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UNITED STATES DEPARIMENT OF AGRICULTURE
Soil Conservation Service
Washington, D.C. 20250

March 2k, 1967

TO: Soil Survey Staff and Collaborators
FROM: Charles E. Kellogg, Deputy Administrator for Seil Survey

RE: Soil Survey - Classification snd Correlation - Soil Classification System

Attached 1s a new supplement to the publication, "Soil Clsssification, A Comprehensive
System, 7th Approximation," which replaces the one issued October 20, 1966. Since 1951 we have
been developing a system of soil classificatlon that incorporates the knowledge gained since
1938 and that overcomes some of the shortcomings of the system published that year. In 1960
wa published a draft of the classification to permit wide review and criticism. Many construc-
tive suggestions for improvement were received, and in 1964 we summarized the changes that we
had made as a reasult of the asuggestions.

In 1965 we began to use the clasgification, With its use the soils were studied in more
detail and also the taxa and definitions in the system.

No useful clagsification can remain static while knowledge increases and demands for
interpretation change. Changes must continue to be made, but the entire staff must be kept
advised of the changes in an orderly manner.

We propose to publish the classification in the near future, including the placement of
the soil series in families and higher categories. TFor the final review of the series place-
ment, & third summary of all changes since 1960 seems essential. We cannot otherwise be sure
that everyone has been advised of every change.

This text includes all changes in definitions of dlagnostic horizons and features as well
&g in definitione of taxa at the subgroup and higher categories. It also includes the changes
in family differentise, but does not list the families we recognize, Lists of families are
being developed in the offices of the principal soil correlators and in State offices.

We hope that relatively few changes will be required in the materisls in this text prior
to publication, but some of the daveloping concepts have not yet been tested as thoroughly as
we should like prior to publication. Among these are the suborders and great groups defined
partially on moisture regimss, and the great groupg carrying names with the prior formative
element "pale-",

The decimal numbering system used formerly has been dropped. If names of taxa have been
changed without significant changes in the concepts, the earlier names are indicated in the
text. The arrangement of the definitions of taxa other than orders is alphabetical for
convenience in location.

The metric system of linear measurements is used throughout the text, but because we are

not all thoroughly familiar with metric units, the approximate equivalents in terms of inchea
are gilven parenthetically.

The classification of Oxisols and Histosols still laga., A draft clagsification of Oxisols
is presented here but we cannot test it thoroughly in the United States because only a few of
the taxa can be found here. A draft of a clagsification of Histosols that can be added to this
material will be distributed at a later date.

We are distributing this text to all staff members and to our collaborators, We plan to
have copies available upon request until the published system is print.
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p. Wb

p. 50

p. 52

p. 68

p. 69
p. 100

‘p. 101
p. 102
p. 103

p. 105

p. 107

March 28, 1957
‘ Trrata, March 1907 Supplement
to Soil Classification System (7th Approximation)

Umbric epipedon; third word is "have," nol "havw"

A.2. should read: At soms period in most years, cracks at least 1 em wide at a depth
of 50 cm (20 inches) unless irricated;
{The same correction is needed on p. 85, line L arter (20 inches))

C.l.b. should read: Artificial drainage or saturatlon with water at some veriod of the

year when not frozen and either:

(1) a histie or umbric epipedon, and at depths of less than 50 cm or immediately
underlying the epipedon a2 horizon with dominant moist cclors on ped faces, or
in the matrix if peds are absent, that meet one or both of the following:

(a) if there is mottling, chromas are 2 or less;
(b) 1if there is no mottling, chromzs are 1 or less;¥or

(2) an ochric epipadon underlain at depths of less than 50 cm by a cambic horizon with
doninant roist colors that meet the requirements of (1) above;

(The same correction is needed on p. 89, Inceptisols, item 1l.b,, and p. 92, Aquepts, item 2,)

C.2, line 1: after "plagren epipedon", change comms to semicolon; same change p. 89, line, 1,

item 2. .
C.2.b. change "A cambie" to M"An underlying 6ambic"; sare change, pp. 52, 89, and 103.

€.2.¢.(2) should read: M™moist and dry values of the mollic epipedon are no dsrker than those
of the underlying horizon."; same change p. 89, item 2. c.{2).

Tropepts. Add an item c. to 2. az follows: "moist and dry values are no darker than those
of underlying horizonsg:" ) )
{The same addition should be made on p, 103.)

Item H, (Alfisols): first lines sheuld read "Other mineral goils that lack an oxic horizon
unless it underlies an argillic horizon, and that lack plinthite that forme a continuous
phase within 30 em (12 inches) of the soil surface, and that" '

Item H.1. (Alfisols): third line should read "dry; and either the mean annual seoil temperature
is 8°C (47°F) or lees, or base saturation (by sum of cations) is 35 percent or more at a
depth of 1.25 m"

TAA. add the word "ecemented" before "sheets"; same change on page 198, Gibbsiaguox.
IC.2. should read "A mean annual soil temperature of 15°C (59°F) or more;"
IEA. add the word "cerented" before "sheets"; same change on page 201, Gibbsiorthox.

Typic Eutrochrepts, item d should read: "have carbonates in the cambic horizon in some
part of each pesdon;", An item "j" should be added to read: "have less than L0 percent
carbonates in and below the cambic horizon to a depth of 1 m (LO inches)."

Lithic-Vertic Eutrochrepts should read "Eutrochrepte like the Typic excépt for f and i (2)."

Rendollic Eutrochrepts should read "Eutrochrepte like the Typic except for j.¢

Vertic Eutfochrepts should read "Eutrochrepts like the Typic except for i(l) with or without e."

Lithic-Vertic Ustochrepts should read "Ustochrepts like the Typic except for b and d (2)."

Lithic-Vertic Xerockrepts should read "Xerochrepts like the Typic except for-d and e(2)."

Vertic Xerochrepts should read "Xerochrepts like the Typic except for e(l) with or without c."

Lithic-Vertic Eutropents should read "Eutropepts like the Typic except for e and f(2) with or
without g." '

Vertic Futropepte should read "Futrcpepts like the Typic except for f(1) with or witheut ¢ or
g, or both,"

Lithic-Vertic Ustropenis should read "Ustropepts like the Typic except for 4 and £(2), with
or without ¢,

Vertic Ustropspts should read "Ustropepte like the Typic except for f{1), with or without b
or ¢ or both."




p. 137
p. 11

p. 142

p. 149
p. 160

p. 165
P. 169
P. 171
p. 180
R 181
p. L6

». 173

a:(a(/p-

Haplic Vermudolls: at end of sentence, add "a',

Lithic~Vertic Haplustolls should read "Haplustolls 1like the Typic except for f and h(2)
with or wionuE dor i or both." .

Vertic Haplustolls should read "Haplustolls like the Typie except for h(1l) with or
without all or sny of b, d, or e."

Typic Natrixerolls, item ¢, line 3, change 2.5 m to 2.5 cm,

(Alfisols) First line should read "Alfisols sre mineral soils that have no spodic or oxic
horizon overlying an argillic horizon; that have no plinthite that forms a continuocus
phase within 30 cm (12 inches) of the soil surface; that"

Ttem 1, 1ine L, change "em® to "m“,

Typic Cryoborslfs, change item s to read like item a of Typic Umbraqualfs, p. 16kL.

Mollie Fragiudalfs: change b to d.

Andic Glossoboric Hapludalfs: change ¢ to e,

Typie Durixeralfs, item a, line 3 change 2.5 m to 2.5 cnm,

Aquultic Havloxeralfs: change f to g.

Footnote, line 1, delete the two words "the Key".

Aquultic Paleudalfs: change e tolc

Mollic Paleudalfs: change ¢ to o

Ultic Paleudalfs: change e to c

37 aui, PhentD Hophelitle . oo dwithu Gkt

UBOA-BCE-NYATTEVILAE, MD, V947 )



NAMES OF SUBORDERS AND GREAT GROUPS

Chapter 4
NOMENCLATURE

The curvent names of the taxa in the orders, suborders, and great groups are shown in the

table of names at the end of this chapter.
formative elements in more than one category of some orders,
We have subsequently restricted the use of a given prior formative element to a single
Spelling has been altered in the names of great groups having calcic

subgnoups .

category in any one order,

The names initially proposed used the same prior

This led to difficulty in naming

horizons and fragipans by inserting the letter i to soften the final ¢ of "eale" and the g for

"frag" and "arg."

These have become "calci," "Fragi," and "argi."

The formative elements used for suborder and great group names and their derivations follow.

Formative Flements in Names of Suborders

Forma- Derivation or o o
tive formative Mnemonicon ' Connotation of formative element
elements element
alb L. albus, white. albino Presence of albic horizon
{a bleached eluvial horizon),.
and Modified from Ando Ando-like.
Ando.
aqu L.7aqua, water. aquarium Characteristics associated with
wetness,
ar L. arare, to plow arable Mixed horizons.
arg Modified from - argillite Presence of argillic horizon (a
argillic horiuzon; L. horizon with illuvial clay).
argilla, white c¢lay.
bor Gr. boreas, boreal Cool.
northern,
ferr L. ferrum, iron, ferruginous Presence of iron.,
fibr L. Tibra, fiber, fibrous Least decomposed stage,
fluv L. Thavius, river, fluvial Flood plains,
hem Gr. hemi, half. hemisphere Intermediate stage of decomposition,
hum L. humus, earth, humus Presence of organic matter.
lept. Gr. Ieptos, thin. leptometer Thin horizon.
ochr Gr, Base of ochros, ocher Presence of ochric epipedon (a light-
pale. colored surface).
orth Gr. orthos, true. orthophonic The common ones.,
plag Modified from Ger. Presence of plaggen epipedon.
plaggen, sod,
psamm Gr, psammos, sand, psammite sand textures.
rend Modigiea from Rendzina. Rendzina Rendzina-like,
sapr Gr. sapros, rotten, saprophyte Most decomposed stage.
torr L. tofridus, hot and torrid Usually dry.
dry.
trop Modified from Ge. tropical Continually warm.
tropikos, of the
solstice.
ud L. udus, humid. udometer Of humid climates.
umbp L. umbra, shade, umbrella Presence of umbric epipedon (a dark-
’ colored surface),
ust L. ustus, burnt. combustion Of dry climates, usually hot in summer.
xer Gr., Xeros, dry, xerophyte Annual dry season.
Formative Elements for Names of Great Groups
Forma- Derivation of
tive formative Mnemonicon Connotation of formative element
B element element’
acr Modified from Gr. acrolith Extreme weathering.
azkros, at the end.
agr L. ager, field. agriculture An agric horizon.
alb L. albus, white, albino An albic horizon.
and ModTTTed from Ando. Ando Ando-like.
anthr Gr. anthropos, man, anthropology An anthropic epipedon.
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Formative Elements for Names of Great Groups (Continued)

Forma- Derivation of ~
tive formative Mnemonicon Connotation of formative element
element element o
aqu % a, water, aquarium Characteristic associated with wetness,
arg odified from argillic argillite An argillic horizon,
horizon- L. argilla,
white clay.
cale L. calecis, lime, calcium A caleic horizon,
camb L. L. cambiare, to change A cambic horizon.
exchange.
chrom Gr. chroma, color. chroma High chroma.
ory Gr. kryos, coldness. erystal Cold.
dur L. durus, hard. durable A duripan.
dystr, dys Modu'fida from Gr. dys dystrophic - Low base saturation.
ill; ¥strophic in-
fert e,
eutr, eu Modified from Gr. eu, eutrophic High base saturation.
good; eutrophic .
fertiTe.
ferr L. ferrum, iren, ferric Presence of iron.
frag Mog itied fro-g I;. 1 fragile Presence of fragipan.
ragilis, brittle.
fragloss Compou of fra(g)
and gloss. See the formative elements frag and
loss .
gibbs Modified from gibbsite. gibbsite Preserice of gibbsite,
gloss Gr. glossa, tongue. glossary Tongued .
hal Gr. %a‘.lrsalt. halophyte Salty. -
hapl Gr. ha EIous simple. haploid Minimum horizon.
hum L. humus, earth Presence of humus,
hydr Gr. hydo r water, hydrophobia Presence of water.
hyp Gr. pnon moss., hypnun Presence of hypnum moss.
luo, lu Gr. louo, to wash. ablution Illuvial.
moll L. mms soft. mollify Presence of mollic epipedon.
nadur Conpound o o:t' na(tr),
and dur.
natr Modified from natrium, Presence of natric horizon.
sodium,
ochr Gr. base of ochros, ocher Presence of ochric epipedon (a light-
pale. colored surface). .
pale Gr. paleos, old. paleosol 0ld development.
pell Gr. pelYos, dusky. Low chroma.,
plac Gr. base o of plax, Presence of a thin pan,
flat stone.
plag Modified from Ger.
plaggen, sod. Presence of plaggen horizon.
plinth Gr. plinthes, brick. Presence of plinthite.
quartz Ger. quarz, quartz. quartz High quartz content.
rend Modifi rom Rendzina Rendzina Rendzina-like, ,
rhod Gr. base of rhodon, rhododendron Dark-red colors.
rose,
sal L. base of sal, salt. saline Presence of salic horizon.
sider Gr. sideros,, iron. siderite Presence of free iron oxides.
sphagno Gr, Sphagnos, bog. sphagnum-moss Presence of sphagnum-moss.
torr L. torrigus, hot and torrid Usually dry.
dry,
trop Modified from Gr. tropical Continually warm.
tropikos, of the
solstice.
ud L. udus, humid, udometer Of humid climates.
umbr . base of cmbra, shade, umbrella Presence of umbric epipedon.
ust L base of ustus, burnt. combustion Dry climate, usually hot in summer.
vernm L. base of vermés, worm. vermiform Wormy, or mixed by animals.
vitr L. vitrum, gIass. vitreous Presence of glass.
xer Gr. xeros, dry. xerophyte Annual dry season.
sombr F. sombre, dark sombar A dark horizon.




Chapter 4
NAMES OF SUBGROUPS

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

Intergrade subgroups that have, in addition to the properties of their great group, some
properties of another class carry the name of the other class in an adjective form., For example,
assume a Cryorthent that has a B horizon too weakly developed to allow placing the soil in any
order othﬁngﬁiﬁ'ﬂﬁfisol, but strongly enough developed to be recognizable. We shall assume
that the aberrant properties in this soil are those that have been used to define a suborder in
another order, The name of the subgroup therefore would be formed by modifying the great group
name, Cryorthent, with the adjective form of the name of the appropriate suborder. If the very
weakly'E%VEIEEEE B horizon were one in which illuvial humus had accunulated (as defined later
for a spodic horizon and diagnostic for the suborder of Humods), the name of the subgroup would
be Humodic Gryorthent. In this manner, the names of orders, suborders, or great groups, or any
of the prior formative elements of these names, may be used in adjectival form for subgroup names.
A few soils may have aberrant properties of two great groups belonging in different orders or
suborders., For these, it is necessary to use two adjectival forms of ¢lass names in the subgroup
name.

Naming of Intergrades Toward Other Great Groups
in the Same Suborder

If the aberrant property of a soil is one which is characteristic of another great group in
the same suborder, only the distinctive formative element of the great group name is used to
indicate the aberrant properties. Thus, Typic Durargid is defined as having a platy or massive
duripan that does not soften appreciably on wétfing. If the only aberrant feature of a Durargid
is that the duripan is brittle and has only about a third of its volume cemented into nodules
called durinodes, it is considered to intergrade toward the Haplargids--the Argids that do not
have duripans. The name, however, is Haplic Durargid, not Haplargidic Durargid. Only the prior
formative element is used in adjectival form the two great groups are in the same suborder.

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

Two kinds of names may be used to indicate intergrades toward a great group in the same order,
but in a different suborder. If the only aberrant feature is one of color, with chromas that are
too high or too low for typic subgroups, the adjectives aquic and aeric are used.

These are shorter and in some instances more descriptive %ﬁan the formative eleménts of the sub-
order or great group names,

Thus, if the only aberrant feature of a Hapludult is mottling that is too shallow for the
pic Hapludult, the adjective aquic 8 used in subgroup names. If mottling with
oW chromas appears within the upper 25 em (10 inches) of the argillic horizon, the soil is

called an Aquic Hapludult:

If an Aquult has chromas that are too high for the typic subgroups but no other aberrant
feature, it7is placed in an aeric subgroup. The use of af adjective taken from the suborder, udic,
would not suggest that the difference was one of aeration alone.

In other instances the adjective in the subgroup name is made from the prior formative
element of the appropriate great group name in that suborder. For example, if a Dystrochrept
has an epipedon that approaches an umbric epipedon it may be considered to intergrade to the
Umbrepts. It is called an Umbric Dystrochrept rather than an Umbreptic Dystrochrept.

Naming of Intergrades Toward Great Groups
in Other Orders

If a Hapludalf has an epipedon that is too dark for & typic subgroup and approaches the
properties of & mollic epipedon, the soil is considered to Im ergrade to one of the great groups
of Mollisols. If the only aberrant feature is the nature of the epipedon, the soil is placed in
the Subgrolp of Mollic Hapludalfs. This feature is the feature common to all Mollisols, and the
prior formative elément of the order name is used. If, in addition the soil should show mottles
with gray colors in the upper part of the argillie horizon, it would be considered an intergrade
toward the Aquolls and would be called an Aquollic Hapludalf. Note that this is simpler than
Aquic Mollic Hapludalf. The general rule 15 That the simplést possible name is used,
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Naming of Subgroups not Intergrdding Toward
any known Kind of Soil

Some $0ils have aberrant properties that are not ' characteristic of a class in any order,
suborder, or great group. One example might be taken from the soils found at the base of slopes,
in depressions or . ether places where new soil material slowly accumulates at the surface. The
rate of accumulation of new material may be slower than the accumulation of organic matter, so
that in time a very thick, dark surface develops. In these soils the A horizon could be con-
sidered the parent material of the C. The presence of such over-thickened A horizons is not
used to define any great group, for the genetic considerations lead us to believe that they are
more appropriately recognized as a subgroup. The soils lie outside the range of the Typic sub-
group and there is no class toward which they intergrade. Hence, a descriptive adjective is re-
quired., For this particular situation, the adjective Cumulic (L. cumulus, heap, plus ic, from
Gk. ikos) is used to form the subgroup names, Pachic is used to indicate an overthickened &pipedon
if there is no evidence of new materisl at the surface.

Other soils lie outside the range of typic subgroups in an opposite direction, Such soils
are, in effect, truncated by hard rock and are shallow or are intermittrent between rock outcrops.
They are, in effect intergrades to not-soil, and are called lithic subgroups.

The names of subgroups of this sort that we might call extragrades together with their
derivations are as follows:

Forma- Derivation of
tive formative Mnemonicon Connotation of formative element
element element
abruptie L. abruptum, torn off. abrupt Abrupt’ textural change.
allie Modifiad from aluminum, Presence of extractable alumimm.
srenic L. arena, sand. arenose Sandy texture.
clastic Gr.kTastos, broken. clastic High mineral content.
cumlic L. cumlus, heap. accumulation Thickened epipedon.
glossle Gr. ETossa, tongue, gloasary Tongued.
groga- L. grossum, thick, Thick sandy layer.
arenic and L. arena, sand.
limnie Modified from Qr. limnology Presence of a limnic layer,
. M, laka.
lithie . lithos, stone. lithozphere Prasence of a lithic contact.
laptic Gr. laptes, thin A thin solum. .
pergelic L. %_F,"'E‘hroughaut in Permanently frozen or having perma-
time and space, and frost.
L. gelare, to freeze,
petro- Gr.g_et'ﬁ, rock and Petrocalcic horizon.
caleic calcic from caleium,
plinthic Modified from Gn. plinthite Presence of plinthite.
BLnthos " Intermittent or broken horizons
"ruptic L. ruptum, broken. rupture - ent or n .
stﬁatic L. at.:-atuz’n, a covering. stratifisd Stratified layers.
superie L. superare, to overtop. superimpose Presence of plinthite in the surface.
pachice Or. pachys thick pachyderm A thick epipedon

Nm'enclature for Multiple Subgroups Intergrading
Between Two Given Great Groups

More than one subgroup sometimes occurs in a given great group intergrading to the same class
of soil, or even to "not-soil." In one place the horizons may be continuous, in another dis-
continuous, and in a third buried. Or in one, properties of two classes are mixed in a single
horizon but exist in separate horizons in the other. Soil of class X may be developing from or
toward class ¥ producing subgroups with different properties.

Nomenclature for handling all multiple subgroups is incomplete. It can be expanded only when
knowledge of the kinds of soils is at hand. )

If the intergrade is one with intermittent horizons, the adjective Ruptic (L. ruptum, broken)
is used in the subgroup name. The substantive in the name is that used for the kind of soil
having the greatest area;the adjectives are formed from the names of the classes with the lesser
area, preceded by the adjective Ruptic and connected by hyphens, Thus, if X is dominant in

area and Y minor, the soil is naméd Ruptic-Yiec X. If the adjectives that name the minor component
are multiple, as in Lithic Dystrochr'e‘pt%ﬁh’éns are used to connect all such adjectives. For
example, a subgroup of Hapludulta that includes in each pedon & minor component of Lithic
Dystrochrepts would be named Ruptic-Lithic-Dystrochreptic Hapludults. Note that this name implies
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that only the minor part of each pedon is lithic, If the entire pedon were lithic and only the

argillic horizon of the Hapludult intermittent, the name would be Ruptic-Dystrochreptic Lithic
Hapludult. If enly the lithic portion of each pedon fitted the definition of Hapludul®, the

name would be Rugtic-gzstrochreptic Lithic-Hapludult. The general rule is to hyphenate modifiers
in the portion o e name tha éy modify. No hyphens are used if the modifier applies to
the entire pedon.

If the subgroup is one with a buried soil that is an important part of the pfesent soil, the
name includes Thapto (gp. thaEto, buried) as a modifier of the name of the buried soil. Hyphens

are used to connect Thapto e name of the buried soil. Thus, soil X that includes a buried
soil, Y, is called Thapto-vic X.

Arrangement of Modifiers

Modifiers are arranged alphabetically insofar as possible, but Ruptic and Thapto are placed
without reference to alphabetic order since they must immediately precede the terms they modify.
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Table 9. Names of Orders, Suborders, and Great Groups

Order Suborder Great Group Order Suborder Great Group
Entisols (1)==---. Aquents==mnan Cryaquents Inceptigola (3)---Plaggepts
Haplaquenta
Hydraquents Tropepta==-~---Dystropepts
Psammaquents Eutropepts
Tropaquents Humitropepts
Ustropepts
Arents
Umbrepta ~-Anthrumbrepts
Fluventg------ Cryofluvents Cryumbrepts
Torrifluvents Fragiumbrepts
Tropofluvents Haplumbrapta
Udifluvents Xerumbrepts
Ustifluvents :
Xerofluvents Aridisols (L) Argids Durargide
Haplargids
Orthentg--=~r- Cryorthents Nadurargids
Torriorthents Natrargids
Troporthents Paleargids
Udorthents .
Ustorthents Orthidg--=cem=- Caleiorthids
Yerorthents Camborthids
Durorthids
Pgamments-----Cryopsamments Paleorthids
Quartzipsamments Salorthids
Torripasamments .
Udipsamments Mollisols (5) Albolls Argialbolls
Ustipsamments Natralbolls
Xeropsamments
Aquollg==mrrm== Arglaquolls
Vertisols (2)----Torrerts : Caleciaquolls
Cryaquolls
Udartg----==--- Chromiderts Duraguolls
: Pelluderts Haplaguolls
Natraquolls
Ustertg-e-=--- Chromusterts
Pellusterts Borollg-==wr===, Argiborolls
Caleciborells
Xerertg~waamaa Chromoxererts Cryoborolls
Pelloxererts - Haploborolls
Natriborolls
Inceptisols (3)--Andepts——————- Cryandepts Paleborolls
Durandepts Vermiborolls
Dystrandepts
Eutrandepts Rendolls
Hydrandepts
Vitrandepts Udollg-===e=m==- Argiudolls
. Hapludolls
Aqueptg———msu-, Andaquepts Paleudolls
Cryaquepta Vermudolls
Fragiaquepts
Halaquepts Ustollgem—nwumun, Argiugtolla
Haplagquepts Caleiustolls
Humagquepts Duruatolls
Plinthaquepts Haplustolls
Tropaquepts Natrustolla
Paleustolls
Ochreptg------ Cryochrepts Vermuatolls
Durochrepts
Dystrochrepts
Eutrochrepts
Fragiochrepts
Ustochrepts

Xerochrepts
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Table 9. Names of Orders, Suborders, and Great Groups (cont,)
Order Suborder Great Group Order Suborder Great Group
Argixerolls
Mollisols (5)~=--=-Xerolls-----0alecixerolls Alfisols (7)-----XeralfS----- Durixeralfs
Durixerolls Haploxeralfs
Haploxerolls Natrixeralfs
Natrixerolls Palexeralfs
Palexerolls Plinthoxeralfs
Rhodoxeralfs
Spodosols (6)----AquodS-==--- Cryaquods
Duraquods Ultisols (B)-==-u AQUultS-=--- Fragiaquults
Fragiaquods Ochraquults
Haplaquods Plinthaquults
Placaquods Tropaquults
Sideraquods Umbraquults
Tropaquods
Humultg----- Haplohumults
Ferrods Palehumults
- Tropohumults
Humod$--==e- Cryohumods
Fragihumods Udultsrmanwn Fragiudults
Haplohumods Hapludults
Placohumods Paleudults
Tropohumods : Plinthudults
Rhodudults
Orthods----- Cryorthods Tropudults
Fragiorthords )
Haplorthods : Ustults-----Haplustults
Placorthods Paleustults
Plinthustults
Alfisols (7)-=--- Aqualfs----- Albaqualfs Rhodustults
Pragiaqualfs Tropustults
Glossaqualfs
Natraqualfs . Xerults.----Haploxerults
Ochraqualfs . Palexerults
Tropaqualfs
Umbraqualfs Oxis0is (9)------AqUOX—m==wm-~ Gibbsiaquox
Ochraquox
Boralfs----- Cryoboralfs Plinthaquox
Eutroboralfs Umbraquox
Fragiboralfs
Glossoboralfs : Humox -~ «-«~--Acrohumox
Natriboralfs Gibbsihumox
Paleboralfs Haplohumox
Sombrihumox
Udalfg--m=u- Agrudalfs
Ferrudalfs Orthox----- ~Acrorthox
Fragiudalfs Eutrorthox
Glossudalfs Gibbsiorthox
Hapludalfs Haplorthox
Natrudalfs Umbriorthox
Paleudalfs
Tropudalfs Torrox
Ustglfs-vana Durustalfs ‘ UStOX = =mmwax Acrustox
Haplustalfs ] Eutrustox
Natrustalfs Haplustox
Paleustalfs '
Plinthustalfs Histosols (10)---Incomplete

Rhodustalfs



Chapter 5. CRITERIA OF CLASSIFICATION IN THE HIGHER CATEGORIES

New diagnostic horizons and features,

1. Lithic contact: A lithic contact is a boundary between soil and continuous, coherent,
underlying material, The underlying material must be continuous within the limits of a pedon
except for cracks produced in place without significant differential displacement of the pieces
relative to each other. The underlying material must be sufficiently coherent when moist to make
hand-digging with a spade impractical, although it may be chipped or scraped with a spade, If a
mineral, it must have a hardness of 3 or more (Mohs scale) or, if not a single mineral, chunks of
gravel size that can be broken out must not disperse with 15 hours shaking in water or in sodium
hexametaphosphate (Calgon) solution, The underlying material considered here does not include
diagnostic soil horizons. such as duripens or petrocsleic horigons, ’ '

2, Paralithic -contact (lithic-like): A paralithic contact is also a boundary between soil
and continous coherent underlying material, It differs from the lithic contact in that the under-
lying material, if a mineral, has a hardness of less than 3 (Mohs scale), Or, if not a single
mineral, chunks of gravel size that can be broken out disperse more or less completely with 15
hours end-over-end shaking in water or in sodium hexametaphosphate solution and, when moist, the
material may be dug with difficulty with a spade, The material underlying a paralithic contact is
normally a partially consolidated sedimentary rock, such as sandstone, siltstone, or shale, with a
dry bulk density of more than 2.

3. Petrocaleic horizon: (Note that a laminar horizon iz not required.) The petrocalcic horizon is a
continuous indurated calcic horizon, camanted by carbonates of calcium, and in places with some magnesium.
Accessory silica may be present. The petrocalcic horizon is contimuously cemented throughout the pedon to
the point that dry fragments do not slake in water. It cannot be penetrated by spade or suger when dry.

Tt is massive or platy, extremely hard when dry, and very firm to extremely firm when moist. Non-capillary
pores ara filled and the petrocalcic horlzon is lmpermeable to roots. TPermeabllity to water is moderately
slow to very slow. It is usually mach thicker than 10 cm (k inches). A lémina

present but js pot required. If present, ﬂmwuhwum
Jgvinar horizon, snd the hardness is 3 or more {Mohs scale Gravel, sand, and silt grains have been

separated by the crystallization of carbonates in at lesst parts of the laminar subborizon.

4., Durinodes: (L., durus, hard; nodus, knot) Durinodes are weakly cemented to indurated
nodyles that break down int concentrated KOH after treatment with HCl to remove carbonates, but
that do not break down on treatment with concentrated HCl alone., The cement is $i0,, presumably
opal and microcrystalline forms of silica, Dry durinodes do not slake in water, They are firm to
extremely firm, and brittle when wet, both before and after acid treatment; they are disconnected
and range upward in size from about 1 cm. Most durinodes are roughly concentric when viewed in
cross-section, and concentric stringers of opal may be visible with a hand lens.

5, Placic horizon: The placic horizon is a thin black to dark reddish cemented pan, presum-
ably cemented Dy iron. Its thickness generally ranges from about 2 mm up to about 10 mm. Rarely,
it may be as thin as 1 mm or as thick as 20 to 25 mm in spots. It is not associated with strati-
fications in parent materials, but is in the solum roughly parallel to the soil surface and usually
within the upper 50 cm of the mineral soil. It has a pronounced wavy or even involute form. It

occurs as a single pan, not as multiple sheets, one underlying another. It is slowly permeable or
impermeable to water and roots.

‘The genesis of the placic horizon, often called a thin iron pan, is not understood. It may or
may not be associated with water saturated conditions in the soil above. It may be found in trop-
ical regions or in Alaska, in sands or clays, but always in a very humid or perhumid climate. The
base saturation of overlying horizons is very low in virgin soils, The native vegetation may be a
tropical rain forest, sphagnum, or other rain loving plants.

Tdentification is rarely difficult, The hard brittle pan differs so much from the materials
in which it occurs and is so close to the surface that it is obvious unless it is minimal in thick-
ness, A few analyses of placic horizons show that the content of organic carbon is appreciable, up
to 3 percent or more, The presence of organic carbon as well as shape and position distinguish the
placic horizon from the ironstone sheets that often occur where water hangs or moves laterally at

lithologic discontinuities. Fig 26, p 195, 7th Approximation illustrates the thin wavy appearance
of the placic horizon, C

Modification of definitions of diagnbstic horizons and
features proposed in the 7th Approximation:

Mollic egigggon, p. 33, The second column should read as follows (note that the major
change 3s™a restriction on chroma): A mollic epipedon is a surface mineral layer. It may underlie
an organic layer in wet soils, but it is normally the surface layer, It has, after the surface

18 cm (7 inches) are mixed, as by plowing, the following properties:

1., Soil structure is sufficiently strong that the horizon is-not both massive and hard or
very hard, when dry, (The name of the order and of the epipedon are both derived from the
Latin word, mollis, meaning soft).

2., GColors of both broken and crushed samples have values derker than 3.5 when moist and 5.5 when

dry, and chromas of less than 3.5 when moiut*; the color value iz normally at least 1 Munsell unit
darker than the IC or the chroms is at least 2 units less (both moist and dry) if a IC horizon is
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Mollic epipedon, cont.

present, If only a IIC horizon or R is present, comparison should be made with the next horizon
underlying the epipedon. Some parent materials such as loess, cinders, alluvium, or carbonaceous
shales also have dark colors and low chromas. Soils formed in such materials may accumulate appre-
ciable amounts of organic matter with no visible darkening in the epipedon. The requirement that the
mollic epipedon have lower values or chromas than the IC, or the next underlying horizon if there is
no IC, must be waived if (a) the surface horizon or horizons meet all other requirements for & mollic
epipedon and, in addition, have at least 1 percent more organic matter than the IC or IIC horizon, or
(b) if the epipedon extends to a lithic contact (R horizon).

The mollic eplpedon is expected to have dark colors and low chromas throughout the major part
of the matrix, If the structure is fine gramular or fine blocky, the broken colors may reflect only
the colors of coatings. The color of the matrix in such instances can only be determined by crushing
or briefly rubbing the sample. Prolonged rubbing should be avoided becsuse it may cause darkening
of a ssmple if soft iron-manganese concretions are present, but crushing should be enough to break and
mix coatings.

3. The base saturation is over 50 percent by the NHhOAc method,

L., The organic carbon content is at least 0.58 percent (1 percent organic matter) throughout. If
the dark surface horizon is less than 18 em (7 inches) thick in a virgin soil with a solum of less
than L6 em (18 inches), the organic carbon content must be sufficient to give an average of 0,58
percent to an Ap that is 18 em (7 inches) thick. Otherwise, if plowed the Ap would have too little
organic matter for a mollic epipedon. The mollic epipedon is a mineral rather than an organic
horizon. Its content of organic matter therefore has an upper as well as a lower limit. The
upper limit of organic matter in a mollic epipedon is the lower 1limit for the histic epipedon.
Because organic horizons can form above a mollic aepipedon in wet =oils, the mollic epipedon is not
necessarily the surface horizon, It is, however, the surface mineral horizen.

5. The thickness is (a) more than 10 cm (L inches) if underlain directly by a lithic contact

(R horizen), or (b) if the soil contains an argillic, natric, spodic, cambic, or oxic horizon, or

a fragipan or duripan, as defined later, the thickness of the epipedon must be more than one-third
of the thickness of the solum where the solum is less than 75 cm (30 inches) thick and must be more
than 25 cm (10 inches) where the solum is more than 75 cm (30 inches) thick, or (c) 18 cm (7 inches)
or mora if there is no asclum other than &n Ap or Al {a IC or IIC directly underlies the epipedon),
and (d) more than 25 em (10 inches) if the epipedon has & texture coarser than loamy very fine

sand throughout.. ' .

6. The epipedon has less than 250 parts per million of P20% soluble in eitric acid, or has increas-
ing amounts of Pp0% soluble in citric acid below the epipedon. Thig restriction is used to eliminate
a number of plow layers of very old arable soils and kitchen middens that have acquired, under use,
the other propertles of the mollic epipedon.

Umbric epipedon. Many soils havédark surface horizons that cannot be distinguished by the eye
from mollic apIpegona, But laboratory studies may show that the dominant exchangeable cation ig hydrogen.
Such epipedons are called umbric. The content of organic carbon may be even higher in umbric than in
mollic epipedons. Examples of soils with umbric epipedons would include the Ando soils, Rubrozems, a
number of extremely acid Humic Gley soils, and some Tundra soils.

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

Perheps it 1s prejudice or resistance to change, but for gome kinde of soil, particularly those in
which the content of organlc matter is roughly proportional to darkness, the most satisfactory groupings
are still those that place soils with a dark-colored surface horizon in different groups from those with
a light~colored surface horizon. In those kinds of soil where darkness is not related to the content of
organic matter, the soils with light-colored epipedons probably should be separated from those with
dark-colered epipedons only at very low categoric levels, perhaps the family or the series.

The umbric epipedon is comparable to the mollic epipedon in its color, organic carbon, consistence,
strueture, and thickness requirements. It includes those thick, dark surface horizons that have base
saturation of less than 50 percent (hy NHhOAc). It should be noted that the restriction against a hard
or very hard and nassive eplpedon when dry is applied only to those epipedons that becoms dry, If ‘the
epipedon is always moist, there is no restriction on dry consistence or structure.

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

S0il 6, page 71, i an example of an umbric epipedon in a soil with 2'B horizon of illuvial clay
(argillic horizon), In this soil the umbric epipedon is about 12 inches thick and includea only the A
horizon. While this is a common situation, there iz nothing that prevents the umbric epipedon from
including all or part of a B horizon.
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Higtlc Epipedon

The histic (Gk. histos, tissue) epipedon normally occurs at the surface, though it may be buried at
s shallow depth. It Ts a thin organic horizon if virgin; if plowed it has the very high content of
ocrganic matter that results from mixing of peat with some mineral material. And, since peat daposits
are associated with free water, the histic epipedon is either saturated with water for more than 30
consacutive days at some season of the year or has been artificially drained.

The histic eplpedon therafore can be defined as a horizen or horizons at or near the surface,
saturated with water at some season unless artificially drained, and meeting one of the following

requirements:

1. A surface horizon Jess than 30 em (12 inches) thick if drained, and less than L5 em (18 inches)
thick if undrained”, with more than 17.L percent organiec carbon (30 percent or more organic
matter) if the mineral portion is half or more clay; with more than 11.6 percent organic
carbon (20 percent or more organic matter) if the mineral portion has no clay; or with inter-
medliate proportional contenta of clay and organic carbon. If the epipedon ia less than 20 em
(8 inches) thick, it is atill thick enough to satisfy 2. below if the horizons are mixed to
a depth of 20 em (B inchas).

2. A plow layer having more than 8,12 percent organic carbon (1L percent or more organic mstter)
if there is no clay; or more than 16,2l percent organic carbon (28 percent or more organic
matter) if the mineral fraction ia half or more clay; or intermadiate proportiocnal contents of
clay and organic carbon.

3. 4 mineral surface layer leas than 50 cm (20 inches) thick with an underlying organic layer
thst has enough organic carbon to satisfy 1. above, and a thickness of 10 to 30 cm (L to 12
inches). In this situation, the histic epipedon is considered to be buried and to start at
the top of the organic layer. The surface mineral layer burying the histic epipedon is
econnsidered too thin to be diagnostic in the clasgification.

Ochric Epipedon

Ochric {Gk. ochros, pale, light colored) epipedons ara those that are too light in color, too high
in chroma, too 10w In organic carbon, or too thick to be mollie, umbric, anthropic, or histic. Or, they
are both hard and massive when they are dry. If they are never dry, either the rubbed color values are
S5 or higher when dry or 3.5 or higher when moist, the chromas are i or more, or the Al or Ap horizons
that have both low valued and chromas are too thin to be mollic or umbric epipedons, that is, less than
cne~third of the solum or 25 cm (10 inches) or less in a solum that is more than 7% em (30 inches) thick.
Ochric eplpedons may have rubbed color valuea lower than 5.5 when dry or lower than 3.5 when moist,
provided they are virtually no darker than ths C horizon. The ochric epipedon includes eluvial horizons
at or mear the surface (A2 and albic horizons) and extends to the first underlying diagnostic argillic,
natrie, spedic, or oxic horizon. If the underlying horizon is a cambic horizon and there is no surface
horizon that ls appreciably darkened by humus, the most convenient lower limit of the ochric epipedon i=m
the base of the plow layer, or an equivalent depth in soils that have not bsen plowsd. Actually, the
same subhorlzon in an unplowed soil may be both a part of the epipedon and & part of the cambic horizon.
The epipedons and the subsurface diagnostic horizons are not mutually exclusive, The ochric epipedon does
not have rock structure; it does not include fresh sediments with fine stratifications.

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

Soil 27, p. 92, and soil 99, p. 2h3, 1llustrate soils having surface horizons too high in chroma
to be umbric eplpedons. :

5011 9, p. T4, illustrates a soil having a surface horizon that has been darkened by organic matter
btut is too thin to be either mollic or umbric. Only the surface 3 inches are dark enough and have.
enough organic carbon to meet the requirements of a mollic epipedon. If this profile were plowed to &
depth of 6 inches, the resulting mixture would be too light colored and would contain too little
organic carbon to meet the requirements of & mollic epipedon. It is therefore ochric.

Soil 87, p. 223, illustrates a soil with an epipedon that is ochric because it iz both hard and
massive when dry.

- # The variable limits for thickneas with and without dralnage are to allow for the subsidence
thet follows drainage.
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ARGILLIC HORIZON

The Genesls

An argillic horizon is an jlluvial horizon in which lsyer-lattice silicate clays have accumulated by
illuvietion to a significant extent., It therefore must be formed below the surface of the mineral soil,
though it may later be exposed at the surface by erosion.

If clay moves from one horizen to another, or from one point to another within a horizon, something
must start the movement and something must stop it. These forces are poorly underetood or at least are
not & subject of general agreement.

We assume the clay is carried by water. Becmuse there is a strong similarity between the clay in
the eluvial and illuvial horizons, we assume that the clay in argillic horizons migrated dominantly as
clay rather than as decomposition products that have subsequently been synthesized into clay. Because we
find few or no evidences of clay movement in the soils on the youngest landscapes, we conclude that
argillic horizons require thousands of years to form., Because, on some landecapes, we may find evidences
of cley movement in soils under forest, but not under grass, we assume vegetation has en influence. And
we assume that climate is a factor because we find few or no evidences of clay illuviation in soile of
regions with wet climates, such as the Appalachian Plateau, the Ardennes, or the British highlends where
water percolates through the soils at all seasons, but we do find the evidences commonly in the
adjacent lowlands in climates where the soils become thoroughly or partially dried at some season.

In the light of our present knowledge the most reasonsble picture of the clay movement iz as follows:
First, the parent material must contain very fine clays or weathering must produce them. The very fine
clays, carrying the same negative charge as the s0il matrix, tend to disperse unlese something is present
to keep them flocculated. BSalts, including carbonates, and free oxides terd to keep the c¢lays flocculated.
The sodium ion, between critical limits, increases dispersion. And organic matier seems to play an im-
portant but possibly indirect role in dispersion.

Wetting of a dry soil seems to lead to disruption of the fabric and to dispersion of clay. Once
digpersed, the clay moves with the percolating water and stops where the percolating water stops. Water
percolating in noncapillary voids commonly is stopped by capillary withdrawal into the soil fabric., Dur-
ing this withdrawal the clay is filtered out and deposited on the walls of the nencapillarysvoids. This
explains why illuvial clays are so commonly plastered on the ped faces and on the walls of péres. Such a
mechanism for clay movement and deposition is favored in seversl waye by a seasonal moisture deficit:
First, as mentioned sbove, wetting & dry soil favors the dispersion of the clay; secondly, on drying,
cracks form in which percolation of gravitational water or water held with low tension can teke place;
thirdly, the halting of percolating water by capillary withdrawal is favored by the strong tendency for
dry so0ll to take up moisture. )

Vater ordinarily does not remain in the noncapillary voids; rather, it will move into and be trans-
ported through material having pores of caplllary size, Movement of water in noncapillary voids occurs
only if the rate of water addition exceeds the capillary conductivity of the soil. As conditions for
water percolation in large voids do not usually prevail, clay movement and deposition is likely to be in-
frequent and sporadic. Thus, a long period of time usually is necessary before the cumulative effect of
clay movement becomes readily discernible.

Capillarity can have still more to do with the downward movement of water (as well as into the peds).
If a lower soil horizon is considersbly coarser in texture, capillaries are broken and the water tends to
hang in the fine capillaries above. As the water evaporates or is withdrewn by roots, suspended or dis-
]s.OIIed materials ere left. This action even accentustes the original differences in fineness of capil-
aries,

Carbonates sometimee seem to play an effective role in stopping the moving clay. The evidence of
this lies in common accumulation of clay in or Just sbove a horizon that hes limestone gravel in a non-
calcareous matrix. Other factors are undoubtedly important, but these seem to be the most common.

Finally, not only is time required for an argillic horizonm to form, but slso mixing of horizons by
animals, by frost, and by shrinking or swelling must be slow or absent, '
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Bignificance of Argillic Horizons to Soil Classification

The argillic horizon by itself has little importence to soil clessification. A taxon that included
®vll soils with argillic horizone would have almost no other common property. Yet the horizon is a mark
of the dominance of silicate clay translocation over processes that destroy or remove clay from the soil,
and over processes that mix horizons. Because its formation is relatively slow, its presence indicates
stability of the surface when undisturbed by men. Time has been ample on this stable surface to develop
an apparent equilibrium between formation and decomposition of organic matter. Its presence indicates
that a substantisl amount of water has moved through overlying horizons, enough that soluble materisls
heve been removed, though they may subsequently have been replaced. One might say that its presence is
evidence that climate and vegetation have had opportunity to show their effects, though one may not say
that this is true for the present climate and vegetatiom.

Teken in combination with other diagnostic features, the argillic horizon has much more meaning. In
the desert environment it indicates a soil and surface of great age, for in the present environment rain-
fall is often not enough to moisten the soil to the base of the horizom.

On the steppes, the savannas, and the grasslands of subhumid climates, the argillic horizon ie a
nseful means of distinguishing the surfaces of recent or very late Pleistocene agé from the older sur-
faces. Its presence also correlates well with many other properties affected by leaching. In these rel-
atively 4ry areas, the argillic horizom, in the absence of ective mixing of horizons by soil fauns, seems
10 be a mark of soil age. As time passes, other things being equal, the argillic horizon becomes finer
textured, and develops an gbrupt upper boundary. Soils with fine textured B horizons and abrupt A-B hori-
zon boundarieg were the orthotypes of the soils called Planosols. :

In cool humld regions the argillic horizon seems to be transient. It forms slowly, but with time it
i= moved deep into the soll and finally destroyed. In its place one finds the cambic or spodic horizons
that sre discussed later.

In humid temperate and tropical regicms, the presence of the argillic horizon has still other mean-
ings. In the humid temperate forested regions, the argillic horizon is mainly a mark of surface stabil-
Jty and of a seasonal moisture deficit. Its use helps distinguish the stable and unstable surfaces, as
well as the soils with seassonal moisture deficits.

In humid tropics the argillic horizon appears to be useful in distinguishing many of the soils with
some weatherable minerals from those formed in the old, completely weathered sediments. However, we have
much to learn yet about these soils.

It needs to be stressed that the argillic horizon is no more importanmt to soil c¢lassification and to
801l genesis than many other horizons. It has been used at s higher categoric level in some parts of the
system only because that use has produced groupings of soils with the largest number of common properties.

Appearance of the Argillic Horizom

The horizons of accumulation of illuvial clay that constitute argillic horizons have a variety of
forms, and though positive identification is sometimes difficult, several features may be used for recoge
nition in most soils. No one feature is common to all argillie horizons and lacking in all other hori-
zans, but nearly all argillic horizons have at least two of the common features.

First, if there ie an overlying horizon other than an Ap, the texture change between the eluvial and
11luvial horizons 1s generally clear or abrupt. Sometimes it is gradual, and often it is irregular.

The argillic horizon is generally distinetly finer in texture than the overlying eluvial horizon or
‘the underlying parent material. The ratio of the clay content of the eluvial and illuvial horizom is 1.2
or larger, and ususlly larger. The incresse of 20 percent or more in the clay content ususlly occurs
within a vertical distance of less than 6 inches (15 em.). In a few soils the transition mey take up to
12 inches (30 em.). The lower boundary of the argillic horizon is often gradusl, and irregular.

Second, there are usually coatings of oriented clay on the surfaces of pores and of peds somevhere
within the horizon.

Third, the ratic of fine cley (less than 0.0002 mm.) to coarse clay is larger in the argillic horizon
then it 15 in the eluvisl horizons or in the horizons that underlie the argillic horizon.

Fourth, rock structure is not evident or is evident in less than half of the volume. Rock structure,
in this context, refers to weathered rock in which the original shape ani relative position of the altered

gner:h are still evident. Material is often called saprolite by soil scientists if it retains rock
micture.
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Fifth, the minerals resistant to westhering, such as quartz and zircon, are commonly less sbundant

in the argillic horizen than in the overlying or underlying horizons. This reflects dilution by illuvial
clay. If the soil contains quartz the silica-sesquioxide ratio of the argiliic borizon is lower than

that of adjacent horizons.

Evidences of Clay Trenslocation

It ie important to recognize that the clay that has moved from one horizon to another is usually
only a small part of the total clay. The bulk of the clay in most argillic horizons either has formed in
the horizon or has been inherited from the parent material.

It is also important to recognize that a subsurface horizon may be finer in texture than the over-
lying horizone without being an argillic horizon. The finer texture may be the result of stratification
in the parent material, or of the loes of clay from the surface horizons without significant illuviation.
Differential ¢lay formation hes also been postulated.

Soile 10 to 15, pages 75 to 80, (numbers for soil profiles, tables, figures, and pages are those in
the text of Soil Claseification, A Comprehensive System, Tth Approximation) have horizons with the more
or less typical features of argillic horizons. Chemical and mineralogical data for the first three soils

are given in tsble 10, page 36.

In mineralogy, the clay that has moved does not usually differ from the clay that has not
moved except that In mixtures that contain montmorillonite it does meem that montmorillonite is
more completely removed from the A horizon than the other kinds of ¢lay, Elemental and miner-
alogical analyses of the clay fraction of soils with argillic horizons normally show little or no differ-
ence between the clay of the various horizons. Analyses of the fine earth (less than 2 millimeters) and
of the clay frection (less than 2 microns) are shown for three soils in table 10, Soil 10 has been con-
sidered & Terra Rossa; soil 11, & Gray-Brown Podzolie soil; and soil 12, a Red-Yellow Podzolic soil. The
constancy of the 3102/R203 ratioe of the clay frection and the uniformity in the clay mineralogy in the
various horizons of each soil attest to the lack of large differences between the clays of the horizoms.
In contrast to the constancy of the 3102/R203 ratios of the clay fraction, the ratios for the fine earth
differ among horizons. These differences are atiributable to differences in clay percentages. As the
clays have a lower $i0p/Rp03 ratio then the silt and saend, the Si0p/Rp03 ratio for the fine earth de-
creases as the proportion of clay rises, If the ratlos for soils 11 ang. 12 are recalculated to vhat they
would be if elay of the composition of that in the C were added or subtracted to bring the horizons to the
same c¢lay percentage as the C horizon, the differences among horizons tend to disappesr. For a given pro-
file, the dependence of the 5i05/R-0; ratios on the clay percentage lends support to a hypothesis that the
differences in clay between the A a.na E are due largely to clay movement. The amount of clay is & funce
tion of parent meterial, climate, relief, vegetation and time.

S0il 10, in vhich the argillic horizon directly underlies an Ap, shows the greatest accumulation in
the horizon just above the limestone. In this soil it is probsble that the plow layer itself consists
lergely of material from the argillic horizon.

Soils 13, 14 and 15 are included to show the concentration of the fine clay in the argillic horizon.
The dats for these soils are sumarized in teble 11, page 38.

Recognition of Traneslocated Clay

Since translocated clay is basic to the concept of argillic horizone, its identification in the soil
can help identify the horizons. Translocated clay can often be distinguished in the field from other clay
and can be distinguished more often in the laboratory by observing its orientation. The layer-lattice
¢lays are generally platy in shepe, end if they have been moved and deposited, tend to be oriented with
their long axee parallel to the surfaces on which they were deposited. Halloysite is the principal excep-
tion. The movement of clay may be from one horizon to another, or it may be within a horizon. Since wa-
ter 1s the agent that moves the clay, the tranelocated clay tends to form coatings of oriented clay parti-
¢les on the channels through or into which weter moves or in which it stands. These channels are princi-
Pally crevices bounded by the cleavege faces of peds, and the pores left by roots or animals.

Clays deposited in sediments such es shale or till may be oriented with the depositional or stress
surfece. Clays that formed in plece within the soil may be oriented amccording to the crystal structure of
the original minersl grain from which they formed, i.e. micas and reldepars. However, neither the mineral
grains nor the planes in the shale or till are normally oriented with reepect to any soil features. Con-
sequently, in thin sections, the layere of oriented clays in peds, on the surfaces of pores, and on the
surfaces of peds often can be distinguished from the rest of the cley. Usually the boundary between coat-
ing and matrix is sharp and the coating is neerly free of gsand and silt inclusions. Fi g6, T, and 8,
pageg 39 to L1, show the appearance of the layers of oriented ¢lays in thin sections. ?ii:ure 6 shows the
layering on a ped surface; figure T shows a pore that hae been filled with clay; figure 8 shows how clay
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accumlates in a sand as coatings on the grains of sand and as bridges between the grains. The layered
appearsnce of the clay coatings in these figures suggest cyclical illuviation. Each figure includes two
photographs: A was teken with ordinary light, end B under crossed polarizers. The brightness under
erossed polarizers of the interference color of the clay bodies (scmetimes called birefringence) is evi-
dence of orientation of the clay particles. Extinction of transmitted light through the clay occurs in
certain planes when the thin section is roteted. The pattern of light transmission or extinction end the
layering indicate that the orientation is parallel to the surfaces on which the clay has been deposited,

Figure 9, page 42, is included for contrest. It shows a ped surface in the cembic horizem of a .

rochrept (S0l Brun Acide). The layered clays are absent on the ped surfaces. Instead, one finds wesk
orientation of the silte and clay, and no distinct difference in texture between the ped coat and the ped
interior is evident.

The peds in an argillic horizon have varying stabilities, end the fragmentation and consolidation of
peds may be relatively rapid or slow. Particularly under forests, woody roots can disrupt peds and cn
decomposition leave new planes of weakness. Thus, clay skins that formed on the surface of & ped may now
be found in the interiors of many peds as streaks of oriented elay. Shrinking and swelling of peds may
have the same effects. Another mechanism is the collapse of pores. Consequently, in many soils, clay
skins may be few end thin or even absent on the peds in the upper part of the srgillic horizon. Deeper
horizons, subject to lese disturbence by roots and volume changes, should have more stable peds, and often
they show the thickest and most sbundant clay skins on ped surfaces.

To have thick cmtinuous clay skins on the ped surfaces, the peds must be stable in relation to the
rete of illuviation. Thus, one does not expect many or thick clay skins in the upper part of an argillic
horizon if the eluvial horizon is thoroughly depleted of elay. In fact, in soils on very old steble sur-
faces of humid forested climates there may be no clay skins on or in the peds in the zone of active root-
ing because ped formation and destruction go on at a rapld rate relative to illuviation. In meny such
argillic horizons, the clay skins on and in the peds are found only in the lower parts.

"If the clay minersl is halloysite, optical evidence of orientation of the clay cannot be expected.
flowever, the evidences of translocation may be present in the form of layered coatings of ¢lay on peds or
in pores.

In the field, the oriented clays on the ped surfaces and in pores, variously called clay skins, clay
£11ms, clay flows, illuviation cutens and tonhautchen, cen be recognized with high precision 1if they are
well developed and in medium textured or moderately coarse textured materials. Uncertainty of recognition
increases if the layers are thin, or if the matrix material has a clay texture. Figure 10, page k3, shows
under magnification, a thick cley skin in a pore and very thin clay skins on the ped surfaces of an
argillic horizon. Figure 11, page 43, shows clay skins and clay bridges in a send. Examination of ped
_surfaces snd pores with a 10- to 20-power hand lens usually discloses one or more of the features common
+to most clay skins. The skins may differ from the ped interiors in color as well es in texture. Pores
emerging on the lower side of a ped often have irregular lips where the clay protrudes. Often the sur-
faces have an irregular shape and show channels and apparent flow lines formed by running weter.

Structureless or maseive solls obviously cannot have clay skins on ped surfaces, since they have no
peds. The clays in the illuvial horizons of these soils are ususlly found as coatings on the individual
sand grains, end these coatings often are oriented vith the surfaces of the grains (see figure 8). Occa-~
sional pores in these horizons pereist long enough to have patchy or continuous clay sgkins, with flow
lines. These appear in figure 8 in both upper and lower center.

The clay skins are important in the field identification of most argillic horizons because they indi-
cate translocated clay. Yet clay skins alone are at times not adequate to identify en argillic horizonm.
Because of the turbulent flow of water down vide cracks, clay skins might be formed by a single rain in a
801l heving no significent illuviation. For this resson, clay skins in an ergillic horizon should oceur
on all sides of the peds, not just on the verticel faces, and they should be more than an occasional spot.

Special Problems In Identificetion

Jdentification in Soils Formed In
Isotropic Medium-Textured Parent Material

The Formative Stage: If we start with the simplest situvation--a medium textured soil developed from
a single perent materiel having no lithologic discontinuties--the loss of ebout 10 percent of the elay in
the eluvial horizon and its accumulation in an illuvial horizon normally produce a textural change that
tan be recognized consistently by trained soil morphologists. At this point the ratip of the clay in the
111luvial horizon to the clay in the eluvial horizon is about 1.2 (e.g., 25 percent in the surface horizom,
and 30 percent in the argillic ‘horizon), if the two horizons are of sbout equal thickness, There are com-
mon or frequent clay skins on the peds and in pores. In most medium-textured soils a ratio of this megni-
tude seems to make a fairly satisfactory division point for the recognition of an argillic horizon.

e T e v e
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In addition to the increased clay content and clay skins, we can expect the argillic horizon to have
at least two other properties in this situgtion. The first property ls thickness. Significant illuviation
requires that the illuvial horizon have a reasonsble thickness. An illuvial horizon 1 cm, thick underlying
an eluviel horizon 50 cm. thick would not indicate o great deal of translocation. The illuvial horizon's
thicknese should be at least one-tenth that of the overlying horizone to indicate significant illuviation.

The second property is related to the transition from the eluvial horizon to the argilliec horizon.
The boundasry may be abrupt or even gradual, but the clay content increases sharply enough that the limits
for an argillic horizon are exceeded within a 12-inch vertical distance. To have en argillic horizon, the
minimum increase in clay should occur within a 12-inch or thinner transition. It should be stressed thet
an increase in clay content with depth is not in itself evidence of an argillic horizon.

Stages of Degradation: Detailed studies of the micrcmorphology of some soils with argillic horizons
{e. g., Glossoboralfs) show evidences that an argillic horizon may be formed and later destroyed. The clay
gkins are absent from the ped surfaces, and bleached coatings of silt or sand are left. Oriented clays
within the peds persist for a time. It is possible, therefore, to have an argillic horizon undergoing
degradation. Such a horizon has few or no clay skins on ped surfaces but has few or many oriented clay
bodies within the peds. It is common in déé?ad{gg horizons that the clay skins on ped surfaces or in
pores are most abundent in the lower part of the argillic borizon end in the transition to the next under-
lying horizon. In advanced stages of degradetion there may be no clay skins in or on the peds in the up-
per part of the argillic horizon,

The degrading argillic horizon shows evidence of degradation in addition to that indicated by absence
of clay skins, It has an irregular upper boundary marked by narrow or broad penetrations of the eluvial
horizon. Small nodular remnants of the argillic horizon are often found in the lower part of the eluvial
horizon. '

To summarize, if & horizon has an irregular or broken upper boundary it i1s consideréd an argillic
horizon sc long as it (1) retains a clay ratio of 1.2 or more with the overlying horizen; (2) has oriented
¢lays in or on peds in the lower part; and (3) has an upper subhorizon with an irregular upper boundary
that is not separated from the subhorizon with clay skins by an eluvial horizon (the albic horizon which is
discussed later).

