overlying eluvial horizowy

Consists entirely of lamellaer

3. Consists of one or more subhorizons that are more than
20 cm thick, each with an overlying eluvial horizon, and
above these horizons there arther.

a. Two or more lamellae with a combined thickness of
5 cm or more (that may or may not be part of the argillic
horizon); or

b. A combination of lamellae (that may or may not be
part of the argillic horizon) and one or more parts of the
argillic horizon 7.5 to 20 cm thick, each with an
overlying eluvial horizon.

Lamellic Haplocryalfs

JBCH. Other Haplocryalfs that have a sandy or sandy-skeletal
particle-size class throughout the upper 75 cm of the argillic,
kandic, or natric horizon or throughout the entire argillic,
kandic, or natric horizon if it is less than 75 cm thick.
Psammentic Haplocryalfs

JBCI. Other Haplocryalfs that have:

1. An argillic, kandic, or natric horizon that is 35 cm or
less thick;and

2. No densic, lithic, or paralithic contact within 100 cm of
the mineral soil surface.
Inceptic Haplocryalfs

JBCJ. Other Haplocryalfs that have:

1. A xeric moisture regimegnd

2. An Ap horizon with a color value, moist, of 3 or less

and a color value, dry, of 5 or less (crushed and smoothed
sample) or materials between the soil surface and a depth of
18 cm that have these color values after mixarg]

3. A base saturation of 50 percent or more (by,Oit)
in all parts from the mineral soil surface to a depth of 180
cm or to a densic, lithic, or paralithic contact, whichever is
shallower.

Xerollic Haplocryalfs
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JBCK. Other Haplocryalfs that have:
1. A xeric moisture regimegnd

2. An Ap horizon with a color value, moist, of 3 or less
and a color value, dry, of 5 or less (crushed and smoothed

sample) or materials between the soil surface and a depth of

18 cm that have these color values after mixing.
Umbric Xeric Haplocryalfs
JBCL. Other Haplocryalfs that:

1. Are dry in some part of the moisture control section for
45 or more days (cumulative) in normal yeansl

2. Have an Ap horizon with a color value, moist, of 3 or
less and a color value, dry, of 5 or less (crushed and

smoothed sample) or materials between the soil surface and

a depth of 18 cm that have these color values after mixing;
and

3. Have a base saturation of 50 percent or more (by
NH,OACc) in all parts from the mineral soil surface to a
depth of 180 cm or to a densic, lithic, or paralithic contact,
whichever is shallower.

Ustollic Haplocryalfs

JBCM. Other Haplocryalfs that have a xeric moisture regime.

Xeric Haplocryalfs

JBCN. Other Haplocryalfs that are dry in some part of the
moisture control section for 45 or more days (cumulative) in
normal years.

Ustic Haplocryalfs

JBCO. Other Haplocryalfs that:

1. Have an Ap horizon with a color value, moist, of 3 or
less and a color value, dry, of 5 or less (crushed and

smoothed sample) or materials between the soil surface and

a depth of 18 cm that have these color values after mixing;
and

2. Have a base saturation of 50 percent or more (by
NH,OACc) in all parts from the mineral soil surface to a
depth of 180 cm or to a densic, lithic, or paralithic contact,
whichever is shallower.

Mollic Haplocryalfs

JBCP. Other Haplocryalfs that have an Ap horizon with a
color value, moist, of 3 or less and a color value, dry, of 5 or

less (crushed and smoothed sample) or materials between the
soil surface and a depth of 18 cm that have these color values

after mixing.
Umbric Haplocryalfs

JBCQ. Other Haplocryalfs that have a base saturation of 50
percent or more (by NJDAc) in all parts from the mineral soil

surface to a depth of 180 cm or to a densic, lithic, or paralithic
contact, whichever is shallower.
Eutric Haplocryalfs

JBCR. Other Haplocryalfs.
Typic Haplocryalfs

Palecryalfs

Key to Subgroups

JBAA. Palecryalfs that have, throughout one or more
horizons with a total thickness of 18 cm or more within 75
of the mineral soil surface, a fine-earth fraction with both a
bulk density of 1.0 g/ctor less, measured at 33 kPa water
retention, and Al plug: Fe percentages (by ammonium
oxalate) totaling more than 1.0.

Andic Palecryalfs

JBAB. Other Palecryalfs that have, throughout one or
more horizons with a total thickness of 18 cm or more within
75 cm of the mineral soil surfacene or bothof the

following:

1. More than 35 percent (by volume) fragments coarser
than 2.0 mm, of which more than 66 percent is cinders,
pumice, and pumicelike fragments;

2. A fine-earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diametand

a. Inthe 0.02 to 2.0 mm fraction, 5 percent or more
volcanic glassand

b. [(Al plusY/z Fe, percent extracted by ammonium
oxalate) times 60] plus the volcanic glass (percent) is
equal to 30 or more.