Jdentification in Sandy Scils

In sands and loamy sands, the argillic horizon often forms as a series of "fibers", or lamellae (fig.
12, p. 44), fThese are spaced at intervals ranging from a very few inches up to a foot or more. Only the
lamellae are wsed for comparing textures and determining the thickness of the illuvial horizon. Obviously,
a single lamella with a thickness of 2 mm. should not constitute an argillic horizon. It is too thin to
indicate significant illuviation. Lamellae 1 ¢m. or more thick, end totaling something like 15 em. or more
in thickness, should be present for the recognition of an argillic horizon in sands and loamy sands.

Whether the argillic horizon is continuous or in lamellae, an arbitrary and somewhat higher ratio of
the clay in the illuvial and eluviel horizons seems necessary in sandy soils. If the clay content of the
parent material is only 1 percent, the movement of 10 percent of the clay from the surface horizon to an
illuvial horizon would give clay contents of 0.9 and 1.1, respectively, if the two horizons had the same
mass. Such a difference is too small to be detected in the fleld, or even in the laborstory by ordinary
procedures. For this reason, en arbitrary difference of at least 3 percent of the total soil, the differ-
ence between 3 percent clay and 6 percent clay, hae been selected as a division point for those soils hav-
ing less than 15 percent clay in their surface horizons. With s difference of less than 3 percent cley be-
tween the eluvial and illuvial horizons, an argillic horizon is not recognized, although a B horizon may be
readily discernibvle.

Identification in Fine-Textured Kaolinitic Soils

A ratio of the clay in the illuvial and eluvial horizons of 1.2 would require an unressonsble amount
of translocation in parent materials rich in clay. A difference of 8 percent of the totsl fine earth frac-
tion ordinarily should be detectable in clayey soils in the field and is easily measured in the laboratory.
Consequently, if the surface horizon contains more than L0 percent clay, an increase of 8 percent or more
in a subsurface horizon seems adequate for the recognition of an argillic horizon if the other characteris-
tics of the horizon are present.

If the surface horizons are clayey, an argillic horizonm is rarely obvious. Normally there is little
or no color difference between the illuvial horizon and other horizons. Clay skins are difficult to see in
the field because they have little contrast in texture with the matrix. They are also most susceptible to
destruction in fine-textured horizons by pressure and by changes resulting from consolidation or fragmen-
tation of peds that make for instability of ped surfaces. Even in the laboratory, uncertainty is great be-
cause pressures and stresses can produce clay orientation. .
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Consequently, in fine-textured kaolinitic soils evidences of illuviation are usually st & minimum.
We can expect to find a clay incresse of 8 percent within a vertical distance of less than 12 inches (30
cm.) 1if the soll has not been truncated. We cen usually expect to find moderate to strong blocky or pris-
matic structure. And we can expect to find weak to strong orientation of c¢laye throughout the peds of the
argillic horizon and clay skine on the peds and pores in the lower part of the argillic horizon where peds
should be most stable. If these features are present, -we should consider the horizon an argillic horizon.

Jaentification of fine-textured horizons
that contain expanding 2:1 lattice clays

Argillic horizons have some unigue properties if their textures are clayey with marked swelling and if
there ig a strong textural contrast with the eluvial horizon. Clay skins under such conditions are dAiffi-
‘cult ‘or imposeible to identify. When the horizons swell pressures are generated that produce irregular but
smooth ped surfaces with clay textures. It seems probable that the pressure can destroy any clay skins
that may form on the ped surfaces. Therefore, if the illuvial horizom is rich in ¢lay and shrinks and
swells appreciably, clay skins are not apt to be ugeful as marks of illuviation. In soile that do not have
a lithologic discontinuity between the eluvial and illuvial horizons, the difference in clay content may be
used as one evidence. Others that may also be used in solls having lithologic discontinuities are abrupt,
tongued, boundaries; irregular or wavy boundaries; and evidences of eluviation in the transitional horizoms
in the form of uncosted silt and =sand grains, particularly vhere the uncoated grains are most prominent on
ped faces. These evidencee should be accompanied by evidences of shrinking and swelling of the finer tex-
tured horizon in the form of occasional slickensides, or pronounced wavy horizon boundaries with an ampli-
tude of at least 2 inches in a pedon. In thin sections, pressure orientetion may be deduced from the bhire-
fringent priem faces and from the interiors of peds that show large quantities of optically oriented clay
Tut pno clearly identifisble clay skins.

The argillic horizon may have more clay than the C, but this is not necessarily so in soils from
stratified or very fine textured parent materisls. The argillic horizon should, however, have relatively
more fine clay than the parent material in which it developed. In solls from fine-textured materials the
C horizen can have as much or more total clay than the argillic horizon. Data on the amount of fine clay
are relatively scarce, but for soils developed in clayey parent materipls we might expect that either the

- content of fine ¢lay will be maximum in the argillic horizon, or that the ratio of fine to coarse ¢lay will
be a maximum in that horizon. i

Boil 16, page 81, illustrates a soil developed in such material. . There is &3 much or more clay in the
C than in the argillic horizon, which starts at 11 inches and extends to 30 incheas. In the argillic hori-
zon the fine clay constitutes half of the total. In the A it is about one-quarter of the total, and in the
C it is about one-third. The c¢lay in the C is dominantly illite.

Another common situation is that in soils developed from limestone, where the argillic horizon appar-
ently has less clay or no more clay than the C. At this time, data are not adequate to predict vhether the
ratio of fine clay to coarse clay will permit a clear distinction between the argillic horizon and the C
herizon.

Tdentifiestion in Truncated Soils and Soils
Formed in Anisotropic Parent Materials

Btratified parent materials and truncated soils that have lost their surface horizons present differ-
ent problems in the recognition of argillie horizons. If the eluvial and i1lluvial horizons have not de-
veloped from the same materisl, or if no eluvial horizon remains for eomparison, the difference in clay
content between the horizons cannot be used to define the limits of the argillic horizon. It is common on
flood plains to find recent deposits of sand lying on clay. The ratio of clay in the lower layer to the
c¢lay in the surface layer may exceed 3, even though none of the elsy is illuvial. On the other hand, in old
stratified deposits, the horizon of illuvial clay accumnlation may coincide with an originally finer tex-
tured stratum, but one does not want to sssert that illuvial horizons cannot form in stratified materiale,

Some soils that have been cultivated for many years have lost their original eluvisl horizons. In
these soils the plow layer may be in the argillic horizon. If cultivation is stopped and the soil remains
mmdisturbed under grass or forest for a fevw generations, a new Al horizon may form in the old plow layer.
In time, evidence of the plowing disappears and a profile is formed that has a thin Al horizon containing
as much clay as the B.

It 1a desirsble to recognize the argillic horizon at sbout the same stege of development in ell soils.
The development of ¢lay skins in the soils formed from stratified parent materials should be equal to the
development in the most weakly expressed but recognizable argillic horizons of soils that developed in uni-
form parent meterials. It is, therefore. necessary to lock in stratified materials or in truncated soils
wliere ok;xly aghAp o:;rliea the horlzon in question ror the evidences of illuviation and eluviation, the
#lay skins, the ratios of fine clay to coarse clay, and ped coatings of blaa
of the peds have coatings that covz; Sone 30 Lo 1§’perce§t g ched silt and sand. If most
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of their surfaces with clay skins thick enough to obscure fine sand grains, and have some pores with near-
ly continuous c¢lay skins, or if thin sections show something like 1 percent of some part of the horizon to
be oriented clays, the horizon is considered to be an argillic horizon,

In summary, we can say that an argillic horizon is one that contains illuvial layer-lattice clays.
This horizon forms below an eluvial horizon, but it may be at the surface if a s0il has been partielly
truncated, and it has the followlng properties that may be used for identification in the field:

1. If an eluvial horizon remains, and there is no lithologic discontinuity between it and the
argillic horizon, the argillic horizon contains more totel and more fine clay than the eluvial
horizon, as follows:

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

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

¢. If the eluviel horizon has more than 40 percent total clay in the fine earth fraction, the
argillic horizon must contain at least 8 percent more clay. (50 percent versus 42 percent,
for example.)

2. An argillic horizon should be at least one~tenth the thickness of the sum of all overlying hori-

zong, Or more than 15 cm. (6 inches) thick if the eluvial and illuvial horizons are thicker than 1,5
(60 inches). The clay increases required under item 1 are reached within a vertical distance of
30 cm. (12 inches) or less. :

3. In massive soils the argillic horizon should have oriented clays bridging the sand grains and in
some pores.

L. If peds are present, en argillic horizon either (1) shows clay skins on some of both the vertical
and horizontal ped surfaces and in the fine pores, or shows oriented cleys in 1 percent or more
of the cross section; or (2) meets requirements 1 and 2 sbove and has e broken or irregular upper
boundary accompanied by some clay skine in the lowest part of the horizon; or (3) if the horizon
is clayey with kaolinitic clay and the surface horizon has more than 40 percent clay, there are
some clay skins on peds and in pores in the lower part of that horizon having blocky or prismatic
structure; or (4) if the illuvial horizon is clayey with 2 to 1 lattice clays, clay skins may be
lacking, provided there are evidences of pressure caused by swelling; the evidences of pressure
may be occasional slickensides or wavy horizon boundaries in the illuvial horizon, accompanied
by uncoated sand or silt grains in the overlying horizon.

2. If a soil shows a lithologic discontinuity between the eluvial horizon and the argillic horizonm,
or if only & plow layer overlies the argillic horizon, the argillic horizon need show only clay
skine in some pert, either in some fine pores, or if peds exist, on some vertical and horizontal
ped surfaces, Thin sections should show that some part of the horizon has about 1 percent or
more of oriented clay bodies.
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NATRIC HORIZOM

The natric horizon is a special kind of argillic horizon. It bhas, in addition to the properties of
the mrgillie horizon, (1) prismetic, or more commonly, columnar structure, or rarsly & blocky structure
with tongues of an albic horizon extending more than 2.5 em. (1 inch) into the horizon; and (2) in some
subhorizon more than 15 percent saturation with exchangesble sodium. Or, if an underlying C horizon has
moye than 15 percent saturation with sodium in some part, the natric horizon may heve more exchangeable
magnesium plus sodium than calcium plus hydrogen in some subhorizon.

It should be noted that some subhorizons of the natric horizon may have hydrogen or calcium as the
dominant exchangeable cation if other subhorizons have the necessary sodium. Or, som® subhorizons may
have hydrogen or calcium as the dominant cations if other subhorizons have & dominance of magnesium, and
the C horizon has more than 15 percent saturation with sodium in some part.

The patric horizon is common to most soils that have been called solodizad-Soionetz and Solonetz.
Figure 13, p- 45, shows the typicsl appearance of & natric horizon in & soil profile.

The effect of the sodium on dispersion of clays and the formation of argillic horizons has been long
recognized. The importance of special recognition of argillic horizons that have large amounts of ex-
changeable sodium has not been seriously questioned.

The effect of the magnesium lon on the dispersion of clays is still disputed. Laboratory studies seem
to show but slight difference between the effects of magnesium and caleium. Yet it is common to find a
poor physieal condition in cleys with large amounts of exchangeable magnesium, and the reasons for this re-
lation are unknown. In the absence of more definite data, the authors cannct accept the idea that the ef-
fects of megnesium ions are similar to those of sodium ions. Megnesium haz been ineluded in the definition
of the natric horizon because, as the sodium is being removed, megnesium seems to follow in the leaching
sequence. If leaching continues, the magnesium is eventually replaced by hydrogen. When replacement reach-
es the polnt thet saturation by magnesium and sodium is less than 50 percent of the exchange capecity in
all subhorizons, the horizon ie no longer considered nmtric. One sees reliets of such horizoms, with their
form clearly evident but with all other properties altered because of great changes in the environment.

Scme examples may help clarify the criteria for the natric horizon. Date for three soils from North
Dekota and Scuth Dakota are given in table 12, p. 46. All were developed under grass, heve distinet pris-
matie or columnar argillic horizons, and have been considered by some soll scientists as solodized-Solonetz.

The first soil, (17), has a natric horizon because the exchangeable sodium exceeds 15 percent of the
aexchange capacity. The second soil, (18), from Sargent County, North Dekotas, has & matric horizon because
the magnesium and sodium exceed calcium {exchangeabls hydrogen is very small in the montwmorillonite clay of
‘+his s0il) and because exchangesble sodium exceeds 15 percent of exchange capacity in the two lowest horie
zons. The third soil, (19), has an argillic horizon, but not a natric horizon, because exchangeable sodium
18 less than 15 percent, and exchangeable caleium exceeds the sum of magnesium and sodium. In this last
soil it 1s impossible to be sure that there was ever any significant amount of sodium.
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THE SPODIC HORIZON

The spodic horizon is one in which active amorphous materials composed of organic matter and
aluminum, with or without iron, have precipitated. The term "active" is used here to deseribe
material having high exchange capacity, large surface area, and high water retention. In virgin
s0ils the horizon usually lies below an eluvial mineral horizon, normally an albic horizon,

It may less commonly be at the surface of the mineral soil but below an O horizon, or in cul-
tivated soils it commonly is immediately below the Ap horizon. '

Genesis of the Spodic Horizon

Spodic horizons occur only in humid enviromments. They are most common in cold and temperate
elimates but they also occur in hot climates. They are not found in arid environments though
they occur.in Mediterranean climates having long dry summers,

In cool climates, spodic horizons occur in soils that have had a heath (Erica and Calluna)
or forest vegetation, either broadleaf or coniferous, Heath is asseciated with spodic horizons
that have subhorizons containing little or no free iron., In a mixed forest the spodic horizon
is often more strongly expressed under some species, such as hemlock (Tsuga canadensis), than
under others, The type of vegetation and type of litter are important’, But we lack a generally
accepted theory. In warm climates spodie¢ horizons occur under savanna, palms, and mixed forests.
Spodic horizons under some conifers, such as the kauri pine (Agathis australis), may have sub-
horizons containing little iron,

Spodic horizons form mostly in coarse-textured (sandy, coarse-loamy, or coarse-silty) acid
parent materials. Some have formed in finer textured material. Because there may be no albic
(A2) horizon, some may have been overlooked in the past, BAlso, aggregation of fine material
causes such horizons to appear coarser than they are, If a parent material is rich in clay,
however, the formation of a spodic horizon is usually delayed until eluviation or weathering
has reduced the clay content below a critical level. A spodic horizon then forms in the eluvial
horizon, and the underlying argillic horizon is either destroyed or moved to greater depth as
the spodi¢ horizon thickens. Spodic snd argillic horizons are usually separated by an albic
horizon, but under heath vegetation a spodi¢ horizon may rest directly on and tongue into an
argillic horizon. Similarly, in calcareous parent materials formation of a spodic horizon
does not commence until carbonates have been leached from the upper part of the profile. Spodic
horizons form on relatively fresh parent materials containing unweathered primary minerals or
on nearly pure quartz sand.

Spodic horizons can form in well-drained soils or in soils having a shallow fluctuating
ground-water level. If the ground-water level is within the spodic horizon for long times, the
spodic horizon may lack iron. Spodic horizons do not seem to develop in soils that are per-
manently saturated with water, '

Under optimum conditions, spodic horizons can form in a few hundred years, Their biolegical
destruction can be equally rapid in cultivated soils.

Most spodic horizons are horizons in which organic matter, iron, and aluminum have acqumu-
lated. ' As far as we know,
aluminum is always present and is probably essential. Almost all spoedic horizons have an
organic matter, iron, and aluminum maximum in the upper few centimeters of the horizon, although
in some iron may be absent or the iron and aluminum maxima may be belew the organic-matter
maximum. Most spodic horizons have hues of 10YR or redder. The presence of such hues in spodic
horizons lacking iron, the persistence of the hues after reduction if iron is present, and
gheir destruction by ignition if iron is absent all suggest that organic compounds are important

yes ., )

The mobile seSquioxidez/can come from dissolution of primary minerals and from cycling by
plants. In albic horizons that overlie spodic horizons, the aluminosilicates appear fresh but
many are pitted as by solution, This is particularly true of ferromagnesian minerals. Yet
a well-developed spodic horizon may be the surface mineral horizon, overlain only by an O
horizon. While mixing of horizons by animals or falling trees can usually be demonstrated
in such soils, more than one source of the precipitated sesquioxides is possible.

In some older theories of the formation of spodic (or Podzol B) horizons, mutual floccula-
tion of positively charged sesquioxide colloids and negatively charged organic colloids has been
postulated. In others, flocculation of sesquioxides or organic matter by changes in redox
potentials or in pH with depth has been proposed,

v

As used here, sesquioxide refers to compounds of iron and aluminum.
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According to newer theories an association is formed between organic matter and iron and alumimum
by chelation and electrostatic bonding. Such compounds are soluble if the sesquioxide concentration is
low and are precipitated when the sesquioxide concentration reaches a critical level. Hence, if soluble
compounds moving through the soll pick up sesquioxides from primary minerals and from parts of the spodic
horizon, they eventually precipitate somewhere in the spodic horizon. Such movement can be downward dae
to gravity or lateral or even upward due to capillary forces. Immobilization of the sesquioxides may also
be the result of hydrolysis of the organic-metal complex induced by changes in pH or by blological de-
struction of organic ligands. Some of the specific properties of the immobilised material that becomes
the active fraction of spodic horizons can be used as one of the means of ldentification. These properties
are high concentration of carboxyl and hydroxyl sites that are destroyed on heating and solubilization of
organic matter and sesquioxide compounds on treatment with a strong complexing agent (sodium pyrophosphate).

Distinctions between Spodic and Argillic Horizons

Argillic horizons are illuvial, and so are mogt spodic horizons. We think that diserete erystalline
clay particles are moved from the eluvial to the illuvial horizon and within the illuvial horizon to form
argillic horizons, Hence, in soils with argillice horizons, the clays in the eluvial and illuvial horizons
are similar except when some one clay mineral moves preferentially to others. The silica-sesquioxide
ratio for the whole 80il is at & minimum in the argillic horizon but that of the clay fraction remains
virtually constant throughout the profile. In soils with spodic horizons the dominant processes are
dissolution of primary minerals in any eluvial horizon, movement of iron, aluminum, and organic matter,
snd precipitation of amorphous organic matter-metal complexes. Typically, the mineralogy of eluvial
and illuvial horizons differs greatly and the silica-sesquioxide ratio in the spodic horizon is at a
minimm both in the whole soil and in the clay fraction.

In mechanical analysis ag least soma of the illuviated iron and aluminum digperses and becomes part
of the measured clay fractionu/ Hence, data commonly show a clay maximum in the spodic horizon. Both
spodic and argillic horizong may be horizons of free iron accumulation. But in well-drained soils having
argillic horizons the ratio of free iron to clay tends to be constant in all horizons, whereas in solls
having spodic horizons this ratio tends to be variable.

In table 13, page 60, 7th Approximation, two seoils with spodic horizons are compared to two soils
with argilliec horizons. All four soils have an albic horizon and have been considered Podzols by some.
Descriptions of the soils and additional data are on pages 85 to 88. Although the silica-sesquioxide
ratio of the whole soil has a minimum in both groups of soils, this ratio for the «0,002-mm fraction is
approximately constant throughout in the soils with argillic horizons and highly variable in the soils
with spodic horizons.

Micromorphology also shows that there are large differences., The birefringent crystalline clay
coatings of the argillic horizon (fig. 6, page 39, Tth ApProximation) differ sharply from the isotropic
amorphous coatings of the spodic horizons (fig. 15, page L48). Most spodic horizons, however, contain
ome illuviated crystalline clay.

Distinetions between Spodic and Cambic Horizons

The cambic horizon is formed by alteration of parent material in place, causing release of iron
and structure formation, or by solution and removal of carbonates; it 1s never an illuvial horiszon but
it may contain large amounts of precipitated active amorphous materials that are very similar to those
of the spodic horizon. There are two situations where spodic and cambiec horizons may be confused in the
field. A cambic horizon may grade by imperceptible stages into a spodic horizon as a result of varying
smounts of accurmlation of amorphous masterials. A very weakly developed spodic horizon, however, contains
more sctive amorphous material than many cambic horizons, and the two kinds of horizon can be separated
either on the basis of their micromorphology or by the chemical techniques described later. It may
also be difficult to distinguish spodic horizons from the cambic. horizons of solls developed in pyro-
clastic materials such as volcanic ash. Both horizons contain amorphous materials that do not differ
significantly in the kinds of measurements we can make now., Both kinds of amorphous material may lose
Bimilar proportions of their cation-exchange capacity upon heating or extraction with dithionite-citrate.

The distinction between the spodic horizon and the cambic horizon with an amorphous active fraction
(in soils formed in vitric materials such as volcanic ash) is based first on avidencea of illuviation.
Assume there is an overlying eluvial (albic) horizon that extends below plow depth as a continuous
horizon or even as an intermittent horizon. In this situation we may safely infer that the underlying
horizon is illuvial provided it meets the minimum requirements for extractable carbon, iron and alumirum
relative to clay. The eluvial (albic) horizon should have chromas of 2 or less,or sand and silt grains
that are dominantly clean, and it should be thick enough to insure that some part of the eluvial horizon
extends below plow depth. A very thin eluvial horizon, only 1 to 3 em thick, is apt to be accompanied
by an illuvial horizon of comparable thickness snd would not by itself indicate sufficient illuviation
for a spodic horizon. It is apt to indicate only the beginning formation of a spedic horizon.

2/ The illuvial msterial of some spodic horizons disperses readily in one and not in another
dispersing agent. Hence, different methods may give different results. In some spodic horizonms the
spparent silt accumulation is more promounced than the clay accumulation.

et ey
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If the soil has an amorphous active fraction and there is no albic horizon or only a thin albie
horizon that will not persiat after plowing, the distinction is based on the nature and amounts of the
non-clay fraction. If the horizon is clayey with mostly amorphous clays,it is considered to be a
cambic horizon. Because the amorphous clays do not disperse well, the 15-bar water retention is a more
valid measure of the clay content. An upper limit of 20 percent 15-bar water is used for the spodic
horizon, If the 15-bar water is less than 20 percent the horizon is considered spodic only if the silt
and sand are mostly (more than LO percent of the 20 to 200 micren fraction) crystalline minerals such as
quartz, feldspars and micas. If the 15-bar water is less than 20 percent and 60 percent or more of the
20 to 200 micron fraction is vitric pyroclastic materiasl such as ash and pumice, or if the 15-bar water
exceeds 20 percent the horizon is considered cambic.

Recognition of the Spodic Horizon

In the field

If an albic horizon overlies a spodic horizon, there is seldom any difficulty in recognizing the
illuvial origin of the spodic horizon. In virgin soils that lack albic horizons there is commonly a
thin dark eluvial horizor in which many sand grains are free of humus and sesquioxide coatings. This
overlies the spodic horizon in which the sand grains are completely coated, and indicates the illuvial
origin of the spedic horizon.

Many spodic horizons are so close to the mineral surface of the soil that the overlying horizons
are easily destroyed by plowing or even by the disturbances that accompany the cutting of a forest. In
some the alble or other cverlying horizons seem to have been mixed with the spodic horizon by falling
irees, by animals, or may never have existed. In a disturbed soil it may be difficult or imposaible to
establish the illuvial nature of the spodic horizon, even though it has all the chemical and physical
properties of spodic horizons that are clearly illuvial. To keep like soils together in the classifi-
cation, coatings on crystalline sand grains of an isotropit amorphous mixture of organic matter, iron,
and slumimum with the specific properties discussed later, are considered adsquate for recognition of
gpodic horizons, .

If a bleached eluvial (albic) horizon is distinct, there is commonly a second maximum of organic
carbon in the spodic horizon. The presence of organic carbon and the characteristics of the exchange
complex, such ax high cation-exchange capacity, distinguish cemented spodic horizons (ortsteins) from
ironstone layers at lithologic discontinuities below many soils, It should be pointed out that spodic
horizons may ‘occur at depths of more than two meters in some tropical and subtropical areas, Buried
spodic horizons may be found at even greater depths. Figure 16, page L9, 7th Approximation, shows a
profile having a spodic horizon underlying an eluvial A2 horizon (albic horizonm).

The typical spodic horizon is easily recognized in the field by its color and structure. The
texture is most often sandy, coarse loamy, or coarse silty. Hues, values, and chromas change markedly
with depth within a few centimeters, The lowest values, reddest hues, or highest chromas are in the
upper part of the horizon. Colors are mestly 1OYR or redder in hue with moist values and chromas of
5/2, L/4, 3/2, and 2/1, or with these values in higher chromas. The horizon below the spodic horizon
has lower chromas or yellower hues, or some combination of these. Structure, in the conventional
meaning (visible to the naked aye), is absent or there is crumb, granular, or platy structure or weak
blocky or prismatic structure. Subrounded to subangular black or dark brown pellets of silt size
(20- to 50-micron dismeter) and coatings on sand graina can be detected in sandy spodic horizons by
using 8 LO- to 60-pover hand lens. Figure 14, page L7, 7th Approximation, shows the pellets in thin
section. Commonly, pellets predominate in the upper part of the horizon and coatings in the lower part.
If the comtings are very thick, the horizon may be cemented., In & dry soil the coatings may be cracked
and may flake off to form pellets. Figure 15, page L8, 7th Approximation, shows a cemented spodic
horizon in thin mection. Clay skins, discussed with the argillic horizon, are not found on peds
or in pores in spodic horizons although coatings on sand grains in a spodic horizon may not be
distinguisnable with a hand lens rrom thin clay coatings in an argillic harizon.

If textures are silty or fine loamy, pellets and coatings may not be visible. Color changes
with depth may be more diffuse than if textures are sandy. If textures appear to be moderately fine
and the bulk density is low enough that the finger can be pushed into the soil in the side of a moist
fresh pit, one miat suspect a cambic horizon with an amorphous active fraction. Similarly, one
migt suspect & cambic horizon if the textures appear to be coarse loamy or coarse gilty and ash
or pumice are abundant in the silt and coarse fraction. ‘

If textures are silty or fine loamy and the bulk density iz 1 or more, the pellets, coatings,
cementation, and colors discussed above furnish the best clues for field idstinction between spodic
and cambic horizons. i .
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In the laboratory

Optical identification of amorphous material

Many spodic horizons can be identified with certainty by the presence of well-defined
isotropic coatings (fig. 15, page 48, 7th Approximation) or of well-defined isotropic pellets
(fig. 14, page 47). Some may be confused with argillic horizons if the coatings are weakly aniso-
tropic in the part closest to an underlying sand grain or if there are significant inclusions of
mica or other anisotropic clay minerals. Optical methods also may not be reliable if only diffuse
pellets are present or if volecanic glass or other evidence of pyroclastic material leads one
to suspect a cambic horizon that contains amorphous clay. In such cases the positive identifi-
cation of spodic horizons may have to be based on chemical and physical methods.

Chemical identification

Some of the properties of the active amorphous material of spodic horizons such as high
cation-exchange capacity, loss of exchange capacity on heating ,_3/and the presence of specific
functional groups have been mentioned before. It would be desirable to define the spodic
horizon by such properties. Some forms of organic matter and amorphous (allgphane-like)

material in some cambie horizons, particularly those developed in pyroclastic materials, have
- such similar properties that an exclusive definition of spodic horizon in these terms is impossible
at this stage of our knowledge.

The spodic horizon is therefore defined here in terms of (1) 15-bar water retention, (2)
percentage of pyroclastic material in the silt and coarser fractions and (3) solubility of its
active components--organic matter, hydrated iron oxides, and hydrated aluminum oxides--in hot
dithionite-sodium pyrophosphate relative to the clay content of the horizon:

1. The 15-bar water retention is 20 percent

2. Less than 60 percent of the 20 to 200 micron fraction (by weight) consists of vitric ash, pumice
-or other pyroclastic materials

3. percent extractable carbon + iron + aluminum
percent clay = 0.15

These conditions must be satisfied in any one subhorizon having enough extractable Fe, Al, or
organic matter to satisfy the "other limits" discussed later. Carbon, iron, and aluminum
{elemental concentration) are extracted by hot pyrophosphate-dithionite solution at pH 7.3;
percentage of clay and silt are determined by the hexametaphosphate-pipette method.

Representative data for spodic horizons and selected cambic, argillie, and oxic horizons,
as well as mollic'and umbric epipedons, are given in Table A. Pyrophosphate-dithionite is used
as the extractant to permit the carbon determination. Pyrophosphate-dithionite solution seems
to be somewhat specific for the kinds of carbon, iron, and aluminum in the amorphous material.
In spodic horizons usually more than half of the total carbon is extracted, whereas in the
absence of amorphuvus (allophane.like) materials, less of the total carbon is extracted. In
spodic horizons pyrophosphate-dithionite removes about as much iron as the dithionite-citrate
method, but it removes only a small fraction of the dithionite-citrate-extractable iron from
argillic, oxic, and some cambic horizons. The organic matter dissolved by pyrophosphate-
dithionite may help to hold aluminwm in solution, If solutions of aluminum salts are added to
the extracting solutjon, aluminum pyrophosphate precipitates and no aluminum in solution is
detected. Very little aluminum is extracted from gibbsite.

The amount of pyrophosphate-dithionite Soluble carbon, iron, and aluminum and its ratio to
clay permits the distinction between most spodic amd other horizons that lack significant
amounts of amorphous materials

Other limits of the spodic horizon -

The amount of amorphous material in spodic horizons varies widely. It seems essential to
set some lower limit for thickness of the horizon and its content of precipitated material.
Spodic horizons below the plow layer should contain a subhordizon that is at least 1 om thick and
that contains at least 1 percent extractable organic carbon, iron, and aluminum (expressed on an
elemental basis,not as oxides).

3 Usually, the loss of CEC upon heating to 240° C. for 16 hours exceeds 25 percent for spodic
horizons and is less then 25 percent for many other kinds of soil horizons (see Table A). This
‘eriterion would yield a satisfactory separation except for some very weakly developed horizons
that have only traces of amorphous material,and cambiec horizons with amorphous clays.,
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The 1limit of 1 percent for extractable carbon, iron, and aluminum is waived, however if the moist
value of the spodic horizon is 3 or less, the moist hue is 7.5YR or redder and is as red or redder than
the underlying horizon. These colors indicate that coatings of humus and other amorphous materials on
the sand and silt are more or leas continuous,

A horizon is not a spodic horizen if it is so thin, so near the surface, and so weakly expressed
that plowing a few times to a depth of 6 or 7 inches obliterates all traces. A horizon that could be
or has been incorporated in a 6- or 7-inch plow layer may be considered spedie if there are no underlying
diagnostic horizons other than a fragipan with or without an intervening albie horizen and the following
limits are satisfied:

a, at least 3 percent organic matter (1.7 percent carbon) in the plow layer;

b, & moist color value of less than 3 and a hue redder than 10YR, or a chroma of 3 or more;
¢. fragments of smorphous coatings or pelleta; :
d. no underlying diagnostic horizon other than a fragipan or an albic horizon, or both,

The fact that a spedic horizon iz continuous on one side of a fence or property line is not evidence
that the Ap horizon on the other side of the fence includes a spodic horizon. If the land use pattern
has been stable for some scores of years, a spodic horizon may have formed in the noncultivated soil under
its present vegetation or, due to liming or other management practices, the Ap horizon may have lost most
of the properties of a spodic horizon,

Summary of the Limits of the Spodic Horizon

1. If there is an albic horizon thicker than 18 cm (7 inches) or there is an intermittent albic horizon
below an Ap a spodie horizon has:

2. Enough amorphous material that

L/ percent extractable C + Fe + Al > 0,15
percent clay -

b. A thickness of 1 cm or more, either as a contimious horizon or as a sum of lamellae within
1 m (LO inches);

¢. Extractable g/ carbon + iren + alumimum 2 1.0 percent, or moist color hues are 7.5YR or
redder and moist values of 3 or less in some continuous part of the horizon or in any one
subhorizon that is at Jeast 1 em thick and hues are as red or redder than the underlying horizon.

2. If an O, an Ap, or an Al rests on the spodic horizon, the spodic horizon has the raquiremerits of 1.
above, and in addition has:

8. A 15-bar water content of less than 20 percent;

b. Less than 60 percent of vitric volcanic agh, pumice and other pyroclastic materisls in the
20 to 200 micron fraction;

c. Enough depth that the horizon is not obliterated by plowing to 18 em (7 inches) or enough
degree of expression that the horizen after mixing to 18 cm (7 inches) meets the criteria
listed under 3.

3. If an Ap is present and is not underlain by a diagncstic subsurface horizen othapr than a fragipan,
with or withecut an albic horizon, the Ap is considered a spodic horizon if it has the following properties:

a. Contains more than 3 percent organic matter (1.7 percent organic carbon);

b. L/ percent extractable C + Fe + Al > 0.20:
percent clay ’

c. Fragments of amorphous coatings or pellets can be clearly identified;

d. The hue is redder than 10YR and the moist color value less than 3, or the chroma is 3 or more
in hues of 10YR or redder;

@. A 15-bar water content of less than 20 percent;

f. Less than 60 percent of vitrie voleanie ash, pumiece and other pyroclastic materials in the 20
to 200 micron fraction. :

A/ Elemental weight percent by pyrophosphate-dithionite extraction.
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Soil seriesl/
and suborder

Camradan
Orthod

Paxton
Orthod

.~ Potsdam

Orthod

Windsor
Urthod

leon
Aquod

"Antwerp"
Humod

"Kanto"
Andept

Walimea
Andept.

Nipe
Oxizol

Hayesville
Udult

Diablo
Xerert

Stockbridge
Ochrept

Brinkerton
Agqualr

TABLE A.

Horizon

Spodic
Spodic
Spodic
Spodic
Spodic
Spgdic
Umbric
epipedon

Mollice

Oxlie

Argillic

Mollic
epipedon

Cambic

Argillic

Change in cation exchange capacity and loss of C, Fe, and Al on

various treatments of selected diagnustic horizons

15-
bar
[{20
19.2
12.9
7.8
3.9
1.9
8.3
50.0
59.2

2.8

19.4

8.0

17.2

Clayﬁ/

percent carbong/

22.2

6.9

4.7

2.8

1.7

1.1

k2.8

Org.

6.65

S.79

1.13

3.h6
7.5

3.21
1.33

.38

pryl/ 240°c

neé§§60 g/

76.2a
1,8.1a
12.9a
6.5a
10.9

19.ha

57.9a

104.7a
17.1
6.8
Lo.9

8.9

25,2

9.8

6.9

3'5
L1.s

94.5b

16.1
8.7

38.2
6.2

?1.0

3/ Soil series nsmes are uncorrelated field nsmes subject to change.
neighborhood of samples.

g/ Hexametaphosphate-pipette determination.

¥ Walkley-Black or Allison (SSSAP 2L:36, 1960).

2/ Air dry unless otherwise noted.

a. Field Mcist

b. 200° C.

;7 Based on weight of untreated sample dried at 110° ¢.

é/ Pct. pyrephosphate-dithionite extracted (one treatment), pH 7.3.

Z/Fbrcent C + Fe + Al (elemental weight percent by pyrophosphate-dithionite

CE € Fe Al -
Changs  Extracted 6/
on Heat- Pet.
ing Pet.

67 L.00 2.67 1.00

-80 L.38 1.h8 1.k42

27 .51 1.09 .69

-28 27 W6 .37

=37 92 .02 ,i2

-B2 2.51 .30 .24

~28 2.16 2.13 1.55

-9 1.57 2.49 .93

-6 I b.76 .95

+28 .22 2,12 LS

~1 63 .37 L0

-8 a7 .98 .20

-16 .39 2,18 (30

C + Fo + AIZ/
ct. Clay

0.35

1.06

.16

2.77

11

.07

"Antwerp" and "Kanto" indicate

extraction).
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THE CAMBIC HORIZON

The cambic horizon is an altered horizon having texture finer than loamy fine sand., The alteration
of the cambic horizon is produced by movement of the soil particles by frost, rootz, and animals to such
extent as to destroy mosgt of the original rock structure including fine stratification of silt, clay, and
very fine sand in alluvial or lacustrine deposits, by aggregation of the soil particles inte peds, and
in addition by (1) hydrolysis of some of the primery minerals to form clays and liberate sesquioxides, or
{2) solution and redistribution or removal of some carbonates, or (3) oxidation, reduction and segregation,
or removal of free oxides.

The cambic horizon has lost sesquioxides or bases, Including carbonates, or both through leaching,
Gains may have occurred in organic matter and water, but the alteration of the camblc horizon is not the
result of additions of mineral substances.

The cambic horizon may be at the surface if there is no Al horizon. Otherwise, it is immediately be-
low one of the diagnostic epipedons., It iz comsicered a part of the solum and occurs within the zone nor-
mally reached by the roots of native plants. Thus, it normally lies in the position of a B horizon, and by
many it is considered to be a B horizon. Its bage mist be at least 25 cm (10 inchea) below the surface.

Below many argillic and spodic horizons there is a transition to the C in which there has been weather-
ing and alteration. The alteratiom of this transitional horizon may be comparable to that of a cambic ho-
rizon. Yet, because there is an overlying argillic or spodic horizon, a transitional horizon of this kind
i3 not considered a cambic horizon, Rather, it is considered a transition to the C horizon. This distinc-
tion, which may seem very fine, 1s primsrily ome of position in the profile; the cambic horizon occupies
the position of a B horizon, between the A and C, and not the position of a transition between a spodic or
argillic hortizon and the C. |

Similarly, there may be transitional horizons (A3 and Bl), between the A and an argillic horizon, that
have properties of a cambic horizon. Such horizons are not considered part of a cambic horizon if they
rest directly on the argillic horizom, but they are considered transitional horizons, Nevertheless, a
cambic horizon may be recognized in the same profile as an argillic horizon or a spodic horizon if the two
are separated by snother diagnostic horizon discussed later, the albic horizon, or if the argillic horizon
is a buried horizon. Thus we see that position and alteratfon without illuviatim are important character-
istics of the cambic horizom,

Identification of the cambic horizon

The cambic horizon may have one of several somewhat contrasting forms, but each of these grades at
times imperceptibly into the others, The genetic significance of the cambic horizon varies somewhat with
the kind of soil, It consistently carries the implication of a subsurface horizon that has been altered
without mineral sccumulation, The degree of alteration may vary, but some weatherable minerals” are pre=
sent. One could define the several kinds of cambic horizons and give them distinctive names, but the lim-
its of the transitional forms would be difficult to understsand. The possible benefits do not seem to jus-
tify the complicstion that would have to be introduced if one tried to distinguish clearly between the
transitional forms, Nevertheless, it is important to understand that cambic horizons vary in appearance
and in genetic significance, We should look at the typical forms that the cambic horizon may have under
varying combinations of the soil-forming factors,

1. Cambie horizons may form in the presence of fluctuating ground water. If ground water is
pregsent in the horizon at all times, the colors will usually be neutral, or will be shades of green
or blue. These golors are excluded from the cambic horizon on the assumption that losses are negligible
in the presence of a permanent ground water., If ground water fluctuates, the free iron is generally
removed from the individual particles of sand, silt, and clay. Thim iron is either lost from the
horizon or concentrated in the form of concretions or mottles. Gray or grayish and brownish mottled
horizons are produced by fluctuating ground water. However, mottling alone is not an evidence of
sufficient alteration for identification of a cambic horizon. The processes of reduction, or of reduction
and segregation, of the iron mist have been intense emough to produce a horizon dominated by low chromas.
The horizon must have an upper boundarythat is shallower than S0 cm (20 inches), or it mugt immediately
underlie an umbric or mollic epipedon, It must have dominant moist colors on ped faces, if peda are present,
or in the matrix if peds are absent, as follows:

a, If there is mottling, chromas are 2 or less.

b. If there is no mottling and values are less than li, chromas are less than 1; if
valueg arae ) or more, chromas are 1 or less.

c¢. Hues no bluer than 10Y if the hue changes on exposure to air. ## (Hueg that do not
change on exposure are not disgnoatic).

*Weathering may be either chemical or physical. Kaolinite books of silt or sand size can be reduced
to ¢lay size and in this gense are weatherable, Feldspars can be sltered chemically and are therefore
weatherable,

+# Color changes on exposure are ordinarily visible within a few minutes., Simply expose a molst
tlod briefly and then bresk the clod to compare the interlor and exterior colora.
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Weathering may have affected the easily weatherable minerals. The weathering may have removed lattice
iron or have formed secondary clay minerals, but weathering has not progressed to the point where virtually
the only minerals present are clay-sized kaolin minerals, free sesquioxides, snd quartz and other forms of

510,, Soil 37, p. 119, does not have a cambic horizon because it has the green and blue hues that indicate
a permanent ground water. But soil 38, p. 120, has a cambic horizon formed with a fluctuating ground water.

2. Tn the absence of gkound water and of carbonates, cambic horizons in soils of humid regions nore
mally have brownish colore; the chroma, because of liberation of free iron oxides, commonly 1& stromger or
the hue redder in the cambic horizon than in the C. Feldspar minerals, and such easily wesatherable miner~
als as glass, biotite, some pyroxenes, and some amphiboles, are commonly partly westhered, Mica, if it is
present, is usually at least partly weathered to 2:1 lattice elay. These minerals and kaolin books of silt
size have not been completely destroyed in the cambic horizon. The hydrated oxide of iron removed from
primary minerals may have formed coatings on individual soil particles and is conmidered to be responsible
for the color of the horizon if it is brown or red. The free .iron/elay ratio is virtually constant among
gubhorizons of these cambic horizons, in contrast to those formed in the presence of ground water.

Because considerable time is required for the partial destruction of iron~bearing minerals or the for-
mation of clay, the cambic horizon has had time to develop blocklike or prismatic structure, but such
structure may be lacking i{f the clay content is so low that there 18 no volume change with changes in soil
molsture.

Since illuviation is negligible, the peds lack distinctive coatings and generally are weakly developed,
Preferred alignment of plate-shaped particles parallel to the ped face can be demonstrated in thin sections
{fig. 9, p. 42) on many smooth ped facea.

The microfabric (fig. 9) of this form of the cambic horizen often resembles that of the argillic hori-
zon in having random orientation of individual particles and 1ittle pore space in the matrix, It differs
from an argillic horizon in lacking, in all subhorizons, clay skins that are of distinctly finer material
than the matrix. Under crossed polarizers, the brightness of the interference color (birefringence) on the
faces of peds in a cambic horizon indicates a preferred orientation of particles, Although the ped faces
show evidence of preferrved aligmment of plate-shaped particles, they differ from clay skins in that the
particles are less perfectly arranged and are similar or identical to the ped interiors in particle-size
distribution., The cambic horizon may have an occasional clay skin, but evidences of clay illuviation are
not adequate for recognition of an argillic horizonm.

Table 14 contains selected data on three profiles that have cambic horizons. 1In profile 24, the
cambic horizon overlies a lower sequum containing an eluvial horizon and a fragipan. The profile descrip-
tien, profile No. 24, i8 on page 89. It will be noted that the cambic horizon, from 2 to 16 inches, con-
tains more free irom but less total iron and leas "lattice" iron than the underlying horizoms., Lattice
iron is not an entirely correct name, for it includes magnetite, Clay mineral analyses show some weathering
of micas and chlorite to vermiculite, The cambic horizon in this profile has appreciably more clay than the
overlying A2 or the underlying eluvial horizom, A'2, It could therefore be confused with an argillic hori-
zon, This is an extreme example. More commonly the cambic horizon either has less clay or has at the most
2 or 3 percent more clay than the A. There are, however, no evidences of significant clay illuviation in
profile 24, Clay skins are so few and so thin that they are not seen by field examinetion, Thin sections
show the presence of & very few very small clay skins in pores. The total analyses indicate the clay has
been largely formed in place, for the B is intermedifate in its silica-seaquioxide ratio between the A and
€. Both spodic and argillic horizons (table 13) have the minimum silica-sesquioxide ratio, on the basis of
the fraction less than 2 mm. for the profiles in which they occur. Distinctions between spodic and camble
heedzons that comtain active amorphous materials are discuased upnder the spoedic horizon.

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

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

All these profiles, 24, 33, and 34, have significant amounts of weatherable minerals in the silt and
sand fractions, Evidence may be seen in the appreciable contents of K20 in all profiles, and the Ca0 in
profiles 24 and 33, .

3, The cambic horizon that foxms in humid climates from highly calcarecus materials may ghow a granular
or crumb structure produced by soll fauna, Earthworms, in particular, are often active in temperate and
warm climates in mixing msterial from different horizons. Consequently, the soil is often calcareous
throvghout, even though there has been 8 considerable loss of carbonates, In calcareous materials, evi~
dences of weathering of feldspars and other silicate minerals may be slight or absent. There is evidence
of the loss of carbonates either in the form of limestone ghosts or solution pitting of limestone pebbles,
or the carbonate content gradually increases with depth. In addition, the clay content usually shows a
gradual decrease with depth. .
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L. In arid and semiarid climates the cambic horizon commonly has still another form. Carbonates are
usually but not always present, but the activities of soil fauna, except in areas with Cicadidae, are of
less significance to soil structure. Volume changes accompanying seasonal chenges in moisture usually
produce & prismatic structure, sometimes with very coarse prisma. In the deserts, the tops of the prisms
may lie only a very few centimeters below a platy surface horizon. Other things being equal, it appears
that the drier the soil, the closer to the surface one finds the prisms. Rock structure, including fine
stratificationy of sediments, is lacking, primarily because the materials have been moved by roota and
animals. The cambic horizon normally has additional evidences of alteration. Carbonates hava been re-
distributed and partly or completely removed, as evidenced by solution pitting of limestone pebbles, and
by the presence of an underlying horizon containing ruch larger amounts of carbonates that the soil
morphology shows have been.reprecipitated in the soil. Carbonates that are in transit through the cambic
horizon may be reprecipitated there, particularly on the undersides of stones, in pores, on ped faces,
and in other places as well, The horizon is not necessarily free of carbonates that the soil morphology
shows have been precipitated in place. However, the tops of pebbles in the cambic horizon should not be
completely coated with lime,

If carbonates are absent in the parent material and in the dust that falls on the goil, there may be
no secondsry carbonates in the soil. In this situation the cambic horizon must often be identified by the
80il structure, combined with the absence of rock structure evidenced by fine stratifications. The clay
content should decrease with depth in the cambic horizon, but the parent materials are so commonly strati-
fied that one cannot be sure that clay has been formed in the soil,

Features common to cambic horizons

In spite of the diversity in appearance of cambic horizona, there are some cormon features,

Coarse-textured materials, sands, and loamy sands coarser than loamy very fine sand, are excluded from
cambic horizons. This is admittedly arbitrary, since sands can be altered by weathering. Nevertheless,
recognition of alteration in sands is mich more difficult. Normally, structure cannot form. Decisions
that a given sand does or does not show alteration are also apt to be arbitrary and inconsistent among
different soil scientists., The mollic, umbric, and plaggen epipedons, and the argillic and spodie horizons,
all may occur in sands, and are used to place soils into appropriate groups., Cambic horizons are not rec-
ognized in sands, or in loamy sands as coarse or coarser than loamy fine sand.

The degree of alteration of primary minerals may be slight to very strong, but some weatherable min-
erals are present. These include the clay minerals having 2:1 lattices and amorphous clays, as well as
the various alterable minerals that yield bases or iron to the soil solution. Clay minerals having 1l:1
lattices are considered weatherable if the crystals are of silt or sand size.

Soil structure rather than rock structure is present in more than half of the volume of all subhorizons.

The position of all cambic horizons is comparable; they lie immediately below an epipedon, or at the
surface if the soil has no Al horizon.

The cambic horizons may not have the dark colors combined with the organic-matter contents that are
definitive for mollic or umbric epipedons. The cambic horizons are not illuvial horizons, and may not have
the properties diagnostic for argillic or spedie horizona; nor may they have the cemented or brittle prop-
erties definitive of the duripans or fragipans. :

In summary, the cambic horizon is an altered horizon that lacks the dark colors and organic matter
that are definitive of mollic and umbric eplpedons, and it hag--

1. Textures of loamy very fine sand or finer in the fine earth (less than 2mm.) fraction.
2. Soil structure rather than rock structure.
3. Some weatherable minerals,
L. Evidence of alteration in one of the following forms:
a2, Gray colors ag defined op paga 25,
b. Stropger chromas or redder hues than the underlying horizons,
¢. Evidences of removal of carbonates. Particularly, the cambic horizon shows
less carbonate than the underlying ca horizon. If all coarae fragments in
the ca horizon are completely coated with lime, some in the cambic horizon
are partially free of coatings. If coarse fragments in the ca horizon are
coa::d only on the under side, those in the cambic horizon should be free of
cor ngs,
5. Too fsw evidences of illuviation to meet the requirements of ergillic or spodic horizons.
6. No cementation or induration and lacks a brittle consistence when moist.
7. No overlying albic horizon thicker than 18 cm (7 inehes) in any part if the clay
fraction is amorphoua, and there is either:
a. 60 percent or more vitric volcanie ash, pumice and other pyroclastic materials
in the 20 - 200 micron fraction, ar ’
b. 20 percent or more 15-bar water, :
8. Enough thickness that its base is at least 25 em (10 inches) below the soil surface.
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QXIC HORIZON

The oxic horizon is an altered subsurface horizon at least 30 em (12 inches) thick consisting of a
mixture of hydrated oxides of iren or aluminum, or both, often amorphous, and varlable amounts of 1:1
lattice clayx and accessory highly insoluble minerals such as quartz sand. Its fine-earth fraction haa
1ittle or no 2:1 lattice clay or primary minerals thai can weather to release bases, jiren or aluminum,
For each 100 grams of clay that it containe, the fine esrth holds 10 meq or less of cations from

N 'NHhCI solution and has a catlon-exchange capacity by NH)OAc of 15 meq or less. The oxic horizon has
a lower exchange capacity or smaller amounts of minerals that can weather physically or chemically
than the cambic horizon. It differs from the argilllc horizon in having few or no clsy skins and in
having either a gradual or diffuse increase in clay content with depth, or no increase. Its upper

boundary is set at the least depth at which there is no water-dispersible clay. For diagnestic purposes,
its lower boundary is usually set at a depth of 2 meters. These properties and limits are dizcussed
later in more detail.

Genegis

Geomorphologic evidence shows that oxic horizons are generally in seils -of very old stable geomorphic
surfacesa, old in the sense that they are more apt to be mid-Pleistocene or earlier then lazte- or
post-Plelstocene. They are not in soils of recent surfaces with thin regolith.

If quartz or ironstone pebbles are present, stone lines In or under the oxic horizon are normal.
Stone lines are so common that one must consider it probable that oxic horlizons are mainly in very old
transported sediments. Quartz velns can be traced from deep laysrs through cambic or arglillic horizons,

but the authors hsve not yet seen them in oxlc horizons. It should be noted, however, that quartz veins
are very rare in Hawail and Puerto Rico where we have studied oxic horizons most.

Whatever the materiels, the great age of the oxic horizon has allowed time for mixing by animals
and plsnt roots so that it retains almost no vestige of the original rock structure either as fine strati-
fications or saprolite. One exceptlon only 1s found to thig; If iron oxides or glbbsite coat and cement

fragments of weathered rock, the original rock structure may be retained in the interior of the cemented
parts but not in the fine earth.

Psgudomorphs of olivine tend to peraist but are not considered indi-
cators of lack of weathering,

The age of the oxie horizons is suech that minerals weatherable in warm humid climates are absent
.or are present only in traces.

There is, therefore, no reserve of bases beyond those in the exchange
fraction and in plant tissue.

Oxic horizons are seldom found outajde tropical or subtropicsl climates, amd there thay are malnly
at elevations below 1,500 to 2,000 maters, However, within that zone their distribution is largely
indepandent of rainfall, suggesting that many formed under much higher rainfall than they recelve today.

Most of the soils with oxic horizons are nearly level or have ralatively gentle slopes; relief is
conmmonly only a few tens of meters. They occur mostly on old high-level surfaces, high terraces, and
pediments. The geomorphic position is one in which weathered sediments could have been deposited. It
is not one in which recent unweathered sediments could gccumlate, nor is it one that would receive

ground water that has moved laterally from an area where fresh rock is weathering.

Significance to soil classification

The oxic horizon iz congsidered important to soll classification. Although much remains to be
learned ahout lis genetic significance, it is important that weathering has been so extreme that virtually
the only remaining minerals are quarts, zircon, and similar highly “insoluble primary minerals, hydrated
iren and aluminum oxidea, and 1:1 lattice clay minarals. Yet there is little or no evidence that clay
is moving in the soil.. This suggeats a high order of stability or immobllity of the c¢lay fractlon.
S5tability 1s further suggested by the absence of water-dispersible clay in all oxic horizons that have a
net negative charge as well as by the great resistance to erosion.

There are few or no primary minerals that release bases on weathering.
Idmits the supply of bases held at exchange sites. Other nmutrients, such as phosphorus, are often in
forms not availsble to plants. In humid regions, the nmutrients essentisl for plant growth often are
largely in the living and dead tissue of plants and can be lost if the plant cover is burned and not
allowed to regenerate. Calcium can be so low as to be a bsrrier to root growth, particularly of anmal

"plants, Thus, goils with oxic horizoma have unique management requirsments that stem from the low activity
:f ;:e clay, high permeablility, low erodibility, extrems weathering, and low reserve of bases in the oxic
orizon. -

The low activity of the clay
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In general, if other kinds of solls are avalilable, soils with oxic horizons are not cultivated or are in
plantations. In the humid parts of Africa and South America, shifting cultivation and grazing are very
common types of agriculture on soils with oxie horizens. Where the climate iz subhumid, leaching and
hazards of base exhaustion are reduced but lack of water limits agriculture., Classification that does
not reflect these properties has very limlted value.

Tdentification

Pogition

The oxic horizen normally underlies one of the epipedons or hag heen exposed by truncation.
Rarely, it underlies a spodic horizon. Some have considered it a B horizon; others have called it a
C horizon.

The houndary betwesen the epipedon and the oxic horizon is normally diffuse unless the soil has
been cultivated and eroded. It is often diffleult to locate hecause the eplpedon may not be visibly
darkened even though it hags 5 to 10 percent organic matter. Rough field tests for the presence of
water-dispersible clay can help locate the upper boundary 1f location is important. Clays of the
epipedon can be partly dispersed by shaking in distilled water, but those of the upper part of the
oxic horizon cannot.

Materials similar to those in the oxic horizon can continue to depths of many meters without
apparent change. The lower boundary of the oxic horizon in such a situation must ordinarily be either
arbitrary or unknown. For practical reasons, we have set an arbitrary lower boundary at 2 meters if
the soil materials between 1.7 and 2 meters depth meet the requirements of the oxic horizon. -

A very few soils have an epipedon that approaches or 1s thicker than 2 metera. They are mostly
soils that have been mixed intensively and deeply by animals. We would set the lower boundary of the
oxic horizon in these soils at a depth that permits sampling & horizon at least 30 em thick. In this
situation the epipedon has all the diagnostic propertiea of an oxic horizon discussed later except that
the NHhOAc cation-exchenge capaclty mey be above the limit and that water-dispersible clay may be present.

Positive identification of oxic horizons usually requires both field examination and laboratory
analyses, but field identification can be highly accurate if analyses of a few soils are availablae.

In the field

Oxic horizons resemble cambic horizons in many respects, particularly cambic horizons that approach
the oxic horizon in degree of alteration of primary minerals. There are nevertheless several properties
that can ba used in the field for identification of oxic horizons.

First 1s structure and consistence. Most oxic horizons appear massive in fresh pits. But many
have very weak, very coarse prismatic structure, so weak that it is vigible only in old road cuts. A
few have weak coarse or medium blocky structure. A fragment of a few cubic centimeters of an oxie
horizon, either moist or dry, crushes easily between the fingers to very fine granules. Most of these
granules are very stable and very fine, much less then 1 mm in diamster. Commonly, they can be seen
only under & hand lens. A fragment, if molst, crushes before there 1s any visible deformation of the
fragment as a whole, indicating low plasticity and high friability.

Subhorizon boundaries within the oxic horizon ars normally diffuse except boundaries of subhorizons
that contain stone lines, plinthite, or sheeta of givbsite. Changes in color and texture with depth
may be considerable but are so gradual that the boundaries are difficult to locate, and subhorizon
boundaries are apt to be more or less arbitrary. Unless a stome line is present, boundaries with the
underlying materials are equally gradusl or diffuse as & rule.

Pores visible to the eye or under a hand lens are common to abundant in oxie horizona, .The stability
of these pores presumably reflects the aggregate gtability of the horizon. Linings of the pores by clay
skins are seldom found, even though water can move rapidly through soms of the larger pores.

Weathered rock fragments that retain the original rock structure (saprolite) are a
less f zan vo'ume unless they have been coated and cemented bv iron oxides or gibbaits,
ck siructure can olten be recognized readily by varicolored spots of white, red, and strong brown

with boundaries that are abrupt even under the microscope in material virtually free of pores. Spots
of individual colors are commonly 0.1 to 2 mm in long dimension and have no regular pattern. In thin
sections the spots are geen to be pseudomorphs of crystals of primary minerals such as feldspars and
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micas. Colors may be rather uniform in some saprolites from acidic rocks, but the materdials have
obviously been altered in place without appreclsble disruption of the fabric. Saprolite may underlie
an oxic horizon but ghould constitute no more than about 5 percent by volume of the oxic horizon. The
presence of more than S percent by volume of saprolite within 2 meters commonly marks the lower boundary
of the oxic horizon. Similarly, send-size kaolin crystals or "books" thaet smear betwsen the fingers
into micalike flakes of sand size should be rare or absent in any aubhorizon of the oxic horizon because
they too are remnants of original rock structure. Pseudemorphs of olivine, mentioned earlier, may be
prasent. '

" Color iz not diagnostic. Oxie horlzons may have varying shades of gray, brown, and red, or there
may be mixtures of these colora in medium or coarse patterns of mottles.

The percentage of clay 1ln an oxlc horizon can increase, decrease, or remain constant with depth.

Horizons of different texture can have clear boundaries if separated by a stone line. Otherwise, changes
in the parcentage of elay with depth are gradual. If there are clay skins in pores and on peds aomewﬁere

within the soil, the relative clay" incresse within a vertical distance of 12 inchea (30 em) is less
than that required for the argillic horizon. Particularly, the oxic horizon has no clear boundary with
an overlylng horizon that contains distinctly less clay throughout. Such a boundary is one of the marks
of argillic horizong, and if it is present, one should look carefully for clay skine. Clay skins may
be present only at depths of more than a meter where roots are scarce, but if they occupy more than 1
percent of the volume of any subhorizon, they indicate the presence of an argillic horizon?, Clay skins

may be present in oxic horizons, but they should be very few and be restricted mainly to pores. Pressures

from swelling may produce peds with smooth reflective faces in oxic horizona. If the texture is fine,
these faces resemble clay skins. Laboratory study of such faces and of clay skins can help one learn
to distinguish batween them in the field (sea Argillic Horizon).

In the laboratory

Identification of an oxie horizon in the laboratory usually requires ons or more of the following
measurements: (1) percentage of weatherable minerals in the sand fraction, (2) particle-size distri-
bution or water held at 15-bars tension, or both, (3) base retention from 1IN NH),C1 solution, or in
noncalcarecus soils, the sum of extractsble bases and KCl-extractable alumimum, (L) exchange capacity at
pH 7 (by NHjOAe), (5) percentage (by volume) of clay skins identifiable in thin sections, (6) percentage
of clay dispersible in water, and (7) identification of clay minerals.

Petrographic axaminat.ion. Feldspar, glass, and ferromagnesian minerals showld constitute less than
3 percent of the Iraction between Eg ané gbo microns. Mica (miacovite) may constitute as much as 6
percent of this fraction.

Particle-gize distribution. A reliable estimate of the amount of clay-in an oxic horizon is -
essential for esiimating the cation-exchange capacity of the clay. Particle~size distribution iz usually
determined by the pipette method using sodium hexametaphosphate as a disparsing agent and reciprocal or
end-over-end shaking., But some oxic horizons have silt- and ssnd-size aggregates of clay that do not
digperse but coniribute to the exchange capseity. An independent measure of clay content is therefore
necessary, and the water retained at 15 bars affords such an estimate. The ratio, percent 15-bar water,

o percent clay
does not exceed ©.5 if the clay disperses. Ratios of 0. are moat common in oxic horizons. If there
‘is appreciable cementstion, removal of free sesquioxides by citrate-dithionite permits reasonably
conplete dispersion. In limited trials using samples that had ratios of 15-bar water to clay of 0.7 '
and 0.9 respectively, the ratlo was reduced to 0.5 by treating as total clay the sum of the materdal
extracted by citrate-dithionite and the clay that dispersed after the citrate-dithionite treatment. In
general, the value of 2.5 x 15-bar water seems to give the best estimate of the clay percentage in
horizons having a pH-dependent cation-exchange capacity low enough to exclude the possibility of an
appreciable amorphous component (allophane) in the clay fraction. We use the higher of the two methods,
either 2.5 x 15-bar water or the clay parcentage measured by pipette.-

1clay by the pipette method.

2We should note that clay sking &re commonly abundant in saprolite below an oxic horizon, but their
preaence in the seprolite 1z not a mark of an argillic horizon.

3Pipette mathod without citrate-dithionite extraction., Data on particle-size distribution after
citrate-dithionite extraction are too few at present to make the method useful for classifying soils.
When and if more data are accumlated, the limits on cation-exchange capscity per 100 grams clay may
need to be re-sxamined.

pitue
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It would be unreasonable to consider a horizon as oxic if 1t containa less than 1 percent silt and
clay and more than 99 percent quartz sand. Somewhers, there must be a more or lesa arbitrary upper limit
for the percentage of sand., The limit between loamy sands and sandy loams 1s the coarsest texture
permitted for an oxic horizon. Because silt percentages are low, the oxic horizons should have more
than 15 percent clay. These limits apply only to the fine-earth Iraction (less than Zmm). Oxic horizons
may be very gravelly, Ironstone and quartz pebbles are the most common kinds of gravel,

Cation retention. The clay in the oxic horizon has low activity. It retains a relatively small
amount of base per 100 grams of clay from a salt solutuon. Retention, after being saturated with
ammonium in a 1IN chloride solution and washed free of excesa salt, Is 10 meq or less per 100 grams of
¢lay, or there are less than 1O meq of axtractable bases and KCl-extractabls aluminum. These values
include any retention by the organie matter or by the silt and sand fractions. For acid soils lacking
allophane, cation retentlion is similar to some concepis of the "permanent exchange capacity." Its
numerical value in oxic horizons approximates the sum of extractable bases and KCl-extractable aluminum
if the soils are noncalcarecus and free of goluble salts, Different diagnostic horizons of soils
representative of several suborders are compared in table C according to their exchange capacities by
NH),0Ac at pH 7, sum of cations including exchange acidity measured at pH 8.1, and base retention.
Quillayute, Honakaa, and Haiku soils are all believed to contain amorphous clays with high exchange
capacities (allophane or allophaneiike materials) and have significant differences between the
"permanent charge," the retentlon of ammonium lons from NH)Cl, the retention of ammonium ions at pH 7,
and the sum of cations, The 15-bar water content and percentage of clay measured by the pipatte
method indicate that each horizon has more than S50 percent clay. The clay, silt, and sand fractions
in each of the horizons li=ted except the argiliic horizon of Limones seem to be very similar
mineralogically, though there are wide differences between the horizons.

Cation-exchange capacity. The exchange capacity of the oxic horizon by NHyOAc including the
contribution of organic matter, sIIE, and sand 1z 16 meq or less per 100 grams clay estimated by the
methods discussed earlier. This limit is introduced to exclude soils with appreciable amounts of
amorphous clays that have high "pH-dependent exchange capacities" (allophane). These soils often have
a low "permanent charge" but have moderate to high exchange capacity at pH 7 and 8.1 (Haiku, Honakaa,
and Quillayute, table C).

The silt and =zand fractions of some oxiec horizons are mixtures of large kaolin crystals and iron-
cemented aggregates. In particular, oxic horizons and cambic horizons that are near their common
boundary tend to have a silt and sand fraction rich in kaolin. The large kaolin "books" or "worms"
have a cation-exchange capacity sbout half that of the clay that disperses, but their 15-bar water
retention iz low. Hence, as kaolin increases in the silt and sand fractions, the ratio of cation
retention and of exchange capacity to the clay inecreases. When these ratios exceed either 10 or 16
by the methods glven earlier, the limit between the oxic and cambic horizons is passed. Thus, soils
with appreciable amounts of silt- and sand-size kaolin are excluded from the oxic horizon. These kaolin
"books" or "worms," ags pointed ocut in the discussion of the cambic horizon, are considered weatherable
minerals. The weathering, of course, would have to be physical rather than chemical.

Thin sections. Seldom will there be any need to determine the volume of clay skins, It may be
needed o distinguish between argillic horizons and oxic horizons in a few soils. The limits are
discussed under the argilliec horizon. Oxic horizons should not have any subhorizon with as much as

"1 percent of clay skins if the other features of an argillic horizon are present. Thin sections of oxie
horizons show either no preferred orientation of the clay or the pressure orientation that is discussed
under the argillic horizon. Occasional clay akins can be seen in the middle or lower part of some oxic
horizong. Pseudomorphs of feldapars and micas should be abaent or nearly absent, as these are uaually
remnants of the original rock atructure.

Water-dispersible clay. Reciprocal or end-ovear-end shaking in water for 16 hours without a dispersing
agent does not disperse a significant part (more than 3 pernenzg of the clay fraction unless the horizon
hag a net positive charge. Poasitively charged horizons can be identified readily by comparing the pH

in water and that in KCl. If the charge is positive, the PH in KC1 is higher than the pH in water. Or,

if the soil is pretreated with a neutral salt such as KC1 and washed free of salt, horlzons with a net
positive charge seem to lose their water-dispersible clay.

It should be noted that surface horizons rich in organic matter usually have water-dispersible clay,
particularly if there iz more than 1 percent organic matter. The upper boundary of the oxic horizon and
the lower boundary of the epipedon comes at the leasat depth at which water-dispersible ¢lay 1s absent.

4 horizon that is just below the epipedon and that lacks water-disperaible clay is present even in oxie
horizona with net positive charges.
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) Hydrated oxldes of iron and aluminum generslly constitute more than 12 percent of the fraction finer
than 2 microns, but this is not a universal feature nor i1s the high oxide content restricted to oxic
horizons. Nevertheless the high metallic-oxide content is certainly an important if not the primary
factor responsible for the high aggregate stability of most oxic horizons. Most 1:1 lattice clayzs saem
capable of adsorbing about 12 percent of iron oxide expreased as Fe,0i. At higher percentages there
seem to be. surplus oxides that can cement the clays or form concretiofis, Failure of the clay to disperas
in water probably 1s due largely to (a) the content of iron oxides, and (b) the very low electrostatic
repulsion due to the low activity of the clay. :

. Clay mineralogy. We think quantitative identification of the clay minerals should not be necessary
to 1den£¥1? oxIc Rorizons. The quantitative aceuracy of present methods iz still subject to debate,
If 2:1 lattice clays or allophane are present in aignificant amounts, the "parmsnent charge" and cation
retentlon by the clay fraction or the NH)OAc cation-exchange capacity, or both, ia too high for an oxic
horizon. The diagnostic horizons of Cialitos, Waihuna, and Astoria soils (table C) contain identifiable
2:1 lattice clays., Haiku, Honakaa, and Quillayute soils seem to contsin amorphous clays. All are
clearly excluded from the oxic horizon by their cation-exchange properties except Haiku, which has a
marginal NH),OAc exchange capacity of 16.3 meq per 100 grams of clay (caleulated at 2.5 times the 15-bar

water). The Haiku horizon, however, 1s also excluded because it meets the requirements of an argillic
horizom. ‘

In summary, the oxic horizon is a subsurface horlzon, exclusive of the argillic or natric horizons,
that= .

1. Is at least 30 em thick.

2. Has a fine-earth fraction that retains 10 meq or less of ammonium ions per 100 grams

of clay from a 1IN NHhcl golution:
: maq bases retained x 100 <

percent clayl’ 10

or has less than 10 meq of bases extractable with NHjQAe and aluminum extractable with
IN RC1 per 100 grams of clay.

3. Has an appax;ent catlon-axchange capsacity of the fine-earth of 16 meq or leas per 100
grams of clay by NHhOAc: meq cee x 100
haq ces x JOV

s
percent clayl 1

Has no more than traces of primary sluminosilicates such as feldapars, micas, glass,
and ferromagnesian minerals, as discussed earlier. ’
5. Has no more than traces of water-dispersible clay in seme subhorizons.

6. Has texture of sandy loam or finer in the fine-earth fraction and more than 15
percent clay.

7. Hap mostly graduwal or diffuse boundaries between its subhorizons.

B. Ham less than 5 percent by volume thet shows reck structure.

1Percent ¢lay as measured by the pipetie method or 2.5 x 15-bar water, whichever value is the higher.




Table C.
Soil Horizon
Pooku Oxic
(Hawaii)
Delicias c2
(P. R.) Saprolite
Catalina Oxic
(P. R.)
Haiku Argillic’
(Hawaii)

10

Cialitos- Argillic
1ike
(P. R.)
Limones Argillie
(P. R.)
Waihuna Cambiclo
(Hawaii)
Astoris  Cambic®®
(Oregon)
Honakaa Cambic9
(Hawaii)
Quillayute Cembic®
(oregon)
1

2NHhOAc—extractab1e baxes.
JpH adjusted with NH,,OH;

IN KCl-extractable.

L1N wH,C1 junbut sered.

1.6

.2

1.2

2.0

3

.2

5.1

1.6

1N NH,
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(Nd, no data; - none detected)

Organic Clay
carbon

Percent

81.8

L7.4

h1.6
nd,

18.1

cl.

15-bar

water

36.0

26.5

32.3

38.1

3ka

22.6

324

29.7

135

23.8

Extractable
cations

Al++sl  Tote1?

bases
meq/100 g soil

0.2 0.2
- 3.3

2 2.0
0.k 1.3
8.1 2,1
k.3 1.1
- 20.3
32.8 1.L
- 0.7
1.3 1.2

SNHhOAc—extractable bages plus 1IN KCl-extractable aluminum.

6Extractable bases plus extractable acidity.

TWhichever of these values is higher but not to exceed 100.

8Dispersion quite incomplate.

9Containa soms allophane.

1°Contains some 2:1 lattice clay.
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Salected characterization data for oxiec, argillic, and cambic horizons

Cation-exchange capacity of clay

w013 NEC1d perm.” WH,OAC  Sun®

charge
pH 7 unadj.
meq/100 g clay or 2.5 x 15-bar H207
nd, 0.7 0.h 5.2 nd.
5.0 L.8 5.0 6.9 16.5
9.5 6.2 [ 10.7  2L.0

nd. 6.8 1.8 16.3 nd.

22.4 15.3 12.0 23.3 35.8

12.7 9.9 9.6 1.9 2.5

nd. 26,5 25.k  27.6 nd.
548 LS. 461 nmd. 6h.S
nd. 7.7 0.7 23.0 -

38.5  13.4 h.2 nd. Sh.l
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Chapter §
CALCIC HORIZON

The letter designation ¢a is used to indicate accumulations of calecium carbonate or of calcium and
magnesium carbonstes. The accurmlations may be in the C horizon, but they may also be found in a variety
of the horizons such as mollic epipedons, argillic and natric horizons, and duripans,

The calecic horizon includes horizons of secondary carbonate enrichment that are more than 15 cm
(6 inches) thick, have a calcium carbonate equivalent content of more than 15 percent, and have at least
5 percent more calcium carbonate equivalent than the C. If no C is present, and a caleic horizon is not
indurated, it is more than 15 em (6 inches) thick, has a caleium carbonate equivalent content of more than
15 percent, and containa more than 5 percent, by volume, of identifiable secondary carbonates in concre-
tions or soft powdery forms. If a caleic horizon is indurated and rests on hard rock, or in more precise
words has a lithic contact, the calcic horizon may be as thin as 2.5 em (1 inch) if the product of the
thickness in em, multiplied by the percentsge of calcium carbonate equivalent, is 200 or more (if thick-
ness in inches is used, the product is 80 or more). .

It is difficult to distinguish caleie horizons in soils from highly calcareous parent materials.
Limestones are formed by precipitation of calcium carbonate or caleium and magnesium carbonates just as
sre ca horizons. A modern ca horizon formed on limestone is difficult to identify st present, for the only
tool We can use is the measurement of the radioactive carbon (ClL). The measurement is expensive and can
be used on relatively few soils. The most useful diagnostic feature for recognition of the caleic horizon
in such situations is the presence of a surface layer that consists of fine laminae, or powdery or laminar
pendants below limestone fragments. If the percentage, by volume, of powdery redeposited lime exceeds
5 percent in a layer more than 6 inches thick, or there is a laminar coating that is 2.5 em (1 inch) or
more thick, the horizon should be considered a caleic horizon. -

Commonly, calcic horizons have developed in unconsclidated materials of more or less mixed mineralogic
composition. 1In these the secondary lime is generally easy to recognize, for it occurs as a white powdery
filling, as concretlons, as pseudo mycelia, as pendants or crusts below pebbles and stones, or as thin
sheets at lithologic discontinuities where there are bresks in the sizes of the pores. If, in such
situstions, the carbonate content of a layer 6 inches or more thick exceeds 15 percent by weight, and the
layer has at least 5 percent more calcium carbonate equivalent than the next underlying layer, the
horizon is considered a calecic horizon. Such horizons are generally thickest in gravels, other things
being equal.

The genetie implications of a calcic horizon are variable, In desert regions, if the parent materials
contain considerable amounts of calcium, the very limited rainfall seems unable to remove lime completely
from even the surface few inches of the soil. About the only significant horizon that can develop in
such a s0il is a calcic horizon. Soil 59, page 162, illustrates such a situation. In areas transitional
from the desert to the steppes, an Al horizon, or mollic epipedon, may develop in addition to the calcic
horizon. Apparently, no other horizons ordinarily develop. Such soils are the arid and semiarid
equivalents of the Rendolls ( Rendzines) of humid regions. Given a parent material that is rich in
carbonates or given regular additions of carbonates in dust, the calcic horizon tends in time to become
plugged with carbonates and cemented into a hard, massive, continuous horizon that we call
the petrocaleic horizon. Such horizons seem to be restricted to surfaces older than the late Pleistocene.
The younger seils seem to have caleic horizons in which the lime is soft and disseminated, or has
accumilated in hard concretions or both., The petrocaleic horizon is 2 mark of advanced soil evolution.
The non-cemented calcic horizon is a mark of relatively recent development (Soil 59, page 102) or a
scarcity of carbonates.

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

In the situation just discussed, one might attach a high genetic significance to a calcic horizon.
In some other circumstances, however, one can attach no genetic significance to a caleic horizon. De=-
position from ground water at depths of 10 feet or more is more nearly a geologicthan a pedologic process.
In soils formed from calcareous materials on the steppes, the amount of accumulation of lime may be
extremely erratic, and, in fact, may vary from one foot to the next, One might consider the pressence or
absence of a ca horizon to be significant at some categoric level, but one might not be concerned at any
categoric level with the absolute amount of accummlation that makes the distinction between a ca and a
caleie horizon. Soil 3, page 68, is typical of a soil in which there is a caleie horizon of no apparent
genetic or other significance. The mollic epipedon and the argillic horizon are significant to the
classification of this soil. The presence of a ca horizon is also significant, but the absolute amount
of lime in the ca horizon has no known significance.
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Chapter &
THE DURIFPAN

The duripan ig a subsurface horizon that is cemented by silica, usually opal or microcrystalline
formg of ailica, to the point that fragments from the air-dry horizon will not slake in water or acid.
The duripans vary in the degree of cementation by silica, and in addition, often contain accesgory
cementa, chlefly iron oxides and calcium carbonates. As a consequence, the duripans vary in appearance.
They grade into the petrocalcic horlzons of semiarid and arid climates, into the fragipans of mmid
climates, and into noncemented earthy materials.

The (enesis

Durlpans occur primarily in soils of subhumld Mediterranean or arid climates--solls that are
usually dry or that are seasonally dry. They have an environment in which goluble =ilica might be
expacted to be washed dowm into but not out of the soil.

The parent materials normally contain small amounts of calcium. Where calcium is abundant,
calcic horizona tend to supplant the duripans. The most strongly expressed cementation is commonly
in solls that contain appreciable amounts of glass in the overlying horizons, which suggests the
importance of soluble silica to the genesig. )

If glass is lacking in the overlying horizona, there is reagon to suspect that it waa
once in the soil. GCeographically, the duripans are restricted to areas of vulcanism. Ash showers
may be continuing, or the soils may be in sediments worked from reglons rich in pyroclastic materials
such ag tuffs and ignimbrites. Glass tends to weather rapidly, and if it 4s rich in bases, can
liberate soluble silicates at a rapid rate. N

Appearance of the Duripan in Arid Climates

The strongly cemented duripans of arid climates are usually platy, and the plates are roughly
1 to 15 em thick. Peres, and the surfaces of the plates, are coated with opal and some birefringent
material that is probably a microcrystalline form of silica. Carbonatea are often present in small
to large amounts. Roots can often be found between the plates, The cementation can be destroysd by
first soaking in acid to remove any carbonates, and then by soaking in concentrated alkali. If a
calecareous laminar layer similar to that of the petrocaleic horizon is present, cementation in at
lesst half of the laminar layer is not destroyed by soaking in acid; tut it 1s completely destroyed
by concentrated alkali either as a single treatment or by alternating treatments with acid. Ueually
the presence of a contimious thin opal capping that ias insoluble in acid on the laminar layer
indicates enough ailica cementation teo satisfy this requirement. If no laminar layer is present and
the horizon isx cemented and satisfies eriteria of the calcic horizon, it is a duripan if at least a
continuous subhorizon within the horizon does not slake in acid. Usually, a nearly continuous layer
of secondary silica occurs in this part of the horigon.

The forms transitional to regolith in arid climates are massive and brittle when wet. Silica
laminar caps and silica coatings on plates may not be present. In order for the horizon to be a
duripan there must be at least a few vertical opal coatings, or durinodes must make up at least 20
percent (by volume) of the horizon. In addition opal or other forms of silica partly fills inter~
stices, and bridges sand-sized mineral grains. Molstened specimen of this form of the duripan usually
show & dull glassy luster when viewed under a hand lens. These forms of ths duripan are very firm
or extremely firm when moist, but can be penetrated with some difficulty with an auger. Under
irrigation such horizons are slowly permeable to water and virtually impenetrable to roots of many
plants.

Appearance of the Duripan in Mediterranean Climates

In the forms transitional to regolith, the duripans are only weakly cemented. When the pan is
moist, brittleness is pronounced, but with gome difficulty, it can be penetrated by an auger. When
dry, the pan is very hard. Permeability is slow. In Mediterranean climates, the pan has an abrupt
upper boundary and is usually broken into very coarse prisms, or polygons, roughly 1/3 to 3 or more
meters in diameter. Coatings of opal partially line the faces of the prisms and many of the poras,
Roots are scarce or absent in the prisms but may be matted on the gurface of the pan snd on the sides
of the prisma. The prisms may have been formed by volume changes that result from wetting and drying.
This is suggested by the absence of priams in the duripans of arid regions.

The more strongly cemented pans of Mediterranean climates have opal coatings over the itcpa of the_
polygona as well a8 the gides, and the coatings are thicker. Water often standa temporarily on top of
the pans during the rainy season. Coatings of iron, manganese, and oriented clay often may be observed
on these pans. Subsequeni deposits of opal could engulf such coatings, and give rise to a cementation
that can be broken down only by repeated alternate use of solutions of concentrated ‘acid and alkali.
Figure 37, p. 212, shows a thin section of the upper 2.5 cm of such a pan. Carbonates may be found
above or in any part of the pan, or they may be completely absent, all of which indicates that carbonates
are not an essential part of the pans. Figure 18, p. 55, shows a& fragment of a duripan that is partially
cemented with lime, but the dark surface crust is probsbly cpal, iron, and manganese.
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Appearance of the Duripan in Mediterranean Climates--Cont.

In more humid climates, carbonates and salts are absent in the pan. The opal coatings in pores and
tn the sides of the polygons sre lacking, and in their place are mottles of gray and strong brown,
Strength of cementation decreases in the pan until the dry psn slakes when placed in water, and we muat
consider the horizen a fragipan rather than a durlpan.

A third kind of duripan is sometimes found in albie horizons that overlie spodic horizens. We know

1ittle about them, but so far as is known now, these duripans are restricted to soils with spodic horizons .

in which hums or hurms snd aluminum have accumulated (Humaquods, or Humaus Podzols). The albie horizon
(A2) may become indurated but remains nearly white. The one =ample examined appears to contain fine
chalecedony.

In summary, the duripan is a subsurface horlzon with the following proparties:

1. Cementation is strong enough that dry fragments from some subhorizon do not slake in water;

2. Coatings of silica, insoluble in acid but soluble in concentrated alkall or alternating acid
and alkali, are present in some pores and on foms atructural faces, or durinodes conztitute
more than 20 percent of the volume of some subhorizon;

3. Cementation is not destroyed by soaking in acid in more than half of any laminar capping
that may be present, or in some other continuous subhorizon of the horizon. Cementation, in
such layers, is completely destroyed by concentrated sodium hydroxide elther asz a single
treatment or by alternating with acid.

Other moil characteristics,

Domination by Amorphous Material

The colloldal material that comes within the meaning of smorphous in thls phase includes allophane
and hss all or most of the properties of allcphane. But the term, as used here, 1s more inclusive than
#llophane as defined by some. Amorphous materisl, as used here, ia amorphous to X-rays. It is associ-
ated with organiec matter but contains aluminum, snd never has more than traces of Al that can be
extracted with KCl. Consequently, if the base saturation is low, less than 35 percent, the amorphous
naterisl has less than 10 meq./100 g. permanent charge. But it has high exchange capacity in systems
buffered at pH 7 and very high exchange capacity at pH 8.2. The exchange capacity is clearly pH induced.
The amorphous material alszo has high anlon exchange capacity. It has an enormous surface ares and
retains much water against 15-bar tension, commonly 50 to 100 percent or more. It cannot be dispersed
readily in hexametaphosphate,

If the amorphous material dominates sn exchange complex, wa fine the following conditions s
satisfied: ’

1. The exchange capacity of the messured clay (at pH 8.2) is very high,
more than 150 meq/100 grams measured clay, and commonly morse than
500 meq. This ix in part the result of the poor dispersion.

2. If there is enough clay to have & 15-bar water content of 20 percent

or more, the pH of 1 gram of soil in 50 ml. of 1 N NaF is > 9.4 after
2 minutes,

3. The 1§—bar water retent_ion ratio is more than 1.0.
measured clay

L. Organic matter exceeds 1 percent.

S. Differentisl thermal analysis shows & low temperature endotherm.

Amorphous material is usually an early weathering product of vitrie volcanic ash and other pyroclastic

materials in humid climstes, but other readily weatherable materials such as basalt and sedimentary rocks
containing pyroclastics mey slso weather to amorphous material. And under the environments that preduce
spodic horizons, similar amorphous materials appear to be formed in the absence of pyroclastlcs.

Interfingering of an slbic horizon: Interfingering consists of penetrations of the albic horizon

Into the underiying arglilic or natric horizon along ped faces, primsrily vertical faces. The penetra-
t4ons are not wide enough to constitute tonguing, but form contimuous skeletans, ped coatings of clean
=51t or sand, more than 1 mm thick on the vertical ped faces. (Note that this requires a total thickness
of more than 2 mm. if each ped has & costing of more than 1 mm.) Bacause quartz is such a common
constituent of soils, the skeletans are usually white when dry, and light gray when moist, but their
color is determined by the color of the sand or eilt fraction., The skeletans constitute more than

15 percent of the volume of any subhorizon in which interfingering is recognized.

S S ———
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Flinthite: (Gr. plinthos, brick), p. 36. Substitute the following for the text of the
7th Approximation. (Note that it restricts the meaning of plinthite to nonindurated msterials).

Plinthite is the sesquioxide rich, humus poor, highly weathered mixture of clay with quartz and
other diluents, which commonly occurs as red mottles, usually in platy, polygonal, or reticulate
patterns; plinthite changes irreversibly to ironstone hardpans or irregular aggregates on exposure to
repeated wetting and drying, The lower boundaries of plinthite occurrence are usually diffuse or
gradual, but they may be abrupt at a lithologic discontinuity,

Plinthite may oceur as a constituent of a number of horlzons, such as epipedons, cambic horizons,
argillic horizons, oxic horizons, and C horizons. It ie one form of the material that has been called
laterite. It normslly forms in horizons below the surface, but it may, under some conditions, form
at the surface,

From a genetic viewpolnt, plinthite represents segregation of iron; there have been, in many
places, probable additions of iron from other horizons or from higher lying adjacent areas.

Generally, plinthite forms in horizons that are saturated with water at some season. The
original segregation of the iron is normally in the form of soft, more or less claysy, red or dark
red mottles. The mottles are not considered plinthite unless there has been enocugh iren segregation
to permit irreversible hardening on exposure to wetting and drying. Plinthite in the soil is usually
firm when the soil moisture 1s near field capacity and hard when near the wilting point. Plinthite
does not harden irreversibly as a result of a single cycle of drying. After a single drying, it will
remoisten and can be dispersed in large part by shaking in water with a dispersing agent.

In a moist soil, plinthite is soft enough that it can be cut with a spade. Indurated ironstone
materials can be broken or shattered with a spade but cannot be cut, and cannot be dispersed by
shaking in water with a dispersing agent.

If present in small amounts, plinthite does not form a continuous phase in the soil; that is,
the individual mottles or aggregates are not comnnected with each other. If present in large amounmts,
the plinthite may form a continuous phase, and when followed by induration, produces a massive ironstone
layer that has irregular somewhat tubular inclusions of yellowlsh, grayish or white, clayey material.
If exposed, these inclusions may be washed out, and thus an ironstone with many coarse tubular pores
is left. Figure 25 shows such an exposure of ironstone that probably once was plinthite.

Soil Moisture: References to soil moisture apply when soils are not frozen, artiffcially
drained, of irrigated,

Organic Soila: Organic seoils are those which, to a depth of at least 30 cm or to a lithic
contact, whichever ls shallower, have more than 17.L percent organic carbon (30 percent or more orgmic
matter) if the mineral fraction is more than 50 percent clay, or more than 11.6 percent organic carbon
(20 percent or more organic matter) if the mineral fraction has no clay, Intermediate clay content
requireas a proportional content of organic carbon,

COLE Coefficient of linear extensibility: Thias is the ratio of the difference between the
molst and dry lengths of & clod to its dry length. It is LM = Ld | where Lm 1s the length at 1/3 bar

maisture, and Id is the length when dry. It is usually calcuéated from the difference in bulk density
of the clod when moist and dry.

Potential Linear Extensibility: The sum of the products for each horizon of the horizon
thickness and the COLE of the horizen.

Saturated with water at some period of the year: This is a phrase that occurs frequently
in the defInitions of taxa and queations have been raiaeﬁ about its meaning. A soil that is saturated
with water is essentially a two phase system--soil and water, though there may be some trapped air
within the soil. This situation exists if water stands in a deep bore hole at such a shallow depth
that the capillary fringe reaches the soil surface. 1In sandy soils the capillary fringe may be only
10 to 15 cm (k to 6 inches) thick. In clayay soils the thickness may be 30 cm (12 inches) or more
depending on the gize distribution of the pores, Thus, the soil is saturated with water when the
water table is from 10 to 30 em (4 to 12 inches) below the surface, depending on texture and on pore
gsize distribution.

We do not know what duration 13 important. It mst be at least a few days becauge it
iz implicit in the definition that dissolved oxygen is virtually absent. Because the dissolved oxygen
is removed from the soil water by the respiration of microorganisms, it is also implicit in the phrase
that the soil temperature in some horizons is above the biologic zero or more than about 5°C (L1*F)
at the tims that the soil is saturated. There is no doubt but that soil temperature affects tha
duration of gaturation required to produce reducing conditions. A horizon of a soil may be saturated
with water when the soil is not saturated. In this situation water will stand in a bore hole that
ends in the saturated horizon although it may not stand in a deep bore hole.

Mottles with Chromas of 2 or less: This phrase appears in the definitions of many taxa, it
includes the meaning thet the horlzon Thal has such mottles is saturated with water at some peried of the
year or the soil is artificislly drained. It 1s also implicit in the meaning that the temperature of the
horizon is above the biologic Zero, about 5*°C (L1*F), during at least & part of the time that the
horlzon is ssturated,
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Chapter 6. CRITERIA OF CLASSIFICATION IN THE LOWER CATEGORIES

Family Differentiae

1. Textura: No single set of textural classes seems appropriste as a family grouping for all kinds
of soil. ~The claasification tabulated bslow providea for a cholce of either 7 or 1l particle size
classes. This choice permits relatively fine distinctions in soils if texture is important, and broader
groupings in soils if texture ia not susceptible to preclse measurement or if the use of narrowly defined
classes produces undeairable groupings. Thus, in some families the term "clayey" indicates that there
is more than 35 percent clay in defined horizons; but in other fasmilies the term "fine" indicates that
the clay portion constitutes 35 to 60 percent of the horizona, and the term "very fine" indicates more
than 60 percent clay.

Particle~-Size Classes for Famlily Groupings

1. FRAGMENTAL: Stones, cobbles, gravel, and coarse sand, with fines teo few to fill interatices
larger than 1 mm. .

2. SANDY SKELETAL: More than 35 percent, by volume, coarser than 2mm., with enough fines to f£ill
interstices larger than 1 mm.; fraction less than 2mm. is as defined for particls size claass G.

3. 10AMY SKELETAL: More than 35 percent, by volume, coarser than 2mm., with enough fines to fill
interatices larger than 1 mm.; fraction less than 2mm. is as defined for particle size class 6.

l,. CLAYEY SKELETAL: More than 35 percent, by volume, coarser than 2mm., with enocugh fines to fill
interstices larger than 1 mm.; fraction less than 2mm. is as defined for particle zize class 7.

5. SANDY!: Sands and loamy sands coarser than loamy very fine sand.

6. LOAH!_J':

6a. Coarge-loamy:
With less than 18 percent. clay:

Coarse sandy loam
Sandy loam

Fine sandy loam
Loam

With less than 18 percent c¢lay and more than 15 percent coarser than very fine sand (including
coarse fragments up to 7.5 em):

Very fine sandy loam
Loamy very fine sand
8ilt loam

6b. F‘ine-lbanw:
With more than 18 percent clay:

Coarse sandy loam
Sandy loam

Fine sandy loam
Loam \

With more than 18 percent clay but less than 35 percent clay, and more than 15 percent coarser
than very fine sand (including coarse fragments up to 7.5 cm ):

Very fine sandy loam
5ilt loam

Sandy clay loam
Clay loam

8ilty clay loam

fc. Coarse-silty:

With leas than 18 percent clay, and less than 15 percent coarser than very fine sand (including
coarse fragments up to 7.5 cm):

y These terms refer to texture of fine earth fraction (less than 2mm).in applicable horizons that
havé leas than 35 percent coarse fragments, by volume. Scme soils do not disperss well. The clay
content used should be the higher of the measured glay value, or 2.5 times the 15-bar water percentage
if one-half or more of the control section has a %@ ratio of 0.6 or more. If the ratio of
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Loamy very fine sand
Very fine sandy loam
511t loam

Loam

511t

6d. Fing-silty:

With more than 18 percent clay but less than 35 percent clay, and less than 15 percent
coarser than very fine sand (including coarse fragments up to 7.5 cm):

Vary fine sandy loam

S5ilt loam
841ty clay loam
Loam
Clay loam
7. CLAYEY':
7a. Fing:

With more than 35 percent clay but less than 60 percent clay:

Clay loam

Silty clay loam
Clay

Silty clay
Sandy clay

Tb. Very fine:
With more than 60 percent clay.

1 These terms refer to texture of fine earth fraction (less than 2mm) in applicable horizons
that have less than 35 percent coarse fragments, by volume.

Particle-slze classes, as defined, are not applied to fragipans, duripana, or petrocalcic
horizons but are applied to the following horizons or to the materials that are between given arbitrary
depth limits that constitute the control section:

a. lithic subgroups and shallow scils: particle-aize classes are applied from the surface dowm
to a lithic or paralithic contact, fragipan, duripan, or petrocalcic horizon, if any of these
come within a depth of 36 em (1h inches) or less or to 36 cm if the soil temperature is 0*C
or less within this depth about 2 months after the summer solstice;

b. other Entisols, Inceptisols, Spodosols, Oxisols, great groups witheut argilliec or natrie
horizens in Aridisels and Mollisols, and great groups with fragipans in or above argillic
horizons in Alfisols and Ultisols:

(1) from a depth of 25 em (10 inches) down to & lithic or paralithic contact, fragipan,
duripan, or petrocalciec horizon, if any of these is ghallower than 1 m (4O inches), or to
a depth of 25 cm (10 inches) below the level at which the aoil temperature is 0°C about

2 months after the summer solstice, whichever is shallower;

(2) from a depth of 25 em (10 inchas) to a depth of 1 m (LO inches) if the regolith is
thicker than 1 m (LO inches) but the named diagnostie horizons and subjacent Cca horizons
are not, or if the named diagnostic horizons extend below 1'm (LO inches).

‘¢, Other soils in Alfisols and Ultisols and great groups in Aridiscls and Mollisols that have
argillic or natric horizona:

(1) 4f there are no strongly contrasting textures or fragipan, duripan, or petrocaleic
horizon between the top of the argillic or natric horizon and 1 m (LO inches), particle-size
clagses are applied to the whole argillic or natric horizon if less than 50 cm (20 inches)
thick or to the upper 50 em (20 inches) of the argillic or netric horizon if it is more

than 50 em (20 inches), andj

(2) 1if there are horizons or layers with strongly contrasting textures within or below

the argillic or natric horizon and within 4O inches, particle-size classes are applied from
the top of the argillic or natric horizon to LO inchea or to a 1lithic or parslithic contact,
duripan, fragipan, or petrocalcic horizon, whichever is shallower.

(3) 4if there is a fragipan, duripan, or petrocalcic horizon below an argillic or natric
horizon, particle-size classes are spplied from the top of the argillie horizon to the top
of the fragipan, duripan, or petrocalcic horizon or to the upper 50 em (20 inches) of the
argillie or natric horizon, whichever of these is the least.
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GUIDE FOR TEXTURAL CLASSIFICATION IN SOIL FAMILIES
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In applying particle-size classes, use the weighted average texture of the control section or of
the horizons listed above, unless there are strongly contrasting textures within the contrel section or
horizons. If there are strongly contrasting textures, both textures are used. Thus, if the upper part
of the control is a loamy fine sand and the lower part is a clay, the texture is sandy over clayey. (Note
that sandy includes fine as well as coarser sands).

The following particle-size classes are strongly contrasting if they occur within a vertical
distance of 12.5 cm (5 inches).

1. Fragmental over sandy
2. Fragmental over loamy
3. Fragmental over clayey
L. Sandy-skeletal over loamy with less than 50 percent fine sand or coarser
S. Sandy-skeletal over clayey
6. Sandy over loamy with less than 50 percent fine sand or coarser
7. Sandy over clayey
8. Loamy-skeletal over sandy
9. Clayey-skeletal over sandy
10. Loamy-skeletal over clayey (more than 25% difference in clay percentages)
11l. Coarse-loamy over fragmental
12. Coarsa-loamy (50% fine sand or coarser) over sandy or sandy skeletal
13. Coarse-loamy over clayey
1. Coarse-silty over fragmental
15. Coarse-silty over sandy or sandy-skeletal
16. Coarse-gilty over clayey
17. Fine~loamy over fragmental
18. Fine-loamy over sandy or sandy-skeletal ,
19, Fine-loamy over clayey (more than 25% difference in clay percentages)
20, Fine-silty over fragmental )
2l. Fine-silty over sandy or sandy-skeletal
22. Fine-silty over clayey (more than 25% difference in clay percentages)
23. Clayey over fragmental
2L. Clayey over sandy or sandy-skeletal
25. Clayey over loamy (more than 25% difference in clay percentages)

The intent of the use of the strongly contrasting particle-size classes is to identify changes in pore
size distribution that seriously affact water movement and retention and that have not been identified
in higher categories. The list above ia intended for use in grouping the soil series of the U, S. into
families. It is not intended as a complete list, For example, & fine sand over coarse sand is common
in the Udipsamments of western Europe tut is not known to be important in the U, S. Classes 10, 19,

22 and 25 above should be usedonly if a distinction between the subclagses of clayey soils, fine and
very fine, is also made.

The Use of the Different Particle-Size Groupings. Only the saven particle-size classes are used
for 1ithic, arenic, and grossarenic subgroups, and in shallow families.

For Ultisols and Oxisols, subclasses of loamy textures are used, but not subclasses of clayey
textures.

Andepts, Andaquepts, and at least parts of andic subgroups of other great groups camot be
dispersed readily for mechanical analyses, These soils are classified on the bagis of combined texture,
conaistence, and mineralogical properties into 3 classes: cindery, ashy, and thixotrepic, If the pre-
dominant size fraction is greater than 2 mm after prolonged rubbing, the family name is cindery. If
the soil appears to be sandy or loamy after prolenged rubbing and lacks thixotropic properties, the
term ashy is used. Soils with predominantly thixotrepic properties are placed in thixotropic families.
If only a part of the control saction of a soil in an andic subgroup is cindery, ashy,or thixotropic,
contrasting families are recognized but only the 7 particle-size clasges are used, For example, we might
use cindery over loamy but not cindery over fine=loamy.

Thixotropy 1z "a reversible gel-sel transformation under isothermal shearing stress following
rast." WeBeter; The term means "to change by touch." Many kinds of thixotropic substances have been
identified and studied, including some sesquioxide gels, kaolinite gels, montmorillenite gels, greases,
inks, paints, protoplasm, blood coagula, nitrocellulose solutions, and drilling muds. Thixotropy
apparently is the result of a kind of structurs that when broken dewn can rebuild itself. The break-
down itgelf may be caused by one of several actions: by agitation, by shearimg, or even ultrasonic
waves, Some matural (untreated) soil materials exhibit this property. A fleld test of thixotropic soil
is this: press a bit of wet soil between thumb and forefinger; at first it resists deformation, having
some rigidity, or elasticIty, or both; under increasing pressure the soil may be molded and deformed;
under greater pressure, suddenly the soil changes from a plastic solid to a liquid, and the fingers
"gkid," After the soil "smears" in this fashion, usually free water can be ‘seen on the fingers. In
8 matter of & second or two the liquefied soil sets again to its original solid state. In the
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Thixotropy cont.

literature of soils of western United States, particularly of Hawaii, the consistence term "smeary" ;
is used to characterize soil materials that are thixotropic. £

Soils in which more than 1/3 of the elay fraction consists of carbonates are also placed on
the bagis of their apparent texture. If the apparent texture is fine-loamy, fine-silty, or clayey
the term fine-carbonatic is used in place of the textural class name,. ' N

Two particle-zize classes are used to separate families in Vertisols, fine if theres is leas ;
than 60 percent c¢lay and very fine if there is more than 60 percent clay in the weighted average of !
the control sectionm. :

2. Mineralogy: Mineralogy classes are based on the approximate mineralogical composition of

gelected size Irac%%ona of the same segment of the soil profile (control section) that is used for 1
application of particle-size classes. No contrasting mineralogy families are recognized except where ;
there i= an ash or cinder overlay or an upper thlxotiropic layer and the ash or cinders or thixotropie

layer extend at least 10 cm into the upper control section. In ldentifying and naming contrasting i
mineralogy families the 7 family particle-size classes are used for the lowar part of the section. 3
For example, ashy over loamy mixed, not ashy over coarse-loamy mixed. Otherwlse, 1f there are i
contrasting particle-size classes in the control section the minaeralogy of the upper part of the :
control section is definitive of the family mineralogy. {

Mineral soils are placed in the first mineralogz class of the Key that accomodates them j
although they may appear to meet the requirements of other mineralogy classes. This is a Key, not a |
set of complete definitions. Mineralogy subclasses based on combined texture, consistence, and i
mineralogy classes are used to indicate important variations in Andaquepts, Andepts, and Andic )
subgroups.

‘ It is recognized that it is normally impossible to be certain of the percentages of the various i
kinds of c¢lay minerals. Quantitative identification methods are still lacking. Although much progress :
has been made in the past few decades, an element of judgment enters into the estimation. Not .all of i
the evidence must come from X-ray, surface, and DTA determinations. Other physical and chemical .
properties suggest the mineralogy of many clayey soils. Volume changes, cation exchange capacities ;
and consistence algo are useful in estimating the nature of the clay. Determination of the clay
mineralogy of clayey soils is based on the weighted average of the control section.

3. Reaction classes: Two classes, acid and nonacid, will be used in selected taxa, with
definitions as follows: i

a. Acid: pH less than 5.5 in Hy0 (1:1) in control section (throughout).

b. Nomaeid: pH 5.5 or more in at least some part of the control section.
Reaction classes are not to be used in sandy, sandy skeletal or fragmental families, but are to be used
in other families in the following taxa:

Entisols Humaquepts ;
Haplaquepts Andaquepts i
i

Thus, we have the following combinations reflecting the pH in the centrol section, and the
pregence or absence of carbonates, in all parts of the fine earth between 25 and 50 cm (10-20 inches) :
below the surface. ) i

Psarmenta and Pgammaquents No reaction classes. ;
Other Entisols and Aquepts, Acid, nonacid, and calcareous
except Fragiaquepts classes. (Nots that "calcareous"

implies "nonacid", and that both
names are not needed for calcareous
families.)

Aquolls Calcareocus and noncalcareous classes.
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KEY TO MINEROLOGY CLASSES
Definition

Classes applied to loamy, silty, and clayey soils.

Ferritic
Gibbaitic

Oxidle

Fine-carbonatic

Serpentinitic

More than LO percent (weight) iron oxide extractable by citrate-
dithionite, reported as Fep03 (or 28 percent reported as Fe).

More than LO percent (weight) hydrated aluminum oxides reported
as gibbsite and boehmite.
Leas than 90 percent quartz and less than LO percent of any
other single mineral and the ratio of

% extractable iron oxide and gibbsite 3 ¢ 0

% clay 1/

More than 1/3 of the < 0.002 mm fraction consists of carbonates
and the apparent texture of the soil is fine-loamy or fine-
gilty or clayey. Particle size classes are not used with this
mineralogy.

More than LO percent (weight) serpentine minerals (antigorite,
chrysotile, fibrolite and talc). )

Classes applied to sandy, silty, and loamy soils,

Glauconitic
Carbonatic

Gypseic

Ashy

Cindery
Micaceous
Siliceous

Mixed

More than 4O percent (weight) of glauconite.

More than 0 percent (weight) carbonates (as CaC03) and
gypsum, and carbonates are more than 65 percent of the sum
of carbonates and gypsum.

Oypsum is more than 35 percent of the sum of carbonates and
gypsum, and carbonates and gypsum are more than L0 percent
by weight.

More than 60 percent (waight 3/) voleanic ash, cinders or
pumice, and dominantly smaller than 2 mm.

Cindery if dominantly larger than 2 mm.
More than LO percent (weight 3/) mica.

More than 90 percent (welght g/) of gilica minerals (quartz,
chalcedony, opal) and other minerals with hardness of 7 or
more in the Mohs scale.

A1l others, with less than LO percent of any one mineral
othar than quartz.

Clagses applied to clayey soils,

Halloysitie

Kaolinitic

Montmorillonitic

11litie

Vermiculitic

Mixed

More than half by weight of halloysite with smaller amounts
of allophane or kaolinite or both.

More than half by weight of kaolinite, dickite and nacrite,
and with smaller amounts of other 1l:1 or nonexpanding 2:1
layer minerals or gibbsite.

More than half by weight of montmorillonite =nd nontronite,
or a mixture with more montmorillonite than any other
single clay mineral.

More than half by weight of illite (hydrous mica) commonly
with = 3 percent K»0.

More than half by weight of vermiculite or more vermiculite
than any other singla c¢lay mineral.

Other soils

1/ Or 2.5 x 15-bar water whichever is larger.
g/ Weight percentages as estimated from grain counts; usually, a count of one or two dominant
size fractions of conventional mechanical analysis is sufficient for the placement of the soil.

¥ineralogy subclassges

L3

Determinant
size fraction

Whole s0il < 2 mm

Whole soll < 2 mm

For iron and clay ratio:
whole soil « 2 mm

For quartz & other min-
erals: 0,002 - 2 mm

< 0.002 mm

Whole so0il < 2 mm

Whole soil < 2 mm

Whole soil smaller than
2 mm, or whole soil
gmaller than 20 mm

Whole soil smaller than
2 mm, or whole soil
smaller than 20 mm
0.02 - 20 mm

0.02 -.20.mm
0.02 - 20 mm
0.02 « 2 mm

< 0.002 mm
< 0.002 mm

< 0.002 mm

< 0.002 mm
< 0,002 mm

< 0.002 mm

Mineralogy subclasses are ussd in addition to mineralogy classes in some groups of soils.

Sulfureous
(Tentative)

Calcareous

# Sepiolitie,

Soils containing either iron sulfates, commonly jarosite (straw-
colored), if the pH after oxidation is less than 3.5; or more

Whole soil « 2 mm

than 0.75 percent sulfur in the form of polysulfides if the soil Histosols and Aquents
contains leas than three times as much carbonats (as CaC03 equiv.)only

as sulfur (less than Ca++ than S0= if all sulfur is oxidized).

Continuous presence of free carbonates in all parts of the fine
earth fraction between depth of 25 c¢cm and 50 em (10 and 20 inch
inches). (Use in Aquepts other than Fragiaquepts, in Aquolls,
and in Entisols other than Psamments and Psammaquents.)

Whole soil < 2 mm

mora than half by weight of seplolite, attapulgite and palygorskite, should be

used if found in soils that are not fine-carbonatic.
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L. Soil temperature: Soil temperature classes, ag named and defined in a and b below, are used
as family erentiae all orders. The names below are tentative and are used in the family descriptive

name unless the name of a higher taxon carried the seme limitation. Thus, frigid is implied in 8ll Cryic
great groups, and becomes redundant 1f used in the family name.

The Celsius (centigrade) scale is the standard. Approximate Fahrenheit equiva-

lents are indicated parenthetically.

5.

Soil Temperature Classes /at 50 cm (20 inches) depth/

a. Soil with 5°C (9°F) or more difference between mean summer (June, July, and August)
and mean winter (December, Jamary, and February) temperatures, and with mean annual soil
temperatures as follows:

(1) 1less than 8°C (L7*F) Frigid

(2) 8* to 15°C (L7* to 59*F) Masic

(3) 15 to 22°C (59* to 72°F) Thermic

(L) more than 22°C (72°F) Hyperthermic

b. Soils with less than 5°C (9°F) difference between mean summer and winter soil temperatures,
and with mean annual soil temperatures as follows:

(1) 1less than 8°C (L7°F) Isofrigid

(2) B8* to 15*C (L7* to 59°F) Isomesic

(3) 15* to 22°C (59" to 72*'F) Isothermic

(4) more than 22°C (72°F) Isohyperthermic

The appropriste 1limit between isofrigid and isomesic cannot be tested in the United States.

Other characteristics: Several other soil characteristics are needed in particular taxa to

provide reasonable groupings of serdes into families. Some of these seem logical family eriteria. Others
probably should have been used in higher categories, but the lack of informatlon about them makes it seem

a.

safer to use them as family differentiae at this time. These characteriatics include:

Permeabjlity: Classes of moderate and slow permeability may be needed in some aquic subgroups
if the accumilated differentiae have not already made the distinctioms. It is thought that
permeability classes will rarely be needed, but they may be needed in some families with
clayey texture., The soils with saturated core permeabilities of 0.20 inches or leass in some
horizon should be grouped into "slowly permeable" familles.

Depth of soil: Clazses of shallow and deep soils may be needed in all of the orders of mineral

" g0ils. Some distinctions are made in great groups, and in arenic and lithic subgroups, but

there are still other solls that should be grouped according to depth. Some have a paralithic
contact over soft rock, such as & clay shale, that is too compact for root penetration.

Soil Depth Classes

Micro: Less than 18 em (7 inches) of solum (used in Cryic great groups only).

Shallow: (1) Less than 50 em (20 inches) to the upper boundary of a petrocalcic
horizon or to a paralithic contact, used in all great groups of
Entisols, Inceptisols,Aridisecls, Mollisols, Spodoscls, Alfisols and
Ultisols except pergelic subgroups of the Cryic great groups
(Cryaquepts, Cryumbrepts, Cryorthods, and so on). Note that the
pergelic and lithic subgroups sre also shallow, but the adjective
“ghallow" in the family name is redundant; or

(2) Less than 1 m (LO inches) to a lithic or paralithic contact, used
. in Vertisols and Oxisols.

Consistence: Some cemented horizons, such as duripans, are consldered in the clagsification in
categories above the family. Othera, such as ortsteins, are not, but no single family should

include soils with continuous cemented horizons, and soils without cemented horizons. Particu-
larly to Spodosols, cemsntation of the spodic horizons needs to be used as a family differentia.

(1) For Spodosols, the following classes should be used:

(a) Ortstein: With all or part of the spedic horizon at least weakly cemented, when
moist, into 2 magsive horizon that is present in more than half of each pedon.

(b) Noncemented: Without cementation of the spodic horizon, when moist, into a
masgive horizon in at least half of each pedon.

Note that cementation of small volumes into ghot or concretions does not
constitute cementation into & massive horizon. The noncemented class normally
will not carry any adjective in the family name to imply lack of cementation.
The cemented class will earry the adjective "Ortstein® ag a part of the family name.
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Qther characteristics--Cont.

(2) Many calcic horizons are weakly cemented or aven indurated. The petrocslcic horizon
is expected to meet most if not all of the needs for recognition of cementation in
these horizons. No cemented taxa are to be used in the family category.

d. Moisture equivalent: Desplte the emphasis given texture in the classification, there is remaining
variability in the sandy soils, the sands, and the loamy sands. Some sands are very clean, almost
completely free of silt and clay. Others have apprecisble amounta. A moisture equivalent value
of 2 percent seems to make a reasonable division of the sands that is appropriate at the family
level, Two classes are to be recognized as follows in Quartzipsamments:

(1) coated: With a moisture equivalent of 2 percent or more
(2) vuncoated: With a moisture equivalent of < 2 percent,

With additional study it is hoped that it will be possible to develop definitions
that can be applied in the fleld. The moisture equivalent value used is the average
of the control section, weighted for thickness. Moisture retained at one-tenth bar
suction may be substituted for moisture equivalent.

6. Slope, or shape of soil: Soils of aquic great groups normally have level plane, or concave sur-
faces, in places where the ground water saturates the soil during asome season of the year. A
few, however, are found on the sides of slopes where water cannot stand, and are kept wet by more
or less continuous seepage of water from higher lying aress. In a very few, hydrostatic pressures
keep the solls wet. No consistent internsl morphologic clues have yet been found that distinguish
these situations, but the recognition in the field from the poaition of the soil in the landscape
is generally easy. It is proposed therefore in aquic great groups, particularly in Aquells and
Aquults, to use the shape of the soil as a family differentia., Classes of level and sloping seem
adequate, with these defined as they are in the Soil Survey Mamual. It may be necessary to use
slope clasgses in other orders, but they should not be uUsed in famllies of Aquods or Albaqualfs.

FAMILY NAMES

Each family will require one or more names. One family name consists of a series of adjectives mod-
ifying the subgroup name. For these adjectives we take the class names given for texture, mineralogy, and
8o on, in famlly differentlse. To have consistent nomenclature, the order of adjectivea is the texture,
mineralogy c¢lass and subclass, reaction, temperature, parmeability, depth, slope, consistence, and coatings.

The other family name iz the name of one of the serles in the family. This name is underscored in the
lists of series in each family. This is a shorter name intended primarily for use in conversations. This
short name is most useful if the series 1z a common one that iz well known in the locality. It may develop
that some families will acquire several such names in different parts of the country, according to the
series in the family that iz best known locally,

CONTROL SECTION FOR SOIL SERIES

Primary attention at the series level im given to a control section. Many classes of soil within
higher categories of the system have already been set apart on the basis of s0il characteristics both
within and withoutthis control section. For the control section, attention is centered on genetic horizons
1f they are well expressed and not thin, If the genetic horizons are not well expressed or are thin,
attention is centered on a corresponding portion of the regolith. Differences in soil or regolith outside
the control section and not differentiae in categories higher than the series but relevant to the usefulness
of the aoils are bases for phase distinctions. .

Whether or not there are well expressed genetic horizons, the portion of the soil to be considared
in differentliating series within a family of mineral soils is as follows:

Crylc soils. From the mineral surface to a depth of 30 inches, or to a lithic or paralithic
contact, or to a depth 10 inches below the level at which the soil temperature
is 0"C about two months after the summer golstice, whichever is shallowsr.

Very shallow soils. From the mineral surface down to a lithic or paralithic contact if thickness
of regolith is 1l inches or leas,

All other mineral soils. (Orders 1 through 9). From & depth of 10 inches down to (1) a lithic
contact if it is within a depth of L0 inches, (2) a depth of LO inches if the
regolith iz thicker than that but the named diagnostic horizons and subjacent Cca
horizonz are not, or (3) the bottom of the named diagnoatic horizons and any
subjacent Cca horizon if the thickness of both the named diagnostic horizons and
the regolith exceeds LO inches (about one meter), but not below a depth of 80
inches (roughly 2 meters)™ (Note that caleic and gypsic horizona and duripans

-are diagnogstic only if their upper boundaries ‘are within 1 meter. Salic horizons
are diagnostic if they start within 30 inches (or 75 cm) of the moil surface).

* A lower depth of 2 meters is tentative. The depth for the control section in grossarenic
subgroups is still under discussion at the time of this printing.
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KEY TO ORDERS, SUBORDERS, AND GREAT Groups®

A. Mineral soils without a lithic or paralithic contact within 50 em (20 inches) of the soil surface
that have: .

1. After the upper 18 cm (7 inches) are mixed, 30 percent or more clay in all horizons
down to a lithic or a paralithic contact, or to a calcic horizon, or tc 1 m (LO inches),
whichever is shallower;

2. At some period in moat years, cracks at least 1 cm wide at a depth of 50 em (20 inches);
3. One or more of the following:
a. Gilgai;
b, At soms depth between 25 cm and 1 m (10 and LO inches), slickensides close
enough to Intersect;
c. At some depth between 25 cm and 1 m (10 and LO inches), wedge-shaped or parallelepiped

natural structural aggregates with their long axes tilted 10 to 60 degrees from
horizontal.

ORDER 2 - Vartisols, p. 86
AA. Vertisols that are usually dry in all parts and have cracks that remain open throughout
the year in most years. If inundated, the cracks may close for variable periods; if
cultivated, the cracks may extend upwards only to the lower boundary of the Ap horizon.
Torrerts, p. 86

AB. Other Vertisols that have cracks that remain open for 90 cumlative days or more
but not throughout the year in most years, and one or more of the following:

1. Cracks that open and close more than once during the year in most years;
2. A mean annual soil temperature of 22°C (72°F) or more;

3. Mean surmer and mean winter soil temperatures at 50 cm (20 inches) differ by
less than 5*C (9°*F).

Usterts, p. 87

ABA. Usterts that have moist chromas of less than 1.5 throughout the upper 30 em (12 inches). -

Pellusterts, p. 87
ABB.  Other Usterts.
Chromisterts, p. 87

AC. Other Vertisols that have cracks that open and close once sach year and remain open for
60 consecutive days or more during the year in more than 7 out of 10 years.

Yorerts, p. 88
ACA. JXersrts that have moist chromas of less than 1,5 throughout the upper 30 em (12 inches).
Pelloxererts, p. 88

ACB. Other Xererts.
Chromoxererts, p. 88

AD. Other Verilsols that are usually moist in some part during most ysars and have cracks that open
and close one or more times during the year but do not remain open for as msny as 90 cumlative
days; in a few years the soils may not crack.

Uderts, p. 84
‘ADA., Uderts that have moist chrémas of less than 1.5 throughout the upper 30 em (12 inches).

. Pelluderts, p. 86
ADB. Other Uderts,

Chromiderts, p. 86
* Throughout the Key, unless specified otherwise, it is assumed that the Solls are under natural
conditions, that is, not irrigated and not artificially drained. The indicated moisture status refers
to the peried of the year when the soil is not frozen in any part. For example, if a soil is frozen
in some part for 90 days, then the soil will be usually moist if it is moist in some part (but not
necessarily the game part) between 18 cm and 50 em(7 and 20 inches) depth for more than one-half of
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B. Other mineral soils that have no disgnostic horizon other than an ochric or an anthropic epipedon,
an albic or an agric horizon, with or without any of the following:

1. A salic horizon, except that if the soil ia saturated within 1 m (LO inches) for 1 month
or more, and has not been irrigated, the upper boundary of the salic horizon must be
75 em (30 inchea) or more below the surface.