Vitrandic Palecryalfs

JBAC. Other Palecryalfs that have, in one or more horizons
within 100 cm of the mineral soil surface, redox depletions
with chroma of 2 or less and also aquic conditions for some
time in normal years (or artificial drainage).

Aquic Palecryalfs

JBAD. Other Palecryalfs that are saturated with water in one
or more layers within 100 cm of the mineral soil surface in
normal years foeither or both

1. 20 or more consecutive days;
2. 30 or more cumulative days.
Oxyaquic Palecryalfs

JBAE. Other Palecryalfs that have a xeric moisture regime.
Xeric Palecryalfs

JBAF. Other Palecryalfs that are dry in some part of the
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moisture control section for 45 or more days (cumulative) in
normal years.
Ustic Palecryalfs

JBAG. Other Palecryalfs that:

1. Have an Ap horizon with a color value, moist, of 3 or
less and a color value, dry, of 5 or less (crushed and

smoothed sample) or materials between the soil surface and

a depth of 18 cm that have these color values after mixing;
and

2. Have a base saturation of 50 percent or more (by
NH,OACc) in all parts from the mineral soil surface to a
depth of 180 cm or to a densic, lithic, or paralithic contact,
whichever is shallower.

Mollic Palecryalfs

JBAH. Other Palecryalfs that have an Ap horizon with a
color value, moist, of 3 or less and a color value, dry, of 5 or
less (crushed and smoothed sample) or materials between the
soil surface and a depth of 18 cm that have these color values
after mixing.

Umbric Palecryalfs

JBAI. Other Palecryalfs.

Typic Palecryalfs

Udalfs
Key to Great Groups

JEA. Udalfs that have a natric horizon.
Natrudalfs p. 62
JEB. Other Udalfs that have:
1. A glossic horizonand

2. In the argillic or kandic horizon, discrete nodules, 2.5
to 30 cm in diameter, that:

a. Are enriched with iron and extremely weakly
cemented to induratednd

b. Have exteriors with either a redder hue or a higher
chroma than the interiors.
Ferrudalfs p. 55

JEC. Other Udalfs that hawmth

1. A glossic horizonand

2. A fragipan with an upper boundary within 100 cm of
the mineral soil surface.

Fraglossudalfsp. 55

JED. Other Udalfs that have a fragipan with an upper
boundary within 100 cm of the mineral soil surface.

Fragiudalfs p. 55

JEE. Other Udalfs that:

1. Do not have a densic, lithic, paralithic, or petroferric
contact within 150 cm of the mineral soil surfaaad

2. Have a kandic horizomnd

3. Within 150 cm of the mineral soil surfaegther.

a. Do not have a clay decrease with increasing depth of
20 percent or more (relative) from the maximum clay
content [Clay is measured noncarbonate clay or based on
the following formula: Clay % = 2.5(% water retained at
1500 kPa tension - % organic carbon), whichever value is
greater, but no more than 100}

b. Have 5 percent or more (by volume) skeletans on
faces of peds in the layer that has a 20 percent lower clay
contentand below that layer, a clay increase of 3 percent
or more (absolute) in the fine-earth fraction.

Kandiudalfs p. 61

JEF. Other Udalfs that have a kandic horizon.
Kanhapludalfsp. 62

JEG. Other Udalfs that:

1. Do not have a densic, lithic, or paralithic contact within
150 cm of the mineral soil surfacand

2. Within 150 cm of the mineral soil surfaegther.

a. Do not have a clay decrease with increasing depth of
20 percent or more (relative) from the maximum clay
content [Clay is measured noncarbonate clay or based on
the following formula: Clay % = 2.5(% water retained at
1500 kPa tension - % organic carbon), whichever value is
greater, but no more than 100}

b. Have 5 percent or more (by volume) skeletans on
faces of peds in the layer that has a 20 percent lower clay
contentand below that layer, a clay increase of 3 percent
or more (absolute) in the fine-earth fractiamd

3. Have an argillic horizon witbne or moreof the
following:

a. In 50 percent or more of the matrix of one or more
subhorizons in its lower one-half, hue of 7.5YR or redder
and chroma of 5 or morer

b. In 50 percent or more of the matrix of horizons that
total more than one-half the total thickness, hue of
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2.5YR or redder, value, moist, of 3 or less, and value,
dry, of 4 or lessor

c. Many coarse redox concentrations with hue of 5YR
or redder or chroma of 6 or more, or both, in one or more
subhorizonspr