2. If textures are finer than loamy fine sand, sodium saturation may exceed 15 percent in some
part of the upper 50 cm (20 inches) only if sodium saturation increases or remains constant
with depth below 50 cm (20 inches) and the soil is saturated with water within 1 m (LO inches)
of the surface for 1 month or more when not frozen in any part;

3. A calcic or gypsic horizon or duripan if its upper boundary is deeper than 1 m (LO inches)
below the surface;

4. Plinthite that forms a continuous phase if the upper boundary is deeper than 1.25 m (50
inches) below the surface;

S. Buried diagnostic horizons other than & buried ochric epipedon if the surface of the buried
solum is deeper than 50 em (20 inches) or is at depths between 30 and 50 cm (12 and 20 inches)
and the thickness of the buried solum is less than twice the thickness of the overlying deposita;

6. Ironstone at any depth;

7. If textures are coarser than loamy very fine sand to a depth of 1 m (4O inches), plinthite
in the form of discrete nodules or disconnected, soft, red mottles if it constitutes less than
half of the volume in all subhorizons.

ORDER 1 - Entisols, p. 70

BA, Intisols that are either 1. permanently saturated with water and have dominant hues in all
horizons below 25 cm (10 inches) that are (1) bluer than 10Y and (2) that change on exposure
to the &ir; or 2. that are saturated with water at some pariod of the year or are artificlally
drained and That have, within 50 em (20 inchea) of the surface, dominant moist colers in the
matrix as follows:

1. In horizong with textures finer than loamy fine sand

a. If there is mottling, chromas are 2 or less
b. If there is no mottling and values are less than L, chromas are less than
1; if values are L or more, chromas are 1 or less

2. In horizons with textures of loamy fine sand or coarser

a. If hues are as red or redder than 10YR and there is mottling, chromas are 2 or
less; if there is no mottling and values are less than L, chromas are less than
1 or if values are L or more, chromas are 1 or less;

b, If hues are between 10YR and 10Y and there is distinct or prominent mottling,
chromas are 3 or less; if there is no mottling, chromas are 1 or less;

¢. Hues are bluer than 10Y;
d. Any color if the color is due to uncoated grains of sand.

Aquents, p. 70

BAA. Aquents that have an N value of more than 0.5 and at least 8 percent clay and
3 percent organic matter in all subhorizons between 20 and 50 cm (8 and 20 inches),
and maan anmual goll temperatures more than 0°C (32°F).

Hydraquents, p. 72

BAB. Other Aquents that have a mean anmual soil temperature of less than 8°C (L7°F) and
have a mean summer soil temperature at 50 em (20 inches) of less than 15°C (59°F)
if they are drained and lack an O horizon or are cultivated; or if they are drained
and have an O horizon, have a mean summer temperature at 50 cm (20 inches) of less
than 8°C (L7°F); or if they are undrained and have an 0 horizon, have a mean
summer temperature of less than 6°C (L3°F), :

Cryaguents, p. 70
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BC.

BAC.

BAE.
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Other Aquents that have less than 5°C (9°F) difference betwsen the mean summer and
mean winter soil temperstures at 50 cm (20 inches).

Tropaguents, p. 72
Other Aquents that have textures of loamy fine sand or coarser in all horizons bslow

the Ap horizon or 25 em (10 inches), whichever is deeper, to a depth of 1 m (LO inches)
or to a lithic or paralithic contact, whichever is shallower, and have mean summer and

mean winter soil temperatures at 50 cm (20 inches) that differ by 5°C (9*F) or more.
Psammaquents, p. 72 -

Other Aquents.

Haplaquents, p. 71

Other Entisols that have below the Ap horizon or 25 em (10 inches), whichever is deeper
textures of loamy fine sand or coarser in all parts either to & depth of 1 wm (4O inchess

or to a8 1lithic or a paralithic contact, whichever is shallowsr; and that have no identifiable
fragments of diagnostic horizons without discernible order within the series control section.

BEA.

BEE.

BEC.

BEE.

EBF.

Psammenta, p. 82

Psamments that have a mean annual soil temperature of less than 8°C (L7*F) and a mean
surmer s0il temperature at 50 em (20 inches) or at a lithic or a paralithic contsct,
whichever is shallower, of either less than 15°C (59°F) if cultivated or without an
0 horizon, or less than 8°C (L7°F) if with an O horizon.

Cryopsammenta, p. 82

Other Psamments that have in the sand fraction more than 95 percent guartz, zirconm,
tourmaline, rutile, or other normally insoluble minerals that do not weather to
liberate iron or aluminum.

Quartzipsamments, p. 82

Other Psarments that are usually dry in most years in all parts of the soil between
18 em (7 inchea) and 50 em (20 inches) or a lithic or paralithie, whichever is
shallower, or in some subhorizon above a lithic or paralithic contact shallower
than 18 cm (7 inches). '

Torripgsmmants, p. 83

Other Psamments that are dry for 90 cwmlatlve days or more in most years in some
gubhorizon(s) between 18 em (7 inches) snd 50 cm (20 inches) or a lithic or a
paralithic contact, whichever is shallower, but are not contimuously dry in all
parts of the soil between these depths or in the subhorizon immedistely above a
lithic or psralithic contact ghallower than 18 cm for as long as 60 consecutive days
in more than 7 out of 10 years unless either the mean annual soil temperature is
22°C (72°F) or higher or the mean summer and mesn winter soil temperatures at

50 em (20 inches) differ by less than 5°C (5°F), or both.

Ustipsammenta, p. 8}
Other Psamments that are dry for 60 consecutive days or more in more than 7 out
of 10 years in all parts of the soil between 18 cm (7 inches), whichever is deeper,
and 50 cm (20 inches) or a lithiec or a paralithic contact, whichever is shallower,

or in the subhorizon immediately above a lithic or paralithic contact shallower
than 18 cm (7 inches).

Xercpsamments, p. 8k
Qthar Psammants,

Udipsamments, p. 83

Other Entisols that lack fragments of diagnostic horizons that can be identified and have
slopes of less than 25 percent and organic matter content that decreases irregularly with
depth or remains above levels of 0.35 percent (0.2 percent carbom) for 1.25 m (50 inches);

the msan anmual soil temperature is mere than 0*C (32°F). (Thin strata of sand or loamy sand

may have less organic matter if the finer sediments at 1.25 m (50 inchea) or below have 0.2
percent carbon or more.)

BCA.

Fluvents, p. 73

Fluvents that have a mean annual soil temperature of less than 8°C (L7*F) and a mean

summer soil temperature at a depth of 50 cm (20 inches) of either less than 15°C (59°F)
1# cultivated or without an O horizon, or less less than 8°T (L7'F) if with an O horizon.

Cryofluvents, p. 73
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BCC.

BCD,

BCE.

BCF.
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Other Fluvents that are usually dry in most years in all parts between 18 cm and
50 em (7 and 20 inchas).

Torrifluvents, p. 7L

Other Fluvents that are dry for 90 cumulative days or more in most vears in some
subhorizon between 18 em and 50 ¢m (7 and 20 inches) but are not continuously gny
in all parts betwaen these depths for as long as £0 consecutive days in more than
7 out of 10 years unless the mean annual soil temperature is 22°C (72°F) or higher
or the mean surmer and mean winter soil temperatures at 50 cm (20 inches) depth
differ by lass than 5°C {9*F), or both.

Ustifluvents, p. 70

Other Fluvents that are dry for 60 consecutive days or more in more than 7 cut of
10 years in all parts of the soll between 18 em and 50 cm (7 .and 20 inches).

Xerofluvents, p. 77

Other Fluvents that have mean summer and mean winter soil temperatures at 50 cm
(20 inches) that differ by 5°C (9°F) or more.

Udifluvents, p. 75

Other Fluvents.

Tropofluvents, p. 74

Other Entisols that lack fragments of diagnostic horizons that c¢an be identified within
the series control section.

BDA.

EDB.

BDC.

BDD.

BDE.

Orthents, p. 77

Other Orthents that have a mean annual soil temperature of less than 8°C (L7T*F)
and have a mean summer soil temperature at a depth of 50 cm (20 inches) or at a
lithie or paralithic contact, whichever im shallower, elther of less than 15°*C
(59°F) if cultivated or without an O horizon, or of less than 8°C (L7°F) if with
an 0 horizon.

Crvorthents, p. 77

Other Orthents that are usvally dry in most years in all parts of the soil between
18 em (7 inches) and 50 cm (20 inches) or a lithic or a psralithic contact, which-
ever 13 shallower, or in some subhorizon above a lithic or paralithic contact
shallower than 18 cm (7 inches).

Torriorthents, p. 78

Other Orthents that are dry for 90 cumulative days or more in most years in some
subhorizon(s) between 1B em and 50 em (7 and 20 inches) depth or above & lithic

or & parslithic contact shallower than 50 cm (20 inches); but are not continuously
dry in all parts of the soll betwesen these depths or in the subhorizon immediately
above a lithic or paralithic contact shallower than 18 cm (7 inches) for ss long

as 60 consecutive days in more than 7 out of 10 years unless eithar the mean annual
soll temparature is 22°C (72°F) or higher or the mesn surmer and mean winter soil
temperatures at 50 em (20 inches) depth or at a lithic or paralithic contact, which-
ever 1s shallower, differ by less than 5°C.(9°F), or both.

Ustorthents, p. 80

Other Orthents that are dry for 60 cumulative days or more in more than 7 out of
10 years in all parts of the soil between 18 cm and 50 cm (7 and 20 inches) or a
lithic or a paralithic contact, whichever is shallower, or in the subhorizon
immediately above a lithic or a paralithie contact shallower than 18 em (7 inches).

Xerorthents, p. 81
Other Orthents that have mean summer and mean winter soil temperatures at 50 em
(20 inches) or a lithic or a paralithic contact, whichever is shallower, that differ
by 5°C (*F) or more.

Udorthents, p. 79



BDF. Other Orthents.

Troporthents, p. 79

BE. Other Entisols that have fragments of dlagnostic horizona that occur more or less without
discernible order in the soil below any Ap horizon.

Arents, p. 73

Other mineral soils that have no spodic, argillic, natric, or oxic horizon unless it 4s a buried
horizon or no patrocaleic horizon with ita upper boundary within 1 m (4O inches) of the moil,
surface; that have npo plinthite that forms a continuous phase within 30 cm (12 inches) of the
mineral surface; and either: .

1. Are usually moist between 18 and S0 cm_g'{ and 20 inches) or abovc a lithic or a paralithic
contact shallower than 50 em (20 inchee); that lack a salie, or gypsic horizon within
1 m (LO inches) of the surface; and that have one or more of the following:

a. A conductivity of the saturation extract at 25°C (77*F) of less than 2 mmho per cm
down to whichever of these depths is least: a lithic or a paralithic contact or within
1.25 m (50 inches) of the surface if particle-size class 1z sandy, 90 cm (35 inches)
if loamy, and 75 cm (30 inches) if clayey; and, if without a fragipan, with increase in
depth in the C horizon but above the depths for the different particle-size classes
specified sbove, aither there is no increase in saturstion with Na plus K or there is
exchange acidity in excess of Na plus K; and with one or more of:

(1) A cambic or a calecic horizon or both;
(2) A fragipan that has no clay skins as thick as 1 mm;
(3) 1 duripan with its upper boundary within 1 m (LO inches) of tha surface.

b. Artificial drainage or saturation with water at smome period of the year when not
frozen, and at depths of less than 50 e¢m (20 inches) or immediately underlying an
umbrdie epipedon, have a horizon with molst colors that mset one or more of
the following requirements: '

- {1) If there is mottling, chromas are 2 or lesa;
(2) If there is no mottling, chromas are 1 or less.”

c. Sodlum saturation of more than 15 percent in some part of the upper 50 em (20 inches)
that decreases with depth below 5O em (20 inches) and the soil is saturated with water
at gome period within a depth of 1 m (LO inches); or

2. Have an umbric, histie, or plaggen epipeden] or a mollic epipedon with one or more of the
following combinations of properties:

a. A bulk density of the fine earth fraction of leas than 0.85 g per cc in the eplpedon
. or the cambic horizon or both, and the exchange complex is dominated by amorphous
mteria}s 3

Anderly;
b. An'cambig‘%rizon with base saturation of less than 50 percent (by NHjOAc) throughout
or decreasing to less than 50 percent at a depth of 1.8 m (72 inches} below the surface,
whichever ia shallower; .

¢. The mean summer and mean winter soil temperatures differ by less than 5°C (9*F) when
meagured at a depth of 50 cm (20 inches) or at a 1lithic or a paralithic contact,
whichever is shallower, and one or both of:

(1) 35 percent or more clay with montmorillonitic mineralogy, and the epipedon rests
on materials with less than LO percent CaC0; equivalant;

(2) WM%HWHMMG%”%MMW@M )
throughout—or—deeressing to less than SO pereent—et—e—depthof-r8-m—{72-inches),
Mo st dnd o’l‘] bMaes of the maeirr (EP/}""‘,‘” avé ve day J<er then fl,‘“_.,/ #e
&fnd€l'5 ;'a" I;ti‘;a,‘h ____E__ORDER 3 = Ince tiaolu, p. 89
# If hues are redder than 10YR because of red parent materials that remain red after
citrate-dithionite extraction, the requirement for low chromas is waived.
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CA. Inceptisols that either are saturated with water at some pericd of the yesr or artificially
drained, and that have, at depths of lesa than 50 cm (20 inches), characteristics associ-
ated with wetness, namely, one or more of the following:

1. A histic epipedon;

2. Sodium saturation of more than 15 percent in smome psrt of the upper 50 cm (20 inches)
that dacreases with depth below 50 cm (20 inchea);

3. Dominant moist colors on ped faces, or in the matrix if peds are absent, as
followa:

a., If there is mottling within the horizon, chromas are 2 or less;

b. If there is no mottling, chromas are 1 or less.*

Aguepts, p. 92

CAA. Aquepts that have & mean annual soil temperature of less than 8°C (4L7°F) and
have a mean summer soil temperature at 50 em (20 inches) or at a lithic or a
paralithic contact, whichever is shallower, of less than I5*C (S9°F) if they
are drained and either cultivated or lack an O horizon; of less than 8°C (L7°F)
if they are drained and have an O horizon or a histic epipedon; and less than
6*C (U3"F) if they are undrained and have an O horizon or a histic epipedon, N
values are 0.5 or less in some horizon between 20 and 50 cm (8 and 20 inches) or
the mean annual soil temperature is 0*C (32°F) or less.

Cryaquepts, p. 92

CAB. Other Aquepts that have plinthite that forms a contimuous phase or constitutes
more than half of the matrix within some subhorizon in the upper 1.25 m (50 inches)
of the soil.

Plinthaquepts, p. 97

CAC. Other Aquepts that have a bulk density of the fine earth fraction of the soil
of less than 0.85 g per cc in some horizon; no fragipan; and an exchange complex

that is dominated by amorphous materials; er vitric voleanie ash, cinders, or

other vitric pyroclagtic materials constitute 60 percent or more of the silt, sand,
and gravel fractions.

Andaquepts, p. 92

CAD., Other Aquepts that have less than 5*C (9*F) difference between the mean summer
and mean winter soll temperatures at 50 cm (20 inches), or at a lithic or parslithic
contact, whichever is shallower.

Tropaguepts, p. 97
CAE. Other Aquepts that have a fragipan.

Fragisquepts, p. 93

CAF. Other Aquepts that have sodium saturation that is more than 15 percent in some part
of the upper 50 cm (20 inches) and that decreages with depth below 50 em (20 inches).

Halagquepts, p. 94
CAG. Other Aquepts that have an umbric, a mollic, or a histie epipedon.

Humaquepts, p. %6
CAH., Other Aquepts that have an ochric epipedon.

Haplaquepts, p. gi

# If hues are redder than 10 YR because of red parent materiala that remain red after
citrate-dithionite extraction, the requirement for low chromas ie waived.
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CB.

cc.

Ch.
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Other Inceptisols that have a plaggen epipedoen.

Othe
1.

é. Have 60 percent or more of vitric voleanic ash,cinders,or other vitrie pyroclastic material

CCa.

CCB.
ccc.

CCD.

CCE.

CCF.

Plaggepts, p. 103
r Inceptisols that have one or both of:

A bulk density of the fine earth fraction of the soil of lesa than 0.85 g per cc in

the epipedon or the camblc horizon or both and an exchange complex that is dominated
by amorphous material;

in the sflt, sand, and gravel fractiona.

Andepts, p. 89

‘Andepts that have a mean ammual soil temperature of less than 8°C (L7*F) and a
mean summer soil temperature at 50 cm (20 inches) or at a lithic or paralithic
contact, whichever ia shallower, of less than 15°C (59°F) if cultivated or without
an O horizon, or of lesa than 8°C (L7*F) if with an O horizon.

Crysndepts, p. 90
Other Andepts that have a duripan within 1 m (kO inches) of the surface.

Durandepts, p. 90 _
Otiler Andepts that have clays that dehydrate irreversibly inteo gravel-size aggregates.
l;lzgrar_zdegta, ps 51
Other Andepts that have a mollic epipedon; and are thixotropic in some horizon or
the 15-bar water is 20 percent or more “Pased on the average for the whole m0il
in the control section.
Eutrandepts, p. 90
Other Andepts that have an umbric or ochric eplpedon; and are thixoiropic in some

horizon or the 15-bar water l& 20 percent or more “based on the whole soil in
the control section.

Dystrandepts, p. 90
Other Andepta.

Vitrandepts, p. 51

Other Inceptisols that have a mean annual soil temperature of 8°C (47*F) or more and have
less thanp 5°C (9*°F) difference between the mean summer and mean winter soil temperatures
at 50 em (20 inches) or at a lithic or a paralithic contact, whichever 1s shallower, and

of ¢

one
s

1.
2.

3-

An umbric epipedon;
A mollic eﬁipedon with one or both of the following:

a. 35 percent or more clay with montmorillonitic mineralogy, and the epipedon rests
on materials with less than LO percent CaCO3 equivalent;

b. a cambic horizon with base saturation that is less than 50 percent (by NHLOAc)
throughout or decreasing to less than 50 percent at & depth of 1.8m (72 inches).

An ochric eplpedon and a cambic horizon.
Tropepts, p. 103

CDA. Tropepts that have 50 percent or more base saturation (by NHhQAc)throughout the

epipedon and any cambic horizon, and either are dry in soms horizon for 90 cumulative
days or more in most years or have a horlzon containing soft, powdery secondary lime
within 1,5m(60 1nches¥uof the surface.

Ustropepts, p. 106
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CF.

CDE.

coc.

CDD.

Other
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Other Tropepts with 50 parcent or more base saturation (by NHhOAc) throughout
the epipedon and any cambic horizon.

Eutropepts, p. 104
Other Tropepts with a mean annual soil temperature of 22°C (72°F) or more.

Dystropepts, p. 10L
Other Tropepts.

Humitropepts, p. 105
Inceptisols that have one of the followlng characteristica:

1. If the mean anmal soil temperature is 8*C (L7°F) or more, either an umbric or
anthropic epipedon that is more than 25 cm (10 inches) thickK or a mollic epipedon
that is more than 25 cm (10 inchex) thick if it iz underlain by a cambic horizon
with base saturation of less than 50 percent (by NHhOAc) in some part;

2. If the mean annual soil temperature is less than 8°C (L7°F), either an umbric or
a mollie epipedon 1f the mollic epipedon is underlain by a cambic horizon that has
base saturation of less than 50 percent (by NHOAc) in some part.

CEA,

CEB,

CEC.

Cm'

CEE,

Other

CFA.

CFB.

Umbrepts, p. 107
Umbrepts that have an anthropic epipedon.

Anthrumbrepts, p. 107
Other Umbrepts that have a fragipan.

Fragiumbrepts, p. 108

Other Umbrepts that have a mean armual soil tempersture of less than 8°C (L47°F)
and have a mean sunmer soil temperature at 50 em (20 inches) or at a lithie or
paralithiec contact, whichever is shallower, of less than 15°C (59°F) if cultivated
or without an O herizon, or less than 8°C (47*°F) if with an O horizon.
Cryumbrepts, p. 107

Other Umbrepts that are never dry, or are not dry for as much ag 60 consecutive
days in more than 7 out of 10 years in all subhorizons between 18 em and 50 em

(7 and 20 inches) or a lithic or paralithic contaet, whichever igs shallower, or in
the subhorizon immediately above a lithie or paralithic contact shallower than

18 cm (7 inches).

Haplumbrepts, p. 108
Other Umbrepta.

Zerumbrepts, p. 109
Inceptisols,

Ochrepts, p. 98

Ochrepts that have a fragipan,

Fragiochrepts, p. 101
Other Ochrepts that have a duripan with its upper beundary within 1 m (4O inches)

~of the surfaca,

CFC,

Durochrepts, p. 98

Other Ochrepta that have a mean annusl soil temperature of less than 8°C (L7*F) and
8 mesn summer soil temperature at 50 em (20 inches) or at a lithic or paralithic
contact, whichever is shallower, of lesa than 15°C (59°F) if cultivated or without
an O horizon, or leas than 8°C (47°F) if with an O horizon.

Cryochrepts, p. 98
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CFD. Other Ochrapts that are dry for 90 cumilative days or more in moat years in soms
subhorizon(s) of the soil between 18 em and 50 em (7 and 20 inches) depth or above
a lithic or a paralithic contact shallower than 50 em (20 inches) but are not
continuously dry in all parta of the soll between these depths for as long as
60 consecutive days in more than 7 out of 10 years unless the mean annual soil
terperature is 22°C (72°F) or higher, or the mean summer and mean winter soil
temperatures at 50 cm depth differ by less than 5°C (9°F) or both,

Ustochrepts, p, 101

CFE. Other Ochrepts that are dry for 60 consecutive days or mere  in mopre than 7 out
of 10 years in a1l parts of ths soil between 18 cm and 50 em (7 and 20 inches) or
a lithic or a paralithic contact, whichever 1ls shallower, or in the subhorizon
irmmediately above a lithic or a paralithic contact shallower than 18 em (7 inches).

Xerochrggts, P 102
CFF. Other Ochrepta that have ene or both of:

1. Carbonates in the cambic horizoen or in the C horizon but within the soil;

2. Base saturation (by NHj,OAc) that is 60 percent or more in some subhorizon
that is within 75 cm (&0 inchea) of the soll surfaca, '

* Eutrochrepts, p. 100
CFG, Other Ochrepts.

Dystrochrepts, p. 99

Other mineral soils thet have an ochric epipedon tut have no oxic or spodic horizon and one or
more of the following combinations of properties: -

1.

3.

No argillic or matric horizon but within 1 m (LO inches) of the surface have one or more of the
following horizens: calcic, petrocalcic, gypsic, cambic, or duripan;

and either are usually dry between 18 cm and 50 cm (7 and 20 inches) depth or a lithic

or a parallthic contact, whichever is shallower or have a conductivity of the saturation
extract that 4s 2 mmho per cm or greater at 25°C In some part sbove whichever of the

following depths is least: a lithic or paralithic contact, 1.25'm (50 inches) if particle-
size clags 4is sandy, 90 cm (35 inches) if loamy, and 75 em (30 inches) if claysy; or

with increase in depth within the C horizon but above the depths for the.different particle~
size classes specified above thers is an increase In saturation with Na plus K in some part;

No argillic or natric horizon but have a salic horizon within 75 e¢m (30 inches) of the
surface and are saturated with water within 1 m (kO inches) of the surface for one month
or more; k

1 surface horizon that is not both hard and massive when dry; and argillie or natric horizon;
and ususlly dry in most years in sll parts of the soil batween 18 ¢m and 50 cm (7 and 20 inches)
or a lithic or a paralithic contact shallower than 50 cm (20 inches) or in some subhorizon above
a lithic or a paralithic contact shallower than 18 cm (7 inches).

ORDER L - Aridimols, p, 110

DA. Aridisols that lack an argillic or natric horizon unless it is & burled horizen.

Orthids, p. 115

DAA. Orthids that have a duripan with its upper boundary within 1 m (LO inches) of the
surface.

Durorthids, p. 118

DAB, Other Orthids that:

1. ‘Have a salic horizon within 75 em (30 inches) of the gurface if saturated with
water (i.e. within the capillary fringe) within 1 m (LO inches) of the surface
for 1 menth or more; and : .

2. Lack a calecic or gypsic horizon sbove the salic horizon.
Salorthids, p. 120

DAC. Other Orthids that have a petrocalecic horizon with ita uppei- boundary within 1 m
(40 inches) of the soil surface.

Paleorthids, p. 119
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DAD., Other Orthids that:
1. Have either a calciec or gypaic horizon with an upper boundary within
1 n (LO inches) of the surface; and

2. Are calcareous in all parts above the caleie horizon after the upper 18 cm
(7 inches) are mixed unless textures are coarser than loamy very fine sand.

Calciorthids, p. 115
DAE. Other Orthids,
Camborthids, p. 116

DB. Other Aridisols.
Argids, p. 110

DBA. Argids that have a natric horizon with columnar structure above a duripan, and the
upper boundary of the duripan is within 1 m (4O inches) of the soil surface.

Nadurargids, p. 112

DBB, Other Arglds that have a duripan below an argillic horizon or below a natric horizon
lacking columnar structure, and the upper houndary of the duripan is within 1'm
(40 inches) of the soil surface,

Dura ids’ P+ 110
DBC. Qther Argids that have a natric horizoen with columnar structure, and have no
petrocalcic horizon with an upper boundary within'l m (LO inches) of the goil surface,
Natrargids, p. 113

DBD. Other Argids that have either a petrocaleic horizon with an upper boundary within
1 m (40 inches) of the goil surface or that have an argillic horizon or prismatic or bloeky
natric horizon with both 35 percent or more clay in some part, and either:

1. An increase of 15 percent or more clay (absolute) within & vertical distance
of 2.5 em (1 inch) at the upper boundary of the argillic horizon; or

2. An increase of 10 percent or more clay (absolute) if cultivated snd the
lower boundary of the Ap horizon is the upper boundary of the argillic horizon.

Paleargids, p. 11l
DBE. Othes Argids,
Haplargids, p. 111

E, Other mineral soils that have a spodic horizon or a placic horizon cemented by iron that overlies a
Iragipan and that meets all the requirements of a spodic horizon except thickness.

ORDER 6 - Spodosols, p. 151

EA. BSpodoscls, either saturated” with water at some period or artificlally drained, that have
characteristics associated with wetness, namely one or more of the following:

1. A histic epipedon;
2. Mottling in an slbic horizon or in the top of the spodic horizon;
3. A duripan in the albic horizon;

L. If free iron and manganese are lacking, or if moist color values are less than L
in the upper part of the spodic horizon, either have:

8. No coatings of iron oxides on the individual grains of gilt and sand in the
materisls in or immediately below the spodic horizon wherever the moist values
&re 4 or more and unless an Ap horizon rests directly on the spondic horison there
is a transition between the albic and spodic horizons at least 1 cm in thickness; or have

b. Fine or madium mottles of iron or manganess in the materials immediately below
the spodie horizon.

Aquods, p. 151

* Ira placic horizon is present, the 20il need not be saturated below the placic horizon.
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Aquods that have a fragipan below the spodic horizon but that lack a placic
horlzoen above the fragipan.

Fraglaquods, p. 152

EAB. Other Aquods that have no placic horizon but have a mean annual soil temperature of

EAC.

EAE,

EAF.

EAG.

less than 8°C (47°F) and & mesn surmer soll temperature at 50 em (20 inches) or at
a 1lithic or a paralithic contact, whichever is shallower, of:

1. Less than 15°C (59°F) if they are drained and lack an 0 horizon;
2. Less than 8°C (47°F) if they are drained and have an O horizon;

3, Less than 6°C (L3*F) if they are undrained and have an O horizon or a
histic epipedon.

Cryaquods, p. 151
Other Aquods that have a strongly cemented or indurated albic horizon that will
not slake in water when a dry fragment is immersed.

Duraquods, p. 151

Other Aquods that have a placic horizon that rests on a spodic horizon, a fragipan,
or an albic horizon that is underlain by a fragipan, :

Placaquods, p. 153

Other Aquods that have a mean annual gsoil temperature of 8°C (L7°F) or higher and
mean summer and mean winter soil temperatures at 50 cm (20 inches) that differ by
leas than 5°C (9°F).

Tropaquods, p. 154
Other Aquods that have one or both of:

1, In more than 50 percent of each pedon, a spodic horizon with some subhorizon
that contains dispersed organic matter and slumimum and lacks sufficlent free iron to
turn redder on ignition (less than 0.5 percent in the fine earth fraction
expressed az Fe);

2. An Ap horizon that has a moist value of 3 or less end a molst chroma of 2 or
less and that rests directly on a spodic horizon having in its upper part
8 subhorizon or some tongues wlth one or both of:

&8, Dispersed organic matter and a moist value and moist chroma of 3 or less;
b. Lass than 0.7 percent free iron expressed as Fe.

Haplaquods, p. 152

Other Aqueods.
Sideraquods, p. 153

Other Spodosols that have one or both of:

1.

2.

In more than 50 percent of each pedon a spodic horizon with a subhorizon that contains
dispersed organic matter and aluminum and that lacks sufficient free iron to turn redder on
ignition (less than 0.5 percent in the fine earth fraction expressed as Fe);

An Ap horizon with a molst value of 3 or leas and a moist chroma of 2 or less and
reasts directly on a spodic horizon that has in its upper part a subhorizon or zome
tongues possessing one or both of: ’ :

a, Dispersed organic matier and a value and chroma of 3 or less when moist.y
b, Lass than 0.7 percent free iron expressed as Fe. :
Humods, p. 155
Humods that have a placic horizen in the spodic horizon.’
Placohumods, p. 156

EBB, Other Humods that have a mean annual soil temperature of 8°C (LT*F) or higher and

mean summer and mean winter soil temperatures at 50 cm (20 inches) or at a lithic
or paralithic contact, whichever is shallower, that differ by less than 5°C (9°F).

Tropohumods, p. 156 -
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EBC. Other Humods that have a fragipan below the spedic horizon.
Fragihumods, p. 15

ERD. Other Humods that have a mean annual soil temperature of less than 8°C (L47*F) and
a mean summer soil temperature at 50 em (20 inches) either less than 15°C (S9*F)
if cultivated or without an O horizon or less than 8°C (L7°F) if with an © horizon.

Cryohumods, p. 155

EBE. Other Humods.
Haplohumods, p. 155

EC. Other Spedosols that have a spodic horizon that has in some subhorizon a ratio of free
iron (elemental) to carbon of 6 or less.

Orthods, . 156

ECA. Orthods that have a placic horizon above or in the spedic horizon.
' Placorthods, p. 159
ECB., Other Orthods that have a fragipan below the spodic horizon.

Fragiorthods, p. 157

EGCC. Other Orthods that have a mean amnual soil temperature of less than 8°C (L7°F)
and a mean summer goil temperature at SO cm (20 inches) or at a lithic or a para-
lithic contact, whichever is shallower, of less than 15°C (59*F) if cultivated or
without an O horizon; or less than 8°C (47°F) if with an O horizon.

Cryorthods, p. 156
ECD. Other Orthods.

Haplorthods, p. 158
ED, Other Spodosola.

Ferrods, p. 154

Other mineral soils that have a mean annual soil temperature of 8°C (L7°F) or higherj;and if mean
summer and mean winter soil temperatures at 50 cm (20 inches) or at a lithic or paralithic
contact, whichever iz shallower, differ by 5*C (9°F) or more,have a mean summer soil temperature
at 50 em (20 inches) or at a lithic or a paralithic contact, whichever is ghallower, of 15°C
(59°F) or higher if without an O horizon or 8°C (47°F) or higher if with an 0 horizom; mo oxic
horizon unless it underlies an argillic horizon; no plinthite that forms a continuous phase
within 30 em (12 inches) of the soil surface; and ong of the following combinations of
characteristics:

1. No fragipan and bage saturation {by sum of cations) of less than 35 percent at 1,25 m
(50 inches) below the upper boundary of the argillic hordizon or 1.8 m (72 inches) balow
the soil surface or above a lithic or a paralithic contact, whichever is shallower;

2. A fragipan that:

8. Meets all of the requirements of an argillic horizon or that has clay skins 1 mm
or more thick in some part;

b. Hes base saturstion (by sum of cations) of less than 35 percent at a depth of 7% em
(30 inches) below the upper boundary of the fragipan.,

ORDER B - Ultisols, p. 184

FA. Ultisols, either saturated with water at gsome period or srtificislly drained, that have
characteristics associated with wetness, namely: mottles, iron-manganese coneretions
> 2 mm or has moist chromas of 2 or less immediately below any Ap or Al horizon that has
moist values of leas than 3.5 when rubbed, and one of the following:

1. Dominant moist chromas of 2 or less in coatings on the surface of peds accompanied by
mottles within the peds, or dominant chromas of 2 or less in the matrix of the argillic
horizon accompanied by mottles of higher chromas (if hues are redder than 10YR because

of parent materials that remain red after citrate-dithionite extraction, the require~
ment for low chromas iz waived);
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Moist chromas of 1 or less on surfaces of peds or in the matrix of the argillic
horizon.
Aquults, p. 18)

Aquults that have plinthite that forms a continuous phase or constitutes more
than half of the matrix within 1.25 m (50 inches) of the surfaca.

Plinthaquults, p. 185
Other Aquults that have a fragiﬁan.

Fragiaguults, p.18)

Other Aquults that have a mean annual soil temperature of 8°C (L7°F) or higher
and have mean summer and mean winter soil temperatures at 50 em (20 inchesg or at
a 1i%hic)or paralithic contact, whichever is shallower, that differ by lesa than
sec (9*F).

Tropaquults, p. 185
Other Aquults that have an ochric epipedon.

Ochraquuits, p. 184
Other Aquults that have an umbric or a mollic epipedon.

”Umbraguults, p. 186
r Ultisols that:

Are dry for 90 curmmulative days or more in most years in some subhorizon of the soil
between 18 em and S50 em (10 and 20 inches) or above a lithic or a paralithic contact,
shallower than 50 cm, but are not continuously dry in all parts of the soil between
these depths for as long as 60 consecutive days unless the mean annual soil temperature
iz 22°C (72°F) or more or the mean summer and mean winter soil temperatures at 50 cm
(20 inches) or at a lithic or a paralithic contact, whichever is shallower, differ by
less than 5°C ($9°F);

Have less than 1.5 percent organic matter (0.87 percent carbon) in the upper 15 cm
{6 inches) of the argillic horizon exclusive of an Ap;

Have less than 20 kg organic matter in a unit volume of 1_m2 to a depth of 1 m
(40 inches) below the base of any O horizon or the mineral surface.

Ustults; p. 194

Ustults that have plinthite that forms a continuous phase or constitutes more than
half of the volume in some horizon within 1.25 m (50 inches) of the soil surface.

Plinthustults, p. 195

FEB. Other Ustults that have an argillic horizon that has less tham 10 percent weatherable

minerals in the 20 to 200 micron fraction in the upper 1 m (LO inches) and has a clay

distribution with depth such that the percentage of clay does not decrease from its

maximum amount by more than 20 percent of that maximum within 1.5 m (60 inches) of the

soil surface, or the layer in which the percentage of clay decreases shows skeletans
or other evidences of clay eluviation.

Paleustults, p. 195

FBC. Other Ustults that have:

1. An epipedon with moist color values of less than L in all parts;

2. An argillic horizon with dry color valueg of less than 5 and no more than 1 unit
higher than moist values.

Rhoduatults, p. 195

FBD. Other Ustults that have mean summer and mean winter soil temperatures at 50 cm

(20 inches) or at a lithic or a paralithic contact, whichever is shallower, that differ

by less than 5°C. (9°F).
Tropustults, p. 196
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FBE. Other Ustults.
Hgplustults, p. 19]

Other Ultisols that:

1. Are dry for 60 consecutive daya or more in more than 7 out of 10 years in all parts
of the soil between 18 cm and 50 cm (7 and 20 inches) or & lithic or a paralithic
contact, whichever is ghallower;

2, Have 1less than 1.5 percent organic matter (0.87 percent carbon) in the upper
15 cm (6 inches) of the argillic horizon exclusive of any Ap;

3. Have leas than 20 kg organic matter in a unit volume of 1 m® to a depth of 1 m (LO inches)

below the base of any O horizon or the mineral surface.
Xerults, p. 196

FCA. ZXerults that have an argillic horlzon that has less than 10 percent weatherable
minerals in the 20 to 200 micron fraction in the upper 1 m (ﬁo inches) and has a
clay distribution such that the percentage of clay does not decrease from its
maximm amount by more than 20 percent of that maximum within 1.5 m (60 inches) of
the soil surface, or the layer in which the percentage of clay decrsases shows
gkeletans or other evidences of clay eluviation.

Palexerults, p. 197

FCB. Other Xerults.
Haploxerults, p. 197

Other Ultisols that elther:

1. Have 1.5 percent or more orgamic matter (0.87 percent carbon) in the upper 15 cm (6 inches)
of the argillic horizon;
2

2. Have 20 kg or more organic matter in a unit volume of 1 m® to a depth of 1 m (4O inches)
below the base of any O horizon or both.

Humlts, p. 186

FDA. Hummlts that have an argillic horizon that has less than 10 percent weatherable
minerals in the 20 to 200 micron fraction in the upper 1 m (LO inches) and has a
clay distribution such that the percentage of clay does not decresse from its maxi-
mum amount by more than 20 percent of that maximum within 1.5 m (60 inches) of the
goil surface, or the layer in which the percentage of clay decreases shows gkeletans

or other evidences of clay eluviatiocn.
Palelumlts, p. 187

FDB. Other humlts that have mean summer and mesn winter scil temperatures at 50 em
(20 inches) or at a lithic or a paralithic contact, whichever is shallower, that
differ by less than 5°C (9°F).

Tropolumults, p. 188

FDC. OQther Humlts.
Haplohwmults, p. 186

Other Ultigols.
Udults, p. 188
FEA. Udults that have a fragipan in or below the argillic horizon.

Fragiudults, p. 189

FEB., Other Udults that have plinthite that forms a continuous phase or constitutes more
th;? half of the volume in some horizon within the upper 1.25 m (50 inches) of the
soll. '

Plinthudulta, p. 192

FEC. Other Udults that have an argillic horizon that has less than 10 percent weatherable
minerals in the 20 to 200 micron fraction in the upper 1 m (L0 inches) and has a
clay digtribution such that the percentage of clay does not decrease from its maxi-
mun amount by more than 20 percent of that maximum within 1.5 m (60 inches) of
the soil surface, or the layer in which the percentage of clay decreases shows
skeletans or other evidences of clay eluviation.

Paleudults, p. 191
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FED. Other Udults that have:
1. An epipedon with moist color values of leas than L in all parts;

2. An argillic horizoen with dry color values of less than 5 and no more than
1 unit higher than moist values.

Rhodudults, p. 192

FEE. Other Udults that have mean summer and mean winter soil temperatures at 50 em
(20 inches) or at a lithic or a paralithic contact, whichever is shallower, that
differ by less than 5°C (9'F).

Tropudults, p.193
FEF, Other Udults.

Hapludults, p, 190

Other mineral soils that lack an oxiec horizon and that either have a mollic*epipedon or have
a surface horizon that, after mixing to 18 cm (7 inches) meets all requirements for a mollic
epipedon except thickness and in addition have an upper subhorizon in an argillic or natrie
horizon that iz more than 7.5 cm (3 inches) thick, and that meets the color, organic matter,
base saturation, and structure requirements of a mollic epipedon, but that is separated from
the surface horizon by an albic horizon. (Note that the combined thicknesses meet the thick-
ness requirement for a mollic epipedon.)

ORDER 5 - Mollisols, p. 121

GA. Mollismols that have all of the following characteristics:
1. A mollic epipeden not more than S5O cm (20 inches) thick;
2. No argillic horizon;
3. No calcic horizon;
L. Material, including coarse fragments less than 7.5 cm (3 inches) in diameter, that

has more than LO percent calcium carbonate in or irmediately below the mollic epipedon.

Rendolls, p. 132
GB. Other Mollisols that hava:

1. An albic horizon immediately underlying the mollic epipedon, or that separates horizons

that together meet all of the requirements of a mollic epipadong
2. An argillic or natric horizon;

3. In the albic horizon and in the argillic or natric horizon, characteristics assoclated
with wetness, namaly: mottles, iron-manganese concretions larger than 2 mm, or both.

Albolls, p. 12)
" GBA. Albolls that have a natric horilzon.

Natralbolls, p. 122
GBB. Other Albolla.

Arglalbells, p. 121

GC. Other Mollisols, either saturated with water at some period during the year or artificially

drained, that have one or more of the following characterlstlics associated with wetness:

1. A histic epipedon;

2. Sodium saturation of more than 15 percent in the upper part of the mollic epipedon
&nd decreasing saturation with increasing depth below 50 cm (20 inches);

3. One of the following combinationa of moist colors, in and either immediately below
The mollic epipedon or within 75 em (30 inchea) of the surface if a calcic horizon
immediately underlies the mollie epipedon; '

a. If the lower part of the mollic apipedon has chromas of 1 or less there are
gither:

(1) Distinet or prominent mottles in the lower mollic epipedon; or

# At present we are grouping a few soils with Mollisolas that have epipedons meeting all

requirements for a mollic epipedon except color value. These soils have more than L percent

organic matter and more than LO psrcent finely divided calcium carbenate throughout the
epipedon. Some are grouped with Calelaquolls and some with Rendolls.
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(2) Colors immediately below the mollic epipedon or within 75 cm
{30 inches) of the surface if a csleic horizon intervenes, with one
of the following:

(a) Where hues are 10YR or redder and there are mottles, chromas are
lass than 1.5 on ped surfaces or in the matrix; where there are
no mottles, chromas are less than 1j

(b) Where the hue is nearest to 2.5Y and there are distinct or prominent
mottles, chromas are 2 or leas on ped surfaces or in the matrix; and
where there are no mottles, chromas are 1 or less;

(c) Where the nearest hue ia 5Y or yellower and there are distinet or
prominent mottles, chromas are 3 or less on ped surfaces or in the
matrix; and where there are no mottles, chromas are 1 or less;

(d) Hues are bluer than 10Y;
(e) The coler results from uncoated mineral grains;
b, If the lower part of the mollic epipedon hag chromas of more than 1 but not
exceeding 2, there are either:
(1) Distinct or prominent mottles in the lower mollic epipedon; or
(2) Base colors immediately below the mollic epipedon that have one or more of:

(a) Values of } and chromas of 2 accompanied by some mottles with values
of It or more and chromas of less than 2;

(b) Values of 5 or more and chromasg of 2 or less accompanied by mottles
with higher chroma;

(c¢) Values of L and chremas of less than 2.
L. A calcic horizon with its upper boundary within LO em (16 inches) of the surface.

Aquolls, p. 122

GCA. Aquolls that have & mean annual soil temperature of less than 8°C (47*F) and the
mean summer soil temperature at 50 cm (20 inches) or at a lithic or a paralithic
contact, whichever is shallower, is less than 15°C (59°F) if the soil is drained
and has no O horizon or histic epipedon; less than 8°C (L7°F) if drained and with an
0 horizon; and less than 6°C (L3*F) if the soil is undrsined and has an O horizon or

a histic epipedon.
Cryaquolls, p. 124
GCB. Other Aquolls that have a duripan within 1 m (4O inches) of the surface.

Duraquolls, p. 125
GCC. Other Aquells that have a natric horizon.
Natraquolls, p. 126

GCD. Other Aquolls that have & calcic horizon with its upper boundary within LO em
(16 inchea) of the surface, and lack an argillic horizon unleas it is & buried
horizon.

_ Calciaquolls, p. 12k
GCE. Other Aquolls that have an argillic horizon. -
Argiaguolls, p. 123

GCF. Other Aquolls.
Haplaggolla, P. 125

GD. Other Mollisols that have a mean annusl soll temperature of less than 8°C (47°F); and
either a moist chroma of 1.5 or less in the mollic epipedon to a depth of 15 em (& inches)
or mere or & mean summer goll temperature at 50 em {20 inches) or a lithic or paralithic
contact, whichever is shallower, of less than 15°C (59°F) if without an O horizon and less
than 8°C (L7°F) if with an 0 horizon. '

Borolls, p. 126

GDA. Borolls that have an argillic horizon with an upper boundary deeper than 60 cm ®
(2l inches) below the mineral surface and with textures finer than loamy fine sand
in all subhorizons above the argillic horizon. ’

Paleboreolls, p. 131
* If there 1z a surface mantle that has more than 60 percent vitric voleanlc ash, cinders or other

vitrie pyroclastic materials, the depth to the argillic horizon is measured from the bese of this
mantle rather than from the mineral surface.
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GDB. Other Borolls that have a mean summer soil temperature at 50 em (20 inches) or a H
lithic or paralithic contact, whichever is shallower, of less than 15°C (59*F) :
if without an O horizon and less than 8°C (LW7°F) if with an O horizon. o

Cryoborolls, p. 128 }

GDC. Other Borolls that have & natric horizon but have no cambic horizon that is above
the natric horizon and separated from it by an albic horizon. I

Natriboroells, p. 131

GDD. Other Borolls that have an argillic horizon but have no cambic horizon that is above H
the argillic horizon and separated from it by an albic horizoen. ‘

Argiborolls, p. 127 ¥
GDE. Other Borolls that have a mollic epipedon more than 50 cm (20 inches) thick that ¥
contains many worm casts and has a transition to the underlying horizon in which i
25 percent or more of the matrix shows mixing of the epipedon and the underlying i
horizon in the form of worm casts or filled animal burrows. ) ;

Vermiborolls, p. 132

GDF. Other Borolls that have a caleie or gypsic horizon with its upper boundary within ;
1 m (4O inches) of the surface, and that are calcareous in all parts of all horizens i
above the caleic or gypsic horizon after the upper 18 cm (7 inches) are mixed unless ;
textures are coarser than loamy very fine sand. : it

Calciborolls, p. 128 ;

GDG. Other Borolls.
Haploborolls, p. 130

GE. Other Mollisols that are not continuously dry in all parts of the soil between 18 em

27 inches) and 50 cm (20 inches) or a lithic or a paralithic contact shallower than 50 em :
20 inches) or in the subhorizon immediately above a lithic or a paralithic contact i
shallower than 18 em (7 inches) for as long as 60 consecutive days in more than 7 out of )
10 years unless the mesan anmual soil temperature iz 22°C (72°F) or higher, or the mean N
summer and mean winter soil temperatures at SO cm (20 inchea) depth .or at a lithic or a |
paralithic contact, whichever is shallower, differ by less than 5°C ($*F), or both; and
with one or more of the following:

1. Dry for 90 cummulative days or more in moat years in some subhorizon(s) of the soil i
between 18 and 50 em (7 and 20 inches) or above a lithic or a paralitbic contact i
ghallower than 50 em (20 inches); iy

2. Bagé saturation (by NH)OAc) of 80 percent or higher in sll parts of the soil above a D
lithic or a paralithic contact that occurs within. 50 em (20 inches) of the surface; ‘

3. Within 1.5 m (60 inches)of the soil surface or within 50 em (20 inches)below the base
of any cambic or argillic horizon, either a calcic horizon or a horizon with concentra-
tions of soft powdery lime in spheroidal forms, as coatings on peds, or disseminated
in elay-size particles;”

L. Inereasing saturation with Na plus K within 1.25 m (50 inches) of the surface if
particle-size class is sandy, 90 cm (35 inches) if loamy,and 75 cm (30 inches) if
clayay.

Ustolls, p. 137

GEA. Ustolls that have a duripan within 1 m (LO inches) of the surface.
Durustolls, p. 139

CEB. Other Ustolls that have a natric horizon.
Natrugtolls, p. 142 -

GEC. Other Ustolls that have a calcic or gypsic horizon with its upper boundary within o
1 m (LO inches) of the surface, or a petrocalcic horizon that has its upper boundary y
within 1.5 m (60 inches)} of the soil surface, and that &re calecareous in all parts |
of all horizona above the calcic, pestrocalcic, or gypsic horizon -after the upper i
18 em (7 inches) are mixed unless textures are coarser than loamy very fine sand. i

Calciuatolls, p. 139

# If the lime is disseminated, the horizon(s) in which the lime is concentrated should have
more lime than the underlying horizon and should have the maximum percentage of clay-sized lime.
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Other Ustolls that have a petrocalcic horizon with its upper boundary within 1.5 m

(60 inches) of the soil surface, or an argillie herizon with one or both:

1. A vertical clay distribution such that the clay does not decrease by 20 percent
of the maximum clay content within 1.5 m (60 inches) of the soil surfaca, and
one or more of:

a, Hues redder than 10YR and chromas of more than L in the matrix;

b. Common coarse mottles with hues of 7.5YR or redder or chromas of
more than 5;

2. A particle-gize class that is clayey in the upper part and an increase of at
least 20 percent clay (absolute) within a vertical distance of 7.5 em (3 inches)
or 15 percent clay (absolute) within 2.5 cm (1 ineh) st the upper boundary.

Paleustolls, p. 143
Other Ustolls that have an argillic horizon.

Argiustolls, p. 137

Other Ustolls that have a mollic epipedon below any Ap that is 50 percent or more

by volume of worm holes and worm casts, or filled animal burrows, and either rests

on a lithic contact or has a transition to the underlying horizon in which 25 percent
or more of the material is discrete worm casts or filled animal burrows from the
molllic epipedon and the underlying horizon.

Vermistoris, p. 1l
Other Ustolls.
Heplustolls, p. 140

GF. Qther Mollisols that are dry for 60 consecutive daym or more in more than 7 out of 10 years
in all parts of the soil between 1B cm (7 inches) and 50 em (20 inches) or a lithic or para-
lithic contact, shallower than 50 em (20 inches) or in the subhorizon immediately above a
lithic or a paralithic contact shallower than 18 em (7 inches),

GFA,.

GFB.

GFG.

GFD.

GFE.

GFF,

Xerolls, p. 1kl
Xerolls that have a duripan within 1 m (4O inches) of the soil surface.
Durixerolls, p. 147

Other Xerolls that have a natric horizon but have no petrocalcic horizon that has
its upper boundary within 1.5 m (60 inches) of the soil surface.

Natrixerolls, p. 149

Other Xerolls that have a calcic, petrocalcie, or gypslc horizon with an upper boundary
within 1,5 m (60 inches) of the soil surface, and that are calcarecus in all parts of
all horizons above the calcic, petrocalcic, or gypsic horizons after the upper 18 cm

(7 inches) have been mixed unless textures are coarser than loamy very fine sand,

Calcixerolls,™ p. 146

Other Xerolls that have a petrocaleic horizon with its upper boundary within 1.5 nm
(60 inches) of the soil surface, or an argillic horizon with one or both:

1. A vertical clay distribution such that the ¢lay does not decrease by 20 percent
. of the maximum clay content within 1.5 m (60 inches) of the soil surface, and
one or more of:

8. Hues redder then 10YR and chromas of more than 4 in the matrix;

b. Common coarse mottles with hues of 7.5YR or redder or chromas of more than
5, or both;

2. A pertlcle-size clas= that is clayey in the upper part and an increase of at
least 20 percent clay (absolute) within a vertical distance of 7.5 cm (3 inches)
or 15 percent clay (absolute) within 2.5 cm (1 inch) at the upper boundary.

Palexerolls, p. 149
Other Xerclls that have an argillic horizon,

Argixerolls, p, 145
Other Xerolls.

Haploxerolls, p. 147

* Calcixerclls have not bsen studied sufficiently in the United States, The depth limits
suggested for the caleic, petrocaleic, and gypeic horizons are tentative,
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G3. Other Mollisols.

Udolls, p. 133

GGA. Udolls that have an arglllic horizon with a clay distribution such that the clay

gfaghgogogfcgggfgcgyagg Bje_{gegge ogrtglgtmximm clay content within 1.5 m (60 inches)

Hues are redder than 10YH with chromas of more than L dominant in the matrix
in at leaat the lower part of the argillic horizon;

2. There are msny coarse mottles that have hues redder than 7.5YR or chromas
of more than 5.

Paleudolls, p. 136
GGB, Other Udolls that have an arglllic horizon. :

Argiudolls, p. 134

GGC. Other Udolls that have a mollic epipedon that, below any Ap, is 50 percent or more
by volume of worm holes, worm casts, or filled animsl burrows and that either rests
on a lithic contact or has a transition to the underlying horizon in which 25 percent
or more of the material is discrete worm holes, worm casts, or filled animal
burprows from the mollic epipedon and the underlying horizon.

Vermudolls, p. 136
GGD. Other Udolls.

Hagludolla s D« 134

Other mineral soils that lack an oxic horizon unless it underlies an argillic horizon, and that
have ‘one ‘of the follewing combinations of properties:

1. Yo fragipan; an argillic or natric horizon; are usually moist in some part of the soil
between 18 em and 50 em(7 and 20 inches) unless the epipedon is both hard and massive when
dry; and base saturation (by sum of cations) is 35 percent or more at a depth of 1.25 m
(50 inches) below the top of the argillic horizon or at 1.8 m (72 inches) below the soil
surface or immediately above a lithic or a paralithic contact, whichever is shallowsr;

2. With a fragipan in or below the argillic horigzon or with oriented clay skins 1 mm or more
thick in soms part of the fragipen; and base saturation (by sum of cations) of 35 percent
or more at a depth of 75 cm (30 inches) below the upper boundary of the fragipan or
immadiately above a lithic or a paralithic contact, whichever is shallower.

ORDER 7 - Alfisols, p. 160

'HA, Alfisols, either saturated with water at some season or artificially drained, that have
characteristics associated with wetness, namely: mottles, iron-manganese concretions
larger than 2 mm, or chromas of 2 or less immediately below sny Ap horizen or below any
dark Al that has moist values of less than 3.5 when rubbed, and one of the following:

1. Dominant chromas of 2 * or less in coatings on the surface of peds accompanied by
mottles within the peds, or dominant chromas of 2 or less in the matrix of the
argillic horizon accompanied by mottles of higher chromas;

2. If there are no mottles in the argillic horlzon, chromas are 1l or less.
' Aqualfs, p. 160

HAA. Aqualfs that have a natrie horizon.

Katraqualfs, p. 162

HAB, Other Aqualfs that have a mean annual soil temperature of B8°C (L7*F) or higher
and mean summer and mean winter soil temperatures at 50 cm (20 inches) or above
a lithic or paralithic contact, whichever is shallower, that differ by less than
5*C (9°F). . .
Tropaqualfs, p. 163
HAC. Other Aqualfs that have a fragipan.

Fragiaqualfs, p. 161

HAD, Other Aqualfs that have an albic horizon tonguing into an argillic horizon and
that lack a duripan.

Glossaqualfs, p. 161

+ If tues are redder than 10YR because of red parent materials that remain red after
citrata-dithionite extraction, the requirement for low chromss is waived.
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HAE, Other Aqualfs that have an abrupt textural change between the alblc and argillic
horizons, have slow or very slow permeability in the argillic horizon, and lack

a duripan.
Albaqualfs, p. 160
HAF. Other Aqualfs that have an ochric epipedon and no duripan.

Ochraqualfs, p. 162
HAG., Other Aqualfs that have an umbrie epipedon and no duripan.

Umbragualfs, p. 164
HB, Other Alfisols that have a mean annual so0il terperature < 8°C (47°F), and one or both of:

1. An albic horizon that is continuous and has moist chromas of 2 or less, and that tongues or
interfingers into an argillic or natric horizon; it the epipedon has loamy fine sand or
coarser textures and has an argillic horizon in lamellae, the albie horizon is
continuous throughout each pedon from the base of the Ap horizon or 15 cm (6 inches),
whichever is deeper, to the argillic horizon;

2. A mean summer soil temperature st 50 em (20 inches) or above a lithic or paralithic
contact, whichever ls shallower, of less than 15°C (59*F) if cultivated or lacking an
0 horizon, or less than 8°C (47°F) if with an O horizon.

Boralfs, p. 164

HBA. Boralfs with an argillic horizon with an upper boundary deeper than 60 cm (2L inches) ®
below the mineral surface and with textures finer than loamy fine sand in some sub-
horizon above the argilliic horizon.

Paleboralfs, p. 1867
HBB. Other Boralfs that have a fragipan.

Fragiboralfs, p. 166
HBEC. Other Boralfs that have a natric horizon.

Natriboralfs, p. 167

HBD. Other Boralfs that have a mean summer soil tempermture at 50 cm (20 inches) or above
a lithic or paralithic contact, whichever is shallower, of leas than 15°C (59°F) if
cultivated or lacking an O horizon, or less than 8°C (L7°F) if with an O horizon.

Cryoberalfs, p. 165

HBE. Other Boralfs that have base saturation (by sum of cations) of 60 percent or mrrs
in all subhorizons of the argillic horizon, and are dry in some horizon at some time
in most years.

Eutroboralfs, p. 165

HBF. Other Boralfs that either are never dry in any horizon in most years or he.e base
saturation (by sum of cationa) of lesa than 60 percent in some subhorizon of the
argillic horizon.

Glossoboralfs, p. 166

HC. Other Alfizols that are not continuously dry in all parts of the soll batween 18 cm
(7 inches) and 50 em (20 inches) or a 1lithic or a paralithic contact shallower than 50 cm
(20 inches) or in the subhorisen immediately above a lithic or a paralithic contact
shallower than 18 cm (7 inches) for as long as 60 consecutive days in more than 7 out of
10 years unless the mean annusl soil temperature iz 22°C (72°F) or higher, or the mean
summer and mean winter soil temperatures at 50 em (20 inches) depth or at a lithic or a
paralithic contact, whichever is shallower, differ by less than 5°C (9°F), or both; and
with one or more of the following:

1. Dry for 90 cumulative days or more in most years in some subhorizon(s) of the soil
between 18 and 50 em (7 and 20 inches) or above a 1lithic or a paralithic contact
shallower than 50 cm (20 inches); '

2. Base saturation (by NHhOAc) of B0 percent or higher in all parts of the soil above a
lithic or a paralithic“contact that occurs within 50 em (20 inches) of the surface;

* If there is a surface mantls that has more than 60 percent vitrie voleanie ash, cinders,or
other vitrie pyroclastic materials, the depth to the argilliec horizon is measured from the base
of this mantle rather than from the mineral surface.
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3. Within 1.5 m (60 inches) of the soil surface or within 50 em (20 inches) below the
base of an argillic horizon, either a caleic horizon or a horizon with
concentrations of soft powdery lime in spheroidal forms, as coatings on peda, or
disseminated in clay size particles;

L. 1In the absence of a natric horizon, increasing saturation with Na plus X within 1.25 m
(50 inches) of the surtace if particle-size class is sandy, 90 em (35 inches) if loamy,
and 75 cm (30 inches) if clayey.

HCA.

HCB.

HCC.

HCD.

HCE.

HCF.

Ustalfs, p.174

Ustalfg that have plinthite that forms a continuous phagse or constitutes more
than half of the matrix within some subhorizon of the argillic horizon within
1.25 m (50 inches) of the soil surface.

Plinthustalfs, p. 178

Other Ustalfs that have a duripan below an argillic or natric horizon, but within
1 m (kO inches) of the surface.

Durustalfs, p. 175
QOther Ustalfs that have a natric horizom.
Natrustalfs, p. 176
Other Ustalfs that have a petrocalecic horizon with its upper boundary within 1.5 m
(60 inches) of the soil surface, or an argillic horizon with one or both:

1. A vertical clay distribution such that the clay does not decrease by 20 percent
of the maximum clay content within 1.5 m (60 inches) of the soil surface, and
one or more of: :

a. Hues redder than 10YR and chromas of more than k in the matrix;

b. Commo? coarse mottles with hues of 7.SYR or redder or chromas of more
than 5;

2. A particle.size class that ia clayey in the upper part and an increase of at
least 20 percent clay (absolute) within a vertical distance of 7.5 em (3 inches)
or 15 parcent clay (absolute) within 2.5 cm (1 inch) at the upper boundary.

Paleustalfs, p. 177

Other Ustalfs that have an argillic horizon that has colors in hues redder than
SYR with moist values of leas than L and dry values no more than 1 unit higher than
moist values.

Rhodustalfs, p. 178
Othar Ustalfs.
Haplustalfs, p. 175

HD. Other Alfiscls that are dry for 60 consecutive days or more in more than 7 out of 10 years
in all parts of the soil between 18 cm (7 inches) and 50 em (20 inches) or a lithic or a
paralithic contact shallower than 50 em (20 inches), or in the subhorizon immediately
above a lithic or paralithic contact shallower tham 18 cm (7 inches).

Xeralfs, p. 179

HDA. Xerslfs that have plinthite that forms & continuous phase or that constitutes

more than half of the matrix within some subhorizon of the argillic horlzon

within 1.25 m (50 inches) of the s0il surface.

Plinthoxeralfs, p. 183

HDB. Other Xeralfs that have a duripan below the argillic or natrie horizom, but within

1m (LO inches) of the surface.

. Durixeralfs, p. 179

HDC. Other Xeralfs that have a natric horizoen.

Natrixeralfs, p. 182

# If the lime is disseminated, the horizon(s) in which the lime is concentrated should have more
dime than the underlying horizon and should have the maximum percentage of clay-sized lime,
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QOther Xeralfas that have an argillic horizon that in &ll parts hag colors in hues
redder than S5YR and moist values of less than ki and dry values no more than 1 unit
higher than moist values, and that have no petrocaleic horizon within 1.5 m

(60 inchea) of the soil surface.

Rhodoxeralfs, p. 183

Other Xeralfs that have a petrocalele horizon with its upper boundary within 1.5 m
{60 inches) of the soil surface, or an argillie horizon with one or both:

1.

2.

A vertical elay distribution such that the clay doea not decrease by 20 percent
of the maximum clay content within 1.5 m (60 inches) of the soil surface, and
one or more of:

a. Huea redder than 10YR and chromas of more than L in the matrix;
b. Common coarse mottles with hues of 7.5YR or redder or chromas of more
than §;

A particle-size class that is clayey in the upper part and an incresse of at
least 20 percent clay (absolute) within a vertical distance of 7.5 ¢m (3 inches)
or 15 percent clay (absolute) withim 2.5 ecm (1 inch) at the upper boundary.

Palexeralfs, p. 182

«

Other Xeralfs.

Haploxeralfs, p. 180

Qther Alfisols,

HEA,

HEB,

Ec'

HED,

HEE.

Udalfs, p. 168

Udalfs that have an agric horizon,

Agrudalfs, p. 168

Other Udalfs that have a fragipan.

Fragiudalfs, p. 168

Other Udalfs that have a natriec horizon.

Nstrudalfs, p. 172

Other Udalfs that have mesn summer and mean winter soil temperatures at 50 cm
(20 inches) or a 1lithic or s paralithic contact, whichever is shallowar, that
differ by less than §*C (9°F).

Other Udalfs that have:

1.
2.

3.

Tropudalfs, p. 173

No continuous albic horizon sbove the argillie horizon;
A broken upper boundary of the argillic horizen;

Discrete nodules in the argillic horizon that range from 2.5 to § cm (1 to
2 inches) up to about 30 em (12 inches) in diameter; exteriors of nodules
are enriched and weakly cemented or indurated with iron and have redder hues
or stronger chromas than interiors of nodules.

Ferrudalfs, p. 168

HEF, Other Udelfs that have an irregular or broken upper boundary of the argillic horizen
with tongues of an albic or other eluvial horizon.

Glossudalfs, p. 169

HEG, Other Udalfs that have an argillic horizen with a clay distribution such that the
elay does not decrease by 20 percent of the maximm clay content within

1.5 m (60 inches) of the soil surface, and with ong or more of the following:

1.

2.
3.

Hues are redder than }OYR with chromas of more than , dominant in the matrix
in at least the lower part of the argillic horizon;
Hues are 2.5YR or redder and moist values are less than L and dry values are less
than 5 throughout the major part of the argillic horizon;
There are many coarse mottles that have hues redder than 7.SYR or chromas of more
than 5, or both,

Paleudalfs®, p, 172

*Great group nsmes and definitions are being proposed for criticism.
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HEH. Other Udalfs.

Hapludalfs, p. 170

I. Other mineral soils that have an oxic horizon, 6r plinthite that forms a contimious phase within
30 cm (12 inchea) of the soil surface.

ORDER 9 - Oxlsols, p. 198

JA. Oxisols that have one or more of the following:

1. Flinthite that forms a continucus phase within 30 em (12 inchea) of the mineral
surface of the soil;

2. Fither saturated with water at soms time during the year, or artificlally drained,
and have an oxic horizon with one or both of the following characteristics associ-
ated with wetness:

8. A histic epipedon;

b. If free of mottles, immediately below any epipedon that has moist color values
of leas than 3.5 there are dominant chromas of 2 or less; or if there are
distinet or prominent mottles within 50 om (20 inchea) of the surface, dominant
chromas .are 3 or less,

A gox, p. 198

IAA. Aquox that have sheets containing 30 percent or more gibbsite, or

20 percent or more by volume of gravel-size aggregates containing 30 percent or more
gibbsite within 1 m (LO inches) of the mineral surface, but that have no plinthite
that forms a contimiocus phage within 30 em (12 inches) of the soil surfaca.

Gibbgiaquox, p. 158
JAB. Other Aquox that have plinthite that forms a continuous phase within 1,25 em
(50 inches) of the surface.

Plinthaguox, p. 198
IAC. Other Aquox that have an ochric epipedon.

Ochraquex, p. 198
IAD, Other Aquox.

Umbraquex, p. 199

IB, Other Oxisols that have both of the following characteristics:

1. Are ususlly dry in most yeara in all parts of the soil between the Ap horizom
or18 em (7 inches) and 2 m (B0 inchea) or a 1lithic or a paralithic contact,
whichever is shallower.

2. Have an ochric epipedon that has moist color values of L or more in all subhorizons.

Jorrox, p. 202
IC, Other Oxisols that have all of the following characteristica:
1. 4 horizon below the upper 18 cm (7 inches) that is dry for 60 consacutive

days or more in most years in gome subhorizon; .
2. A mean annual goil temperaturs of 22°C (72°F) or more;

3. Either moist values in some subhorizen of the epipedon of less than L or are
usually moist.

Ustox, p. 202

ICA. Ustox that have & bagse retention value from NH,Cl of 1 maq or less per 100 g clay
in some subhorizon of the oxic horison (or have 1 meq or less of extractable bases
plus extractable alumimm per 100 g clay).

Acrustox, p. 203
ICB. Other Uatox that have both:

1. A mollic or umbriec epipedon that in at least one unit of value darker (moist)
or at least one unit of chroma lower (moist than ths oxic horizon;

2. Base saturation of 50 percent or more (by NH\OAc) in the oxic horizon if the
particle size class is clayey, or 35 percent or more if the particle size class
is loamy.
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0 Ustox.
ther Haplustox, p. 203

Othar Oxisols that:

1.
2.

3.
h.

IDA.

Ars always moist or have no paricd when the soll is dry in any horizon below the
surface 18 cm (7 inches) for 60 consecutive days or more in most years.

Have 20 kg or more organic carbon per m? to a depth of 1 m (LO inches), exclusive
of organic surface litter; ' )

Have bese saturation (by NH,0Ac) of less than 35 percent in the oxic horizon;
Have a mean anmual soll temperature of less than 22°C (72°F).

Humox, p. 199

Humox that have an oxic horizon with a subhorizon that is darker in color and
contains more organic carbon than the overlying subhorizon. :

Sombrihumox, p. 200

IDB. Other Humox that have within 1 m (LO inches) of the surface, cemented sheets or

IDD.

a subhorizon with 20 percent or more by volume of gravel-size aggregates that
contain 30 percent or more gibbaite.
. Gibbaihumox, p. 199

Other Humox that have in all subhorizons of the oxic horizon, a ecation reteation
capacity (from NH,C1l) of more than 1 meq per 100 g clay (or have more than 1 meq

of extractable bases plug extractable aluminum per 100 g of clay.

Haplohumox, p.200

Other Humox. :
Acrohumox, p. 199
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Other Oxisols that have no period when the soil is dry in any horizon below tha surface
18 cm (7 inches) for 60 consecutive days or more in most years and either:

1.
2.

IEA.

Have a mean annual soil temperature of 22°C (72°F) or more; or
Have less than 20 kg organic carbon per m€ within 1 m (LO inches).

Orthox, p. 206

Orthox that bave within 1.25 m (50 inches) of the surface sheets containing 30 per-

cent or more gibbsite or a subhorizon with 20 percent or more by volums of
gravel-size aggregates containing 30 percent or more gibbsite, .

Gibbslorthox, p. 201

IEB, Other Orthox that have:

1. In some gubhorizon of the oxic horizon, a cation retention capacity ot 1 meq or
less (from NH&CI) per 100 g of clay (or 1 meq or leas of extractable bagses plus

IEC.

IEE.

extractable aluminum per 100 g of clay);

2. No discernible structure in the oxic horizon or only very weak blocky or
prismatic peds.

Acrorthex, p. 200

Other Orthox that have no anthropic epipedon and have base saturation of 35 percent
or more (by NHhOAc) in the epipedon and in all subhorizons of the oxic horizon

to a depth of at least 1.25 m (50 inches).

Eutrorthox, p. 201

Other Orthox that have either an umbric epipedon or an ochric epipedon that has
more than 1 percent carbon in all subhorizons to 75 cm (30 inchesg
the top of the mineral surface.

Umbriorthox, p. 202
Other Orthox.
Haplorthox, p.201

or more below
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Mineral soils that have no diagnostic horizon other than sn ochric or an anthropic epipedon, an albic
or an agric horizon, with or without any of the following:

1. a salic horizon, except that if the scil is saturated with water within 1 m (LO inches) of the i
surface for 1 month or more, and has not been irrigated the upper boundary of the salic horizon i
muist be 75 cm (30 inches) or more below the surface; :

2. 1if textures are finer than loamy fine sand, sodium saturation may exceed 15 percent in some
part of the upper 50 cm (20 inches) only if sodium ssturation increases or remains constant with
depth below 50 cm (20 inches) and the scil is saturated with water within 1 m (40 inches) of the
surface for 1 month or more when not frozen in any part;

3. a calcic or gypsic horizon or duripan if its upper boundary is more than 1 m (4O inches) !
below the surface; ,

L. plinthite that forms a contimuous phase if the upper boundary is deeper than 1.25 m (50 inches)
helow the surface; '

5. if textures are coarser than loamy very fine sand to a depth of 1 m (4O inches), plinthite g
in the form of discrete nodules or disconnected soft red mottles if it constitutes less than H
half of the volume in all subhorizons; . :

solum is deeper than 50 cm (2¢ inches) or is at depths between 30 and 50 em (12 and 20 inches)
and the thickness of the buried solum is less than twice the thickness of the overlying deposits;

§
6. buried diagnostic horizons other than a buried ochric epipedon if the surface of the buried ii
i
i
7. ironstone at any depth.

Aquents. Entisols that are elther permsnently saturated with water and have dominant hues in
aJSE horizons below 25 em (10 inches) that are bluer than 10Y and that change on exposure to air; ‘

or are saturated with water at some period of the year or are artificially drained and that have
at depths within 50 cm (20 inches) of the surface, dominant moist colors in the matrix as follows:
1. in horizons with textures finer than loamy fine sand ] it
a, if there is mottling, chromas are 2 or leas;

b, if there is no mottling and values are less than L, chromas are less than 1;
if values are N or more, chromas are 1 or less;

2. 1in horizons with textures of loamy fine sand or coarser

a. if hues are as red or redder than 10YR and there is mottling, chromas are 2 or
less; if there is no mottling and values are less than l, chromas are less than
1 or if values are 4 or more, chromas are 1 or less;

b, - if hues are between 10YR and 10Y and there is distinct or prominent mottling, I
chromag are 3 or less; if there is no mottling, chromas are 1 or less; i

¢. hues are bluer than 10Y; I

d. any color if the color is due to uncoated grains of sand.

1. have a mean anmual soil temperature of less than 8°C (L7°F) and have a mean summer
soil temperature at 50 em (20 inches) or at a lithic or a paralithic centact, which-
ever is shallower, of lesa than 15°C {59°F) if they are drained and either lack an
0 horizon or are cultlivated; or if they are drained and have an O horizon, have a
mean summer temperature at 50 em (20 inches) of less than 8°C (L7°F); or if they
are undrained and have an O horizon, have a mean summer temperature of less than

6°C (L3*F);

2, have an N value of 0.5 or less in some subhorizon between 20 and 50 cm (8 and 20
inches) or the mesn anmal soil temperature is 0*C (32°F) or less.

Typic Cryaquents. Cryaquents that

|
Cryaquents. Aquents that ) \
|

_ i
a, have no layer in the upper-75 cm (20 inchea) that has & texture finer than 1
loamy fine sand, that 1% as much as 18 em (7 inches) thick, that has a bulk |
density (at 1/3-bsr tension) of 0.95 g/cc or less in the fine earth fraction, \

|
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Iyplc Cryaguents--Cont.

and that has either (1) a ratio of measured clay to 15-bar water (percentages)
of 1.25 or less, or (2) a ratio of CEC (at pH near 8) to 15-bar water of more
than 1.5 and mors exchange acidity than the sum of bases plus KC1 extractable

aluminums
b. have a mean annual soil temperature of more than 0°C (32°F);
¢, lack the following combination of characteristics:

(1) cracks at some period in most years that are 1 cm or more wide at =
depth of 50 em (20 inches), that are at least 30 cm (12 inches) long
in some part; and that extend upward to the surface or to the base of
an Ap horlzon; and

(2) & coefficient of linear extensibility (COLE) of 0.09 or more in a
horizon or horizons at least 50 cm (20 inchea) thick, and a potential
linear extensibility of 6 cm or more in the upper 1 m (LO inches) of the
g0il or the whole soil if a lithic or paralithic contact is deeper than
50 cm (20 inches) but shallower than 1 m (LO inches); and

(3) more than 35 percent clay in horizons that total more than 50 em
(20 inches) in thickness within the control section.

Andie Cryagquents. Cryaquents like the Typle except for a.
Pergelic Cryaquents. Cryaquents like the Typic except for b.

Vertic Cryaguents. Cryaquents like the Typic except for c.

Haplaquents. Aquents that

1. have soil temperatures warmer than those of Crysquents and have mesn summer and
mean winter soil temperatures at 50 em (20 inches) that differ by 5°C (9*F)
or more;

2. have an N value of 0.5 or less in some subhorizon between 20 and 50 em (B8 and
20 inches);

3. have textures of loamy very fine sand or finer in some horizon below the Ap or
25 com (10 inches), whichever is deeper, but above a depth or 1 m (LO inches) or
a lithic or a paralithic contact, whichever is shallower.

Typic Haplaquents. Haplaquents that

a. have in 60 percent or more of ths matrix in all subhorizons between the
Ap or 25 cm (10 inches), whichever iz deeper and 75 cm (30 inches) one or
more of the following:

(1) if mottled and mean annual soil temperature is less than 15°C (59°F)
moist chromas are 2 or less;

(2) if mottled and mean annual soil temperature is 15°C (59°F) or more:

(a) in hues of 2.5Y or redder and moist values of more than 5, moist
chromag are 2 or laas,

(b) in hues of 2.5Y or redder and moist values of 5 or less, moist
chromas are 1 or less,

(c) 1in hues yellower than 2.5Y, moist chromas are 2 or less;
(3) moist chromas are 1 or less with or without mottles.

b. have no layer in the upper 75 em (30 inches) that has a texture finer than
loamy fine sand, that is as much as 18 em (7 inches) thick, that has a bulk
density (at 1/3-bar tension) of 0.95 g/cc or less in the fine earth fraction,
and that has either §1) a ratio of measured clay to 15-bar water (pércentages)
of 1,25 or less, or (2) & ratio of CEC (at pH near B) to 15-bar water of more

than 1.5 and more exchange acidity than the sum of bases plus KCl extractable
aluminum. .

# If hies are 7.5YR or redder in the matrix: if peds are present, ped exteriors have dominant
moist chromas of 1 or less and ped interiors have mottlas with moist chremas of 2 or less;
if peds are absent, moist chromas are 1 or legs immediately below any surface horizon that
has moist values of less than 1.5,
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Typic Haplaquents--Cont.

¢, lack the following combination of characteristics:

(1) cracks at some peried in most years that are 1 em or more wide at
a depth of 50 cm (20 inches), that are &t least 30 cm (12 inches)
long in some part; and that extend upward to the surface or to the
base of an Ap horizon; and

(2) a coefficient of linear extensibility (COLE) of 0.09 or more in a
horizen or horizons at least 50 em (20 inches) thick, and a potential
linear extensibility of 6 cm or more in the upper 1 m (LO inches) of
the soll or the whele soil if a lithic or parslithic contact iz deeper
than 50 em (20 inches) but shallower than 1 m (LO 4inches); and

(3) more than 35 percent clay in horizons that total more than 50 em
(20 inchea)in thickness within the control section.

Aeric Hsplaquents. Haplaqusnts like the Typic except for a.

Andic Haplaquents. Haplaquents like the Typlc except for b.

Vertic Haplaquents., Haplaquents like the Typic except for c.

Hydraquents. Aquents that

1. have a mean annual soil temperaturs of more than 0°C (32*F);

2. have an N value of more than 0,5 and at least 8 percent clsy and 3 percent
organic matter in all subhorizons between 20 and 50 em (8 and 20 inches);

3. have textures of losmy very fine sand or finer in some horizon below the Ap or
2% em (10 inchas), whichever is deeper, but above & depth of 1 m (LO inches) or
a lithic or a paralithic contact, whichever is shallower.
(Subgroups not developed.)
Psammaquents. Aquents that

1. have soil temperatures warmer than those of Cryaquents and have mean summer and
mean winter soil temperatures at 50 em (20 inches) that differ by 5°C (%°F) or more;

2. have textures of loamy fine sand or coarser in all horizons below the Ap horizon
or 25 em (10 inches), whichever is deeper, to a depth of 1 m (4O inchass or to a
lithic or a paralithic contact, whichever is shallower.

Typic Psammaquents. Psammaquents that

a. have no lithie contact within 50 cm (20 inchea) of the surface;

b. have an Ap horizon with a moist value of L or more or with a dry value of
6 or more crushed and smoothed * or the Al horizon is less than 15 em
(6 inches) thick if its moist color value is lower than 3.5.

Lithic Psammaquents., Psammaquenta like the Typic e:r;cept. for a.

Mollic Psammaguents. Psammaquents like the Typic axcept for b.

Tropaquents. Aquents that
1. have a mean annual soil temparature of 8*C (47'F) or more and have mean summer
;x'ad :?;.an)wint.er soil temperature at 50 em (20 inches) that differ by less than
C F); .

2. have an N value of 0.5 or less in some subhorizon between 20 and S0 em (B and
20 inches).

Typie Tropaquents. Tropaquents that

2. have in 60 percent or more of the matrix in all subhorizons between the Ap
or 25 em (10 inches), whichever is deeper, and 75 em (30 inches),

* Use knife snd smooth to eliminate shadows.
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(1) if mettled

(a) in hues of 2.5Y or redder and moist values more than §, moist
chromas are 2 or leas,

{b) in hues of 2.5Y or redder and moist values are 5 or less, moist
chromas sre 1 or less,

(c¢) in hues yellower than 2.5Y, moist chromas are 2 or less, or
(2) moist chromas are 1 or less with or without mottles.

Aeric Tropaquents. Tropaquents like the Typic except for a.

Arents. Entlsols that

1.. have fregments of diagnogtic horizons that occur more or lesg without discernible
order in the soil below asny Ap horizon but within the series control section;

2. are not permanently saturated with water and lack the characteristics associated
with wetness defined for Aquents. :

éih many Arents a significant part of the solum is mixed enough to destroy diagnostic
orizons but not to the extent that fragmenta can no longer be identifiegy.

Fluvents. Entisels that

1. have textures of loamy very fine sand or finer in some horizon balow the Ap horizon
or 25 em (10 inches), whichever is deeper, but above a depth of 1 m (L0 inches) or
a lithic or a paralithic contact deepser than 50 em (20 inches) but shallower than
1m (Lo 1nches§;

2. have no fragments of diagnostic horizons that can be identified and that occur mors
or leas without discernible order in the soil bvelow any Ap horizon but within the
series control section;

3. have slopes of less than 25 percent;

L. have an organic matter content that decreases irregularly with depth or that remaing
above 0.35 percent (0.2 percent carbon) to a depth of 1.25 m (50 inches) or to a
depth of 25 cm (10 inches) below the upper boundary of any layer that remains frozen
until two months after the summer solatice, whichever is shallower. Thin strata of
sand may have legss organic matter if the finer sediments at 1.25 m (50 inches) or
below have 0,35 percent (0.2 percent carbon) or more;

S. are not parmanently saturated with water and lack the characteristics associated
with wetnagsa defined for Aguenta;

6. have a mean annual soil temperature of more than 0*C (32°F).

Cryofluvents. Fluvents that have a mean annual aoil temperature of less than 8*C (L7°F)
and & mean summer soil temperature at a depth of 50 cm (20 inches) of either less
than 15*C (59"F) if cultiveted or without an O horizen, or less than 8°C (L7°F) if
with an O horizon.

Typic Cryofluvents. Cryofluvents that

a, have no layer in the upper 75 cm (30 inches) that has a texture finer than
loamy fine sand, that is as much a8 18 cm (7 inches) thick, that has a tulk
denaity (at 1/3-bar tension) of 0.95 g/cc or less in the fine eerth fraction,
and that has either (1) a ratio of measured clay to 15-bar water (percentages)
of 1.25 or less, or (2) a ratic of CEC (at pH near B) to 15-bar water of more
than 1.5 and more exchange acidity than the sum of bases plus KC1 extractable
aluminum;

* If hues are 7.5TR or redder in the matrix; if peds are present, ped exteriors have dominant
moist chromas of 1 or less and ped interiors have mottles with moist chromas of 2 or less;
if peds are absent, moist chromas are 1 or less immedistely below eny surface horizon that
has moist valueas of less than 3.5,
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b.

C.

have no mottles with chromas of 2 or less within 50 cm (20 inches) of'

the

surface;

lack the following combination of characteristlcs:

(1)

(2)

(3)

cracke at some period in most years that are 1 cm or more wide at

at depth of SO cm (20 inches) that are at least 30 em (12 inches) long
in some part, and that extend upward to the surface or to the base of
an Ap horizon; and

a coefficlent of linear extensibility (COLE) of 0.09 or more in a
horizon or horizons at least 50 cm (20 inches) thick, and a potential
linear extensibility of 6 cm or more in the upper 1 m (LO inches) of
the 3oil or the whole soll if a lithic or parslithie contact is deeper
than 50 cm (20 inches) but shallower than 1 m (LO inches); and

more than 35 percent clay in horizons that total more than 50 em
(20 inches) in thickneas within the control saction.

Andic Cryofluvents. Cryofluvents like the Typic except for a.

Aquic Cryofluvents. Cryofluvents like the Typlc except for b,

Torrifluvents.

1.

2.

Fluvents that

are warmer than Cryofluvents;

are ususlly dry in most years in all parts of the goil between 18 and 50 cm
(7 and 20 inches).

Typic Torrifluvents. Torrifluvents that

-

C.

have no horizon within 1 m (LO inches) of the surface that is more than
15 cm (6 inches) thick that contains either at least 20 percent durinodes
in a nonbrittle matrix or is brittle and haa firm consistence when moist;

lack the following combination of characteristica:

(1)

(2)

(3)

cracks a8t some period in most yesrs that are 1 cm or more wide at a
depth of 50 em (20 inches), that are at least 30 cm (12 inches) long in
some part, and that extend upward to the surface or to the base of an
Ap horizon; and

a coefficient of linear extensibility (COLE) of 0,09 or more in a
horizon or horizons at least 50 cm (20 inches) thick, and a potentiel
linear extensibility of 6 c¢m or more in the upper 1 m (LO inches) of
the soil or the whole soll if a 1ithic or paralithic contact is deeper
than 50 em (20 inches) but shallower than 1 m (LO inches); and

more than 35 percent clay in horizons that total more than 50 em
(20 inches) in thickness within the control section;

have no prismatic or blocky structure with clay filma on peci faces that have
color values lowsr than in the matrix within I m (LO inches) of the soil
surface.

Durorthidic Torrifluvents. Torrifluvents like the Typie except for a.

Vertic Torrifluvents. Torrifiuvents like the Typic except for b.

Tropofluvents.

1.

Fluvents that

have a mean annual soil temperature of 8°C (L7*F) or more and have mesn summer and
?ean)winter soil terperatures at 50 cm (20 inches) that differ by less than 5°C
9*'F);

are not dry in more than 7 cut of 10 years in all subhorizons between 18 and 50 em
(7 and 20 inches) for az much as 60 consacutive days, and are not dry in soms sub-
horizon between these depths for as much as 50 cumulative days in moat years .
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m&: Tropofluvents. Tropofluvents that

. have no layer in the upper 75 cm (30 inches) that has a texture finer than
: loamy finay:and, that gs as mich ag 18 cm (7 inches) thick, that has a bulk
density (at 1/3-bar tension) of 0.95 g/cc or less in the fine earth fractien,
and that has either (1) a ratio of measured clay to 15-bar water (percentages)
of 1.25 or laess, or (2) a ratio of CEC (at pH near 8) to 15-bar wmter of more
than 1.5 and more exchange acidity than the sum of bases plus KCl extractable
aluminum. :

b, have no mottles within 50 em (20 inches) of the surface with chromaa of 2 or
leas, or, at depths betwesn 50 e¢m and 1 m (20 and LO inches) have no horizons
that are saturated with water at some period or that are artificislly drained
and that have chromas of lees than 1 or mes bluer than 10Y;

c. have no horizon within 1 m (4O inches) of the surface that is more than 15 cm
(6 inchea) thick, that contains either at lsast 20 percent durinodes in a
nonbrittle matrix or is brittle and has firm consistance when molst;

d. lack the following combination of characteristica:

(1) cracks at some period in most yeara that are 1 cm or more wide at a depth
of 50 e¢m (20 inchea), that are at least 30 cm (12 inches) long in some
part, and that extend upward to the surface or to the base of an Ap
horizon; and .

(2) a coefficient of linear extensibility” (COLE) of 0.09 or more in a horizonm,
or horizons at least 50 em (20 inchea) thick, and a potential linear
extensibility of 6 cm or more in the upper 1 m (LO inches) of the soil
or the whole soil if a lithic or paralithic contact is deeper than 50 em
(20 inchea) but shallower than 1 m (4O inches); and

(3) more than 35 percent clay in horizons that total mops than 50 cm (20 inches)
in thickneas within the control section.

Andie 'l‘ropoﬂuveﬁta. Tropefluvents 1llke the Typic except for a.

Aguic Tropofluvents. Tropofluvents like the Typic except for b.

Durorthidic Tropofluvents. Tropofluvents like the Typic except for c.

Vartic Tropofluvents. Tropofluvents 1ike the Typie except for d.

Udifluvents. Fluvents that

1. have moil temperatures warmer than those of Cryofluvents, and have mean summer and
maan winter soil temperatures at 50 cm (20 inches) that differ by 5°C (9°F) or more;

2, are pot dry in g1l subhorizons batween 18 and 50 em (7 and 20 inehes) in more than
7 out of 10 years for as mich as 60 consecutive days, and are not dry in some sub-
horizon betwesn these depths for as mich as 90 cumilative days in most years.

Typic Udifluvents. Fluvents that

a, have no layer in the upper 75 cm (30 inches) that has & texture finer than loamy
fine sand, that is as much as 18 cm (7 inches) thick, that has a bulk density
(at 1/3-bar tension) of 0.95 g/ce or less in the fine earth fraction, and that
has either (1) a ratio of measured clay to 15-bar water (percentageas of 1.25
or less, or (2) a ratio of CEC (at pH near 8) to 15-bar water of more than 1,5
and more exchange acidity than the gum of bases plus KCl extractable aluminum;

b. have no mottles within 50 em (20 inches) of the surface with chromas of 2 or
less, or at depths between 50 cm and 1 m (20 and 4O inches) have no horizons
that are saturated with water at some peried or that are artificially drained
and that have chromss of less than 1 or hues bluer than 10Y; :

¢. have no buried mollic epipedon that is 20 em {8 inches) or more thick and
thet has its upper boundary within 50 cm (20 inches) of the surface H

d. lack the fellowing combination of characteristice:
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(1) cracks st some period in most years that are 1 cm or more wide at a
depth of 50 cm (20 inches), that are at lesat 30 cm (12 inches) long

in some part, and that extend upward to the surface or to the base
of an Ap horizon; and

{2) a coefficient of linear extensibility (COLE) of 0.09 or more in a
horizon or horizons at least 50 e¢m (20 inches) thick, apd a potentisl
linear extensibility of 6 cm or more in the upper 1 m (LO inches) of
the soll or the whole soil if a lithic or paralithic contact is deeper
than 50 em (20 inchea) but shallower than 1 m (LO inchesa); and

(3) more than 35 percent clay in horizons that total more than SO em

(20 inches) in thickness within the control section.

Andic Udifluvents, Udifluvents like the Typlc except for a.

Aquic Udifluvents. Udifluvents like the Typic except for b.

Thapto-Aquollic Udifluvents.

Udifluvents like the Typic except for b and c.

Thapto-Mollic Udifluvents. Udifluvents like the Typle except for c.

Vertic Udifluvents. Udifluvents like the Typic except for .d.

Ustifluvents. Fluventa that

1. have =0ll temperatures warmer than Cryofluventsj

2, are usually moist but are dry for 90 cumlative days or more in moat years in some
subhorizon between 18 and 50 em (7 and 20 inches) but sre not contimuously dry in
all subhorizons batween these depths for aa long as 60 consecutive days in more
than 7 out of 10 years unless either the mean annual soil temperature is 22°C

(72°F) or more or the mean summer and mean winter soil tempersturas at 50 om
(20 inches) depth differ by leas than 5°C (9*F).

Typic Ustifluvents. Ustifluvents that

a. have no mottles within 50 em (20 inches) of the surface with chromas of 2 or
less or at depths within 1.5 m (60 inches) of the surface have no horizens that
are saturated with water at some period or that are artificially drained and
that have chromas of less than 1 or hues bluer than 10Y;

b.

lack the following combination of characteristics:
(1) crackas at some period in most years that are 1 c¢m or more wide at a depth
of 50 em (20 inches), that are at least 30 em (12 inches) long in some

part, and that extend upward to the surface or to the base of an Ap
horizen; and

(2) a coefficient of linear extensibility (COLE) of 0.09 or more in a horizon

or horizons at least 50 cm (20 inches) thick, and a potential linsar
axtensibllity of 6 cm or more in the upper 1 m (LO inches) of the soil

or the whole soil if a lithic or parslithic contact is deeper than 50 cm
(20 inches) but shallower than 1 m (LO inches); and

(3) more than 35 percent clay in horizons that total more than 50 em (20 inches)

in thickness within the control section;

have no horizon within 1 m (4O inches) of the surface that is more than 15 cm
(6 inches) thick that contains either at least 20 percent durinodes in a non-
brittle matrix or is brittle and hes firm consistence when moist.

Aqule Ustifluvents. Ustifluvents like the Typlc except for a.

Aquic Vertic Ustifluvents. Watifluventa like the Typic except for a and b,
Durorthidic Ustifluventa,

Ustifluvents 1ike the Typic except for c.

Vertic Ugtifluventa, Ustifluvents 1like the Typle except for b.
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Xerofluvents. Fluvents that
1. have a mean ammmal soil temperature of 8°C (L7'F) or more but less than 22°C
(72°F), mean gummer soil temperature at 50 cm (20 inches) of 15°C (59°F) or
more, and have mean summer and mean winter soil temperatures at 50 cm (20 inches)
that differ by 5°C ($"F) or morej

2. are usually moist but are dry for 60 consecutive days or more in more than 7 out
of 10 years in all subhorizons between 18 and S0 cm (7 and 20 inches).

Typiec Yerofluvents. Xerofluvents that

&. are not saturated with water during some peried within 1.5 m (60 inches) of
the surface;

b. have no horizon within 1 m (LO inches) of the surface that is more than
15 em (6 inches) thick that contains either at least 20 percent durinocdes
in a nonbrittle matrix or is brittle and hes firm consistence when moist.

¢, lack the following combination of characteristics:

(1) cracks at some period in most years that are 1 cm or more wide at a
depth of 50 cm (20 inches), that are at least 30 cm (12 inches) long
in some part, and that extend upward to the surface or to the base of
an Ap horizon; and

(2) a coefficiant of linear extensibility (COLE) of 0.09 or more in & horizon
or horizons at least 50 cm (20 inches) thick, and a potential linear
extensibility of 6 cm or more in the upper 1 m (LO inches) of the soil
or the whole soi]l if a lithic or paralithic contact ia deeper than
50 cm (20 inches) but shallower than 1 m (LO inchea); and

{3) more than 35 parcent clay in horizons that total more than 50 em (20 inches)
in thickneas within the control section.

Aquic Xerofluvents. ZXsrofluvents like the Typic except for a.

Aquic Durorthidic Xerofluvents. ZXerofluvents like the Typic except for a and b.

Durorthidic Xerofluvents. Xerofluvents 1like the Typic except for b.

Vertic Xerofluvents. Xerofluvents like the Typic except for c.

Orthents., Entisols that

1. have textures of loamy very fine sand or finer in some horizon below the Ap horizen or
25 em (10 inches), whichever is deeper, but above a depth of 1 m (4O inches) or a
lithic or paralithie contact, whichever is shallower;

2. have no fragments of diagnostic horizons that can be identified and that occur more or
less without discernible order in the soil below any Ap horizon but within the series
control section;

3. have an organic matter content that decreases regularly with depth and reaches levels
of 0.35 percent (0.2 percent carbon) or less within a depth of 1.25 m (50 inches), or
within a depth of 25 em (10 inches) below the upper boundary of any layer that remains
frozen until two months after the summer solatice, whichever is shallower, or have mean
annual soil temperatures of O*C (32°F) or less;

L. are not permanently saturated with water and lack the characteristics associated with
wetness defined for Aquents.

Cryorthents. Orthents that have a mean annual sofl temperature of less than 8°C (L7*F)
end have a mean summer soil temperature at a depth of 50 cm (20 inches) or at a lithic
or parslithic contact, whichever is shallower, of either less than 15°C (59°F) if
cultivated or without an O horizon, or of less than 8°C (L7°F) if with an O hordizon.
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Typie Cryorthents. Cryorthents that

a. have no layer in the upper 75 em (30 inches) that has a texture finer than
loamy fine sand, that is as much as 18 cm (7 inches) thick, that has a bulk
density (at 1/3-bar tension) of 0.95 g/cc or less in the fine earth fraction,
and that has either (1; a ratio of maasured clay to 15~bar water (percentages)
of 1.25 or less, or (2) & ratio of CEC (at pH near 8) to 15-bar water of more
than 1.5 and more exchange acidity then the sum of bases plus KCl extractable
aluminum;

b. have no mottles with chromas of 2 or less within 50 em (20 inches) of the
surface;

c. have no lithic contact within 50 cm (20 inches) of the surface;
d. have a mean annual soil temperature of more than Q°C (32°F);
e. lack the following combination of characteristics:

(1) cracks at some period in most years that are 1 em or more wide at a
depth of 50 cm (20 inches), that are at least 30 em (12 inches) long
in some part, and that extend upward to the surface or to the base of
an Ap horizon; and :

(2) a coefficient of linear extensibility (COLE) of 0.09 or more in a horizon
or horizons at least 50 em (20 inches) thick, and a potential linear
extensibility of 6 em or more in the upper 1 m (LO inches) of the soil
or the whole soil if a lithic or paralithic contact is deeper than 50 e¢m
{20 inches) but shallower than 1 m (4O inches); and

(3) wmore than 35 percent clay in horizons that total more than 50 em
(20 incheg) in thickness within the control section;

f. have no horizon within 1 m (4O inches) of the surface that is more than
15 em (6 inches) thick that. contains either at least 20 percent durinodes
in a nonbrittle matrix, or 1s brittle and has firm consistence when moist.

Andic Cryorthents. Cryorthents like the Typic except for a.

Andic Aquic Cryorthents. Cryorthents 1like the Typic except for & and b.

Aquic Cryorthents, Cryorthents like the Typic except for b.

Lithie Cryorthents, Cryorthents like the Typic except for c.

Pergalic Cryorthents. Cryorthents 1ike the Typic except for d.

Vertic Cryorthents. OCryorthents like the Typic except for e.

Torriorthents. Orthents that

1.
2.

have soil temperatures warmer then those of Cryorthents;

are usually dry in most years in all parts of the soil between 18 and 50 em

(7 and 20 inches) or a lithic or a paralithic contact shallower than 50 em (20 inches)
or in som; subhorizon above a lithic or a paralithic contact shallower than 18 em

(7 inches).

Typie Torriorthents. Torriorthents that

a. have no horizon within 1 m (4O inches) of the surface that is mors than 15 cm
(6 inches) thick that contains either at least 20 percent durinodes in & non-
brittle matrix or is brittle and has firm consistence when moist;

b, have no 1lithic contact within 50 em (20 inches) of the surface;
c. lack the followlng combination of charactaristics:
(1) cracks at some period in most years that are )1 em or more wide at &
depth of 50 ecm (20 inches),. that are at least 30 em (12 inches) long

in soms part, and that extend upward to the surface or to ths base of
an Ap horizon; and
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Typic Torriorthents--Cont.

(2) =2 coefficlent of linear extensibility(COLE) of 0.09 or more in a horizon
or horizons at least 50 em (20 inches) thick, and a potential linear
extensibility of 6 cm or more in the upper 1 m (LO inches) of the soil
or the whole soil if a 1lithic or parelithic contact is deeper than
50 cm (20 inches) but shallower than 1 m (LO inches); and

(3) more than 35 percent clay in horizons that total more than 50 cm
(20 inches) in thickness within the control section.

Durorthidic Torriorthents. Torriorthentm like the Typic except for a.

Lithic Torriorthenta. Torrlorthents like the Typlc except for b.

Vertic Torriorthents, Torriorthents like the Typic except for c.

Troporthents. Orthents that

1. have a mean anmual =oil temperature of B*°C (L47°F) or more and have mean gummer
and mean winter soil temperatures at 50 cm (20 inches) that differ by less than
5*C (9°F);

2. are not dry in some subhorizon(s) between 18 and 50 cm (7 and 20 incheg) for as
mich ag 90 cumulative days in most years,

Typic Troporthents. Troporthents that

a. have no layer in the upper 75 em (30 inches) that has a texture finer than
loamy fine sand, that is as much as 18 em (7 inches) thick, that has a bulk
density (at 1/3-bar tension) of 0.95 g/ce or less in the fine earth fraction,
and that has either (1) & ratic of measured clay to 15-bar water (percentages)
of 1.25 or less, or (2) a ratio of CEC (at pH near 8) to 15-bar water of more
than 1.5 and more exchange acidity than the sum of bases plus KCl extractable
aluminum.

b. are not saturated with water during some period within 1.5 m (60 incheg) of
the surface;

¢. have no lithic contact within 50 em (20 inchas) of the surface;
d. 1lack the following combination of characteristics:

(1) cracks at some period in most years that are 1 em or more wide at a depth
of 50 cm (20 inches), that are at least 30 cm (12 inches) long in some part,
and that extend uwpward to the surface or to the base of an Ap horlzon; and

(2) a coefficient of linear extensibility (COLE) of 0.09 or more in a horizon
or horizons at least 50 cm (20 inches) thick, and a potential linear
extensibility of 6 em or more in the upper 1 m (4O inches) of the soil
or the whole soil if a lithic or paralithic contact is deeper than
50 cm (20 inches) but shallowsr than 1 m (LO inches); and

(3) more than 35 percent clay in horizons that total more than 50 em (20 inches)
in thickness within the control section; :

e. have no horizon within 1 m (LO inches) of the surfsce that is more than 15 cm
(6 inches) thick that contain either at least 20 percent durinodes in a non-
brittle matrix or is brittle and has firm consistence when moist.

Andic Troporthents. Troporthents like the Typic except for a.

Aquic Troporthents. Troporthents like the Typic except for b.

Lithic Troporthents. Troporthents like the Typic except for c.

Vertic Troporthentg. Troporthents like the Typie except for d.

Udorthents. Orthents that

1. have goil termperatures warmer than those of Cryorthents, and have mean sgmmar and
mean winter soil temperatures at 50 cm (20 inches) that differ by 5°C (9*F) or
more;
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2. are not dry in all subhorizons between 18 and 50 em (7 and 20 inches) in more than
7 cut of 10 years for as much as 60 consecutive days, and are not dry in some sub-
horizon between these depths for as much as 90 cumlative days in most years.

Typic Udorthents. Udorthants that

r.

have no layer in the upper 75 cm (30 inches) that has a textures finer than
loamy fine sand, that is as much as 18 em (7 inches) thick, that has a bulk
density (at 1/3-bar tension) of 0.95 g/cc or lsss in the fine earth fraction,
and that has either (1) & ratio of measured clay to 15-bar water {percentages)
of 1.25 or less, or (2) a ratio of CEC (at pH near B) to 15-bar water of more
than 1.5 and more exchange acidity than the sum of basss plua KCl extractable
aluminum.

are not saturated with water during some period within 1.5 m (60 inches) of the
surface;

have no lithie contact within 50 em (20 inches) of the surface;

have a control section with less than 50 percent by volums of worm holes, worm
cagts and filled animal burrows;

lack the following combination of characteristics:

(1) cracks at some period in most years that are 1 cm or more wide at a depth
of 50 em (20 inches), that are at least 30 cm (12 inches) long in some part,
and that extend upward to the surface or to the base of an Ap horizon; and

(2) a coefficient of linear extenaibility (COLE) of 0.09 or more in a hordzon,
or horizons, of at least 50 cm (20 inches) thick end a potantial linear
axtensibility of 6 em or more in the upper 1 m (L0 inches) of the soil
or the whole soil if a lithic or paralithic contact is deeper than 50 em
(20 inches) but shallower then 1 m (LO inchea); and

(3) more than 35 percent clay in horizons that total more than 50 em (20 inches)
in thickness within the control section;

have no horizon within 1 m (LO inches) of the surface that is more than 15 om
(6 inches) thick that contains either at least 20 percent durinodes in a nonbrittle
matrix or is brittle and has firm consistence when moist.

Andic Udorthents. Udorthents like the Typle except for a.

Aquic Udorthents. Udorthents like the Typic except for b.

1ithiec Udorthents. Udorthents like the Typic except for c.

Vermic Udorthents. Udorthents like the Typic except for d.

Vertic Udorthents. Udorthents like the Typic except for e.

Ustorthents.

Orthents that

1. have soil temperatures warmer than those of Cryorthents;

2. are usually moist but are dry for 90 cumulative days or more in most years in some
subhorizon(s) betwsen 1B and 50 em (7 and 20 inches) or above a 1lithic or a paralithic
contact ghallower than 50 em (20 inches) but are not continuously dry in all parts of
the soil between these depths or a lithic or a paralithic contsct shallower than 50 em
(20 inches) or in the subhorizon immediately above a lithic or paralithic contact
shallower than 18 em (7 inches) for as long as 60 consecutive days in more than 7 out of
10 years unless either the mean annusl soil temperature is 22°C (72°F) or higher or the
mean gummer and mean winter soil temperatures at 50 em (20 inches) depth or st s lithic
or paralithic contact, whichever is shellower, differ by less than 5°C (9°F), or both.

Typic Ustorthents, Ustorthents that

are not saturated with water during soms period within 1,5 m (60 inchas) of the
surface;

L
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b. have no horizon within 1 m (LO inches) of the surface that is more than
15 em (6 inches) thick that contains either at least 20 percent durinodes
in a nonbrittle matrix or is brittle and has firm consistence when moist;

c. have no lithic contact within 50 cm (20 inches) of the surface;

d. have a control section with less than 50 percent by volume of worm holes,
worm casts and filled animal burrows,

e. lack the following combination of characteristics:

(1) ecracks at soms period in most years that are 1 cm or more wide at a
depth of 50 cm (20 inchea), that are at least 30 cm (12 inches) long
in some part, and that extend upward to the surface or to the base of
an Ap horizon; and

(2) a coefficient of linear extensibility (COLE) of 0.09 or more in a
horizon or horizons at least 50 cm (20 inches) thick, and a potential
linear extensibility of 6 cm or more in the upper 1 m (LO inchas) of
the soil or the whole soll if a lithic or paralithic contact is
deeper than 50 e¢m (20 inches) but shallewer than 1 m (4O inches); and

(3) more than 35 percent clay in horizons that total more than 50 cm
(20 inches) in thickness within the control section.

Aquic Ustorthents. Ustorthents 1ike the Typic except for a.

Durorthidic Ustorthents. Ustorthents like the Typic except for b.

Lithic Ustorthents. Ustorthents like the Typic except for c.

Vermic Ustorthents. Ustorthents like the Typic except for d.

Vartic Ustorthents. Ustorthents like the Typiec except for e.

Xerorthents. Orthents that

1. have a mean summer soll temperature at 50 em (20 inches) of 15°C (59°F) or more
and a mean annusl soil temperature of 8*C (L47*F) or more but less than 22°C
(72°F) and mean summer and mean winter soil temperature at 50 em (20 inches)
that differ by 5*C (9°F), or more;

2. are usually moist but are dry for 60 consecutive days or more in more than 7 out
10 years in all asubhorizons between 18 and 50 em (7 and 20 inches) or a lithie
or a paralithic contact shallower than 50 em (20 inches) or in a subhorizon,
immediately above a 1lithic or a paralithic coptact shallower than 18 cm (7 inches).

Typic Xerorthents. Xerorthents that

8. are not saturated with water during soms season within 1.5 m (60 inches)
of the surface;

b. have no horizon within 1 m (LO inches) of the surface that is more than
15 em (6 inches) thick that contains either at least 20 percent durinodes
in 2 nonbrittle matrix or is brittle and has firm consistence when moist;

c. have no lithic contact within 50 em (20 inches) of the surface;
d. lack the following combination of characteristics:

(1) cracks at some period in most years that are 1 cm or more wide at
8 depth of 50 cm (20 inches), that are at lesgt 30 c¢m (12 inches)
long in some part, and that extend upward to the surface or to the
base of an Ap horizon; and

(2) a coefficient of linear extensibility (COLE) of 0.09 or more in a
horigon or horizons at least 50 em (20 inches) thick, and a potential
linear extensibility of 6 em or more in the upper 1 m (4O inches) of
the soil or the whole soil if a lithic or paralithic contact is deeper
than 50 em (20 inches) but ghallower than 1 m (L0 inches); end
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Typic Xerorthents--Cont.

(3) more than 35 percent clay in horizons that total more than 50 cm
(20 inches) in thickness within the control section.

Aquic Yerorthenta. ZXsrorthents 1like the Typic except for a.

Aquic Durorthidic Yerorthents. Xerorthents like the Typie except for a and b.

Lithic Xerorthents., Xerorthents like the Typic except for c.

Vertic Yerorthents., Xerorthents like the Typic except for d.

Psamments. Entisola that

1.

3.

C

have below the Ap horizon or 25 cm (10 inches), whichever is deeper, textures of loamy
fine sand or coarser in all parts elther to a depth of 1 m (4O inches) or to a lithic
or a paralithic contact, whichever is shallower;

have no fragmenta of diagnostic hordzona that can be identified and that occur more
or leas without discernible order in the soll below any Ap herizon but within the
serles control section.

are not permanently saturated with water and lack the characteriatics asgociated
with wetness defined for Aquents.

gamments, Psamments that have a mean annual soil temperature of less than 8*°C (L7*F)
and @ mean summer soil terperature at S0 em (20 incha’:g or at a lithic or a paralithic
contact, whichever is shallower, of either less than 15°C (59°F) if cultivated or
without sn O horizon, or less than 8°C (L7°F) if with an O horizon.

Typic Cryopsamments. Cryopssmments that

a. have no lamellae within 1.5 m {60 inches) of the soll surface that meat all
requirements for an arglllic horizon except thickness;

|
b. have no mottles with chromas of 2 or less within 50 cm (20 inches) of the l
surface; 1
¢. have a mean anmual soil temperature of more thsn 0*C (32°F).
d. have no lithic contact within 50 em (20 inches) of the surfaca.
Alfic Cryopsamments. Cryopsamments like the Typic except for a and have base satura-

iion of 35 parcent or more in some horizen less than 1.25 m (50 inches) below the
vppermost lamellee.

Aquic Cryopsamments. Crycpsamments like the Typic except for b.

Agquic Pergelic Cryopsamments. Crycopsamments like the Typic except for b and c.

Lithic Cryopsamments. Cryopsamments like the Typic except for d.

Qu!rt.zinsamnenta; Pasamments that

1. have soil temperatures wdrmer than those of Cryopsamments;

2. have a sand fraction that 1s more then 95 percent quartz, zircon, tourmaline, rutile,
or other normally insoluble minerals that do not weather to liberate iron or aluminum;

Typle Quartzipsamments. Quartzipsamments that

8. have no mottles to a depth of 1 m (LO inches) that have chromas of 2 or less, or
if the color 1s due to unccated sand grains, a ground water table is within
1 m (LO inches) of the soil surface for less than 60 cumilative days in most
years;

b. have no alble horlzon st the surface or immediately underlying an Al or Ap
horizon that is underlain by another horizon having values more than 1 unit
darker or having chromas of 6 or more;
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Typic Quartzipsamments--Cont.

¢. have no lithic contact within 50 em (20 inches) of the surface;

d. have a clay fraction with a higher CEC than that of the clay of an oxic

horizon;
e, have le;s than S percent plinthite in all horizons to a depth of 1 m (LQ inches).

Agquic Quartzipsamments. Quartszipsamments like the Typic except for a.

" Aquodic Quartzipsamments. Quartzipsammenta like the Typic except for b and have a
ground water table within 1 m (4O inches) of the soil surface for 6 months or
more in most years, or are artificislly drained, and lack sufficient free iron
to turn redder on ignition.

Lithic Quartzipsamments. Quartzipsamments like the Typic except for c.

" Lithic Spodic Quartzipsamments. Quartzipsamments like the Typic except for b and c.

Oxic Quartzipsamments. Quartzipsamments like the Typic except for d with or without e.

Spodic Quartzipsamments. Quartzipsemments like the Typic except for b.

Torripsamments, Psammenta that
1. have soil temperatures warmer than those of Cryopsamments;

2. are usually dry in most years in all parts of the soil between 18 em (7 inches)
and 50 cm (20 inches) or a lithic or paralithic contact shallower than 50 em
(20 inches) or in some subhorizon above a lithie or a paralithic contact shallower
than 18 cm (7 inches);

3. have in the sand fraction, less than 95 percent quartsz, zircon, tourmaline, rutile,
or other normally 1lnsoluable minerals that do not weather to liberate iron or
aluminum;

Typic Torripssmments. Torripsamments that

8. have no lithlc contact within 50 cm (20 inches) of the surface;

b. have no lamellae within 1.5 m (60 inches) of the scil surface that meet all
requiremsnts for an argillic horizon except thickneas; #

¢. have no horizon within 1 m (4O inches) of the surface that is more than
15 cm (6 inches) thick that contains either at least 20 percent durinodes
in a nonbrittle matrix or is brittle and haegs firm consistence when moist.

Lithic Torripsamments. Torripsamments like the Typic except for a,

Udigaammenta. Pgamments that

1. have s0il temperatures warmer than those of Cryopsamments and mean summer and
mean winter soil temperatures at 50 em (20 inches) that differ by 5°C (9°F), or more;

2. are not dry in all subhorizons between 18 and 50 cm (7 and 20 inches) or a lithic
or a paralithic contact shallower thsn 50 cm (20 inches) or in all subhorizons above
8 lithic or a paralithic contact shallower than 18 cm (7 inches) in more than 7 out
of 10 years for as much as 60 consecutive days, and are not dry in some subhorizon
between these depths for as mach ag 90 cumulative days in most years;

3. have in the gand fraction, less than 9% percent quartz, zircon, tourmaline, rutile,
or other normally insoluble minerals that do not weather to liberate iron or aluminum.

Typic Udipsamments. Udipsamments that

8. have no lamellae within 1.5'm (60 inches) of the soil surface that meet all
requirements for an argillic horizon except thickness;

b. bave no mottles with chromas of 2 or less to a depth of 1 m (LO inches);
# Clay content cannot be sstimated with precision in lamella-that are very thin. The lamella

in alfic subgroups are usually observed to be about 0.5 to 1 em thick but the total thickness
is less than the required 15 cm (6 inches) for an argillic horizon, '
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Typic Udipsammenta--Cont.

¢. have no lithic contact within a depth of 50 ecm (20 inches);

d. have no albic horizon that is underlain by a horizon having color values
1 unit or more darker.

Alfic Udipsarmments. Udipsamments 1ike the Typic except for a and have base gaturation
of 3o percenf or more in some horizon less then 1.25 m (50 inches) below the
uppermost lamella.

Aquie Udipsamments. Udipsamments like the Typic except for b,

Lithic Udipsamments. Udipsamments like the fypic except for c.

Spodic Udipsamments. Udipsamments like the Typic excep;t for d.

Ultic Udipsemments. Udipsamments like the Typic except for a and have base saturation
of less than 35 percent in seme horizon less than 1.25 m (50 inches) balow the
uppermost lamella.

Ustipsamments. Psamments that
1, have soil temperatures warmer than those of Cryopsamments;

2. are usually moist but are dry for 90 cumlative days or more in most years in some sub-
horizon(s) betwsen 18 and 50 em (7 and 20 inches), or above a lithic or a paralithic
contact shallewer than 50 em (20 inches) btut are not continuouvaly dry in all sub-
horizons between thesa depths or a lithic or a paralithic contact shallower than
50 cm (20 inches) or in & subhorizon immediately sbove a lithic or paralithic
contact shallower than 18 em (7 inches) for as long as 60 consecutive days in more
than 7 out of 10 years unless either:

\

a. the mean annual soil temperature is 22°C (72°F) or more; or

b. the mean summer and mean winter soil tempersatures at 50 em (20 inches)
depth differ by less than 5°C (9°F), or both;

3, have in the sand fraction, less than 95 percent quartsz, zircen, tourmaline, rutile,
or other normally insoluble minerals that do not weathsr to liberate iron or
aluminum, .

Typic Ustipsamments. Ustipsemments that

a, have no lamellae within 1,5 m (60 inches) of the soil surface that meet all
requirements for an argillic horizon except thickness; #

b. have no mottles with chromas of 2 or lesas to a depth of 1 m (LO inchea);
¢. have no lithie contsct within 50 cm (20 inches) of the surface;
d. have no horigon within 1 m (4O inches) of the surface that ia more than
15 em (6 inches) thick that contains either at least 20 percent durinodes in
a nonbrittle matrix or is brittle and has firm consistence when moist.
Alfic Ustipsammentas. Ustipsamments like the Typic except for a and have base saturation

of 35 percent or more in some horizon leas than 1.25 m (50 inches) below the
uppermost lamellae.

Aquic Ustipsammants. Ustipsamments 1ike the Typic except for b,

Iithic Ustipsamments. Ustipsamments like the Typic except for c.

Yeropsamments. Psamments that

1. have a mean summer soil temperature at 50 em (20 inches) of 15°C (59"F) or more
and a mean annual soll temperature of 8°C (L7°F) or more but less than 22°C (72*F)
and mean gurmer and mean winter soil temperatures at 50 cm (20 inches) that differ
by 5*C ($*F), or more; .

- % Clay content cannot be estimated with precision in lamella that are very thin, The lamslla
in alfic subgroups are usually observed to be about 0.5 to 1 em thick but the total thickness
is less than the required 15 cm (6 inches) for an ergillic horizon.
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XeroEsamments——Cont.

2. are usually moist but are dry for 60 consecutive days or mors in more than 7 out
of 10 years in all subhorizons between 18 and 50 cm (7 and 20 inches) or a lithic
or a paralithic contact shallower than 50 cm (20 inches) or in the subhorizon
irmediately above & lithie or a paralithic contact shallower than 18 cm (7 inches);

3., have in the sand fraction, less than 95 percent quartz, zircon, tourmaline, rutile,
or other normally ingoluble minerals that do not weather to liberate iron or
aluminum.

Typic Xeropsamments. Xeropsamments that

a. have no lamellae within 1.5 m (60 inches) of the soil surface that meet all
requirements for an argillic horizon except thickneas;

b. have no mottles with chromas of 2 or less to & depth of 1 m (4O inches);
¢, have no horizon within 1 m (LO inches) of the surface that is more than 15 cm
(6 inches) thick that contains either at leaat 20 percent durinodes in a non-
brittle matrix or is brittle and has firm consistence when molst;
d. have no lithic contact within 50 cm (20 inches) of the surface.
Alfic Xeropsamments. Xeropsamments like the Typ{c except for a and have base saturation

of 35 percent or more in some horizon less than 1.25 m (50 inches) below the upper-
mogt lamellae. ) .

Aquic Xeropsarments. Xeropsamments like the Typic except for b.

* Clgy content cannot be estimated with precision in lamella that are very thin. The lamella
in alfic subgroups are usually obgerved to be about 0.5 to 1 em thick but the total thickness
is less than the required 15 em (6 inches) for an argillic horizon,



VERTISOLS: ORDER 2

Mineral soils without a lithic or paralithic contact within 50 em (20 inches) of the soil surface
that after the upper 18 cm (7 inches) are mixed, have 30 percent or more clay in all horizons down to
& lithic or a paralithic contact, to a caleic horizon, or to 1 m (4O inches) whichever is shallower; at
some perlod in most years, have cracks at least 1 cm wide st a depth of 50 ¢em (20 inches); and have one
or more of the following:

1. gilpgai;
2. &t some depth between 25 cm and 1 m (10 and 4O inches) slickensides close enough to intersect;

3. at some depth between 25 e¢m and 1 m (10 and LO inches) wedge-shaped or parsllelepiped natural
structural ageregates with their long sxes tilted 10 to 60 degrees from the horizontal.