4. Have a frigid temperature regime aaldof the
following:

a. An argillic horizon that has its upper boundary 60
cm or more beloviboth

(1) The mineral soil surfacend

(2) The lower boundary of any surface mantle
containing 30 percent or more vitric volcanic
ash, cinders, or other vitric pyroclastic materials;
and

b. A texture (in the fine-earth fraction) finer than
loamy fine sand in one or more horizons above the
argillic horizon;and

c. Either a glossic horizon or interfingering of albic
materials into the argillic horizon.
Paleudalfsp. 63

JEH. Other Udalfs that have, @il subhorizons in the upper
100 cm of the argillic horizon or throughout the entire argillic
horizon if less than 100 cm thick, more than 50 percent colors
that haveall of the following:

1. Hue of 2.5YR or reddegnd

2. Value, moist, of 3 or lesand

3. Dry value no more than 1 unit higher than the moist
value.
Rhodudalfs p. 65
JEI. Other Udalfs that have a glossic horizon.
Glossudalfsp. 56
JEJ. Other Udalfs.
Hapludalfs p. 58
Ferrudalfs
Key to Subgroups

JEBA. Ferrudalfs that have, in one or more horizons within
60 cm of the mineral soil surface, redox depletions with
chroma of 2 or less and also aquic conditions for some time in
normal years (or artificial drainage).

Aquic Ferrudalfs

JEBB. Other Ferrudalfs.
Typic Ferrudalfs

Fragiudalfs

Key to Subgroups

JEDA. Fragiudalfs that have, throughout one or more
horizons with a total thickness of 18 cm or more within 75 cm
of the mineral soil surface, a fine-earth fraction with both a
bulk density of 1.0 g/ctor less, measured at 33 kPa water
retention, and Al plug: Fe percentages (by ammonium
oxalate) totaling more than 1.0.

Andic Fragiudalfs

A

L
[=

JEDB. Other Fragiudalfs that have, throughout one or m
horizons with a total thickness of 18 cm or more within 75 cm
of the mineral soil surfacene or bothof the following:

1. More than 35 percent (by volume) fragments coarser
than 2.0 mm, of which more than 66 percent is cinders,
pumice, and pumicelike fragments;

2. A fine-earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diametand

a. Inthe 0.02 to 2.0 mm fraction, 5 percent or more
volcanic glassand

b. [(Al plusYz Fe, percent extracted by ammonium
oxalate) times 60] plus the volcanic glass (percent) is
equal to 30 or more.

Vitrandic Fragiudalfs

JEDC. Other Fragiudalfs that have, in one or more horizons
within 40 cm of the mineral soil surface, redox depletions with
chroma of 2 or less and also aquic conditions for some time in
normal years (or artificial drainage).

Aquic Fragiudalfs

JEDD. Other Fragiudalfs that are saturated with water in one
or more layers above the fragipan in normal yeargitber or
both
1. 20 or more consecutive days;
2. 30 or more cumulative days.
Oxyaquic Fragiudalfs

JEDE. Other Fragiudalfs.
Typic Fragiudalfs

Fraglossudalfs

Key to Subgroups

JECA. Fraglossudalfs that have, throughout one or more
horizons with a total thickness of 18 cm or more within 75 cm
of the mineral soil surface, a fine-earth fraction with both a
bulk density of 1.0 g/ctor less, measured at 33 kPa water
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retention, and Al plug: Fe percentages (by ammonium
oxalate) totaling more than 1.0.
Andic Fraglossudalfs

JECB. Other Fraglossudalfs that have, throughout one or
more horizons with a total thickness of 18 cm or more within
75 cm of the mineral soil surfacene or bothof the following:

1. More than 35 percent (by volume) fragments coarser
than 2.0 mm, of which more than 66 percent is cinders,
pumice, and pumicelike fragments;

2. A fine-earth fraction containing 30 percent or more
particles 0.02 to 2.0 mm in diametand

a. Inthe 0.02 to 2.0 mm fraction, 5 percent or more
volcanic glassand

b. [(Al plusYz Fe, percent extracted by ammonium
oxalate) times 60] plus the volcanic glass (percent) is
equal to 30 or more.

Vitrandic Fraglossudalfs

JECC. Other Fraglossudalfs that have, in one or more
subhorizons within the upper 25 cm of the argillic or kandic
horizon, redox depletions with chroma of 2 or less and also
aquic conditions for some time in normal years (or artificial
drainage).

Aquic Fraglossudalfs

JECD. Other Fraglossudalfs that are saturated with water in
one or more layers above the fragipan in normal years for
either or both

1. 20 or more consecutive days;

2. 30 or more cumulative days.
Oxyaquic Fraglossudalfs

densic, lithic, or paralithic contact, whichever is
shallower;and

2. Redox depletions with chroma of 2 or less in layers that
also have aquic conditions in normal years (or artificial
drainage