Torrerts. Vertisols that are usually dry and have cracks that remain open throughout the year
In most years; if imundated, the cracks may close for variable periods; if cultivated, the cracks
nay extend upwards only to the lower boundary of the Ap herlzon.

Torrerts, The definition of Torrerts at the great group level is equivalent to that at the
suborder level,

Typie Torrerts. Torrerts that

a, have a moist color value of 3.5 or more in more than half of aach pedon
in the =surface horizon or the horizon that is darker than this is less than
30 em (12 inches) thick;

b. have no prizmatic or blocky structure with clay skins on ped faces that have
color values lower than in the matrix within 1 m (LO inchea) of the soil surface.

Mollic Torrerts. Torrerts like the Typic except for a.

Paleustollic Torrerts. Torrerts like the Typic except for b.

Uderts. Vertisols that are usually moist in some part in most years and have cracks that open
end close one or more times during the year but do not remain open for as many as 90 cumulative
days during the yesr in most years or for as many as 60 consecutive days in more than 7 out of
10 ywars and in a few years the soila may not crack.

Chromuderts. Uderts that have moist chromas of 1.5 or mora throughout the upper 30 cm
ncha#) in more than half of each pedon.

Typic Chromuderts. Chromuderts that

a. lack distinct or prominent mottles within 50 em (20 inches) of the gurface;

b, have color values of leas than 3.5 when moist and less than 5.5 when dry
throughout the upper 30 cm (12 inches) in more than half of each pedon.

Aquic Chromuderts. Chromderts like the Typic except for a.

Aquic Entiec Chromuderts. Chromuderts like the Typic except for a and b.

Entic Chromuderts. Chromuderts like the Typic except for b.

Pslluderts. Uderts that have moist chromas of less than 1,5 throughout the upper 30 cm
nches) in more than half of each pedon.

Typic Pelluderts. Pelluderts that
a., have in gll subhorizons to a depth of 1 m (4O inches) dry and moist chromas

of less than 1.5, or if chromas are 1.5 or higher there are distinct or
prominent mottles or concretions due to segregated Fe or Mn;

b. have color values of less than 3.5 when moist and less than 5,5 when dry
throughout the upper 30 em (12 inchee) in more then half of each pedon.

Chromic Pelluderts. Pelluderts like the Typic except for a.

Entic Pelluderts, Pelluderts like the Typic except for b.
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Vertisols that have cracks that remain open for 90 cumulative days or more during

The year but not throughout the year in most years and one or more of the following:

1.
2.

3.

cracks that open and close more than once during the year in most years;
a mean annual soil temperature of 22°C (72°F) or more;

a mean summer and mean winter soil temperature at 50 cm (20 inches) depth that differ

by less than 5°C (9°F).

Chromusterts. Usterts that have moist chromas of 1.5 or more throughout the upper 30 cm
{12 Inches) in more than half of each peden. '

Typic¢ Chromusterts. Chromusterts that

a. have color values of less than 3.5 when moist and less than 5.5 when dry
throughout the upper 30 cm (12 inches) in more than half of each pedon;

b. lack & prismatic or blocky structure with clay skins on ped faces that
have color values lower than in the matrix within 1 m (4O inches) of the
s0il surface;

c. have cracks that remain open for more than 150 cumlative days during the
year if meen annual soil temperature is more than 15°C (59°F).

Entic Chromusterts. Chromusterts like the Typic except for a.

Palsustollic Chromuisterts. Chromusterts like the Typlc except for b,

Udie Chromusterts. Chromusterts like the Typic except for ¢ and have cracks that
remain dpen Irom 90 to 150 cumlative days during the year.

Udorthentic Chromisterts. Chromusterts like the Typic except for a and c.

Pellusterts. Usterts that have moist chromeas less than 1.5 throughout the upper 30 em

12 inches), in more than half of each pedon.

Typic Pellusterts. Pellusterts that

@. have in 21l subhorizons te a depth of 1 m (4O inches) dry and moist chromas
of less than 1.5, or if chromas are 1.5 or higher there &re distinct or
prominent mottles or concretions due to segregated Fe or Mn;

b. have color values of less than 3.5 when moist and less than 5.5 when dry
throughout the upper 30 em (12 inches) in more than half of each pedon;

¢. have cracks that remain open for more than 150 cumulative days during the
year if the mean annual soil temperature is more than 15°C (59°F);

d. lack & prismatic or blocky structure with clay skins on ped faces that
have color values lower than in the matrix within 1 m (LO inches) of the
soil surface.

Chromic Pellusterts. Pellusterts like the Typic except for a.

Chromic ¥ntic Pellusterts. Pellusterts like the Typic except for a and b.

Chromudie Pellusterts. Pellusterts like the Typic except for a and e.

Entic Pellusterts. Pellusterts like the Typic except for b.

Paleustoliic Pellusterts. Pellusterts like the Typle except for d with or without c.

Udic Pellusterts. Pellusterts like the Typic except for c.

Udorthentic Pellusterts. Pellusterts like the Typie except for b and c.
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Yarerts., Vertisols that have cracks that open and close once each year and remain open for
&0 consecutive days or more in more than 7 out of 10 years and have mean annual soil temperatures

less than 22°C (72*F), and mean summer and mean winter soil temperatures at 50 cm depth (20 inches)
that, differ by 5°C (9*F) or more.

Chromoxererts. Xererts that have moist chromas of 1.5 or more throughout the upper 30 cm
nches) in more than half of each pedon.

Typic Chromoxererts. Chromoxererts that

a. 3lack distinct or prominent mottles within 50 em (20 inches) of the surface;

b. have color values of leas than 3.5 when moist and less than 5.5 when dry
throughout the upper 30 em (12 inches) in more than half of each pedon.

Aquic Chromoxererts. Chromoxererts like the Typic except for a.

Aquic Entic Chromoxererts. Chromoxererts like the Typic except for a and b.

Entic Chromoxererts. Chromoxererts like the Typic except .for b.

Pelloxererts. xererts that have moist chromas less than 1.5 throughout the upper 30 ecm
ncheg) in more than half of each pedon.

Typic Pelloxererts. Pelloxererts that

a. have in all subhorizons to a depth of 1 m (LO inches) dry and moist chromas
of less than 1.5,or if chromas are 1.5 or higher there are distinct or
prominent mottles or concretions due to segregated Fe or Mn;

b. have color values of less than 3.5 when moist and less than 5.9 when dry
throughout the upper 30 cm (12 inches) in more than half of each pedon.

Chromic Pelloxererts. Pelloxarerts like the Typle except for a.

Chromic Entic Pelloxererts, Pelloxererts like the Typic except for a and b.

Entic Pelloxererts. Pelloxersrts like the Typic except for b.
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Inceptisols are mineral soils that have no spodie, srgillic, natrie, or oxic horizon unless it is
a buried horizon; that have no plinthite that forms a continuous phagse within 30 cm (12 inches) of the
mineral surface; and either:

1. Are usually moist between 18 and 50 em (7 and 20 inches) or above a 1lithic or a
paralithic contact shallower than 50 em (20 inches); that lack a salie, or gypsic
horizon within 1 m (LO inchea) of the surface; and that have one or more of the
following:

a. A conductivity of the saturation extract at 25°C (77°F) of less than 2 mmho per cm
down to whichever of these depths is least: a lithic or a paralithic contact or
within 1,25 m (50 inches) of the surface if particle-size classes are sandy, 90 cm
(35 inches) if loamy, and 75 em (30 inches) if clayey; and, if without a fragipan,
with inerease in depth in the € horizon hut above the depths for the different
particle-gize classes specified above, either there is no increase in saturation
with Na plus K or there is exchange acidity in excess of Na plus K; and with one
or more of:

(1) A cambic or a calcic horizon or both;
(2) A fragipan that has no clay skins as thick as 1 mm;
(3) A duripan with its upper boundary within 1 m (LO inches) of the surface.

b. Artificial drainage or saturation with water at some period of the year when not
frozen, and at depths of less than 50 em (20 inches) or immediately underlying an
umbric epipedon, have a horizon with dominant moist colers on ped faces, or
in the matrix if peds are absent, as followa:

(1) If there is mottling, chromas are 2 or less;
(2) If there is no mottling, chromas sre 1 or less".

¢. Sodium saturation of more than 15 percent in some part of the upper 50 cm (20 inches)
that decreases with depth below 50 cm (20 inches) and the soil is saturated with water
at some period within a depth of 1 m (40 inches); or

2. Have an umbric, histie, or plaggen epipedon; or a mollic epipedon with one or more of the
following combinations of properties:

#H
8, A bulk density  of the fine earth fraction of leas than 0.85 g per cc in the epipedon
or the cambic horizon or both, and the exchange complex is dominated by amorphous

materials;,

rlyin
b. N'%g# 18 7drizon with bage saturation of less than 50 percent (by NH;,OAc) throughout

or decreasing to less than 50 percent at a depth of 1.8 m (72 inches) below the
surface, whichever iz shallowver;

c¢. The mean summer and mean winter soil temperaturas differ by less than 5°C (9*F) when
measured at & depth of 50 em (20 inches) or at a lithic or a paralithic contact,
whichever iz shallower, and one or both of:

(1) 35 percent or more clay with montmordillonitic mineralogy, and the epipedon rests
on materials with less than LO percent CaG03 equivalent;

aturation—t a—Tlezs—t

oyt or decreasing to lasg thapn 50 perce epth_of

Andepts, ~ Inceptisols thamd dry values the mell  epipecasn AFE hi darker {4, ”
these ¢f  the under lying bursi

1. have one or both of: , ¢ JErJ tng Pekizen

a. a bulk density of the fine earth fraction of the soil of less than 0.85 g per
cc in the epipedon or the cambic horizon, or both, and the exchange complex
is dominated by amorphous material;

b. mora than 60 percent of vitric volcanic ash, cinders, or other vitric pyroclastic
material in the silt, sand, and gravel fractions;

2. are not saturated with water at any period or lack the characteristics assoeiated
with wetneas defined for Aquepts;

3. .lack a plaggen epipedon.

# If huea are redder than 10YR because of red parent materials that remain red after citrate-
dithionite extraction, the requirement for low chromas is waived.
#  Bulk density at field capacity (1/3-bar tenaion).
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Cryandepts. Andepts that have a mean ammual 30il temperature of less than 8°C (L7°F)
and a mean summer 80il tempersture at 50 ¢m (20 inchea) or a lithic or paralithic
contact, whichever ie shallowsr, of lesg than 15°C (59°F) if cultivated or without
an O hordzon, or of less than 8°C (47*F) if with an O horizen.

Typic Crysndepts. Cryandepts that

a. lack mottles with chromas of 2 or less within 1 m (LO inches) of the surface;

b. are not thixotropic aﬁd the 15-bar water retention is less than 20 percent on the
average_of the series control section.
¢. lack a lithic contact within 50 em ?20 inches) of the surface;

d. have an umbric apipedon or a horizon that meets the requirements of an
umbric epipedon if its upper boundary is within 50 em ?;O inches) of the
surface;

e. have a mean annual goil temperature of more than 0°C (32°F).

Aquic Cryandepts. Crysndepts like the Typic except for a,
Dystric Cryandepts. Cryandepts like the Typic except for b with or without d.

Dystric Lithic Cryandepts. Cryandepts like the Typic except for b and c.

Lithic Cryandepts. Cryandepts like the Typic except for c.

Durandepts. Andepts that

1.
2.
3.

have a duripan within 1 m (4O inches) of the surtace;
have soil temperstures warmer than Cryandepte;
lack clays that dehydrate irreversibly into gravel-size aggregates.

(Durandepts are not known to occur in the United States and subgroups have not
been developed,)

Dystrandepts. (formerly Nermandepts) Andepts that

1.

2,

3.
L.

have an umbric or ochric epipedon and are thixotropic in scme horizon or the
15-bar water retention is 20 percent or more based on the average for the whols
80il between 25 cm and 1 m (10 and LO inchea) or a 1lithic or paralithic centact,
whichever is shallower;

have soil temperatures warmer than those of Cryandepts;

lack claya that dehydrate irreversibly into gravel-size aggregates;
lack a duripan,

Typic Dystrandepts. Pellandepts that

a. lack mottles with chromas of 2 or less within 1 m (4O inches) of the surface;
b, have an umbric epipedon 25 cm (10 inches) or more thick;

c. are not thixotropic in some horizon between 25 cm and 1 m (10 ard LO inches);
d. lack a lithic contaet within 50 em (20 inches) of the surface;

€. have cation exchange capacity of more than 30 meq per 100 g soil
(by NHjOAc) in all horizons above a lithic contact or 1 m (kO i_.nchea)-

Entic Dystrandepts. Dystrandepts like the Typic except for b.

Hydric Dystrandepts. Dystrandepts like the Typic except for c.

Hydrdic Lithic Dystrandepts. Dystrandepts like the Typic except for ¢ and d.

Oxic Dystrandept=, Dystrandepts like the Typic except for e.

Butrandepts. (fecmerly Mollandepts) Andepte that

1.

have a mollic epipedon and are thixotropic in some horizon or the 15-bar water
retention is 20 percent or more based on ths average for the whole soil between

25 em and 1 m (10 and L0 inches) or a lithic or parslithic contact, whichever is
shallower;
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Eutrandepta--Cont.

2. have goil tempsraturea warmer than those of Cryandepts;
3. 1lack elays that dehydrate irreversibly into gravel-size aggregates;:

L. lack a duripsn within 1 m (LO inches) or a fragipen.
Typic Entrandepts. Eutrandepts that

a. lack mottles with chromas of 2 or less within 1 m (LO inchea) of the surface;
b. have a mollic epipedon 25 em (10 inches) or more thick;

c¢. lack a 1ithie contact within 50 em (20 inches) of the surface;

d, lack a subhorizon with soft, powdery, secondary lime within 1.5 m (60 inchea)
of the surface.

Aquic Futrandepts. Eutrandepts like the Typic except for a.

Entic Eutrandepts. FEutrandepts like the Typie except for b,
Lithie Butrandepts. Eutrandepts like the Typlc except for c.
lithic Ustollie Eutrandepts. BEutrandepts like the Typic except for ¢ and d.

Ustollie Eutrandepts. Eutrandepts like the Typic except for d.

Hydrandepts. Andepts that

1. have clays that dehydrate irreversibly into gravel-size aggregates;

2, have goil temperatures warmer than those of Cryandepts.
Typic Hydrandepts. Hydrandepts that
a, lack a lithic contact within 50 cm (20 inches) of the surface.

Lithic Hydrandepts. Hydrandepts like the Typic except for a.

Vitrandepts. Andeptz that
1. are not thixotropic and the 15-bar water retention is less than 20 percent bassd on
the average for the whole soil between 25 cm and 1 m (10 and LO inchea) or a lithic
or paralithic contact, whichever is shallower;
2. have soil temperatures warmer than those of Cryandepta;
3. 1lack clays that dehydrate irreversibly into gravel-size aggregates;
L. lack a duripan within 1 m (LO inches).

Typic Vitrandepts. Vitrandepts that

8. lack mottles with chromas of 2 or less within 1 m (LO inches) of the surface;
b. lack a lithic contact within 50 cm (20 inches) of the surface;
¢. have an ochric epipedon.

Aquic Vitrandepta. Vitrandepts like the Typic except for a.

lithic Vitrandepts. Vitrandeptsz 1like the Typic except for b.

Lithic Mollic Vitrandepts. Vitrandepts like the Typic except for b and c¢ and have
a mollic epipedon.

Lithic Umbric Vitrandepts, Vitrandepts like the Typic except for b and ¢ and have
an umbric epipedon. :

Mollic Vitrandepts. Vitrandepts 1like the Iypic'except for ¢ and have a mollic epipedon.

Umbric Vitrandepts. Vitrandepts like the Typic except for ¢ and have an umbriec epipedon.




92

Inceptisols

Aquepts. Inceptisols that either:

1.

have sodium saturation that is 15 percent or more in some part of the upper 50 em
(20 inches) and that decresses with depth below 50 em (20 inches) and the soil is
saturated with water at some perioed of the year within a depth of 1 m (LO inches) s Oorg

are saturated with water at some period of the year or are artificially drained and
that have at depths of less than 50 em (20 inches) characteristics associated with
wetness, namely, one or more of the followings:

a., a histic epipedon;

b, molst colers on ped faces, if peds are present, or dominant colors in the matrix
as follows:

(1) if there is mottling within the horizon, chromas are 2 or less;

(2) if there is no mottling chromas are 1 or less; if hues are redder than 10YR
because of red parent materials that remsin red after citrate-dithionite
axtraction, the requlrement for low chroma is walved.

Andaquepts. Aquepts that

1. have a bulk density of the fine earth fraction of the s0il of less than 0.85 g
per cec in some horizon and an exchange complex that is dominated by smorphous .
materials or vitric voleanic ash, einders, or other vitric pyroclastic materials
constitute 60 percent or more of the silt, sand, and gravel fractions;

2. have soil temperatures warmer than those of Cryaguepts;

3. have less than 15 percent saturation with sodium in the upper 50 em (20 inches)
or have saturation that is constant or increases with depth below 50 cm (20 inches);

L. have an N value of 0.5 or less in some layar between 20 and 50 ¢m (8 and 20 inches);

5. have no plinthite that forms a contimucus phase or constitutes more than hslf
of the matrix within 1.25 m (50 inches) of the surface;

6. lack a fragipan.
Typic Andaquepts. Andaquepts that

a., have in 60 percent or more of the matrix in all subhorizons between the Al and
Ap and 75 em (30 inches) one or more of the followlng:

(1) 4f mottled and if Yues are 2.5Y or redder &nd moist values are 5 or
more, moist chromas are 2 or less;

(2) 1if mottled and if hues are yellower than 2.57, moist chromas are 2 or less;
(3) 4if with or without mottlea, moist chromas are 1 or less;

b. have an umbric epipedon.
Aeric Andaquepts. Andaquepts like the Typic except for a.

Aerie Mollic Andaquepts. Andaquepts like the Typic except for a and b and have a mollic
epipedon,

Hsplic Andaquepts. Andaquepts like the Typie except for b and have sn ochrie epipedon.

Mollic Andaquepts. Andaquepts like the Typic except for b and have a mollic epipedon.

Cryaquepts. Aquepts that

1. have a mean anmal soll temperature of laezs than 8*C(47°F) and have 2 mean summer
soil temperature at 50 em (20 inches) or at a lithic or a paralithic contact,
whichever is shallower, of less than 15°C (59"F) if they are drained and either
cultivated or lack an 0 horizony of less than 8°C (47°F) if they are drained and
have an 0 horizon or @ histic epipedon; and less than 6°C (43°F) if they are
undrained and have an O horizen or a histic epipedon;

2. have an N value of 0.5 or less in some horizon between 20 and 50 cm (8 and 20 inches)
or the mean annual soil tempsrature is 0°C (32°F) or lass.
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Iypic Cryaquapts. Cryaquepts that

a, have in 60 percent or more of the mass of all horizong between 15 and
50 em (6 and 20 inches), chromas of 2 or leas;

b. lack a layer in the upper 75 cm (30 inches) that has a texture finer than loamy
fine sand, that is as much as 18 em (7 inches) thick, that has a bulk density
(at 1/3-bar tension) of 0.95 g/cc or less in the fine earth fraction, and that
has either (1) a ratio of measured clay to 15-bar water (percentagess of 1.25
or less, or (2) a ratio of CEC (at pH near 8) to 15G-bar water of more than 1.5
and more exchange acidity than the sum of bases plus KCl extractable aluminum.

c¢. lack a histic epipedon;

d, 1lack an umbrie or a mollic epipedon;
e. lack a lithic contact within 50 cm (20 inches) of the surface;

f. have a mean annual soil temperasture of more than 0°C (32°F).

Aeric Cryaquepts. Cryaquepts 1ike the Typic except for a.

Aeric Humic Cryaguepts. Cryaquepts like the Typic except for a and d.
Andic Cryaquepts. Cryaquepts like the Typic except for b or b and d.

Andic Histic Cryaquepts. Cryaquepts like the Typic except for b and ¢.

Histic Cryaquepts. nyaquepts like the Typic except for ¢ or c and d.

Histic Lithic Pergelic Cryaquepts. Cryaquepts like the Typic except for c, e and £,

Histic Pergelic Cryaquepts. Cryaquepts like the Typic except for ¢ and f.

Humic Cryaquepts. Cryaquepts like the Typic except for d.
Lithic Pergelic Cryaquepts. Cryaquepts like the Typic except for e and f.

Pergelic Cryaquepts. Cryaquepts like the Typic except for f.

Fragiequepts. Aquepts that

1.

have a fragipan;
have soil terperatures wermer than those of Cryaquepts;

have lesg than 15 percent saturation with sodium in the upper 50 cm (20 inches)
or have saturation with sodium that is constant or increases with depth below
50 em (20 inches);

have no plinthite that forms a continuous phase or constitutes more than half
of the matrix within 1.25 m (50 inches) of the surface.

Typic Fragiaquepts. Fragiagquepts that

Ae

a. have an ochric epipedon;

b. have colors diagnostic of the Aquepts in all horizons below the plow layer
or, if there is no plow layer, below 15 em (6 inches) and down to a depth of
75 em (30 inches) or more.

Hu,

ric Fragiaquepts. Fragiaquepts like the Typic except for b,

mic Fragiaquepts. Fragiaquepts like the Typic except for &.
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Halaquepts. Aquepts that

1. have sodium saturation that is 15 pesrcent or more in some part of the upper
50 em (20 inches) and that decreases with depth below 50 cm (20 inches) and
the soil is saturated with water at some period within a depth of 1 m (LO inches).

2. have an N value of 0.5 or less in some layer bstween 20 and 50 cm (8 and 20 inches);
3. have soil temperatures warmer than those of Cryaquepts;

k. have no plinthite that forms a contimious phase or constitutes more than half of
~ the matrix within 1.25 m (50 inches) of the surface.

ic Hala ts, Halaquepts that

8. have chromas of 2 or less in hues of 5Y or redder in 60 pereent or more of the
matrix in all subhorizons between 15 and 75 e¢m (6 and 30 inches);

b. 1lack a layer in the upper 75 em (30 inches) that has a texture finer than loamy
fine sand, that is as much &8 18 em (7 inches) thick, that has a .bulk density
(at 1/3-bar tension) of 0.95 g/cc or less in the fine earth fraction, and that
has either (1) a ratio of measured clay to 15-bar water (percsntagesj of 1.25
or leas, or (2) a ratio of CEC (at pH near 8) to 15-bar water of more than 1.5
and more exchange acidity thean the sum of bases plus KCl extractable aluminum.

¢. have an organic matter content that decreases regularly with depth and, unless
a lithic or a paralithic contact occurs at shallower depths, reaches levels of
0.35 percent (0.2 percent organic carbon) within 1,25 m (50 inches) of the
surface;
d. have an ochric epipedon.
Aeric Halagquepts. Halaquapts like the Typic except for a.
Rerlc &ndic Ha-ﬁgueﬁta. Halaquepts like the Typic except for a and b.
naic aquepts. Halaquepts 1ike the Typlc except for b.
Fluventic Halaquepta., Halaquepts like the Typic except for ¢ with or without a.

Haplagquepts. Aquepts that

1. have soil temperatures warmer than those of Cryaquepts and have mean summer and
mean winter soll temperatures at 50 cm (20 inches) that differ by 5°C (9°F) or more;

2. have an ochric epipedon;

3. have an exchange complex that is thed by cryatalline aluminosilicate clay
minerals and have less than 60 percent vitric volcanic ash, cinders, or other vitric
pyroclastic materials in the silt, sand, and gravel fractions;

L, have an N value of 0.5 or less in some layer between 20 and 50 cm (8 and 20 inches);

5. have less than 15 percent saturation with sodium in the upper 50 cm (20 inches)
or with saturation that is constant or increases with depth below 50 cm (20 inches);

6. lack a fragipan;

7. have no plinthite that forms a contimous phase or constitutes more than half of
the matrix within 1,25 m (50 inches) of the surface.

Typic Haplaquepts. Haplaquepts that

a. have in 60 percent or more of the matrix in all subhorizons between the Al or
Ap and 75 cm (30 inches) one or more of the following:

(1) if mottled and mean annual soil temperature is less than 15°C (59°F)
noist chromas are 2 or less; .

(2) if mottled and meen anmual soil temperature is 15*°C (59°F) or more:
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Typic Haplaquepts--Cont.

(a) in hues of 2,5Y or redder” and moist values more than 5, moist
chromas are 2 or less,

(b) in hues of 2,5Y or redder and moist values of 5 or less, moist
chromas are 1 or less,

(c) in hues yellower than 2.5Y, moist chromas are 2 or less;

(3) moist chromas are 1 or less with or without mottles.

b. lack a layer in the upper 75 cm (30 inches) that has a texture finer than
loamy fine sand, that is as much as 18 cm (7 inchea) thick, that has a bulk
density (at 1/3-bar temsion) of 0.95 g/cc or less in the fine earth fraction,
and that has either (1) a ratio of measured clay to 15-bar water (percentages)
of 1.25 or less, or (2) a ratio of CEC (at pH near 8) to 15-bar water of more
than 1.5 and more exchange acidity than the sum of bases plus KC1 extractable
aluminum.

¢. have organic matter content that decreases regularly with depth and, unleas
a lithic or a paralithic contact occurs at shallower depths, reaches levels of
0.35 percent (0.2 percent organic carbon) or less within 1.25 m (50 inches) of
the surface;

d. lack a buried Histosol within 50 em (20 inches) of the surface;

a. have an Ap horizon with a moiast value of L or mors or with a dry value of 6 or
more crushed and smoothed™ or the Al horizon is less than 15 em (6 inches) thick
if its moist color value is lower than 3.5;

f. have an N value of less ‘than 0.9 between 50 and 80 cm (20 and 32 inches) and
less than 0.5 in all layers between 30 and 50 em (12 and 20 inches);

g+ 1lack a lithie contact within 50 cm (20 inches) of the surface;

h. 1lack the following combination of cﬁaracteristics:

{1) cracks at some period in most years that are 1 cm or more wide at &
depth of 50 em (20 inches), that are at least 30 em (12 inches) long
in some part, and that extend to the surface or to the base of an Ap
horizon; and

(2) a coefficient of linear extensibility (GOLE) of 0,09 or more in a
horizon or horizona at least 50 cm (20 inches) thick and a potential
linear extensibility of 6 c¢m or more in the upper 1 m (LO inches) of
the soll or the whole soil if a lithie or paralithic contact is desper
than 50 em (20 inches) but shallower than 1 m (LO inches); and

(3) more than 35 percent clay in horizons that total more than 50 cm
(20 inches) in thickness within the control section.
Aeric Haplaquepts. Haplaquepts like the Typic except for a or a and e.
Aeric Andic Haplaquepts. Haplaquepts like the Typic except for a and b.

Chromudertic Haplaquepts. Haplaquepts like the Typic except for a, ¢ and h
~with or without e.

Fluventic Haplaquepts. Haplaquepts like the Typic except for ¢ with or without
a or e, or both. -

Humic Haplaquepts. Haplaquepts like the Typic .except for e and the base gaturation
is less than 50 percent in some horizon and does not increase with depth to
50 percent or more.

Lithic Haplaquepts. Haplaquepts 1ike the Typic except for g.

Mollic Haplaquepts. Haplaquepts like the Typic except for e and the base saturation
is 50 percent or more throughout or increases with depth to 50 percent or more.

Thapto-Histic Haplaquepts. Haplaquepts like the Typic except for ¢ and d.

Vertic Haplaquepts. Haplaquepts like the Typie except for ¢ and h with or without e,

# If hues are T.5YR or redder in the matrix: if peds are present, ped exteriora have
dominant moist chromas of 1 or less and ped interiors have mottles with moist chromas
of 2 or less; if peds are absent, moist chromas are 1 or less immediately below any
surface horizon that has moist values of less than 3.5.

¥t Use knife and smooth to eliminate shadows.
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Humaquepts, Aquepts that

1.

2.

b,

5.

1.

have goll temperatures warmer than those of Cryaquepts and have mean summer
and mean winter soil temperatures st 50 cm (20 inchea) that differ by 5°C
(9°F) or more;

have an umbric, mollic or a histic epipedon;

have an exchanga complex that is dominated by erystalline aluminosilicate clay

minerals and have less than 60 percent vitric voleanic ash, cinders or other vitrie

pyroclastic materisls in the silt, sand, and gravel fractions;

-have an N value of 0.5 or less in some layer between 20 and 50 cn

(8 and 20 inches);

have less than 15 percent saturation with sodium in the upper 50 ecm

(20 inches) or have saturation with sodium that is constant or increases with
depth below 50 em (20 inches); :

lack a fragipan;

have no plinthite that forms a continuous phase or constitutes more than half
of the matrix within 1.25 m {50 inches) of the surface.

Typic Humaquepts. Humaquepts that

a. have chromas of 2 or less in hues of 5Y or redder in 60 percent or more
of the matrix in all subhorizons between 15 and 75 cm (6 and 30 inches);

b. have mottles within 30 em (12 inches) below the base of the epipedon if the
chromas to this depth are 1 or more and the hues are redder than 5Y;

¢. lack a layer in the upper 75 cm (30 inches) that has a texture finer than
loamy fine sand, that is a3 much as 18 em (7 inches) thieck, that has a bulk

density (at 1/3-bar tension) of 0,95 g/cc or less in the fine earth fraction,

and that hag esither (1} g ratio of measured clay to 15-bar water (percentages)
a ratio of CEC (at pH near 8) to 15-bar water of more

than 1.5 and more exchange acidity than the sum of bases plus KCl extractable

of 1,25 or less, or (2
alumipum,
d. have an epipedon less than 60 em (2l inches) thick;

&, have organic matter content that decreases regularly with depth and, unlesa
a lithic or a paralithic contact occurs at shallower depths, reaches levels

of 0.35 percent (0.2 percent organic carbon) or less within 1.25 m {50 inches)

of the surface;
f. lack a histic epipadon;

g. have an N value of less than 0.9 between 50 and 80 em (20 and 32 inches)
depthas

h. lack the following combination of characteristics:

(1) cracks at some period in most yeara that are 1 cm or more wide at a depth

of 50 em (20 inches), that are at least 30 cm (12 inches) long in some
part, and that extend upward to the surface or to the base of an Ap
horizon; and

(2) a coefficlent of linear extensibility (COLE) of 0.09 or more in a
horizon, or horizons, at least 50 cm (20 inches) thick and a potential
linear extensibility of 6 cm or more in the upper 1 m (4O inches) of
the soil or the whole goll if a lithic or paralithic contact is deeper
than 50 em (20 inches) but shallower than 1 m (4O inches); and

(3) more than 35 percent clay in horizons that total more then 50 em
(20 inches) in thickness within the control section.

Aeric Humaguepts. Humaquepts like the Typic except for a or b or both,

Curmlic Humaquepts, Humaquepts like the Typic except for d and e.
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Fluventie Humaquepts. Humaquepts like the Typic except for e.

Histic Humaguepts. Humaquepts like the Typlc except for £.

Plinthaquepts. Aquepts that

1.

2.

have plinthite that forms a continuous phase or constitutes more than half of the
matrix within some subhorizon in the upper 1.25 m (50 inches) of the soil;

have soil temperatures warmer than those of Cryaquepts.

{Subgroups have not been develaped,)

Tropaquepts, Aquepts that

1.

have & mean annual soil temperature of 8°C (L7*F) or more and have less than
5*C ($*F) difference between the mean summer and mean winter soil temperatures
at 50 em (20 inches), or at a lithic or paralithic contact, whichever is shallower;

have less than 15 percent saturation with sodium in the upper 50 cm (20 inches)

or have saturation that is constant or increases with dapth below 50 em (20 inches);

have an N value of 0,5 or less in some layer between 20 and 50 cm (8 and 20 inches);

have no plinthite that forms a contimious phase or constitutes more than half of
the matrix within 1.25 m (50 inches) of the surface.

Typle Tropaquepts. Tropaquepts that

a, have in 60 percent or more of the matrix in all subhorizons betwean the Al or
Ap and 75 em (30 inches) one or more of the following:

(1) if mottled &nd if hues are 2.5Y or redder and moist values are more than
S, moist chromas are 2 or leas; if moist values are 5 or less, moist
chromas are 1 or less;

(2) 1f mottled and if hues are yellower than 2.5Y, molst chromas are 2 or less
(3) if with or without mottles, moist chromas are 1 or lessj

b. have organic matter content that decreases regularly with depth and, unless
a lithic or paralithie contact oceurs at shallower depths, reaches levels of
0.35 percent (0.2 percent organic carbon) or less within 1,25 m (50 inches)
of the surface;

c¢. lack a histic epipedon;
d. lack & lithic contact within 50 em (20 inches) of the surface;
e. lack a buried Histosol within 50 em (20 inches) of the soil surface;

f, 1lack ths following combinstion of characteristica:

(1) cracks at some period in most years that are 1 em or more wide at &
depth of 50 cm (20 inchea), that are at least 30 cm (12 inches) long in
some part, and that extend upward to the surface or to the base of an
Ap horizon; and

(2) a8 coefficient of linear extensibility (COLE) of 0.09 or more in a
horizon, or horizons, at least 50 cm (20 inches) thick and & potential
linear extensibility of 6 c¢m or more in the upper 1 m (L0 inches) of
the 20il or the whole soil if s lithic or paralithic contact is deeper
than 50 em (20 inches) but shallower thsn 1 m (4O inches); and

(3) more than 35 percent clay in horizons that tota) more than 50 em
(20 inches) in thickness within the control ssction.

Aeric Tropaguepts. Tropaquepts like the Typic except for a.

Aeric Fluventic Tropaquepts. Tropaquepts like the Typic except for a and b.

Fluventic Tropaguepta. Tropaquepts like the Typic eicept for b,
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Histic Tropaquepts. Tropaquepts like the Typic except for c.

Lithic Tropaquepts. Tropaquepts like the Typic except for d.

Thapto-Histic Tropaquepts. Tropaquepts like the Typic except for e.

Vertic Tropaquepts. Tropaquepts like the Typic except for f with or without b.

Ochrepts, Inceptiscls that

1.

2.

3.

ha

5.

have an ochric epipedon; or have sn umbric or mollic e%ipedon 25 cm (10 inches) or
less thick if (ag the mean anmual soil temperature is 8°C (47*F) or more, or (b) the
mean summer soil temperature at 50 cm (20 inchea) or at a lithic or a paralithic
contact, whichever is shallower, is either 15°C (59°F) or more if cultivated or with-
out an O horizon or 8°C (L7'F) or more if with an O horison;

have 5°C (9°F) or mere difference between the meen summer and mean winter soil
temperatures at 50 cm (20 inches) or st a lithic or paralithic contact, whichever
is shallower;

have an exchange complex that is dominated by crystalline eluminosilicate clay
minerals and heve less than 60 percent vitric volcanic ash, cinders, or other vitric pyro-
clastic materials in the silt, sand, and gravel fractions;

have chromas too high or hues too red for Aquepts or are never saturated with water
and are not artificially drained;

lack a plaggen epipedon,

Cryochrepts. Ochrepts that

1. have a mean annual soil temperature of less than 8*C (L7'F) and a mean summer
soil temperature at 50 cm (20 inches) or at a lithic or psralithic contact, which.
ever ias shallower, of less than 15°C (59°F) if cultivated or without an O horiszon,
or less than 8*C (L7*F) if with an O horizon;

2. lack a fragipan and lack a duripan with its upper boundasry within 1 m (LO inches) of
the soil surface.
Typic Cryochrepts. Cryochrepts that

2. have a mean annual solil temperature of more than 0*C (32°F).
b. lack a lithic contact within 50 cm (20 inches) of ths surface
¢. lack mottles with chromss of 2 or less within 75 em (30 inches) of the surface;

d. 1lack a layer in the upper 75 cm (30 inches) that has a texture finer than
loamy fine sand, that is as much as 18 cm (7 inchas) thick, that has & bulk
density (at 1/3-bar tension) of 0.95 g/cc or less in the fine earth fraction,
and that has either El; a ratio of measured clay to 1S5-bar water (percentages)
of 1.25 or less, or (2) a ratio of CEC (at pH near 8) to 15-bar water of more
than 1.5 and more exchange acidity than the sum of bases plus KCl extractable
aluminum.

Andic Cryochrepts. Cryochrepts like the Typic except for d.:

Lithic Cryochrepts. Cryochrepts like the Typic except for b.

Durochrepts. Ochrepts that

1. have a duripan with its upper boundary within 1 m (LO inches) of the surface;

2. lack a fragipan.

Typic Durochrepts. Durochrepts that

a, have a platy or maasive, indurated duripan with its upper boundary within
1 m (hO inches) of tha soll surface;

b, have no distinet or prominent mottles within the upper 30 cm (12 inchss).

‘Haplic Durochrepts. Durochrepts like the Typic except for a.
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Dystrochrepts. Ochrepts that

1. lack carbonstes in the cambic horizon or in the C horizon within the soil;

2. have a base saturation less than 60 percent (by NHyOAc) in all subhorizoms that are
within 75 cm (30 inches) of the soil surface;

3. are not dry for as much as 90 eumulative days in most years in any subhorizen
of the #0il between 1B and 50 em (7 and 20 inches) or above a lithic or para-
1ithic contact shallower than 50 em (20 inches) and are not dry for as mach as
60 consecutive days in more than 7 out of 10 years in all subhorizons betwesn
these depths; i

L. 1lack a fragipan and lack a duripan with its upper boundary within 1 m (kO inches)
of the soll surface;

§. have a mean annual goil temperature of 8°C (L7°F) or more or have & mean summer
s0il temperature at 50 cm (20 inches) or at a lithic or a paralithic contact,
vhichever is shallower, of either 15*°C (59°F) or more if cultivated or without
an 0 horizon or 8°C (L47*F) or mere if with an O horizen.

Typic Dystrochrapta, Dystrochrepts that

8. lack a layer in the upper 75 em (30 inches) that has a texture finer than loamy -
fine sand, that is as much as 18 em (7 inches) thick, that has a bulk density
(at 1/3-bar tension) of 0.95 g/cc or less in the fine earth fraction, and that
has either (1) ratio of measured clay to 15-bar water (percentages) of 1.25
or less, or (2) a ratio of CEC (at pH near 8) to 15-bar water of more than
1.5 and more exchange acidity than the sum of bases plus KC1 extractable
aluminum,

b. lack mottles with chromas of 2 or less within 50 cm (20 inches) of the surface;
¢. have organic matter content that decreases regularly with depth and, unless
a lithlec or a paralithic contact occurs at shallower depths, reaches levels
of 0.35 percent (0.2 percent organic carbon) or less within 1.25 m (50 inches)
of the surface; -
d. 1lack a lithic contact within 50 cm (20 inches) of the surface;

e. lack an argillic horizon in any part of the padon;

f. lack an umbric or mollic epipedon,
Andic Dystrochrepts. Dystrochrepts like the Typic except for a.

Andic Aquic Dystrochrepts. Dystrochrepts 1ike the Typic except for a and b.

Andic Umbric Dystrochrepts. Dystrochrepts like the Typic except for a and f.

Aquic Dystrochrepts. Dystrochrepts like the Typic except for b.

Aquic Fluventic Dystrochrepts. Dystrochrepts like the Typic except for b and c.

Fluventic Dystrochrepts. Dystrochrepts 1like the Typic except for c.

Fluventic Umbric trochrepts. Dystrochrepts like the Typic except for ¢ and £,

LYtHic DVat r'o_lﬁ"e—qPD"ﬁc DS, trochrepts like the Typic except for d.

Lithie Ruptic-Alfic trochrepts. Dyatrochrepts like the Typic except for d and e
and base uafura!gon (by sum of cations) is 35 percent or more in some part above
the lithic contact but in less than half of each pedon.

Lithic Ruptic-Ultic trochrepts. Dystrochrepts like the Typic except for d and e
and Sgue aafuraﬁnon {by sum of cations) is less than 35 percent above the lithic
contact but in less than half of each pedon.

Ruptic-Alfic Dystrochrepts. Dystrochrepts like the Typic except for @ and the base
gaturation (by sum of cations) is 35 percent or more at a depth of 1.25 m
(50 inches) below the upper boundary of the argillic horizon but in less than half
of each padon.
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Dystrochrepta--Cont.,

Ruptic-Ultic Dystrochrepts. Dystirochrepts like the Typic except for e and the base
saturation (by sum of cations) i= less than 35 percent at a depth of 1.25 m

(50 inches) below the upper boundary of the sargillic horizon but in less than
half of each padon.

Umbric Dystrochrepts. Dystrochrepts 1ike the Typic except for f.
Butrochrepts. Ochrepts that

1.

3.

L.

have one or both of:
#. carbonates in the cambic horizen or in the C horizon but within the soil;

b. bese saturation that is 60 percent or more (by NH\OAc) in some subhorizon that
is within 75 em (30 inches) of the soil surface; :

are not dry for as much as 90 cumulative days in most years in any subhorizon of
the soil between 18 and 50 cm (7 and 20 inches) or sbove a lithic or paralithic
contact shallower than 50 cm (20 inches) and are not dry for as much as 60 conse-
cutive days in more than 7 out of 10 years in all subhorizons betwsen these depths;

have & mean annual soil temperature of 8°C (L7°F) or more or have & mean summer

soll temperature at 50 cm (20 inches) or at a lithic or & paralithic contact, which-
ever is shallower, of either 15*C (59°F) or more if cultivated or without an O horizon
or 8°C (L7*°F) or more if with an O horizon; '

lack & fragipan or a duripan.

Typiec Eutrochrepts. Eutrochrepts that

a. lack a layer in the upper 75 cm (30 inches) that has a texture finer than loamy
fine sand, that is as mmch as 18 cm (7 inches) thick, that has & bulk density
(at 1/3-bar tension) of 0.95 g/ce or less in the fine earth fractiom, and that
has either (1) a ratio of measured clay to 15-bar water (percentages) of 1.25 or
less, or (2) a ratio of CEC (at pH near 8) to 15-bar water of more tham 1.5 and
more exchange acidity than the sum of bages plus KCl extractable aluminum.

b. have no mottles with chromas of 2 or less within 50 cm (20 inches) of the surface;

c. have a texture of loamy very fine sand or finer within 50 em (20 inches) of
the surface;

d. have carbonates in the cembic horizon in some part of each pedon but have lesa than
LO percent carbonetes below the cambic horizon to a depth of 1 m (LO inches);

&. have organic matter content that decreases regularly with depth and, unless a
lithic or a paralithic contact occurs at shallower depths, reaches lavels of 0.35
percent (0.2 percent organic carbon) or less within 1.25 m (50 inches) of the
surface;

f. have no lithic contact within 50 cm (20 inches) of the surface in any part of the
pedon;

g+ have no argillic horizon in any part of the pedon;
h. have an ochric epipedon;
1. 1lack both of the following combinations of characteristics:

(1) (a) cracks st scme period in most years thet are 1 em or more wide st a
depth of 50 em (20 inches) and that sre at lesst 30 em (12 iInches) long
in some part and that extend to the surface or the base of an Ap, and

(b) a coefficient of linear extensibility (COLE) of 0.09 or more in a
horizon or horizons at least 50 em (20 inches) thick and a potential linear
extensibility of 6 cm or more in ths upper 1 m (4O inches) of the soil or
the whole soil 4if a lithic or parslithic contact is deeper than 50 em

(20 nches) tut shallower than 1 m (LO inches), and

(¢) more then 35 percent clay in horizons that total more than 50 cm
(20 inches) in thickness within the control sectien}

(2) (a) have & 1ithic or paralithic contact or sltered rock retsining its
rock structure within 50 em (20 inches) of the surface, and

(b) have horizons totalling 25 cm (10 inches) or more in thickness with
35 percent or more clay with montmorillonitic mineralogy.
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B.ttrochregts--_cont.
Andic Eutrochrepts. Eutrochrepts like the Typie except for a.

Andic Dystric Futrochrepts. Butrochrepts like the Typic except for a and d.

Aquic BEutrochrepts., Butrochrepts like the Typic except for b with or without carbonates
in the camblc horizon,

Aguic Dystric Eutrochrepts. Eutrochrepts like the Typic except for b and d.

Aguic Fluventic Futrochrepts. Eutrochrepts like the Typic except for b and e with or
without carbonates In the camble horizon.

Arenlc Eutrochrepts. EButrochrepts like the Typic except for c.

tric BEutrochrepts. Eutrochrepts like the Typle except for d, and have no carbonates
within 1 m UI% Inches) of the surface. .

Dystric Fluventic Eutrochrepts., Eutrochrepts like the Typic except for d and e.

Dystric Lithic Eutrochrepts. Eutrochrepts like the Typic except for d and f.

Fluventic Futrochrepts. Eutrochrepts like the Typlc except for e.

Lithic Eutrochrepts. Butrochrepts like the Typic except for f.

Lithic Ruptic-Alfic Eutrochrepts. Eutrochrepts like the 'f‘_ypic except for f and g and
have an argillic horizon in somes part but in less than half of each pedon.

Lithie-Vertic Eutrochrepts. BRutrochrepts like the Typic except for f and 1.

Rendollic Butrochrepts. Eutrochrepts like the Typic except for d, and have more than
L0 percent carbonates in some subhorizon within 1 m (EO inches) of the surface.

Ruptic~Alfic Eutrochrepta, Eutrochrepts like the Typilc except for g and have an
argillic horizon in some part but in less than half of each pedon.

Vertic Eutrochrepts. EButrochrepts like the Typic except for i with or without e,

Fragiochrepts. Ochrepts that
1. have a fragipan;
2. lack a duripan with its upper boundary within 1 m (4O inches) of the soil surface.

Typie Frsgiochrepts. Fragiochrepts that

a. lack a layer in the upper 75 em (30 inches) that has a texture finer than loamy
fine sand, thet iz as much as 18 em (7 inches) thick, that has a bulk density
(at 1/3-bar tension) of 0.95 g/cc or less in the fine earth fraction, and that
has either (1) a ratio of measured clay to 15-bar water (percentagess of 1.25 or
less, or (2) a ratioc of CEC (at pH near 8) to 15-bar water of more than 1.5 and
mora exchange acidity than the sum of bas=es plus KCl extractable aluminum,

b, have no distinet or prominent mottles in the upper 30 cm (12 inches);

¢. have an ochric epipedon.

Andie Fragiochrepis. Fraglochrepts like the Typle except for a.
Aquic Fragiochrepts. Fraglochrepts like tha Typic except for b.

Uatocfnregt + Ochrepts that

1. are dry for 90 cumlative days or more in moat years in some subhorizon of the
soll between 18 and 50 cm (7 and 20 inches) depth or above a lithic or a paralithic
contact shallower than 50 cm (20 inches) but are mot continucusly dry in all parts
of the soil between these depths for as long as 60 consecutive days in more than
7T out of 10 years unless the mean ammual soil temperature is 22°C (72°F) or higher;
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2. lack a fragipan and lack a duripsn with its upper boundary within 1 m (LO inchea) of
the soil surface;

3. hsve a mean anmual soil temperature of 8°C (L7*F) or more or have a mean summsr
soil temperature &t 50 cm (20 inches) or at a lithic or a paralithic centact,
whichever is shellower, of either 15°C (59°F) or more if cultivated or without
an 0 horizon or B8*°C (47°F) or more if with an O horizon.

Typic Ustochrepts. Ustochrepts that

a. have organic matter content that decresses regularly with depth and, unless
a lithic or a paralithic contact occurs at shallower depths, reaches levels
of 0.35 percent (0.2 percent organic carbon) or less within 1.25 m (50 inches)
of the surface;

b. have no lithic contact within 50 cm (20 inches) of the surface;

¢. have less than LO percent carbonates below the cambic horizon to a depth of
1 m (4O inchea).

d. lack both of the following combinations of characteristics:

(1) (a) cracks at some period in most years that gre 1 cm or more wide at a
depth of 50 cm (20 inches) and that are at lesst 30 em (12 inches) long
in soma part and that extend to the murface or the base of an Ap, and

(b) a coefficient of linear extensibility (COLE) of 0.09 or more in a
horizon or horigens at least 50 cm (20 inches) thick and & potential linear
extensibility of 6 cm or more in the upper 1 m (4O inchea) of the soil or
the whole soil if a lithic or paralithic contact is deeper than 50 cm

(20 inches) but shallowsx than 1 m (LO inches), and

(c) more than 35 percent clay in horizons that total more than 50 om
(20 inches) in thickness within the control sectiong

(2) (a) have a lithic or paralithic contact or sltered rock retaining its
rock structure within 50 em (20 inches) of the surface, and

{b) have horizons tot#lling 25 cm (10 inches) or more in thickness with
35 parcent or more c¢lay with montmorillonitic mineralogy.

e. have no mottles with chromas of 2 or less within 75 cm (30 inches) of the surface;

£. have base saturation ( NHhOAc) of 60 percent or more in soms part of the soil
within 79 cm (30 inches) of the surface;

Fluventic Ustochrepts. Ustochrepts like the Typic except for a.

Lithic Ustochrepts. Ustochrepta like the Typic except for b,

Lithic-Vertic Ustochrepts. Ustochrepts like the Typic except for b and d.

Rendollic Ustochrepts. Ustochrepts like the Typic except for c¢.

Vertic i!stochrepi. Ustochrepts like the Typic except for d with or without a.
Xeroc ts. Ochrepts that

1, are dry for 60 consecutive days or more in more than 7 eut of 10 years in @1l parts
of the s0il between 18 and 50 cm (7 and 20 inches) or a lithic or a paralithic
contact, whichever is shellower or in the subhorizon immedistely above a lithic or
a paralithic contact shellower than 18 cm (7 inchas).

2. have & mean annual soil tempereture of 8°C (47°F) or more but less than 22°C (72°F),
or of less than 8°C (47°F) if mean summer soil temperature is 15°C (59°F) or more
énd there is no 0 horizon, end have mean sumer and mean winter soil tenperatures at

50 cm {20 inches) depth, or at a lithic or a paralithic contsct shallower than 50 cm
(20 inches) that differ by 5°C (9°F) or more; .

3. lack a fragipan and lack s duripan with its upper boundary within 1 m (LO inches)
of the s0il surface.
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Xerochrepts--Cont.
Typiec Xerochrepts. Xerochrepts that

a. have no mottles with chromas of 2 or less within 75 em (30 inches) of the surface;

b. have base zaturation (b, NHhOAc) of 60 percent or more in soms part of the soil
within 75 em (30 inchea{ of the surface; )

¢. have organic matter content that decreases regularly with depth and, unless a
1lithic or a paralithic contact occurs at shallower depths, reaches levels of
0.35 percent (0.2 percent organic carbon) or less within 1,25 m (50 inches)
of the surface;

d. have no lithic contact within 50 em (20 inches) of the surface;
a. lack both of the following combinations of characteristics:

(1) (&) cracks at some period in most years that are 1 cm or more wide at a
depth of 50 em (20 inches) and that are at least 30 em (12 inches) long
in some part and that extend to the surface or ths base of an Ap, and

(b) a coefficient of linear extansibility (COLE) of 0,09 or more in a
horizon or horizons at least 50 em (20 inches) thick and a potential linear
extensibility of 6 cm or more in the upper 1 m (4O inches) of the seil or
the whole goil if a lithic or paralithic contact is deeper than 50 em

(20 inches) bt shallower than 1 m (40 inchea), and

(¢) more than 35 percent clay in horizons that total more than 50 cm
(20 inches) in thickness within the control section;

(2) (a) have a lithic or paralithic contact or sltered rock retsining its
rock structure within 50 em (20 inches) of the surface, and

(b) have horizons totalling 25 em (10 inches) or more in thickness with
35 percent or more clay with montmorillonitic mineralogy.

f. have no calcic horizon within 1 m (4O inches) of the surface.
Aquic Xerochrepts. Xerochrepts like the Typic except for a.
Aquic Dystriec Xerochrepts. Xsrochrepts like the Typic except for a and b.
Dystric Xsrochrepta, Xerochrepts like the Typic except for b.
Dystric Fluventic Xarochrepts. Xerochrepts 1ike the Typic except for b and c.
Dystric Lithie Xerochrepts. Xerochrepts like the Typic except for b and d.

Lithic Xerochrepts. Xerochrepts like the Iyplc except for d.
Iithic-Vertic Xsrochrepts. Xerochrepts like the Typic except for d and ¢.

Ruptic-Lithic Yerochrepts. Xarochrapts like the Typic except for d and have a lithic
contact In some part but in less than half of each padon.

Vertic Xerochrepts. Xerochrepts like the Typic except for e with or without c.

Flageepts. Inceptisols that have a plaggen epipedon. (No Flaggepts in the United States.
guEgroups have not been developed.)

Tropepts. Inceptisols that have a mean anmual soil temperature of 8°C (L7°F) or more and
have less than 5°C (9*F) difference between the mean summer and mesn winter soil
temperatures at 50 cm. (20 inches) or at a lithic or a paralithic contact, whichever ia
shallower; lack & plaggen epipedon, and have one of the following:

1. an umbric epipedon;
2. 8 mollic epipedon with one or both of the following:

8., 35 percent or more clay with montmorillonitic mineralogy and an epipedon that

resty o teri
e Jtr')y?:q rials with lesa than LO percent CaCO3 equivalent;

b. a,cambic herizon with bese saturation that is less than 50 percent (by NHj,08¢)
throughout, or decreasing to leas than 50 percent at a depth of 1.8 m (72 inches);

3. an ochric epipedon and a cambic horizon.
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2&2‘-:59%' Tropepts that have a mean annual soll temperature of 22°C (72°F) or more,
a va lass then 50 percent base saturation (by NH;OAc) in aome part of the epipedon
or cambic horizon. :

Typic Dystropepts. Dystropepts that

b.

Ca

d.

have no mottles with chromas of 2 or less within 1 m (40 inches) of the aﬁrrace;

have no layer in the upper75 em (30 inches) that has a texture finer than loamy
fine sand, that is as much as 18 cm (7 inches) thick, that has a tmlk density
(at 1/3-bar tension) of 0.95 g/cc or less in the fine earth fraction, and that
has either (1) a ratic of measured clasy to 15-bar water (percentages) of 1.25
or less, or (2) a ratio of CEC (at pH near 8) to 15-bar wmter of more than 1.5
and more exchange acidity than the sum of bases plus KC1 extractable sluminum;

have a cambic horizon;

have organic matter content that decreases regularly with depth and, unless a
1lithie or a paralithic contact occurs at shallower depths, reaches levels of

0.35 percent (0.2 percent organic carbon) or less within 1.25 m (50 inches) of
the surface; .

have no lithic contect within 50 em (20 inches) of the surface;

have a cation exchange capacity (by NHLOAc) of 2 or more meq per 100 g clay
in all horizons above a lithic contact or 1 m (4O inches);

lack the following combination of characteriatica:

(1) cracks at some period in most yesrs that are 1 cm or more wide at a
depth of 50 cm (20 inches) that sre at least 30 cm (12 inches) long in
some part and that extend to the surface or to tha base of an Ap horizon;

(2) a coefficient of linear extansibility (COLE) of 0.0% or more in a horizon
or horizons at least 50 cm (20 inches) thick end a potential linear
extensibility of 6 cm or more in the upper 1 m (4O inches) of the soil
or the whole goll if a lithic or paralithic contact is deeper than 50 cm
(20 inches) but shellower then 1 m (4O 4inches);

(3) more than 35 percant clay in horizons that total more then 50 em (20 inches)
in thickness within the control section.

Aquic Lithic Dystropepts. Dystropepts like the Typic except for a and e.
Entic Dystropepts. Dystropepts like the Typic except for c.

Fluventic Dystropepts. Dystropspts like the Typic except for d.

Fluventic Oxic Dystropepts, Dystropepts like the Typic except for d and f and the
r

CEC Is < 2L meq pe

g+ clay or 2.5 x 15-bar water, whichever vslue is the higﬁar.

lithie Dystropepts. Dystropepts like the Typic except for e.

Oxic

Vertic Dystropepts. DUystropepts like the Typic except for g with or without ¢ or d, or both.

tropepts. Dystropspta 1ike the Typic except for f, and the CEC is < 24 maq per
g+ clay or 2.5 X 15-bar water, whichever value is the higher.

Eutropepts. Tropepts that

1.

2’
3.

have 50 percent or more base saturation (by NH;OAc) throughout the epipedon and any
cambic horizon;

are not dry for as much ag $0 cumulative days in most years in any horizong

have no horizon containing soft, powdery secondary lime within 1.5 m (60 inches)

of the surface. (Ses Key, page 62, GE.3. Ustolls, for meaning of soft, powdery lime.)
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Tyoic Eufronegts. Zutropepts that

2. have no layer in the upper 75 em (30 inches) that has a texture finer than loam
fine sand, tnat is as much a3 18 cm (7 inches) thick, that has a bulk density
{at 1/3-bar tenaion) of 0.95 g/cc or legs in the fine earth fraction, and that
has either (1) a ratio of measured clay to 15-bar water (percentages) of 1.25
or less, or (2) a ratio of CEC (at pH near 8) to 15-bar water of more than 1.5
and more exchange acidity than the sum of bases plus KCl extractable aluminumj

b, have no mottles with chromas of 2 or less within 1 m (40 inches) of the surface;

c. have organic matter content that deereases regularly with depth and, unless a
lithie or a paralithic contact occurs at shallower depths, reaches levels of
0.35 percent (0,2 percent organic carbon) or less within 1.25 m (50 inches) of
the surface;

5. =nave a cation exchange capacityl(by NH,0Ac) of 2L or more meq per 100 g clay
in all horizong sbove a lithic contact or 1 m (LD inches);

2. nave no lithic contact within 50 em (20 irches) of the surface;
f+  lack both of the following cembinations of characteristics:

%) (a) cracks at some pericd in most years that are 1 cm or more wide at a
depth of 50 em (20 inches) and that are at least 30 em (12 inchea) long
in some pari and that extend to the furface or the base of =n 4p, and

(b) a coefficient of linear extenaibility (CCLE) of .09 or more in a
aorizon or horizons at least 50 om (20 inches) thick and a potential linear
extenaibility of 6 em or more in the upper 1 m (4O inches) of =he 3o0il cp
the whole soil 1f a lithie or paralithic contact 1s deeper than 50 cm

{20 inches) but shallower than 1 m (LO inches), and

(¢) more than 35 percent clay in Lorizons that total more than 50 em
(20 inches) in thickness within the control section;

{2) (2} have a lithic or paralithic contact or altered rock retaining its rock
structure within S0 cm (20 inches) of the surface, and

(b) have herizons totalling 25 cm (10 inches) or more in thickness with
35 percent or more clay with montmorillenitic mineralogy;

7. have a cambic horizon,
andic Futropepts. Eutropepts like the Typie except for s, with or without d.
ey e et el et = .
Aguic Zuiropepts. itropepts like the Typic except for b.
D —— . ———

asuie Fluventic Butrepepts. Zutropepts like the Typle axcept for @ and c.

Tluventic Fuiropepts. Tuircpepts like the Typle except fer ¢.

Fluventic Oxic Eutroverts. ZHutropepts like the Typic axcept for c and &, snd the CEC
Iz < 24 meq per 1007z 2lay or 2.5 X 1f-bar water, whichever value is th2 iigher.

Lithic Eutropents., Zutrepepts like the Typic except for =.

“ithiz-Yertic Tutrcpepts. uropepts 1ike the Typile except for e and 7 witn or without z.
Txis Duirosoepts,
L0 g clay or

#

Tl

rvg

roperte “l:e “he Typle except for &, 2nd the G0 ig < Zi —eq per
x® LC-tar water, whlchever value s %he higner.

)y
.

Tertiz Zuircpepts. Iutrorepts like the Typic except for P with or witheu: ¢ or g,
or ootn.

Humitrcoepts. Iropepts that have a mean annual soil temperature of less than 22°C (72°F},
and have less than 30 percent base saturation (by NHJ0Ac) in some part of *%e epipedoen
or camiie horizon.
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Typic Humitropepts, Humitropepts that

a, lack a layer in the upper 75 cm (20 inches) that has a texture finer than loamy
fine sand, that is as much as 18 em (7 inches) thick, thst has a bulk density
(at 1/3-bar tension) of 0,95 g/cc or less in the fine earth fraction, and that
has either (1) a ratio of measured clay to 15-bar water (percentagess of 1.25
or less, or (2) a ratio of CEC (at pH near 8) to 15-bar water of more than 1.5
and more exchange acidity than the sum of bases plus KCl extractable aluminum.

b. have no mottles with chromas of 2 or less within 1 m (LO inches) of the surface;
c. have no lithic contact within 50 em (20 inches) of the surface;

d. have & cation exchange capacity (by NHLOAc) of 2L or ware meq per 100 g clay
in all horizons above & lithic contact or 1 m (LO inches).
Andie Humitropepta. Humitropepts like i;he Typic except for a.
Aquic Lithic Humitropepta. Humitropepts like the Typic except for b and c.

Lithic Humitropepts. Humitropepts 1like the Typle except for e¢.

Oxic Humitropepts. Humitropepts like the Typic except for d and the CEC is « 24 meq
per 100 g clay or 2.5 X 15-bar water, whichever value is the highar.

Ustropepts. Tropepts that

1. have 50 percent or more base saturation (by NH OAc) throughout the epipedon and
any camblc horizon;

2. are either dry in some horizon for 90 cumulative days or more in most years or have
a horizon containing soft, powdery secondary lime within 1.5 m (60 inches) of the
surface. (See Key, p. 62, GE 3, Ustolls, for meaning of soft powdery lime.)

Typic Ustropepts. Ustropepts that

a, have no mottles with chromas of 2 or less within 1 m (4O inches) of the surface;

b. have organic matter content that decreases regularly with depth and, unless
a lithic or a paralithic contact occurs at shallower depths, reaches levels
of 0.35 percent (0.2 percent organic carbon) or less within 1.25 m (50 inches)
of the surface;

c. have a cambic horizong
d. have no lithic contact within 50 em (20 inches) of the surface;

e. have a cation exchange capacity (by NH;OAc) of 2L or more meq per 100 g clay
in all horizons above & lithie contact™or 1 m (4O inches);

f. lack both of the following combinstions of characteristica:

(1) (a) cracks at some period in most years that are 1 cm or more wide at a
depth of 50 em (20 inches) and that are at least 30 cm (12 inches) long
in some part and that extend to the surface or the base of an Ap, and

(b) a coefficient of linesr extensibility (COLE) of 0.09 or more in &
horizon or horizona at lesst 50 cm {20 inches) thick and a potential linear
extensibility of 6 em or more in the upper 1 m (40 inches) of the soil or
the whole soil if a lithic or paralithic contact is deeper than 50 cm

(20 inches) tut shallowar thar 1 m (40 inches), and

(¢) more than 35 percent clay in horizons that total more than 50 cm

(20 inches) in thickness within the control section;

(2) (a) have a lithic or paraslithic centact or altered rock retaining its
rock structure within 50 c¢m (20 inches) of the surface, and

(b) have horizons totalling 25 em (10 inches) or more in thickmess with
35 percent or more clay with montmorillonitic mineralogy.

Aquic Fluventic Ustropepts. Ustropepts like the Typic except for a and b.
Fluventic Ustropepts. Ustropepts like the Typic except for b with or without c.

Fluventic Oxic Ustropepts. Ustropepts like the Typic except for b and e with or without
¢ and the CEC 1s < 2i meq per 100 g clay or 2.5 X 15-bar water, whichever is the
higher.
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Inceptisols

Lithic Ustropepts. Ustropepts like the Typic except for 4.

Lithic Oxic Ustropepts, Ustropepts like the Typic except for d and e, and the CEC iz
< 20l meq per 100 g clay or 2.5 x 15-bar water, whichever value is higher.

Lithic Vertic Ustropepts. Ustropepts like the Typle except for d and f with or
without c.

Oxic Ustropepts. Ustropepts like the Typic except for e and the CEC is <« 2L meq per
100 g clay or 2.5 X 15-bar water, whichever value is the higher,

Vertic Ustropepts. Ustropepts like the Typic except for f with or without b or ¢, or beth.

Umbrepts. Inceptisols that

1. have an exchange complex that is dominated by crwétalline aluminosilicate clsy minerals
snd have less than 60 percent vitric volesnic ash, cinders, or other vitric pyroclastic
materials in the silt, sand, and gravel fracticns; -

Z. are not saturated with water at eny season or lack the characterlstics associated with
wetnesa defined for Aquepts;

. nave 5°C (9*F) or more difference between the mean summer and mean winter soil
temperatures at 50 em (20 inches) or at a lithic or a paralithic contact, whichever is
zhallower:

L¥e]

4. lack = plaggen epipedon;
. have one of the following cnaracterlstics:

a, if <he mean amnual soil temperaturs is 8°C (L7°F) or more, have either an umbric
or anthropic epipedon that is more than 25 cm (10 inches) thick or a mellic epipedon
that is more than 25 cm (10 inches) thick if it is underlain by a cambic horizon
with base saturation of less than 50 percent (by NHhOAc) in some part;

b. if the mean annual soil temperature ig lesa than 8°C (L7*F), have either an umbric
epipedon, or a8 mollic epipedon if the mollic epipedon is underlain by a cambic
norizon that has base saturation of legs than 50 percent (by NH)\OAc) in some part.

Anthrumbrepts. Umbrepts that

i. have an anthropic epipedon;

2. have no fragipan.

{Subgroups have not been developed.)

Oryumbrepts. Umbrepts that

<+ have a rean annual goll temperature of less than 8°C (L7*F) and a mean summer soil
temperature at 50 em (20 inches) or at a lithic or paralithic centact, whichever
is shallower, of less than 13°C (59°F) if cultivated or without an O horizem, or
iess than 8°C (L7"F) if with an 0 horizon;

2. lack a fragipan;

s lack an snthrople epipeden.

“roic Cryumbrepts. Cryumbrepts that

a. lack a lsyer in the upper 75 em (30 inches) that has a texture finer than
loamy fine sand, that is as much as 18 cm (7 inches) thick, that has a bulk
density (at 1/3-bar tension) of .55 g/ec or less in the fine earth fraction,
end that has either (i) a ratic of measured clay to 15-bar water (percentages)

of 1.25 or leas, or (2) a ratio of GEC (at pH near 8) to 15-bar water of more -
tgan 1.5 and more exchange acidity than the sum of bases plus KCl extractable
alumdnum;

©. have a cambic horizon;

¢+ have no lithic contact within 50 em (20 inches) of the surface;



Incaptisols
Typic Cryumbrepts--Cont.

d. have a mean annual soil temperature of more than O°C (32°F).

e. have no mottles with chromas of 2 or less within 75 cm (30 inches) of the
surface.,

Andie Cryumbrepts, Cryumbrepts like the Typic except for a.
Entic Cryumbrepts. Cryumbrepts like the Typic except for b,

Lithic Cryumbrepts. Cryumbrepta like the Typic except for ¢ with or without b.

Lithic Pergelic Cryumbrepts. Cryumbrepts like the Typic except for ¢ and 4 with or
without b, ’

Pergelic Cryumbrepts. Cryumbrepts like the Typic except for d with or without b.

Fragilumbrepts. Umbrepts that

1. have a fragipan;
2. 1lack an anthropic spipedon.

(Subgroups have not been developed.)

Haplumbrepts. Umbrepts that

1. have an umbric or a mollic epipedon;

2. have soil temperatures warmer than those of Cryumbrepts;
3. have no fragipan;

k. are never dry or are not dry for as much as 60 congacutive days in more than 7
out of 10 years in &1l subhorizons between 18 and 50 em (7 and 20 inchea) or a
lithic or paralithic contact shallower than 50 em (20 inches) or in the subhorizon
immadistely above a lithic or a paralithic contact shallower than 18 em (7 inches).

Typic Haplumbrepta. Haplumbrepts that

@, lack a layer in the upper 75 em (30 inches) that has a texture finer than
loamy fine sand, that is as much as 18 ¢m (7 inches) thick, that has a bulk
density (at 1/3-bar tension) of 0.95 g/ec or less in the fine earth fractiom,
and that has either (1) a ratio of measured clay to 15-bar water (percentages)
of 1.25 or less, or (2) a ratio of CEC (at pH nesr 8) to 15-bar water of more

than 1.5 and more exchange aclidity than the sum of bases plus KCl extractable
alumlinum,

b. have no mottles with chremas of 2 or less within 50 cm (20 inches) of the surface;
c. have a cambic horizon;

d. have organic matter content that decreases regularly with depth and,unless a
lithic or & paralithic contact occurs at shallower deptha, reaches levels of

0.5 percent (0.29 percent orgenic carbon) or less within 1.25 (50 inches) of
the soil surface.

@. have no lithic contact within 50 cm (20 inches) of the surface;

f. have an umbric or mollic epipedon less than S0 cm (20 inches) thick;

g. have textures finer than loamy fine sand within a depth of 50 cm (20 inches);

h. have no duripan that has its upper boundary within 1 m (4O inches) of tﬁn surface.
Andic Haplumbrepts. Haplumbrepts like the Typic except for a.
Aquic Fluventic Haplumbrepts. Haplumbrepts like the Typic except for b and d.
Aquipsammentic Haplumbrepts. Hsplurbrepts like the Typic except for b, c, and g-

Cumulic Haplumbrepts. Haplumbrepts like the Typic except for f and 4 with or
without b or ¢, or both.

Duric Haplumbrepts. Hasplumbrapts like the Typic except for h.
Entic Haplumbrepts. Hsplumbrepts like the Typic except for c.

"
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Inceptigols

Fluventic Haplumbrepts., Haplumbrepts Iike the Typic except for 4.

Lithie Hanlumbrepts. Haplumbrepts like the Typlc except for .

Pachic Haplumbrevts. Haplumbrepts like the Typic except for £ with or without

auA

t or c, or both.

rizipeammentic Haplumbreots., Haplumbrepts like the Typic except fer ¢ and g

witn Or without I3 have sandy textures to a depth of 1 m (LC inches) or more,
and have in the sand fraciion more than $¥ percent quartz, zircenm, tourmsline,
rutile, or other normslly insoluble minerals that do not weather to liberate
iron cor titanium.

“zrumprepts. Urbrepts that

dry for 60 consecutive days or mere in more than 7 out of 10 vears in all
zens between 18 and C em (7 and 20 inches) or a lithic or paraiithic
ghallower than 50 em (20 inches) cr in the sutherizon immediately above
¢ cr a paralithic ccntact shallower then 18 en (7 inches);
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have a mean annual scil terperature of £°C (LT*F) er more ut less than 22°C (72°F),

2 22 less ihan 3°C {L7°F) if mesn summer soil temperature is 15°C (53°7) cor more

snd there is no £ hordizon, snd ave mesn surmmér and mean winiter goil tsmpersiures at
#, er at a li‘hic or a parelithic ccntsct snailcwer %

¥

e Ty

I5 em 120 inshas; depth _ nan 20 ecm
27 inches) thet differ by 3°C (5°7) or more;

~23ve nc anthreopic spipedcn or Iragipen.

i3 Fawircrepts. lerunsreTts ihat

3. 2ave no motiles with caromas of ¢ or less within 75 om {3C inches; cI zhe suriace:
3. nave an umoric cr molllc eplpeden less than S0 em (20 inches) ihick:

1. nzva g eambic horizeon:

%.  ~&ve crganic matisr tentent thet decrsases regulsrly with depih anc reaches
lzvels of C,% percent (0.2% percent crganic carten) cr less within danths
LY - kY AY - Pt LY
22 1.25 m (5C inches; telow ihe surfsce;

1. neve no lithle centact witidn 5C mm (20 inches! of the suriace;

~2vic Jdemunererts.  arumireste “ike the Typiec except Jer s.

oruiie Ferumbrepts, erumtreptz like the Tvzic exceps for b and £ witk or wizhoun

& s 2, & both.

LRy

EZntiec ierumbrepts. lerurtrests like the Trpic except for c.

Jluventls Zerumbrente, Jerumcrects iike the Tipie exees: for d.

cithle erumbrests,  ferumbrepts Like the Typic exespt For e arith or withcut =

12 derumbreptz. Aerumgrepts lixe the Tynie except for b with or withecut 2 oroe,

0 ot
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ARIDISOLS: ORDER 4

Mineral soils that have no oxic or spodie horizons but have an ochric epipedon snd one or more of
the following combinations of properties: .

1. have no argillic or natric horizon but within 1 m (LO inches) of ‘thes surface have one or
more of the following horlzons: caleie, petrocalcic, gypsic, cambic, or duripan; and either
are usually dry between 18 and 50 em (7 and 20 inches) depth or a lithic or a parslithic
contact shallowey than 50 em (20 inches) or in some subhorizon above a lithic or a paralithic
contact shallower than 18 cm (7 inches) or have a conductivity of the saturation extract that
is 2 mmho per cm or greater at 25°C in some part sbove whichever of the following depths is
loagt: a lithic or paralithic contact, 1.25 m (50 inches) if particle-siza class is sandy,
90 cm (35 inches) if loamy, and 75 cm (30 inches) if clayey; or with increase in depth within
the C horizon but above the depths for the different particle-size classes specified above
there is an increase in saturation with Na plus X in some part;

2. have no argillic or natric horizon but have a salic horizon within 75 cm (30 inches) of the
surface and are saturated with water within 1 m (4O inches) of the surface for one month or
more;

3. have a surface horizon that 1s not both hard and massive when dry; an argillic or natric
horizon; and are usually dry in most years in all parts of the soil between 18 and 50 om
{7 and 20 ineches) or a lithic or paralithic contact shallower than 50 cm (20 inches) or in
some subhorizen above a lithic or a paralithic contact shallower than 18 em (7 inches);

L. safter the upper 18 cm (7 inches) are mixed, have & clay content of less than 30 percent
in some hordzon within a depth of 1 m (L0 inches) if there are cracks at least 1 em wide at
a depth of S50 cm at some period in most yesrs and:
a. there is gilgsi, or

b. at some depth between 25 cm and 1 m (10 and 4O inches), there are slickensides close
enough to intersect or there are wedge-shaped or parallelepiped natural structural
aggregates with their long sxes tiltad 10 to 60 degrees from the horizontal.

Argids. Aridisols that have an argillic or natric horizon,
Durargids. Argids that

1, have a duripan below an argillic horizon or below a prismatic or block,g natrie
horizon and the upper boundary of the duripan is within 1 m (4O inches) of the
s0il surface; :

2. have no petrocalcic horizon that has its upper boundary within 1 m (4O inchea)
of the soil surface.

Typic burargids. Durargids that

a8, have none of the following characteristics within 1 m (4O inchea) of
the surface:

(1) dominant chromas of 1 or less throughout and hues as yellow or
yellower than 2,5Y in some portion;

(2) dominant chromas of 2 or less accompanied by mottles not due to
segregated lime;

(3) dominant chromas of 2 or less accompanied by & decrease in the
percentage of exchangeable sodium from the upper 25 cm (10 inches)
to the underlying layer;

b. have a platy or massive duripan that 1s indurated in some subhoriszon;

¢. have a weighted average carbon content in the surface 38 cm (15 inches) of
less than 0.58 percent (1 parcent organic matter) if the weighted average
sand/clay ratio for this depth is 1.0 or less; or 0.16 percent if the ratio
is 13 or more; or intermediste sand/clay ratios have proportional carbon
contents, Or, if the upper 18 ocm (7 inches) are mixed, the color values
are more than l when molst and more than 6 when dry or the chroma (wet or
dry) is more than L. (See figure A, page 120) :
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Lridisols
Troie Murergids--Cont.

d. Thave no argillic norizon or prismatic c» blecky natric horizon that has
teth 35 percent or more clay in scme vart and elther:

(1) an increase of 1F percent or more clay (absclute) within a vertical
distance of 2,5 cm (1 inch) at the upper boundary of the argillic
rorizon, or

{2) an increase of iC percent or more clay {absolute) if cultivated and

the lower toundary of the Ap herdzon is the upper tourdary of the
argillie horizen,

_~ule Durargids. Durargids like the Typic exceri for a or a and c.
“spiie Durargids. Durargids llke che Typic except for b.
sniic Mellie Durargids. ITurarglds like the Tvpic except for b and ¢ and the

wiripan s brittle and hag 2C jercent or rore by volume of durincdes in some
suphorizen. '

ic Durarzids. Jurargids Iike ihe Tirpic axcert for o,

slegic Zurarzids. Turargids like the TuTic xeept for ¢ end 4.

2 ne suriven within 1 om (.0 tneves, ¢f a2 fuviace or 2olumnap natric

rizen er grismatis op closky matric horizon thet has one

T ) ..
LR R A
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peresnt clsy (atsolute) within a vertical

gt tre upper toundary of the argillic horizen,
10 percent slay {stsolute) if cultivated and
= troriies is the urper boundayy of the argillic

oG the Folleving Lnarasiec.stics withda 1o (08 dnerse) ol tle

caasERl ehucoer 28 Loor loge W ovreogtoul gud huse e veller op twlioes.

cant cireres ef 2 o Ties éver seanisd by roblilus nol due to
taeted Jimes
I ol chzomag of & oo Iiar g6l 2iail £ & deorcEse fn tho o
guef exehengral) frwm Wit upper 25 em (10 inches) ic tas
ardeslyang lever;
T ohave Lentures finar then loomy fiae send in some subhorimea within the
ugper S0 em (20 ivchse);

¢. have ac brittls herizen that is 13 em (6 inches) or more thick within 1 m
(L0 inches) of the surfges thet contains some opsl coetings or some (less
thoa 20 perconi by volume) duclncdes;

¢. fhave ne lithic eosntect within S0 em (20 inches) of the surlace;

e. heve a weighted cverage carbon content in the surface 38 em (15 inches) of
lass/then 0.58 percenl (1 percent crganic matter) if the weighled average
gend,clay ratio for this depth 4s 1,0 or less; or 0.16 percent if the retio
is 13 or more; or intermediate sand/clay ratios have proporticnal carben
contents. Or, if the upper 18 em (7 inches) are mixed, the color values
ere more then L wien mcist end more than 6 when dry or the chmome (wet o

dry) is more thea by  (See fMgure A, page 120)



Aridisols

Typic Haplargids--Cont.

f. have no burdied argillic horizon that has ita upper boundary within
50 em (20 inchea) of the moil surface;

g. have an argillic hordizon that is contimuous throughout the srea of each
pedon;

h. 1lack the following combination of characteristica:

(1) cracks at some period in most yeers that are 1 em or more
wide at & depth of 50 cm {20 inches), that are at least 30 cm
(12 inches) long in some part, and that extend upward to the
surface or to the base of an Ap horizon, and

(2) a coefficient of linear extensibility (COLE) of 0.09 or more in
a horizon or horizons at least 50 em (20 inches) thick, snd &
potentisl linear extensibility of 6 em or more in the upper 1 m
(LO inches) of the soil or the whole soil if & lithic or paralithic
contact is deeper than 50 cm (20 inches) but shallower than 1 m
(L0 inches), and

(3) more than 35 percent c¢lay in horizons that totsl more than 50 cm
(20 inches) in thickness within the control section.

Aquic Hsplargids. Haplargids like the Typic except for a or a and e.
Arenic Haplarglds. i{apl_argids 1like the Typic except for b.

Duric Haplargids. Haplargids like the Typic except for ¢.

Duric Molliec Haplargids. Haplargids like the Typic except for ¢ and e.
Lithic Haplargids. Haplargids like the Typic except for d.

Lithie Mollic Haplargids. Heplargids like the Typic except for d and e.

Mollic Haplargids. Haplargida like the Typic except for e.
Mollic Thapto-Argic Hsplargids. Hsplargids like the Typic except for € and f.

Ruptic-Entic Lithic Mollic Haplargids. Haplergids 1like the Typic except for d, e and g.

Vertic Haplargids. Haplargids like the Typic except for h or h and e.

Nadurargida. Argids that

1. have a columnar natric horizon above the durlpan, snd the upper boundary of the

duripsn is within 1 m (LO inches) of the soil surface;

2. have no petrocalcic horizon that has its upper boundary within 1 m (LO inches)
of the soil surface. ‘

Typic Nadurargids. Nadurargids that

a. have naither of the following characteristics within 1 m (4O inches) of
the surfacet

{1) dominent chromas of 1 or less throughoit and hueas as yellow or
yellowar than 2.5Y in some portion;

(2) dominant chromas of 2 or less accompanied by mottles not dua to
. segregated lime}

b. have a platy or massive duripan that is indurated in some subhorizon;

¢. have a2 weightsd average carbon content in the surface-38 em (15 inches)
of less than 0.58 percent (1 parcent organic matter) if the weighted
average sand/clay ratio for this depth is 1.0 or.less; or 0,16 percent
if the ratio is 13 or more; or intermediate sand/clay ratios have propor-
tionel carbon contents, Or, if the upper 18 cm {7 inches) are mixed, the
color values are more than [ when moist and more than 6 when dry or the
chroma (wet or dry) is more than L. (See figure A, page 120)
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Aquic Nadurargids. Nadurargids 1ike the Typic except for a or a and c.

Aquic Haplic Nadurargids. Nadurargids like the Typic except for a and b with
or without e.

Haplic Nadﬁrargids. Nadurargids like the Typic except for b.

Haplic Mollic Nadurarglds. Nadurargids like the Typic except for b and ¢ and
the duripan 1s br e and has 20 perceant or more by volume of durinodes in
some subhorizon.

Mollic Nadvrargids. WNadurargids like the Typic except for c.

Natrapgids, Argids that
1., have a columnar natric horizon;

2. have no petrocaleic horizon that has its upper boundary within 1 m (LO inchas)
of the soil surface; .

3. have no duripan that has its upper boundary within 1 m (4O inches) of the surface.

Typic Natrargids. Natrargids that

a. have neither of the following characteristics within 1 m (4O inches) of
the surface: :

(1) dominant chromas of 1 or less throughout and hues as yellow or
yellower than 2.5Y in some portion;

(2) . dominent chromas of 2 or less accompanied by mottlas not due to
segregated lime;

b. have no brittle horizon that is 15 em (6 inches) or more thick within 1 m
(4O inches) of the surface that contains some opal coatings or some (leas
than 20 percent by volume) durinodes;

c¢. have less than 2.5 cm (1 inch) of tonguing or intarfingering of an albic
horizon into the natric horizon except as gray coatings on the aides of
columnsg

d. have no lithic contact within 50 cm (20 inches) of the surface;

e. have a weighted average carbon content in the surface 38 em (15 inches)
of less than 0.58 percent (1 percent organic matter) if the weighted average
sand/clay ratio for this depth 4s 1.0 or less; or 0.16 percent if ths ratio
is 13 or more; or intermediats sand/clay ratics have proportional carbon
contenta. Or, if the upper 18 em (7 inches) are mixed, the color values
are more than L when moist and more than 6 when dry or the chroma (wet or
dry) is more than L; (Ses figure A, pege 120)

f. lack the following combination of characteristics:

(1) cracks at some period in most years that are 1 em or more wide at a
depth of 50 cm (20 inches), that are at least 30 ecm (12 inches) long
in soma part, and that extend upward to the surface or to the base of
an Ap horizon, and

(2) a coefficient of linear extensibility (COLE) of 0.09 or more in a
horizon, or horizens at least S0 cm (20 inches) thick, and a potential
linear extensibility of 6 cm or more in the upper 1 m (LO inches) of
the soil or thw whole soil if a lithic or paralithic contact is deeper
than 50 cm (20 inches) but shallewer than 1 m (4O inches), and

(3) more than 35 percent ¢lay in horizons that total more than 50 cm
(20 inches) in thickness within the control asction.
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Aquic Natrargids. Natrargids like the Typlc except for a br a8 and e.
Aquic Duriec Natrargids. Natrargids like the Typic except for a and b.

. Duric Natrargids. Natrargids like the Typic except for b.

Duric Mollic Natrargids. Natrargids like the Typic except for b and e.

Glossic Mollic Natrargida. Natrargids like the Typic except for ¢ and e,

Lithic Natrargids. Natrargids like the Typlic except for d.

Lithic Mollic Natrargids. Natrargids like the Typic except for d and e.

Mollie Natrargids. Natrarglds like the Typic except for e.

Vertic Natrargids., Natrargids like the Typic except for f or f and e.

Paleargids, Argids that

1. have elther a petrocaleic horizon that has its upper boundary within 1 m
(L0 inches) of the soil surface or that have an argillic horizon or prismatic
or blocky natric horizon that has both 35 percent or more clay in some part,
and either:

a. an increase of 15 percent or more clay (absolute) within & vertical distance
of 2,5 cm (1 inch) at the upper boundary of the argillic horizen; or

b. an increase of 10 percent or more clay (absolute) if cultivated and the
lower boundary of the Ap horizon is the upper boundary of the argillie
horizon;

2. have no duripan that has its upper boundary within 1 m (LO inches) of the
surface.

Typic Paleargids, Paleargids that

a. have no brittle horizon that is 15 cm (6 inchea) or more thick within
1 m (4O inchea) of the surface and that contains some opsl coatings or some
(less than 20 percent by volume) durinodes;

b. have no lithic contact within 50 em (20 inches) of the surface;

c. have a weighted average carbon content in the surface 38 em (15 inches)
of lass than 0.58 percent (1 percent organic matter) 1f the weighted average
sand/clay ratio for this depth is 1.0 or less; or 0.16 percent 1f the ratio
1= 13 or more; or intermsdiste sand/clay ratios have proportional carbon
contents. Of, if the upper 18 cm (7 inches) are mixed, the color values
are more than L when moist and more than 6 when dry or the chroma (wet or
dry) is more than li; (See figure A, page 120)

d. have no petrocalcic horigon with ita upper boundary within 1 m (4O inchea)
of the surface;

e, have no columnar natric horizon;
f. have elther:

(1) an inerease of 15 percent or more clay (absolute) within a verticsl
distance of 2,5 cm (1 inch) at the upper boundary of the argillic
horizon, or

(2) an incresse of 10 percent or more clay (abaolute) if cultivated and the

%owar boundary of the Ap horizon is the upper boundary of the argillic
orizon,

Duric Paleargids. Paleargids like the Typic except for a.
Lithic Paleargids. Palearglds like the Typic except for b.




Orthids,
1.
2.

3.
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Lithic Mollic Paleargids, FPalearglds 1like the Typic except for b and c.

Mellie Paleargida. Palearglds like the Typic axcept for ¢,

Mollic Petrocalcic Paleargids. Paleargids 1ike the Typic except for ¢ and d.

Patrocaleic Paleargids. Paleargids 1like the Typic except for d with or without f.

Aridiscls that
have ne argillie or natric horizon unless it is a buried horizon, and;

have within 1 m (LO inches) of the surface one or mere of the following horizons:
calele, petrocaleic, gypsic, cambie, or duripanj

either sre ususlly dry between 18 and 50 cm (7 and 20 inches) depth or a 1ithic or

& paralithic contact, whichever is shallower, or have a conductivity of the satura-
tion extract that ia 2 mmho per cm or greater at 25°C in soms part above whichever of
the following depths is leaat: a lithic or paralithic contact, 1.25 m (50 inches) if
particle-size class iz sandy, 90 cm (35 inches) if loamy, and 75 em (30 inches) if
clayey; or with increase in depth within the C horizen but above the depths for the

. different particle-sigze classes specified above, there is an increase in saturation

with Na plus K in some part, or; .
have a salic horizon within 75 em (30 inchea) of the surface and are saturated with

‘water within 1 m (LO inches) of the surface for cne month or more.

Calciorthida. Orthids that

1. have elther a calcic or gypsic horizon that has its upper boundary within
1 m (40 inches) of the surface;

2. are calcaracus in all parts above the caleic horizon after the upper 18 em
(7 inches) are mixed unless textures are coarser than loamy very fine sand;

3. have no duripen that has its upper boundery within 1 m (LO inches) of the surface;

L. have no salic horizen above the calcie or gypsic horizon;

5. have no pstrocalclc horizon that has its upper boundary within 1 m (4O inches) of
the surface.

Iypic Calelorthids. Calciorthids that

a. have none of the following characteristica within 1 m (LO inches) of the
surfacet :

(1) dominant chromss of 1 or leas throughout the hues as yellow or ysllowsr
than 2.5Y in some portion;

(2) gﬂmnt chromas of 2 or leas accompanied by mottles not due to segregated
H

(3) dominant chromas of 2 or leass sccompanisd by a decrease in the percentage
:r oxchangesble Na from the upper 25 cm (10 inches) of ths underlying
ayer; _ ‘

b. have no brittle horizon that 1s 15 cm (6 inches) or more thick within 1 m
(LO inches) of the surface that contains scme opal coatings or soma (less than
20 percent by volums) durinodes; :

c. have no lithic contact within 50 cm (20 inches) of the surface;

d. have a weighted average carbon content in the surface 38 cm (15 inches) of less
than 0,58 percent (1 percent organic matter) if the weighted average sand/clay
ratio for this depth 13 1.0 or less; or 0.16 percent if the retio is 13 or
more; or intermediste sand/clay ratios have intermediste carbon contents. Or,
if the upper 16 cm (7 inches) are mixed, the color values are more than L when
moiast and more than 6 when dry or the chroma (wet or dry) is more than L
(see figure A, page 120)
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e. are usually dry in all parts of the soil betwsen depths of 18 and 50 cm
(7 and 20 inches) or to a lithic or a parslithic contact shallower than
20 em {20 inches);

f. lack the following combination of characteristics:

(1) cracks at soms period in most yesrs that are 1 cm or more wide at a
depth of 50 cm (20 inches), that are at least 30 cm (12 inches) long
in soma part, and that extend upward to the surface or to the basze of
an Ap horiszon, and

(2) a coafficient of linear extensibility (COLE) of 0.09 or more in a horizon
or horizons, at least 50 cm (20 inches) thick and a potential lineaw
extensibility of 6 em or more in the upper 1 m (4O inches) of the smoll
or the whole soil if a 1lithic or paralithic contact is deeper than
50 cm (20 ‘inches) but shallower than 1 m (4O inches), and

(3) more than 35 percent clay in horizons that total more then 50 em
* (20 inches) in thickness within the control section. '

Aquic Calciorthids. Cslciorthids like the Typic except for & with or without d er
a, or both.

Aquie Duric Calciorthids. Calciorthids like the Typlc except for a and b with or
without d or e, or both.

Lithic Calciorthida. Calciorthids like the Typic except for c.

Lithic Mollic Calciorthids. Caleciorthids like_the Typic except for ¢ and d.
Molliec Calciorthids., Calelorthids like the Typic except for d.

Ustollic Caleiorthids. Caleciorthids like the Typic except for d snd e and the soils
are not continuously dry in all parts between 18 end 50 cm (7 and 20 inchea) or
a lithic or a paralithic contact shallower than 50 em (20 inches) in more then
7 out of 10 years for as long as 60 days if the mean anmal soil tamperature is
less than 22°C (72°F) and the mean summer and mesn winter soil temperatures at
50 em (20 inches) differ by 5*C (9°F) or more.

Yerollic Calciorthids. Calciorthids like the Typic except for d snd e and the soils
are contimiously dry in all parts between 18 and 50 cm (7 end 20 inches) or a
lithic or paralithic contact shallower then 50 cm (20 inches) in more thsn 7 out
of 10 years for 60 dayas or more and the meén ammual soil temperature is less
than 22°C (72°F) and the mesn summer and mean winter soil temperatures at
50 em (20 inches) aiffer by 5°C (9°F) or more.

Camborthids. Orthids that

1l. have a cambic horizom; -
2. have no duripsn that has its upper boundary within 1 m (LO inches) of the surface;

3. have no salic horizon within 75 em (30 inches) of the surface if saturated with
water (i.e. within the cepillary fringe) within 1 m (4O inches) of the surface
for 1 month or more;

L. have no caleic or gypsic horizon that has an upper boundary within 1 m (4O inches)
of the surface unless, after the upper 18 c¢m (7 inches) are mixed, some subhorizon
sbove the calcic horiszon ia free of carbonates end textures are as fins or finer
than loamy very fine sand;

S. have no.petrocaleic horizon that has its upper boundary within 1 m (4O inches)
of tm mf.“.

Iypic Cdmborthids, Camborthids that

a. heve none of the following characteristics within 1 m (4O 4inches) of the
surfece:
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Typic Camborthids--Cont.

(1) dominant chromas of 1 or less throughout and hues as yellow or
yellower than 2,5Y in some portion;

(2) dominant chromss of 2 or less accompanied by miottles due to
" pegregation of iron or mangenese;

(3) dominant chromas of 2 or leas accompanied by a decrease in the
percentage of exchangeable Na from the upper 25 em (10 inches) to
the underlying layer;

b. have no brittle horizon that ie 15 cm (6 inches) or more thick within 1 m
{LO inches) of the surface that contains seme opsl coatings or some (less
than 20 percent by volums) durinodes;

c. have no lithic contact within 50 em (20 inches) of the surface;

d. have a weighted average carbon content in the surface 38 em (15 inches)"
of less than 0.58 percent (1 parcent organic matter) if the weighted avarage
sand/clay ratio for this depth is 1,0 or less; or 0.16 percent if the ratio
1s 18 or more; or intermediate sand/clay ratios have proportional carbon
contents. Or, if the upper 18 ¢m (7 inches) sre mixed, the color values are
more than L when moist and more than 6 when dry or the chroma (wet or dry)
" i more than L; (See figure A, page 120)

e. are usually dry in all parts of the soil between depths of 18 and 50 em
(7 and 20 inches) or a lithic or a paralithic contact shallower then
S0 em (20 inches); '

f. 1lack the following combination of characteristics:

(1) cracks at some period in most years that are 1 cm or more wide at a
depth of 50 em (20 inches), that are at least 30 cm (12 inches) long in
soms part, and that extend upward to the surface or to the base of an
Ap horizon, and

(2) a coefficient of linear extensibility (COLE) of 0.09 or more in a
horizon or horizons at least 50 em (20 inches) thick, and & potential
linear extensibility of 6 cm or more in the upper 1 m (LO inches) of the
soll or the whole soll if a lithic or paralithic contact is deeper than
50 em (20 inches) but shallower than 1 m (4O inches), and

L]
(3) more than 35 percent clay in horizons that total more than 50 cm
(20 inches) in thickness within the control section.

Aquie Camborthids. Camborthids like the Typic axcept for & with or without d or e,A
of both, .

Aquic Durie Camborthids. Camborthids like the Typic except for a and b with or
without d or e, or both,

Duric Camborthids. Camborthids like the Typic except for b.

Duric Lithic Camborthids. Camborthids like the Typic except for b and c.
Duric Molldic Camborthids. Camborthids like the Typlic except for b and d.

Durustollic Camborthids. Camborthids like the Typic except for b, d, and e.
Lithic Camborthids. Camborthids like the Typic except for c.

Lithic Mollic Camborthids. Camborthids 1ike the Typic except for ¢ and d.

Mollic Camborthids. Camborthids like the Typic except for d.

Torrertic Camborthids. 'Camborthids 1like the Typic except for f or d and £, with or
out b, and cracks remain open throughout the yaar.

Ustertic Camborthids. Camborthids like the Typic except for e and £ or d, e, and f
th or out b, and cracks do not remain open throughout the year.
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Ustollic Camborthids, Camborthids 1ike the Typic except for @ and & and the soils
are not continuously dry in all pserts between 18 and 50 cm (7 and 20 inches) or &
lithic or a paralithic contact shallowsr than 50 em (20 inches) in more than 7 out
of 10 years for as long as 60 days if the mean annual soil temperaturs is leass than
22°C (72*F) and the mean summer and mean winter soil temperatures at 50 cm (20 inches)
differ by 5°C (9°F) or more. _

Yepertic Camborthids. Camborthids like the Typic except for e and f with or without
b or d or both, and have (a) cracks that open and close once each yssr and remain
open for 60 consecutive days or more during the year in more than 7 out of 10 years,
and (b) mean snnual soil temperatures less than 22°C (72°F) and mean summer snd mean
winter soil temperaturesz at 50 cm (20 inches) that differ by 5*C (9°F) or more.

Xerollic Camborthids. Camborthids like the Typic except for d and e and the soils are
continuously dry in all parts between 18 and 50 cm (7 and 20 inches) or a lithic
or paralithic contact shallower than 50 em (20 inches) in more than 7 out of 10
years for 60 days or more and the mean annual soll temperature is less than 22°C
(72*F) and the mean summer and mean winter soil temperatures at 50 cm (20 inches)
differ by 5°C (9*F) or more.

Durorthida. Orthids that

1. have a duripan that has its upper boundary within 1 m (4O inches) of the surface
and are with or without a cambic horizon;

2. have no petrocalcic horizon that has its upper boundary within 1 m (4O inches)
of the surface.

Iypic Durorthids. Durorthids that

a, have none of the following characteristics within 1l m (4O inches) of the
surface: i

(1) dominant chromas of 1 or less throughout and hues as yellow or yellower
than 2.5Y in seme portion;

(2) dominant chromss of 2 or less asccompanied by mottles not dus to segregated
lime; :

(3) dominant chromas of 2 or less accompanied by a decrease in the percentage
of exchangeable sodium from the upper 25 em (1.0 inches) to the underlying
subhorizon; '

b. have a platy or massive duripan that is indurated in soms subhorizon;

c. have a weightad average cerbon content in the surface 38 cm (15 inches) of
less than 0.58 percent (1 percent organic matter) if the weighted average
gand/clay ratio for this depth is 1.0 or lesa; or 0.16 percent if the ratio
is 13 or more; or intermediste send/clay ratios have proportional carbon contenta,
Or, if the upper 18 cm (7 inches) are mixed, the color vélues sre more than L
when moist and more than 6 when dry or thea chroma (wet or dry) is more than L;
(See figure A, page 120) ‘

d. are ususlly dry in all parts of the soil between depths of 18 snd 50 em (7 snd
20 inches) or to a lithic or a paralithic contact shallower than 50 cm
(20 inches). .
Aquic Durorthids, Durorthids like the Typic except for a with or without ¢ or d,
=) oth,

Aquentic Durorthids. Durorthids like the Typic except for & and b with or without
© +¢ or d, or both.

Durixerollic Durorthids. Durorthids like the Typic except for ¢ and d and the
solls are continuously dry in all parts between 18 and 50 cm (7 and 20 inches) in
more than 7 out of 10 years for 60 deys or more end the mean anmal soil temperature
iy less than 22°C (72°F) and the msan susmer and mean winter scil temperatures at
50 cm (20 inches) differ by 5°C (9°F) or meore.
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Durustollic Durorthids. Durorthids 1ike the Typic except for ¢ apnd 4 and the
soils are not continucusly dry in all parts between 18 snd 50 em (7 and 20 inches)
in more than 7 out of 10 years for as long as 60 days if the mean anmual soil
temparature is less than 22°C (72°F) ard the mean summer and mean winter soil
temperatures at SO em (20 inches) differ by 5°C ($*F) or more.

Entic Durorthids. Durorthids like the Typic except for b.
Entic Mollic Durorthida. Durorthids like the Typic except for b and c.

Haploxerollic Durorthids. Durorthids like the Typic except for b, ¢, and d and the soils
are continiously dry in all parts between 18 and 50 em (7 end 20 inches) in mors
than 7 out of 10 years for 60 days or more and the meaan annual soil temparature
is lesa than 22°C (72°F) and the mean summer and mean winter soil temperatures at
50 em (20 inches) differ by 5°C (9°F) or more.

Haplugtollic Durorthids. Durorthids like the Typic except for b, ¢, and d and the soils
are not continuously dry in all partas between 18 snd 50 em (7 and 20 inches) in
more than 7 out of 10 years for as long as 60 days if the mean snnual soil
temperature is less than 22°C (72°F) and the mean surmer and mean winter soil
temperatures at 50 cm (20 inches) differ by 5°C (9*F) or more.

Mollice Durorthids, Morthids 1iky the Typic except for c.

Paleorthids., Orthids that

1, have a petrocalelic horizon that has its upper boundary withint 1 m (LO inches)
of the soll surface; . :

2. have no duripan that has its upper boundary within 1 m (4O inchas) of the soil
surface;

3. have no salic horizon within 75 em (30 inches) of the surface if saturated with

water (i.e. within the capillary fringe) within 1 m (LO inches) of the surface
for 1 month or more

Typic Paleorthids. Psleorthids that

&, have none of the following characteristics within 1 m (LO inches) of the
surfaces ' '

(1) dominant chromss of 1 or less throughout and hues es yellow or yellower
than 2.5T in some portion;

(2) dominant chromas of 2 or less aceompanied by mottles not due to
segregated lime;

(3) dominant chromas of 2 or leas accompanied by a decrease in the percentage

of exchangeabls Na from the upper 25 cm {10 inches) to the underlying
layer; '

b have & weighted average carbon content in the surface 38 cm (15 inches) of less
than 0.58 percent (1 percent organic matter) if the weighted average sand/clay
ratio for this depth is 1.0 or less; or 0.16 percent if the retio is 13 or
more; or intermediate sand/clay ratios have intermediate carbon contents. Or,
if the upper 18 cm (7 inches) are mixed, the color velues are more than L when

molst and more than & when dry or the chroms (wet or dry) is more than L
(See figure A, page 120)

¢. are usually dry in ell parts of the scil betwsen depths of 18 and 50 em (7 and

20 inches) or to & lithic or a paralithic contact shallower than 50 om
(20 inchaes), :

Aquic Palsorthids. Paleorthids 1ike the Typic except for a or a and e,
Mollic Palsorthids. Paleorthids like the Typic except for b. '

Ustollic Paleorthids. Paleorthids 1ike the Typic except for b and ¢ and are not
continucualy dry in &1l parts between 18 and 50 cm (7 and 20 inches) or the upper
boundary of a patrocaleic horigon shallowsr than 20 cm {20 inches) or in some part
of tha soil above a patrocslelc horigon with an upper boundary shallower than
18 cm (7 inches) in move than 7 eut of 10 years for as long as 60 days if the

maan annual soil temperature is lesa than 22°C (72°F) and the mean summer end mean
wivtan ondd tammnnatnane ad BN am (00 duakan) 42 FFam hee £00 (AP am cnes
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Xarollic Paleorthids. Paleorthids like the Typle except for b and ¢ and are

™ continuously dry in all parts of the soil between 18 and 50 cm (7 and 20 inches)
or the upper boundary of a pefrocalcic horizon shallower than 50 em (20 inches)
or in some part of the soll above a petrocaleic horizon with its upper boundary
shellower than 18 em (7 inches) in more than 7 out of 10 years for 60 days or more
and the mean annual soil temperature is less than 22°C (72°F) and the mean summer
snd mesn winter soil temperatures at 50 cm (20 inches) differ by 5°C (9°F) or
nore.

Salorthids. Orthids that

1. have a salic horizom within 75 em (30 inches) of the surface if saturated with
water (i.e. within the capillary fringe) within 1 m (4O inches) of the surface
for 1 month or more;

2. have no calcic or gypsic horizon above the salic horizonj
3. have no duripan that has its upper boundary within 1 m (4O inches) of the surface.
Typic Salorthids. Salorthids that

a. have a weighted average carbon content in the surface 38 ¢m (15 inches) of
less than 0.58 percent (1 percent organic matter) if the weighted average
sand/clay ratio for this depth is 1.0 or lesa; or 0.16 percent if the ratio
is 13 or more; or intermediate sapd/clay ratios have proporticnal carbon
contents. Or, if the upper 18 em (7 inchea) are mixed, the color values are
more than L when molst and more than 6 when dry or the chroma (wet or dry) is
more than L. (See figure A, below)

Mollie Salorthids. Salorthids like the Typic except for a.
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MOLLISOLS: ORDER S5

Molliscls are minersl solls that have either a mollic epipedon*, or that have a surface horizon
that after mixing to 18 cm (7 inches) meets all requirements for a mollic epipedon except thickness and
in addition have an upper subhorizon that is more than 7.5 em (3 inchea) thick in an argillic or matric
horizen, that meets the color, organic matter, bese saturation and structure requirements of a mollie
epipedon, but that is separated from the surface horizon by an albic horizon (note that the combined thick~

nesses

moet the thickness requirements for a mollic epipedon); and

1, 'if there is an argiliic horizon, have bage saturation of 50 percent (NHhOAc) or more

througheut the argillic horizon to a depth of 1,25 m (50 inches) below the upper boundary
of the argillic horizon or 1.8 m (72 inches) balow the surface of the soil, whichever is
shallower; and .

2. if there ia a cambic horizon, have base saturation of 50 percent (by NH,OAc) or more in

81l subhorizons to a depth of 1.8 m (72 inches) below the surface of the soil; and

3. have 3 tulk density of the fine earth fraction of 0.85 g per cc or more in the epipeden

and in sny cambic horizon if the exchange complex is dominated by amorphous materials; and

L. have less than 35 percent clay with montmorillonitic mineralogy throughout the epipedon if

the epipeden rests on materials with less than 4O parcent CaCO3 equivalent or the moist and
dry values of the mollic epipedon are no darker than those of iinderlying horizons and the
mesn summar and mean winter soil temparatures at 50 cm (20 inches) depth or at & lithic or
a peralithic contact, whichever is shallower, differ by less than 5°C (9*F); and

5. after the surface 18 em (7 inches) are mixed, have lesg than 30 percent clay in some

6.
7.

horizon down to a lithic or paralithic contact, or to a calcic hordizon or to 1 m (LO inches)
whichever iz shallower if:

a, there are cracks at some period in most years that are at least 1 cm wide at
a depth of 50 em (20 inches), and

b. there is gilpai, or

¢. there are slickensides close enough to intersect at some depth batween
25 cm and 1 m (10 and 4O inches), or

d. there are wedge-shaped or parallelapiped naturel structural aggregates with
their long axes tilted 10* to 60 from horizontal at some depth between
25 om and 1 m (10 and LO inches); and

have no oxic horizon; and

have no spodic horizom.

Albolls, Albolls ars Mollisola that

*

1, have an albic horizon that irmediately underlies tha mollic epipedon, or that
geparates horizons that together meet all requirements for a mollic epipedon;

2. have an argillic horizon or a natric horizon;

3. have in the albic horizoen and in the argillic or natric horizon, characteristics
asgociated with wetness, nemely, mottles, iron-manganese concretions larger than
2 mm, or both,

Argialbolls. Albolla that have an argillic hordizon but do not have a natric horizon.

ZIypic Argislbolls., Argialbolls that

a. have sn slbic horizon that is at least 10 em (4 inches) thick and that
has chromas of 2 or less in more than half of the matrix;

At present we are grouping a few soils with Molliscls that have epipedons meeting all
requirements for a mollic epiﬁedon except color value., These soils have more than L percent
organic matter and more then LO percent finely divided caleium carbonate throughout the
epipedori. Some are grouped with Caleiaquolls and some with Rendolls.
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Typic Argislbolles~-Cont.

b. have no layer in the upper 75 em (30 inches) that has @ texture finer
than loamy fine sand, that ls a5 mach as 18 cm (7 inches) thick, that
has a bulk density (at 1/3-bar tension) of 0.95 g/cc or less in the fine
earth fraction, snd that has either (1) a ratio of measured clay to
15-bar water {percentages) of 1.25 or less, or (2) a mtio of CBC (at pH
near 8) to 15-bar water of more than 1.5 and more exchange acidity than
the sum of bases plus KCl extractable alumirnum;

"¢, have an abrupt textursl change from the nibic to the argillic horizon;

d. are never dry in all parts batween 18 and 50 om (7 and 20 inches) for as
long as 30 consecutive daya in more than 7 out of 10 years.

Aeric Arglalbolls. Argialbolls 1like the Typic except for & or a and c.

Andic Argialbolls. Arglalbolls like the Typic except for b,

Arglaquic Argialbolls., Argialbolla like the Typic except for c.
Argiaquic Xeric Argialbolls, Arglalbolls like the Typic except for ¢ amd d.

Yeric Arbialbolls. Argialbolls like the Typic except for d.
Natralbolls., Albolla that have & natric horizon '
(No subgroups are proposed at this time.)
Aguolls. Aquolls are Mollisols that are either saturated with water at soma period during the

year or are artificislly drained and that have one or more of the following characteristics
assoclated with wetnesa:

1. a histic epipedon;

2. nodium saturation of more than 15 percent in the upper part of the mollic spipedon
and decreasing saturation with increasing depth balow 50 em (20 inches);

3. one of the following combinations of moist colors, in and either inmedistely below
the mollic epipedon or within 75 ¢m (30 inchea) of the surface if a calcic horizon
immadiately underlies the mollic epipedon or if the mollic epipedon is thicker than
75 cm (30 inches):

a. if the lower part of the mollic epipedon haz chromas of 1 or less there are
either:

(1) distinct or prominent mottles in the lower mollic epipedon; or

(2) colors immediately below tha mollic epipedon or within 75 cm (30 inches)
of the surface if a caleic horizon intervenes, with one of the following:

(a) 4if hues are 10YR or redder and there are mottles, chromss are less
than 1.5 on ped surfaces or in the matrix; if there are no mottles,
chromas are less than 1;

{b) 4if the hue is nearest to 2.5Y and there are distinet or prominent
mottles, chromas are 2 or less on ped surfaces or in the matrix;
if there sre no mottles, chromas are 1 or less;

(c) 4f the nesrest hue is SY or yellower and there are distinct or
prominent mottles, chromss are 3 or less on ped surfaces or in the
matrix; and if there are no mottles, chromss are 1 or less;

(d) hues are bluer than 10T7;

{e) the color results from uncoated minerasl greins;

b, &f the lower part of the mollic epipedon has chromas of more than 1 but not
exceeding 2, there are either: .
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Aquollg--Cont.

b. (1) distinct or prominent mottles in the lower mollic epipedon; or

(2) base colors immediately below the mollic epipedon that have ome or
more of1

(a) values of L and chromas of 2 accompanied by some mottles with
values of L or more and chromas of less than 23

(b) values of L and chromas of lesa than 2}

(e) values of 5 or more and chromas of 2 or less aceompaniud by mottles
with high chroms;

a caleic horizon that has an upper boundary within 4O em (15 inches) of the surface.

Argisquolls. Aquolls that

1. have an argillic horizon but have no natric horizon or duripany

2. have mean anmusl goil temperature of 8°C (L7*F ; or higher, or mean summer soil
temperatura at 50 em (20 inches) of 15°C (59°F) or higher if the soil is
drained and cultlvated, or 8°C (L7°F) or higher if the scil is drained and has
an O horizon or & histic epipedon, or 6°C (L3*F) or higher if the soil is
undrained and has a histic epipedon or an O horizen.

Typic Arglaquolls. Argiaquolls that

a, have no argillic horizon that has an increase in clay content of 20 percent
(abaclute) or more within a vertical distance of 7.5 cm (3 inchea) from the
upper boundary;

b, have a mollic epipedon with chromsa of 2 or leas;

¢. have texturas finer than loamy fine sand in some aubhorizon within
50 cm (20 inches) of the surface;

d. have no disssminated carbonates below 18 em (7 inchea) in the lowsr rart of
the mollic epipedon and in the uppar part of the argillic horizon;

e. lack the follawing combination of characteristica:

(1) cracks at some period in most years that are 1 cm or more wide at a
depth of 50 cm (20 inches), that are at least 30 em (12 inches) long
in aome part, and that extend upward to the surface or to the base of

" an Ap horlzon, &nd

(2) @ coefficient of linear extensibility (COLE) of 0.09 or more in a
horizon or horizons at least 50 em (20 inches) thick, and a potential
linear extensibility of 6 cm or more in the upper 1 m (LO inchea) of the
aoil or the whole soll if a Jithic or paralithic contact iz deeper than
50 em (20 inches) but shallowsr than 1 m (LO inchaa), and

(3) more than 35 percent clay in horizons that total more than 50 cm (20 inches)
in thickneas within the control ssction,

Abruptic Argiaquolla. Argiaquolls like the Typic except for a.

Aarie Arg;gq\ﬂlla. Argiaquolls like the I‘ypic; except for b,

Arenic Argiaquolls. Argiaquolls like the ic except for c and have a sandy epipedon
between ?%

cm and 1 m (20 and 4O inches) thick.
Caleic Arglaquolls. Arglaquolls like the Typic except for d.

Grossarenic Arglaquolls. Argiaquolls like the Typic except £or ¢ and have a sandy
epipedon more %ﬁn 1 m (LO inches) thick,

Vertic Argiaquolls., Argiaquolls like the Typic except .for e.
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Calciaquolls, Aquolls that

1. have a calcic horizon that has its upper boundary within 4O cm (16 inches)
of the surface;

2. have mean asnnual soil temperatures of 8°C (L7'F) or more, or have mean summer ;
s0il temperatures at S0 em (20 inches) of 15°C (59°F) or more;

3. have no natric horizon, argillic horizon, or duripan unless it is a buried
horlzon.

Typic Calciaquolls. Caleciaguolls that

&, have distinct or prominent mottles reflecting segregations of iron and
manganese within 50 em (20 inches) of tha surface, or if no mottles are
within 50 em (20 inches), the moist colors immedistely below the mollic
epipedon are neutral or have hues of 2.5Y or yellower and dominant chromaa
of less than 2;

b. have a calcic horizon within or immedistely below the epipedon and are
calcarecus in all parts above the calcic horizon after the upper 18 cm
(7 inchas) are mixed; _

¢. have no salic horizon within 75 cm (30 inches) of the surface.

Aeric Calcisquolls, Calclaquolls like the Typic except for a.

Haplic Calciaquolis. Calciaquolls like the Typic except for b.

C ollas. Aquolls that have a mesn annual soll temperature of laas than 8°C (L7°F) )
auﬁ a msan summer soll tenperaturs at 50 ¢cm (20 inches) or at a lithic or a paralithic |
contact, whichever is shallower, of less than 15°C (59°F) if the moil ia drained and has
no O horizon or histic epipedon, less than B°C (L7*F) if drained and has an O horizen,
and less -than 6°C (L3°F) if the soll is undreined and has an O hordzon or a histic
epipedon,

Typic Crysquolls. Cryaquolls that : ’

a, have no layer in the upper 75 cm (30 inches) that has a texture finer than Ly
loamy sand, that is as much as 18 cm (7 inches) thick, that has a bulk density -
(at 1/3-bar tension) of 0.95 g/cc or less in the fine earth fraction, and that ‘
has either (1) a ratio of measured clasy to 15-bar water (pereantngui of 1.25 |
or lass, or (2) a ratio of CEC (at pH near 8) to 15-bar water of mors than
1.5 and more exchange acidity than the sum of bases plua KC1 extractable
alumirmm;

b. have no argillic horigong

¢. have no calcic horizom within or immediately underlying the mollic epipedonj

d. have g mollic; epipedon less than 50 cm (20 inches) thick;

e. have no histic epipadong

f. ﬁve_a mean gnnual soil temperature of mors than 0*C (32°F);

g« lack the following lcombination of characteristics: }
(1) cracks at some period in most years that are 1 cm or more wids at a ‘

depth of 50 em (20 inches), that are at least 30 cm (12 inches) long

in some part, and that extend upward to the surface or to the base of
and Ap horison, and

{2) a coefficient of linesr extensibility (COLE) of 0,09 or more in a Lo
horizon or horizons at lesst 50 cm (20 inchas) thick, and a potential i
linesr extensibility of 6 cm or more in the wpper 1 m (LO inches) of -l
the soil or the whole soil 4f a 1ithic or paralithic contact is deeper o
than 50 em (20 inches) btut shallower then 1 m (LO inches), and

(3) more than 35 percent clay in horizons that total more then SO cm
(20 inches) in thicknass within the control section.
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Andig Cmggdlls. Cryaquolls like the Typic except for & or & and d.
Argic Cryaquolls. Cryaquolls like the Typic except for b or b and ¢ or b, ¢, and d.
Calcic Cryaquolls., Cryaguolla like the Typlc except for c.

Cumlic Cryaquolls, Cryaquolls like the Typic except for d.

Histic Cryaquolla. Cryaquolls like the Typic except for e.

Pergalic Cryaquolls. Crysquolls like the Typic except for f.

Vertic Cryaquolla. Cryaquolls like the Typlc except for g with or without d.

Duraquolls, Aquolls that have a durlpan within lm (4O inchea) of the surface.
Typic Duraquolls. Duraquolls that
&, have no argillic horizon;
b. have no natric horizon,

Argic Duraquolls. Duraquolls like the Typle except for a.
Natrie Duraquolls. Duraquolls like the Typie excépt for b.

Haplaquolls. Aquolls that
1. have no argillic or natric horizon;
2. have no duripan within 1 m (LO inches) of the surface;

3. have no calcic horizon with its upper boundary within 4O em (16 inches) of
the surface;

L. have & mesn annual soil temperature of 8°C (L7°F) or more, or have a mean
gummer soil temperature at 50 cm (20 inchea) depth as follows:

a. 1if the soil is drained and cultivated, 15°C (S9*F) or more;

b. if the soil) is undrained and has an O horizen or a histic epipedon,
6*C (L3*F) or more.

Typic Hapiaquolls, Haplaquolls that

a. have no laysr in the upper 75 cm (30 inches) that haa a texture finer than
loamy fine sand, that 13 az much as 18 em (7 inches) thick, that hag a bulk
density (at 1/3-bar tension) of 0,95 g/cc or less in the fine earth fraction,
and that has either gl) a ratio of measured clay to 15-bar water (percentagas)
of 1.25 or less, or (2) a ratio of CEC (at pH near 8) to 15-bar water of
more than 1.5 and more exchange acidity than the sum of beses plus KC1
extractable alumirumg

b. have no calelc horizon that has its upper boundary within 75 e¢m (30 inches)
of the surface;

c. have & mollic epipedon that is less than 60 cm (24 inches) thick;
d. have no brittle horizon 15 em (6 inches) or more thick that is within 1 m
(4O inches) of the surface and that contains soms opal coatings or soms
(less than 20 percent by volume) durinodes;
e. have organic ratter content that decreases regulsrly with depth and reaches
- & Javel of 0.5 percent (0.29 parcent carbon) or less in soms subhorizon within
1.25 n (50 inchea) of the surface;
f. have no histic epipedon;

g+ have no lithic contact within 50 cm (20 inches) of the surface;
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Typic Haplaquolls--Cont.

h. lack the following combination of characteristica:

(1) cracks at soms period in most yesrs thet are 1 cm or more wide
at a depth of 50 em (20 1nchaag: that are at least 30 em (12 inches)
long in some part, and that extend upward to the smurface or to the
base of an Ap horizon, and

(2) a coefficient of linear extensibility (COLE) of 0.09 or more in a
horizon or horizona at least 50 em (20 inchea) thick, and a potentisl
linear extensibility of 6 cm or mora in the upper 1 m (4O inches) of
the 201l or the whole aoil if a lithic or paralithic contact is
deeper than 50 om (20 inchea) but shallower than 1 m (40 inches), and

(3) more than 35 percent clay in horizons that total more thsn S50 cm
(20 inches) in thickness within the control sectiocn.

Andlc Haplaquolle. Haplaquolls 1ike the Typic except for a or a and e.

Calcic Haplaquolls. Haplaquollas like the Typic except for b.

Cumilic Haplaquolls. Haplaquolls like the Typic except for ¢ or ¢ and e.

Duric Haplaquolls. Hsplaquolls like the Typic except for a.

Fluventic Haplaquolls. Haplaquolls like the Typic except for e,

Histic Haplaquolla. Haplaquolls like the Typic except for f.

Lithic Haplaquolls, Haplaquolls like the Typic except for g.

Vertic Haplaquolla, Haplaquolls like the Typic excapt for h with or without ¢
or &, or both. :

Natraquolls. Aquolls that

Borolls.
1.
2 -

’ 3.
h.

S.

1. have a natric horizom,
2. have no duripan, '
Typic Natraquolls. Natraquolls that

a, have no brittle horizon 15 cm (6 inches) or more thick that is within 1l m
(4O inchea) of the surface and that contains some opal coatings or some
(less than 20 percent by volums) durinodes.

Durdc Natraguolls. Natraquolls like the Typic except for a.

Borolls are Mollisols that
have a mean anrmal s0il temperature of lesa than B°C (L7°F);

have either:

a, » moist chrome of 1.5 or lass in the mollic epipsdon to a depth of 15 cm
(6 inches) or more, or '

b. a mean summer soil temperature at 50 em (20 inches) or a lithic or paralithic
contact, whichever is shallower, of less than 15°C (59°F) if without an O
horizon or less then 8°C (L7*F) if with an © horizon;

have no albic horizon thet has charucteristics associated with watness, nemely,
mottles, iron-manganese concretions lerger than 2 mm, or boths

are not saturated with water at any period or lack the characteristics associated
with wetness defined for Aquolls; ) ' .

have no calcarsous horizon that lLmmediately underlies the mollic epipedon at depths
of less than 50 cm (20 inches) and that hes more then LO percent celeium carbonate
oequivalent unless 1t 12 a ecaleic horizon. (Note that hard limestone bedrock is
neither a soil horizon nor & part of a soil,)

P T
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Argiborolls. Borolls that

1, have an argillic horizon, but have no cambic horizon overlying the argillie
horizon and separated from it by an albic horizon; )

2. have no natrie horizon;

3. have the upper boundary of the argillic horizon within 60 em (2L inches) of
the surface¥or have textures coarser than loamy very fine sand in a1l sub-
hordizons above the argillic horizonj

L. have mean summer soil temperatures at 50 em (20 inches) of 15°C (5%°F) or
more if without an O horizon, or of 8°C (L47°F) or more if with an O horizon.

Typic Argiborolls, Argiborolls that

a. have no argillic horizon that has an increase in clay content of 20 percent
(absolute) or more within s vertical distauce of 7.5 cm (3 inchea) from the
upper boundary;

b. have no elbic horizon underlying the mollic spipedon;

¢. have no layer in the upper 75 cm (30 inches) that has a texturs finer than
loamy fine sand, that is as much as 18 em (7 inches) thick, that has a
bulk density (at 1/3-bar tension; of 0.95 g/fcc or lega in the fine earth
fraction, and that has either (1) a ratlo of meamired clay to 15-bar water
(percentages) of 1,25 or less, or (2) & ratio of CEC {at pH near B) to
15-bar water of more than 1.5 and more exchange acidity than the sum of
bases plus KC1 extractable aluminum,

d. have no mottles with chromas of 2 or less within 1 m (L0 inches) of the
surface;

€. bave no albic horizon that tongues or interfingers into at least the upper
part of the argillic horizon;

" f. have base ssturation (by NHjOAc) of more than 60 percent in all subhorizons
of the argillic horizon;

g+ have no lithic contact within 50 em (20 inches) of the surface;
" h., have a mollic epipedon less than 4O cm (16 inches) thick;
i. lack the following combination of characteristica:

(1) cracks at some period in most years that are 1 cm or more wida at a
depth of 50 cm (20 inches), that are at lemat 30 em (12 inches) long
in soma part, and that extend upward to the surface or to the base of
an Ap horizon, and

(2) a coefficient of linear extensibility (COLE) of 0.05 or more in a
herizon or horizons at least 50 cm (20 inches) thick, and a potential
linear extensibility of 6 em or more in the upper 1 m (4O inches) of
the goll or the whole soil if a lithic or paralithic contact is deeper
than 50 em (20 inches) but shallowsr than 1 m (LO inches), and .

(3) more than 35 percent clay in horizons that total mers than 50 cm
(20 inches) in thickness within the contrel sectlon.

Abruptic Argiborolla. Argiborolls like the Typic except for a.
Albic Argiborolls. Argiborolls like the Typic except for 2, band d or & and d.
_Andic Argiborolls. Argiboerolls like the Typic except for ¢ with or without h.
Aquic Argiborolls. Argiborolls like the Typic except for d.
Boralfic Argiborolls. Argiborolls 1like the Typic except .for e.
Glossoboralfic Argiborolls. Argiborolls 1ike the Typic axcept for e and f.
If there is a surface mantle that has more than 60 percent vitric volcanic ash, cinders or

other vitric pyroclastic materials, the depth to the argillic horizon iz measured from the base
of this mantls rather than from the mineral surface.
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Argiborolls—-Cont.
Lithic Argiborolla. Argiborolls like the Typic except for g.

Pachic Arg_i_.‘bbrolls. Argiborolls like the Typic except for h with or without d.
Vertio Argiborolls. Argiborolls like the Typic except for 4 with or without h.

Caleiborolls. Borollas that

1. have a calcic or gypsic horizon that has its upper boundary within 1 m
(4O inchas) of the surface, and that are calcarecus in all parts of all
horizons above the calcic or gypsic horizon after the upper 18 em (7 inches)
are mixed unless textures are cosrser than loamy very fine sand.

2, have soll termperatures higher than those of Cryoborolls;

3. have no argillic or natric horizon unless it underlies a calecic or gypsie horizon.
Iypic Caleiborolls. Caleiborolls that
a. have no mottles with chromas of 2 or less within 1 m (4O inches) of the surface;
b, have a calcic horizon within or immediately underlying the mellic epipedon;
¢. have no 1lithic contact within 50 cm (20 inches) of the surface
d. lack the following combination of characteristics:

- (1) cracks at soma period in most years that are 1 ¢m or mors wida at s
depth of 50 em (20 inches), that are at least 30 em (12 inchea) long
in some part, and that extend upward to the surface or to the base of
an Ap horizon, and

(2) a coefficient of linear extensibility (COLE) of 0.09 or more in &
horizon or horizons at least 50 cm (20 inches) thick, and a potential
linear extensibility of 6 c¢m or more in the upper 1 m (LO inches) of
the #01l or the whole soil 1f a lithlc or paralithic contact is deapar
than 50 cm {20 inches) but shallowsr than 1 m (LO inches), snd

(3) more than 35 percent clay in horizons that totsl more than 50 em
(20 inches) in thickness within the control section.

Aquic Caleiborolls. Calciborolls like the Typic except for a.
Hsplic Caleiborolls, Culciborolls like the Typic except for b.

Lithie Calciborolls. Csleiborolls like tha Typic except for ¢ or b and c.
Vartic Calciborolls, Calciborolls like the Typic except for d. ’

Cryoborolls. Borolls that

1. have a mean summer soil terperature at 50 cm (20 inches) or at a lithic or .
paralithic contact, whichaver is shallower, of less than 15°C (59°F) 4f without
an O horizon, or of less than 8°C (47°F) if with an O horizon;

2. have no argillic harimn that has itas upper boundary deeper than 60 ¢m (2k inches)
balow the surface © unless thare are textures coarser than loamy very fine sand in
all subhorizons above the argillic horiron.

Typic Cryoborolls. Cryoborells that
a. have no argilliec horizong '

b. have no layer in the upper 75 cm (30 inches) that has a texture finer than - ‘
losmy fine sand, that'is as much as 18 cm (7 inches) thick, that has & bulk )
|

Bl

density (at 1/3-bar tension) of 0.95 g/ce or less in the fine earth fractiom,

and that has either (1) a ratie of measured clay to 15-bar water (percentages)
of 1.25 or lesa, or (2) a ratio of CEC (at pH mear 8) to 15-bar water of more |
than 1.5 and more exchsnge acidity than the sum of bsses plus KC1 extractable !
alumirnm, -

LI P

% If there is a surface mentle that has more than 60 percent vitric volcanic ash, cinders or
other vitric pyroclastic materisls, the depth to the argillic horizon is measured frem the
base of this mantle rather than from the mineral surface.
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c. have no distinet or prominent mottles due to segregation of irem or
mangsnese within 1 m (LO inches) of the surface;

d. have no caleic horizon within or immedistely underlying the mollic
epipedon;

e. have a molllc epipedon less than 4O em (16 inches) thick;

g. have no lithic contact with its upper boundary within 50 cm (20 inches)
of the surface;

h. have a mean annual soil temperature of more than 0*C (32°F);
i. lack ‘the followlng combination of characteristica:

(1) cracks at some periocd in most years that are 1 cm or more wide at
a depth of 50 em (20 inches), that are at least 30 em (12 inches)
long in some part, and that extend upward to the surface or to the
base of an Ap horizon, and

{2) a coefficient of linear extensibility (COLE) of 0.09 or more in a
horizon or horizons at least 50 cm (20 inches) thick, and a potential
linear extensibility of 6 cm or more in the upper 1 m (LO inches) of
the soil or the whole soil 1f a lithic or paralithic contact is deeper
than 50 em (20 inches) but shallower than 1 m (4O inches), and

{3) more than 35 parcent clay in horizons that total more than 50 em
(20 inches) in thickness within the control section;

J. have no albic horizon immediately below the mollic epipeden.

Abruptie Cryoborolls. Cryoborolls like the Typic except for a and j and have an
increase in clay content of 20 percent (absolute) or more within a vartical
distance of 7.5 cm (3 inchea) from the upper boundary,

Andie Cryoborolls. Cryoborolls like the Typic except for b or b and e.

Andte Argle Cryoborolls. Cryoborolls like the Typlc except for & and b with or without e.

Agquic Cryoborolls. Cryoborolls like the Typic except for c.

Arglaquic Cryoborells. Cryoborolls like the Typic except for a amd ¢,

Argic Cryoborolls. Cryoborellas like the Typic except for a.

Argle Lithic Cryoborolls. Cryoborolls like the Typic except for a and g.

Argie Pachie Cryoborolla. Cryoborolls like the Typic except for a and e H'.Lth or
without c.

Argic Vertic Cryoborolls. Cryoborolls like the Typic except for a and 4 with or
Without o,

Boralfic Cryoborolls. Cryoborolls 1ike the Typic except for a with or without e or
or J, or both,and have en albic horizon that tonguee or interfingers into at least
the upper part of the argillic horizon.

Boralfic Lithic Cryoborolls. Cryoborolls like the Typic except for a and g with or
without e or J, or both,and have an elbic horizon that tonguea or interfingera
into at least the upper part of the arglllic horizon.

Calcic Cryoborolls, Cryoborolls like the Typic except for d.

Caleiec Pachic Cryoborolls. Cryoborollas like the Typic except for 4 and e with or
without a or ¢, or both.




130

Mollisols

Cryoborolls-~Cont.

Lithic Cryoborolls., Cryoborolls like the Typic except for g.

Natric Cryocborolls. Cryoberolls like the Typic except for a with or without j and
have more than 15 percent saturation with exchengeable sodium in the major part
of the argillic horlzom.

Pachic Cryoborolls., Cryoborolls like the Typic except for e with or without a or
c, or both. .

Pargelic Cryoborolls, Cryoborolls like the Typic except for h,

Vertic Cryoborolls, Cryoborolls like the Typlc except for i with or without e.

' Haploborolla. Borolls that

1. have soil temperatures higher than those of Cryoborollas;

2. have no argillic or natric horizon unless it underlies a cambic horizon and is
separated from the cambic horizon by sn albic horizon;

3. have & transition between the mollic epipedon and the underlyling horizen that
has less than 25 percent by volume of worm holes, worm casts or filled animal
burrows.

Typic Hsploborolls. Haploborolls that

a. have no layer in the upper 75 cm (30 inches) that has a texture finer than loamy
fine sand, that is as much as 18 cm (7 inches) thick, that has bulk density
(st 1/3-bar tension) of 0.95 g/cc or less in the fine earth fraction, and that
has either (1) a ratio of measured clay to 15-bar water (percentageas of 1.25
or less, or (2) a ratio of CEC (at pH near 8) to 1S5-bar watar of more-than
1.5 and more exchange acidity than the sum of bases plus KC1l extractable
aluminumg

b. have no mottles with chromas of 2 or less within 1 m (LO inches) of the surface;

¢. have a mellic epipedon less than LO cm (15 inches) thick;

d. have a cambic horizon or have a mollic epipedon that is between 25 end LO cm
(10 and 16 inches) thick and has one or more of the following in the lower
portion: ’

(1) moderate or strong prismatic, blocky, or subangular blocky structure;
(2)' higher chroma than the upper portion;

(3) higher value than the upper portion;

(L) redder hue than the upper portion;

e. have a regular decresse in organic metter content with depth and a level of
0.5 percent (0.29 percent organic carbon) or less within 1.25 m (50 inches)

of the surface;

£. have no lithic contact with its upper boundary within 50 cm (20 inches) of
the surface;

g+ lack the following combinstion of characteristics:

(1) cracks at some period in most years that are 1 em or more wide at @
depth of 50 em (20 inches), that are at least 30 om (12 inches) long
in some part, and that extend upward to the surface or to the bass of
an Ap horizon, and :
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(2) a coefficient of 1linear extensibility (COLE) of 0.09 or more in a
horizon or horizons at least 50 em (20 inches) thick, and a potential
linear extensibility of 6 cm or more in the upper 1 m (40 inches) of
the soll or the whole soil if a lithic or paralithic contact is desper
than 50 cm (20 inches) but shallower than 1 m (4O inches), and

(3) more than 35 percent clay in horizons that total more than 50 em (20 inches)
in thickness within the control section.

Andic Haploborolls. Haploborolls like the Typic except for & or & and ¢ or a, b and c.
Aguic Haploborolls. Haploborolls like the Typlc except for b or b and d.

Cumulic Haploborolls. Haploborolls like the Typic except for ¢ and e, with or
without b or d, or both. g'l‘he orgenic matter content decreases irregularly or it
remains above 0.5 percent (0.29 percent carbon) st a depth of 1,25 m (50 inches).

Entie Heploborells. Haploborolls 1like the Typic except for d.

Fluventic Haploborolls. Haploborolls like the Typic except for e or d and e.

Lithic Haploborolls. Haploborolls 1ike the Typic except for f or d and f.

Pachic Hsplohorolls. Haploborolls like the Typic except for ¢ with or without b or 4,
or both. ’

Vertic Haploborolls. Hsploborolls 1ike the Typic except for g, or gande, or g, c and e

Natriborolls, Borolls that

1. have a natric horizom;

2. have no cambic horlzon overlying the natric horizon and separated from it by an
albic horizon;

3. have temperatures warmer than Cryoborolls.

Typic Natriborolls. Natriborolls that

@. have no tonguing of an albic horizon more than 2.5 em (1 inch) into the
natric horizon;

b, have a natric horizon that has a lower boundary deeper than 4O em (16 inches);

c. have more than 15 percent exchangeable sodium in the major part of the matric
horizon, .

Gloasic Natriborolls., Natriberolls like the Typic except for a.
Leptic Natriborolls, Natriboerolls like the Typic except for b.

Paleborolls, Borolls that

1. have an argillic horizon that has an upper boundary deeper than 50 em (2L inchas)
below the mineral surface;¥*

2. glv; textures finer than loamy fine sand in all subhorizons above the argillic
orlzon.

Typic Paleborolls. Palaborolls that

8. have no argillic horizon with an increase in clay contsnt of 20 percent
(absolute) or more within a vertical distance of 7.5 c;m (3 inches) from the
upper boundary;

b, have no mottles with chromas of 2 or less within 1 m (4O inches) of the surface;

:iul‘icthere i: ::urf:ca jg;,nﬂzhthat has more than 60 percent vitric volcanie ash, cinders, or other
pyroclastic materials e depth to the argillic horifon is measured from the ba £
mantle rather than from the r'rdneral surface. T8 s¢ of this
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¢. have a mean summer soil temperaturs at 50 em (20 inchas) or at a lithic
or s paralithic contact, whichever is shallower, of more than 15°C (59°F)
if without en O horizon and more then §°C (h7.'FS Af with an 0 horizon;

d. have base saturation (by NHhOAc) of more than 60 parcent in all subhorizons
of the argillie horizon;

e. heve a mollic epipedon 60 cm (2l inches) or lesa thick.
Abruptic Paleborolls. Palaborolls like the Typic except for a,

Abruptic Cryic Paleborolls. Paleborolla like the Typlc except for a and c.

Albic Paleborolls. Paleborolls like the Typic except for a and b.
Albic Cryic Paleborolls. Paleborolls 1ike the Typic except for a, b and c.

Aquic Palsborolls. Paleborolls like the Typic except for b.

Aquic Crylc Paleborolls, Paleborolls like the Typic except for b and c.

Cryic Paleborolls. Paleborolls like the Typic except for c.

Cryic Qlossoborelfic Paleborolls, Paleborolls like the Typic except for c and d.

Qlosschoralfic Paleborolls. Paleborolls like the Typic except for d.

Pachic Paleborolls. Paleborolls like the Typic except fer e with or without b.

Vermiborolls. Borolls that have no argillic or natric horizon but have a mollic epipedon
percent or more by volume of worm holes, worm caste or filled animsl burrows,

that either rests on & lithic contact or has a transitien to the underlying horizoen

in which 25 percent or more of the volume is worm holes, worm casts or filled animal

Typic Vermiborolls. Vermiborolls that

2. have a mollic epipedon 75 cm (30 inches) or more thick.
Haplic Vermiborolls, Vermiborolls like the Typic except for a.

Rendolls, Rendolls are Mollisols that have no argillie or caleic horizon. They contaln msterial,
Including coarse fragments less than 7.5 cm (3 inches) in diameter, that has more than

L0 percent caleium carbonate equivalent in or immediately below the mollic epipedon. They
have mollic epipedons that are not more than 50 cm (20 inches) thick.

Rendolls., Equivalent to suborder.

Typic Rendolls, Rendolls that

a. have a mollic epipedon free of mottles of brown, strong brown, or reddish brown;

b. have a mean amnual soil temperature of 8°C (L7°F) or higher and a mean summer
soil temperature at 50 em (20 inches) depth of 15*°C (59°F) or higher;

¢. have no camblc horizon throughout the pedon;
d. have no histic epipedong
e. have no lithic contact within S0 cm (20 inches) of the surface;
f. lsck the following combination of characteristics:
(1) cracks at some period in most yesars that ere 1 cm or more wide at a .
depth of 50 em (20 inches), that ars at leaat 30 cm (12 inches) long in

some part, and that extend upward to the surface or to the base of an
Ap horizon, and .

SR AR e Rl
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(2) a coefficient of linear extensibility (COLE) of C.09 or.more in
@ horizon or horizons ‘at least 50 em (20 inchea) thick, end a potentdsl
Jinear extensibility of 6 cm or more in the upper 1 m (LO inches) of the
201l or the whole soil if a lithic or paralithic contact iz deaper than
50 cm (20 inches) but shallower than 1 m (LO inches), and

(3) more than 35 percent clay in horizons that total more than 50 cm
(20 inches) in thickneas within the control section.

Aquic Rendolls. Rendolls like the Typic except for a.
Cryice Rendolls. Rendolls like the Typic except for b.

Entic Rendells, Rendolls like the Typle except that the dry color value of the
epipedon 18 & or more after the surface 18 cm (7 inchea) have been mixed.

Eutrochreptic Rendells. Rendolls like the Typic except for ¢ and the mean summer
and mean winter soll temperstures at 50 c¢m (20 inches) differ by 5°C (9°F) or more,
and no subhorizon below a depth of 5 em (2 inches) is dry for s much aa $0
cumlative days in meost years,

Eutropeptic Rendolls. Rendolls like the Typic except for ¢ and the mean surmer and
mean winter goll temperatures at 50 cm (20 inches) differ by less than 5°C (9°F),
and no subhorizon below 2 depth of 5 cm (2 inches) is dry for as much as 90
cumulative days in most years,

Haplustic Rendolls. Rendella like the Typic except for ¢ snd some aubhorizon below
a depth of 5 cm (2 inches) is dry for 90 curmlative days or more in most ars,
and the msan summer and mean winter soil temperatures at 50 em (20 inches{uor
at a paralithic contact, whichever is shallower, differ by more than 5°C (9°F).

Higtic Rendolls., Rendolla like the Typic except for b and d. (None in U, S.)
Lithic Rendolls. Rendolls like the Typic except for e.

Vertic Rendolls. Rendolls like the Typic except for f.

Udolls are Mollisols that

have either:

a. mean annual soil temperatures of 8°C (L7°F) or more; or

b, have a molst chroma of more than 1.5 in gome part of the upper 15 cm (6 inches)
of the mollic epipedon snd have mean summsr soil temperatures at 50 cm (20 inchas)
depth or a lithic or paralithic contact, whichever is shallowsr, of 15°C (59°F)
or more if without an O horizon, or 8°C (47°F) or more if with an O horizon,

have no albic horizon with charactaristics esscciated with wetness, namely, mottles,
iron-mangsnese concretiona, or both;

are not saturated with water at any perlod or lack the characteristica associated
with wetness defined for Aquolla;

have no calecarsous horizon that immediately underlies the mollic epipedon at depths
of less thap 50 cm (20 inches) and that has mora than LO percent calcium carbonate
aquivalents

are continuoualy moist in any cambic or argillic hordigon, or the soil is not dry in
more than 7 out of 10 yeara for as much as 60 consecutive days in all horizons
between 18 and 50 em (7 and 20 inches) and it is not dry for as much as 90 cumlative
days in any horizon batween these depths in most years.

have no calcic horizon and have no concentration of soft powderj limg in spheroidal
forms, as costings, on pede, or disseminated in clay-size garticleu within 1.5 m

(60 inches) of the soil surface or within 50 om (20 inchas) below the bsse of any
cambic or argillic horizon; -

Af there 1s a lithic or paralithic contact within 50 cm (20 inches), have bese
saturation (by NHhGAc) of leas than 80 percent in soms or &1l subhorizens,
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Argliudolls, Udolls that have an argillic horizon that hss clay distribution such that the
clay decreases by 20 psrcent or more of the maximmm clay contant within 1.5 m (60 inches)

of the surface if:

1. hues are redder than 10TR with chromae of more than L dominant in the matrix in

at least the lower part of the argillic horizon; or

2, there are many coarse mottles that have hues redder thsn 7.5IR or chromas of
more than 5.

Typic Argindolls. Argiudolls that

bl

C.

d.

have colors as followa:

(1) immediately below the mollic epipedon (within 15 em (6 inches) of the
lowar boundary) have hues of 10YR or redder and chromas of 3 or higher,
and no mottles have chromas of 2 or leas in values of L or more; and

(2) no matrix colors in hues 10YR or redder are aas dark or darker than a
value 2.5 with chroma of 2 or less to a depth of 50 cm (20 inches) if

accorpanied by faint mottling within that depth; and

(3) no matrix colors in hues 2.5Y or yellower are &3 dark or darker than a

value of L with chroma of 3 or less to a depth of 50 em (20 inches)
if accompanied by faint mottling within 20 inches; and

(1) no mottles are present within kO om (16 inches) below the surface;

have no albic horlzon that tongues into at least the upper part of the argillic

horizon;

have no lithic contact within 50 em (20 inches) of the surface;

have texturss finer than loamy fine sand in the argillic horizon, or the
argillic horizon does not consist entirely of lamellae with a combined
thickness of less than 15 em (6 inches);

lack the following combination of charscteristics:

(1) cracks at some period in most years that are 1 em or more wide at @

depth of 50 cm (20 inches), that are at least 30 em (12 inches) long
in some part, and that extend upward to the surface or to the base of

an Ap horizon, and
(2) a coefficient of linear -extenaibﬂity (COLE) of 0.09 or more in a

horizon or horizons at least 50 e¢m (20 inches) thick, and a potential
linear extensibility of 6 cm or more in the upper 1 m (4O inches) of
the soil or the whole soil if a lithic or paralithic contact is deeper

than 50 cm (20 inches) but shallower than 1 m (4O inches), and

(3) more than 35 percent clay in horizons that total more then 50 cm
(20 inches) in thickness within the control section, :

"Aquic Argiudolls, Argjudolls that the Typic except for a,

Glogsoboralfic Argiudolls. Argiudells like the Typic except for b.

Lithic Argiudolls. Argiudolls like the Typic except for e.
FPsammentlc Argiudolls. Argiudolls like the Typic except for d.

Vertic Argiudolls. Argiudells like the Typle except for ea.

Hapludolls.

Udolls that

1. have no argillic horizon;

2. have a transition between the mollic epipedon and the underlying horizon that
has less than 25 percent by volume of worm holes, worm casts or filled animsl

burrovs,
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Typic Hapludolls. Hapludolls that

a, have colors as follows:

(1) 4immediately below the mollic epipedon (within 15 em (6 inches) of
the lowsr boundary) have hues of 1O0YR or redder and chromas of 3
or higher, and no mottles have chromas of 2 or lesa in values of
L or more; and

(2) no matrix colors in hues 10YR or redder are sa dark or darker than
valuss 2,5 with chroms of 2 or lass to & depth of 50 em (20 inches)
if accompanied by faint mottling within that depth; and

(3) no matrix colors in hues 2.5Y or yellowsr are as dark or darker
than velue of L with chroma of 3 or less to a depth of 50 em
(20 inches) if accompenied by faint mottling within 20 incheg; and

(4) no mottles are present within 40 cm (16 inches) below the surface;
b. have a mollic epipedon less than 60 ecm (24 inches) thick;

c¢. have a cambic horizon, or the lower epipedon meets the requirements of a
cambic horizon except. for ~olor velue and organic matter content, and
elther the cambic horizon or the lower epipedon iz free of carbonates in
some part;

d. have a regular decrease in organic matter content with depth to & level
of 0.5 percent (0.29 percent organic carbon) or less within 1.25 m
(50 inches) of the surface;

e, have no lithic contact within 50 cm (20 inches) of the surface;
f. lack the following combination of characteristics:

(1) cracks at some period in most ymsars that are 1 cm or more wide at
a depth of 50 em (20 inches), that are at least 30 cm (12 inches)
long in socme part, and that extend upward to the surface or to the
base of an Ap horizon, and

(2) a coefficient of linear extensibility (COLE) of 0.09 or more in a
horizon or horizons at least SO em (20 inches) thick, snd w potential
linear extensibility of 6 cm or more in the upper 1 m (4O inches) of
the soll or the whole soil if a lithic or paralithic contact is deeper
then 50 cm (20 4nches) but shallowsr than 1 m (4O inches), and

(3) more than 35 percent clay in horizons that total more than 50 cm
(20 inches) in thickness within the centrol section;

g. lack & layer in the upper 75 em (30 inches) that has a texturs firer than
loamy fine sand, that is as much as 18 cm (7 inches) thick, that has a
tulk density (at 1/3-bar tension) of 0.95 g/cc or laas in the fine earth
fraction, and that has either (1) a ratio of meesured clay to 15-bar
water (percentages) of 1.25 or less, or (2) a ratis of CEC (at pH near B)
to 15-bar water of more than 1.5 and more exchangs acidity then the sum
of bases plus KCl extractable aluminum.

Aquic Hapludolls. Hapludolls 1ike the Typic except for a.
Aquic Fluventic Hapludolls. Hapludolle like the Typic except for & and d.

Cumilic Hapludolls. Hapludolls 1like the Typic except for b and d with or without
4 or c, or both. .

Entic Hapludolls. Hapludolls like the Typic except for c.
Fluventic Hspludolls. Hapludolls like the Typic except for d or ¢ and d.
Lithic Hepludolls, Hapludolls like the Typic except for e with or’ without c.

Vermic Hapludells. Hapludolls like the Typic except for b and ¢, and have & mollic

epipedon thet, below any Ap, has 50 percent or more by volume of worm holas,
worm casts, or filled animal burrows. (Not known in U, S. )
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Vertic Hapludolls. Hapludolls like the Typic except for f with or without
&l or any of a, b, or d.

Paleudolls,

Udolls that have an argillic horizon with a clay distribution such that

the clay does not decrease by 20 percent of the maximum clay content within 1.5 m
(60 inches) of the soil murface and with one or both of the following:

1. hues redder than 10YR with chromas of more than L dominant in the matrix in
st least the lower part of the argillic horizonj

2. many coarge mottles that have hues redder than 7.5YR or chromas of more thanm 5.

Typic Paleudolls, Paleudolls that

q.

have an argillic horizon that has less than 35 percent clay in the upper
half, and that, at its upper boundary, has less than 20 percent increase
in clay (absolute) within 7.5 cm (3 inches) vertical distence and leas
than 15 percent within 2,5 em (1 inch) verticsl distance;

have no mottles with chromas of 2 or less in the upper 50 cm (20 inches)
of the argillic horizon; -

leck the following combination of characteristics:
(1) cracks at some period in most years that are 1 cm or more wide at
a depth of 50 cm (20 inches), that are at least 30 em (12 inches)

long in some part, snd that extend upward to the surface or to the
base of en Ap horizon, and

(2) a coefficient of linear extensibility (COLE) of 0.09 or more in a

horizon or horizons at least 50 em (20 inches) thick, and a potantial

linear extensibility of 6 ¢m or more in the upper 1 m (LO inches) of

the soil or the whole soil if a lithic or paralithic contact is deeper

than 50 cm (20 inches) but shallower than 1 m (LO inches), and -

(3) more than 35 percent c¢lay in horizons that total more than 50 cm
(20 inches) in thickness within the control sectien,

Abruptic Paleudolls. Paleudolls like the Typic except for a.

Aquic Paleudolls, Paleudolls like the Typic except for b.

Vertic Paleudolls. Paleudolls like the Typic except for ¢ and all or any part

of a.

Vermdolls,

Udeolls that

1. have no argillic or netric horizom;

2. havle a mollic epipedon that, below any Ap, has 50 pereent or more by volume of

worn holes, worm casts, or filled animal burrows and that either rests on a

lithic contact or has & transition to the underlying horizon in which 25 percent

or more of the material is discrete worm holes, worm casts or filled animal
burrows from the mollic epipedon and the underlying horizenm.

Typic Vermudolls, Vermudolls that

a.
’ b.

C.

dl

have a mollic epipedon 75 cm (30 inches) or more thick;
have no cambic horizong '
have & mollic epipedon that has a transition to the underlying horizen

in which 50 parcent or more of the material is discrete worm holes, worm
casta or filled animal burrows from the mollic epipedon and the under-

lying horizon;
have no lithic contact within S50 ¢m (20 inches) of the surface;

have & mollic epipedon with gramular structure composed almost entirely
below any Ap of worm holes, worm casts or filled animal burrows;
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f. have colors asx follows:
(1) immediately below the mellic epipadon (within 15 em (6 inches)
of tha lower boundary) have hues of 10YIR or redder and chromas
of 3 or higher, and no mottles have chromas of 2 or less in values
of L or more; and
(2) no matrix colors in hues 10IR or redder are as dark or darker than
value 2,5 with chroma of 2 or less to a depth of 50 em (20 inches)
if accompanied by faint mottling within that depth; and
(3) no matrix colors in hues 2.5Y or yellower are as dark or darker
than value of L with chroma of 3 or less to a depth of 50 cm_
(20 inches) if accompanied by faint mottling within 20 inches; and
(4) no mottles are present within LO cm (16 inches) below the surface;
Entic Vermudolls., Vermudolls 1like the Typic except for a.

Haplic Vermudolls. Vermudolls 1like the Typic except for b and ¢ with or without

Lithic Vermudolls. Vermudolls like the Typic except for d and a with or without e.
Ustolls. Ustolls are Mollisols that
1. have temperatures too high or chromas too high for Borolls;

2. have no albie horizon with characteristics associated with wetness, namely, mottles,
iron-manganese concretiona larger than 2 mm, or both;

3. are not saturated with water at amy period or lack the characteristics associated
with wetness defined for Aquollasg :

L. are not continuously dry in all parts of the soil betwsen 18 em (7 inchea) and
50 em (20 inches) or a lithic or a paralithic contact shallower than 50 em
(20 inches) or in the subhorizon immedistely above & 1lithic or a paralithic contect
shallower than 18 em (7 inches) for as long as 60 consscutive days in more than 7
out of 10 years unless the mean annual soil temperature is 22°C (72°F) or higher,
or the mean summer and mean winter soil temperatures at 50 cm (20 inchea) depth or
at a lithic or a paralithic contact, whichever is shallower, differ by leas than
5°C ($°F), or both; and with one or more of the following:

&, are dry for 90 cumulative days or more in most years in some subhorizon(a) of
the soil between 18 and 50 cm (7 and 20 inches) or above & lithic or a paras-
lithic contact shallower than 50 cm (20 inches);

b. have base gaturation (by NHhOAc) of 80 parcent or higher in 81l parts of the’
goil above a lithic or a paralithic contact that oceurs within 50 em (20 inches)
of the surface;

¢, within 1.5 m (60 inches) of the soil surface or within 50 em (20 inches) below
. the base of any cambic or argillic horizon, have either s calcic horizon or a
hordzon with concentrations of soft powdery lime in spheroidal forms, as
coatings on peds, or disseminated in clay-sise particles; ¥

d. have increasing saturation of Na plus K within 1.25 m (50 inches) of the surface
g p;rticle-aize class is sandy, 90 em (35 inches) if loamy, end 75 em (30 inches)
clayey.

S. have no calcarecus horlzon in or that immediately underlies the mellie epipedon at depths
of less than 50 em (20 inches) and that has more than LO percent calcium carbonate equiva-
lent unless it 1s a calcic horizon, (Note that hard limestone bedrock is neither a soil
horizon nor & part of the goil,) :

Argivstolls., Ustolls that

1. have an argillic horizon that has:

&, a verticel clay distritution such that the clay decresses from the maximum -
by more than 20 percent of that maximum ¢lay content within a depth of less
than 1.5 m (60 inches) from the soil surface if:

¥ I7T the Ilme 1s disseminated, the horizon(s) in which the lime iz concentrated should have
more lime than the wnderlying horizon &md should have the maximum percentage of c¢lay-sized 1lime.
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(1) hues sre redder than 10YR and chromas are more then li in the matrix, or

(2) there are cormon coarse mottles with hues of 7.5YR or redder or
chromas of more than 5; and

b. & ssndy or loamy particle-size class in the upper part or an increase
of less than 20 percent clay (absolute) within a vertical distance of
7.5 em (3 incheag or 15 percent clay (absolute) within 2.5 cm (1 inch)
at the upper boundary;
2. have no duripan with its upper boundary within 1 m (4O inchas) of the surface;

3. have no petrocalcic horizon with its upper boundary within 1.5 m (60 inches)
of the soil surface;

L. have no natric horizon.

Typic Argiustolla. Argiustolls that

8. have no mottles with chromaa of 2 or less within 1 m (LO inches) of the
surface;

b. have no brittle horizon 15 cm (6 inchea) or more thick within 1 m (kO inches)
of the surface that conteins some cpal coatings or some (less than 20 percent
by volums) durinodes; '

¢, have no lithic contact within S0 cm (20 inches) of the surface;

d. have less than 15 percent saturation with exchangeable sodimn.:ln the major
part of the argillic horizonj

e, have a mollic epipedon less than 50 cm (20 inches) thick;
f. have either or both of:

(1) a calcic horizon or soft powdery sacondary lime within a depth of
1 m (4O inches) if the particle-size clsss is sandy, 70 cm (28 inches)
1f loamy, and 60 cm (24 inches) if clayey;

(2) increasing saturation with Na plus K with incressing depth within
1.25 m (50 inches) if the particle-size class is sandy, 90 cm
(35 inches) if loamy, and 75 cm (30 inches) if clayey;

g. lack the following combilnation of characteristica:

(1) cracks at some pericd in moast yeers that are 1 cm or more wide at a
depth of 50 em (20 inches), that are at least 30 cm (12 inches) long
in some part, and that extend upward to the surface or to the base of
an Ap horizon, and

(2) =& coefficient of linear extensibility (COLE) of 0.09 or more in a
horizon or horizons at least 50 cm (20 inches) thick, and a potential
linear extensibility of 6 cm or more in the upper 1 m (4O inches) of

. the sofl or the whole soil if a lithic or paralithic contact is deeper
than 50 cm (20 inches) but shallower than 1 m (4O inches), and

(3) more than 35 percent clay in horizons that total more than 50
(20 inches) in thickness within the control ssction.

Aquic Argiustolls. Argiustolls like the Typic except for a or a and f.

Duric Argiustolls. Argiustolls like the Typic except for b,
Lithic Argiustolls. Argiustolls like the Typic except for c.
Lithic Udic Argiustolls. Argiustells like the Typic except for ¢ and f.
Natric Argiustolls, Argiustclls like the Typic except for d.

Pachic Argiustolls Argiustolls like the Typic except for e with or without a or f,
or both. '
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Argiustolls--Cent.
Udic Argiustolls. Argiustolls like the Typic except for f.

Vertic Argiustolls, Argiustolls like the Typice except for g or g and e.

Calejustolls, Ustolla that

1. have a calcic or a gypsic horizon with its upper boundary within I m
(LO inches) of the surface, or & petrocalcic horizon that haa its upper
boundary within 1.5 m (60 inches) of the aoil surface, and that are
calcaraous in all parts of all horizons sbove ths calcic, petrocaleic,
or gypsic horizon after the upper 18 cm (7 inches) are mixed unlesa
textures are cosrser then loamy very fine sandj

2. have no argillie or natric horizon, or a duripsn within 1 m (4O inches)
of the surface.

Typic Celciustells, Calciustolls that

a. have mo mottlea with chromas of 2 or less within 75 em (30 inches) of
the surface;

b. have 2 mollic epipedon that rests directly on the calecic horizon;
c. have no lithic contsct within 50 cm (20 inchss) of the surface;
d. have a mollic epipedon less than 50 om (20 inches) thick;

e. have no petrocaleic horizon with its upper boundary within 1l m
(LO inches) of the surface; :

f. have no salic horizon within 75 em (30 inches) of the surface;
g. lack the following combination of characteristics:

(1) cracks at some period in moat years that are 1 cm or more wide
at @ depth of 50 em (20 inches), that are at lesast 30 em
(12 inches) long in some part, and that extend upward to the
surface or to the base of an Ap horizon, and

(2) a coefficlent of linear extensibility (COLE) of 0.09 or more in
a horizon or horizons at least 50 ¢m (20 inches) thick, and a
potential linear extensibility of 6 cm or more in the upper
1 m (kO inches) of tha soil or the whole soil if & lithic or
paralithic contsct is deeper than 50 cm (20 inches) but shallowar
than 1 m (4O inches), and

(3) more than 35 percent clay in horizons that total more then 50 em
(20 inches) in thickness within the control section. '

Aquic Calciustolla, Calclustolls like the Typic except for a or a and b.

Haplic Calciustolls. Calciustolls 1ike the Typic except for b.
Lithic Calciustolls. Celciustolls 1ike the Typic sxcept for c.

Pachic Calciustolls. Calciustolls like the Typle except for 4 with or without
4 or b, or both.

Petrocslcic Caleciustolls. Calciustolls like the Typic except for e.

Patrocaleic Vertic Calciustolls. Calciustolla like the Typic except for e and g,

Sslorthidic Calciustolls, Calciuastolls like the Typic except for f,

Vertic Caleiustolls, Calciustolls like the Typic except for g or g and d.

Durustolls. Ustolls that have a duripan within 1 m (40 inches) of the surface.
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Typie Durustolls. Durustolls that

a. have ﬁo mottles with chromas of 2 or less above the durlpang
b. have a platy, massive, or prismatic duripsn that is indursted in soms

gubhorizon, or that is indurated and coated with opal or opsl and
sesquioxides in more than half of the surface of the upper boundary of

the duripanj )
c. have an srgillic horizon above the duripan.

Aquic Durustells., Durustolls like the Iypic except for a.

Argic Durustolls, Durustolls like the Typic except for b.

Entic Durustolls., Durustolls like the Typic exeept for b and c.

Haplic Durustolls. Durustolls like the Typic except for c.

Haplustolls., Ustolls that

1.
2'

3.

hu

5.

have no argillic or natric horizon unless it is a buried horizom;

have no duripan with its upper boundary within 1 m (4O inches) of the
surface; -

have no calcic or gypsic horizon with its upper boundary within 1 m

(4O inchas) of the gurface unless soms part of some horizon overlying

the calecic or gypsic horizon is free of cerbonates after mixing the

upper 18 cm (7 inches) and has a texture of loamy very fine sand or finer;

have a transition betwesen the mollic epipedon and the underlying
horizon that has lesa than 25 percent by volums of worm holes, worm
casts or filled animal burrows. N

have no petrocaleic horigon with itz upper boundary within 1.5 m
(60 inchea) of the soil aurface, ,

Typic Haplustolls. Haplustolls that

a. have no mottles with chromas of 2 or less within 1 m (4O inches)
of the surface or are not continuoualy saturated with water for
90 days or more within 1 m (4O inches) of the surface;

b. have a mollic epipadon less than 50 em (20 inchas) thick;

¢. have no brittle horizon 15 cm (6 inches) or more thick within 1 m
%ho inches) of the surface that contains scme opal costings or mome

less than 20 percent by volume) durinodes;

d. have a mollic epipedon overlying a cambic horizonj or have a mollic
eplpedon that is noncelcareous, at least in the upper half, and its
lower portion haz one or more of the following:

(1) moderate or strong prismatie, blocky, or subsngular blocky structure;
(2) higher chroma than in the wpper portion;

(3) higher value than in the upper portion;

(4) redder hues than in the upper portion;

e. have a regular decresse in organic metter content with depth to a level of
0.5 percent (0.29 percent organic carbon) or less within 1.25 m (50 inches)
of the surfaces .

f. have no lithic contect within 50 cm (20 inches) of the surface;
g. have no salic horison within 75 cm (30 inches) of the surface;-
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h. lack both of the following combinations of characteristics:

(1) (a) cracks at some period in most years that are 1 cm or more wide
at a depth of 50 cm (20 inches), that are at least 30 cm
{12 inches) long in some part, and that extend upward to the
gurface or to the base of an Ap horizon, and

(b) a cosfficient of linear extensibility (COLE) of 0.09 or more in
a horizon or horizons at lsast 50 em (20 inches) thick, and a
potential linear extensibility of 6 cm or more in the upper 1 m
(4C inchea) of the soil or the whole soil if a lithic or para-
1lithic contact is deeper than 50 em (20 inches) but shallower
then 1 m (LO inches), and

{c) more than 35 percent clay in horizons that total more than 50 em
(20 inches) in thickness within the control section;

(2) (a) have a lithic or paralithic contact or altered rock retaining its
rock structure within 50 cm (20 inches) of the surface, and

(b) have horizons totalling 25 cm (10 inches) or more in thickness
with 35 percent or more clay with montmorillonitic mineralogy;

i. have either or both of:
(1) a caleic horizon or soft powdery secondary lime within a depth of
70 em (28 inches) of the surface if the particle-size class is loamy,
1 m (4O inches) if sandy, and 60 cm (2} inches) if clayey;
(2) 1increasing saturation with Na plus K with increasing depth within
1,25 m (50 inches) if the particle-size class is sandy, 90 em
(35 inches) if loamy, and 75 cm (30 inches) if clayey.
Aquic Haplustolls. Haplustolls like the Typic except for a with or without d or i,
or S%EE.

Aquic Fluventic Haplustolls. Hsplustolls like the Typic except for a and e with
or without any or all of b, d, or i.

Cumilic Haplustolls, Haplustolls like the Typic except for b and & with or without
any or ail of a, d, or 1. (The organic mastter content decrsases irregularly or
it remsins above 0.5 percent (0.29 percent carbon) at a depth of 1.25 m
(50 inches).)

Duric Heplustolls. Haplustolls like the Typic except for o.

Entic Haplustolls. Haplustolls like the Typic except for d.

Entic Vermic Haplustolls. Haplustolls 1ike the Typic except for d and have a mollie
epipedon and & horlzon with secondary carbonates, thet below any Ap, have 50 per-
cent or mare by volums of worm holes, worm casts or filled animal burrows.

Fluventic Haplugtolls. Haplustolls 1ike the Typic axcept for e or d and ¢ with or
without T,

Lithic Haplustolly. Haplustolls like the Typic except for f with or without d or
i. .or both.

Lithic-Vertic Haplustolls. Hsplustolls 1likxe the Typic axcept for f and h with or
without d or I, or both. :

Pachic Haplustolls. Haplustclls 1ike the Typic except for b with or without all or
any og a, d, or 1. .

Salorthidic Haplustolls, Hupluz_!tolla like the Typic except for g.

Udertic Hapluatolls. Hapluatclls 1ike the Typic except for h and 1 with or without
all or sny of b, d, or a.
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Udic Haplustolls. Haplustolls like the Typie except for 4.

Udorthentic Haplustolls. Haplustolls like the Typic except for d and i.

Vermic Haplustolls. Haplustolls like the Typic axcept for b and 4 and have a
mollic epipedon and either or both a cambic horizon, or a horizon with secondary
carbonates that, bwlow any Ap, has SO percent or more by volums of worm holes,
worm casts or filled animal burrows,

Vertic Haplustolls, Haplustolls 1ike the Typic except for h, with or without all
or any of b, d, or e.

Natrustolls.

Ustolls that

1. have a natric horizon;

2. have no petrocaleic horizon with an upper boundary within 1.5 m (60 inches)
of the surface;

3. have no duripan with an uppsr boundary within 1 m (LO inches) of the surface.

Typic Natrustolls. Natrustolls that

b.

C.

d.

have none of the following characteristics within 1 m (LO inches) of the
surface:

(1) dominant chromas of 1 or less throughout and hues as yellow or
ysllower than 2,.5Y in some portion;

(2) dominsnt chromas of 2 or less accompanied by mottles not dus to
segregated lime;

(3) dominant chromas of 2 or less accompanied by a dacresse in the
parcentage of exchangeabls sodium from the upper 25 em (10 inches)
layer to the underlying layer; .

have no brittle horizon 15 ¢m (6 inches) or more thick that is within
1 m (4O inches) of the surface and that contains some opal coatings or some
(1ess than 20 percent by volume) durinodes;

have no tonguing or interfingering of an albic horizon more then 2.5 cm
(1 inch) into a natric horizon,

have & natric horizon that has a lowsr boundary deeper than LO em (16 inches)
from the surface;

lack the following combination of characteristics:

- (1) cracks at soms period in most years that are 1 cm or more wide at

a depth of SO cm (20 inches), that are at lasst 30 cm (12 inches)
long in some part, and that extend upward to the surface or to the
base of an Ap horizon, and

(2) a coefficient of linsar extensibility (COLE) of 0.09 or more in a
horizon or horizons at least 50 cm (20 inches) thick, and a potential
linear extenaibility of 6 cm or more in the upper 1 m (4O inches) of
the #0il or the whole soil if a lithic or paralithic contact is dseper
than 56 om (20 inches) btut shallower than 1 m (4O inches), snd

(3) more than 35 percent clay.in horizons that total more than 50 cm
(20 inches) in thicknass within the control section.-

Aquic Natrustolls. Natrustolls like the Typle except for a.
Aquic Duric Natrustolls, Natrustolls like the Typic except for a apd b,

Durdc Natrustolls. Natrustclls like the Typic except for b.
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Glossic Natrustolls. Natrustolls like the Typic excapt for c.

leptic Natrustolls. Natrustolls like the Typic except for d.

Vertic Natrustolls. Natrustolls like the Typic except for e.

Paleustolls. Ustolls that

1. have a petrocalcic horizon with its upper boundary within 1.5 m (60 inches)
of the soil surface, or an argillic horizon that has either or both:

a, & vertical clay distribution such that the clay does not decreases by
20 percent of the maximum clay content within 1.5 m (60 inches) of the
goil surface, and one or both of:

(1) hues redder than 10YR and chromas of :ore than 4 in the matrix,

(2) common coarse mottles with hues of 7.5YR or redder or chromas of
more than 5; or

b. & particle-szize class that is clayey in the upper part and sn increase of
at least 20 percent clay (absolute) within a vertical distance of 7.5 cm

(3 inches) or 15 percent clay (absolute) within 2.5 cm (1 inch) at the
upper boundary;

2. have no duripan that has an upper boundary within 1 m (4O inches) of the soil
surface; ’

3. have no natric horizon.

Typic Palesustolls. Paleustolls that

a, have no increase of at least 20 percent clay (abaolute) within a vertical
distance of 7.5 cm (3 inches) or 15 percent clay (absolute) within 2.5 em
(1 4nch) at the upper boundary of the argillic horizon;

b. have no mottles with chromas of 2 or lesa within 1 m (LO inches) of the
surface;

¢, have a mollic epipedon less than 50 em (20 inches) thick;
d. have no petrocaleic horizon within 1.5 m (60 inches) of the surface;
6. have either or both oft

(1) a caleic horizon, or soft powdery secondary 1lime within a depth of
1 m (kO inches) if the particle-size class iz sandy, 70 cm (28 inches)
if loamy, and 60 em (2 inches) if clayey, or

(2) increasing saturation with Na plus K with incressing depth within
1.25 m (50 inches) if the particle-size class is sandy, 90 cm (35 inches)
if losmy, and 75 em (30 inches) if clayey;

f. 1lack the following combination of characteristics:

(1) eracks at soms period in most years that are 1 cm or more wide at a
depth of 50 em (20 inches), that are at least 30 cm (12 inches) long
in some part, and that extend upward to the surfsce or to the base of
an Ap horizon, and

(2) a coefficient of linear extensibility (COLE) of 0,09 or move in a
horizen or horizons at least 50 em (20 inches) thick, and a potentisl
linear extensibility of 6 cm or more in the upper 1 m (LO inches) of
the s0il or the whola moil if a lithic or paralithic contact is deeper -
than 50 em (20 inches) but shallower than 1 m (4O inchee), and

(3) more than 35 percent clay in horizons that total more then 50 cn
(20 inchea) in thickness within the control section.

Abruptic Paleustolls. Paleustolls like the Typic except for a.
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Abruptic Aquic Palsustolla. Palesustolls like the Typic except for a and b.

Abruptic Udic Paleustolls. Paleustolls like the Typic except for a and e.

Aquic Paleustolls. Paleustolls like the Typlic except for b with or without e,

Pachic Paleustolls. Paleustolls like the Typic except for ¢ with or without b
or e, or .

Petrocalcic Paleustolls. FPaleustolls like the Typic except for d with or without a.

Udertic Paleustolls. Paleustolls like the Typic except for e and f or b, & and f.

Udic Paleustolls. relesustolls like the Typic except for e.

Vertic Paleustolls. Paleustolls like the Typic except for f or f and b,
- Vermustolls, Ustolls that
1. have no argillic or natric horizon; .
2. have a mollic epipedon,below any Ap,that is 50 percent or more by volume of
worm holes and worm casts or filled animal burrows, and that either rests on
a 1ithic contact or has a transition to the underlying horizon in which 25

percent or more of the material is discrete worm casta or filled animal burrows
from the mollic epipedon and the underlying horiszon.

Typic Varmustolls. Vermuatolls that

a. have a mollic epipedon 50 ¢m (20 inches) of more thick but lesa than 75 cm
(30 inches) thick;

b. have no cambic horizon;

c. have a mollic epipedm,below any Ap,that has a transition to the underlying
horizon in which 50 percent or more of tha volume is worm holes and worm
casts or f11led animsl burrows;

d. have no lithic cemtact within 50 em (20 inches) of the surface;

e. have a mollic epipeden with gramular structuve composed almost entirely
below any Ap of worm holes, worm casts or filled animal burrowas;

f. have no mottles with chromas of 2 or less within 1 m (LO inches) of the
surface,

Entic Vermustolls. Vermuatolls like the Typic except for a and the epipedon is
Tegs than 50 em (20 inches) thick.

Haplic Vernuastolls. Versmstolls like the Typic except for b and ¢ with or witheut
a And the epipedon is less then 75 cm (30 inches) thick,

Lithic Vermmstolls. Vermustolls like the Typic except for d and a with or without
b or c, or both, and the epipedon is less than 75 em (30 inches) thick,

Pachic Vermustolls. Vermustolls like the Typic except for & and the epipedon is
om es) or more thick,

Jerclls. Xerolls are Mollisole that
1. have either: .
aA. mean anmuel soil temperstures of 8°C (47°F) or more, or
b. have a moist chroma of more than 1.5 in some part of the upper 15 cm (6 inches)
of the mollic epipedon and have mean summer soil temperatures at 50 cm (20 inches)

depth or a lithic or paralithic contact, whichever is shallewer, of 15°C (59°F)
or mere if without an O horison, or 8°C (L7°F) or more if with an O horizon;
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2.
3.

ha

have no albic horizon with characterlstics associated with wetness, namely,
mottles, iron-msanganeses concretions, or both;

are not saturated with water at any perlod or leck the characteristics associsted
with wetness defined for Aquolls;

heve no calcarecus horizon in or that immedistely underlies the mollic epipedon at
depths of less than 50 cm (20 inches) and that has more than LO percent caleium
carbonate equivalent unlesg it is a caleic horizon. (Note that hard limestoms
bedrock is neither a soil horizon nor a part of the soil.)

are dry for 60 consecutive days or more in more thsn 7 ocut of 10 years in all parts
of the scil between 18 and 50 em (7 snd 20 inches), or a lithic or a paralithic
contact shallower then 50 em (20 inches) or in the subhorizon immediately above &
1lithic or a paralithic contsct shsllower than 18 em (7 inches).

Argizerolls. Xerclls that

1. have an argillie horizon but not & natric horizen;
2. have an arglllic horizon that haa:

8. & verticsl clay distribution such that the clay decressas from the
maximum by more than 20 percent of that maximmm clay content within a
depth of less than 1.5 m (60 inches) from the soil surface 1f:

(1) bues are redder than 10YR and chromas are more than 4 in the matrix, or

(2) there are common coarse mottles with mmes of 7.5YR or redder or chromas
of more than $; and

b, sandy or loamy particle-size class in the upper part or an increase of less
than 20 percent clay (absclute) within a vertical distance of 7.5 em
(3 inchea) or 15 percent clay (absolute) within 2.5 em (1 inch) at the
upper boundary; :

3. have no duripan with its upper boundary within 1 m (4O inches) of the soil murface 3

L. have no petrocaleic horizon with its upper boundary within 1.5 m (60 inchoﬁ) of
the soll surface;

5. have no caleic or gypsic horizon with its upper boundary within 1.5 m (60 inchesa)
of the surface unless soms part of scme horizon overlying the caleic or gypaic
_hordizon i3 free of carbonates after mixing the upper 18 cm (7 Inches) and has s

texture of loamy very fine mend or finsr.

Typiec Argixerolls. Argixerolls that

8. have no mottles with chromas of 2 or less within 75 em (30 inches) of the
gurface; .

b. have no albiec horizon sbove the argillic horizong
¢+ have neither: ‘
(1) a calcic horizon or soft powdery secondary lime within a depth of
1.5 m (60 inches) 1if the particle-size class is sandy, 1.1 m (L3 inches)
if loamy, and 50 em (35 inches) if clsyey, or above a 1lithic contact
shallower than these deptha, nor
(2) 1if without a caleic horizon or soft powdery secondary lims within the
depths specified in (1) above, have no increasing saturation with
Na plus K with increasing depth within the depths spacified above;
d. have no brittle horizon 15 em (6 inches) or more thick that is within 1 m
gho inches) of the surface and that centains some opal coatings or soms
less than 20 parcent by volume) durinodes;
¢. have no 1ithic contact within 50 cm (20 inches) of the surface;

f. have less than 15 percant saturation with exchangesble sodium in the major
part of the argillic horizon;

€. have a mollic epipadon less than 50 cm (20 inches) thicks
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h. have base saturation of more than 75 percent throughout the argillic
horizon or the upper 50 em (20 inches);

i. lack the following combination of characteristics:

(1) cracka at gome period in most years that are 1 cm or more wide
at a depth of 50 em (20 1nches¥: that are at least 30 cm (12 inches)
long in some part, and that extend upward to the surface or to the
base of an Ap horizon, and

(2) & cosfficient of linear extensibility (COLE) of 0.09 or more in a
horizon or horizons at least 50 em (20 inches) thick, and & potential
linear extengibility of 6 cm or more in the upper 1 m (LO inchss) of
the soil or the whole scil if a lithic or paralithic contsct iz deeper
than 50 em (20 inches) tut shallower than 1 m (LO inches), and

(3) more than 35 percent clay in horizons that total mors then 50 em
(20 inches) in thickneass within the control section.

Agquic Argixerolla. Argixerolls like the Typiec except for a.

Aquic Caleic Argixerolls, Argixerolls like the Typie except for a and c.

Aquuitic Argixerolls. Argixerolls like the Tniic axcept for .a and h.

Boralfic Argixerolla. Argixerolls like the Typic except for b with or without

¢ or h, or both.

Calcic Argixerolls. Argixerclls like the Typic except for c.

Caleic Lithic Argixerolls., Argixerolls like the Typic except for ¢ and e.

Calcic Pachic Argixerolls. Argixerolls like the Typle except for ¢ and g with

or without a.

Duric Argizerolls, Argixerolls like the Typic except for 4 with or without ec.

Glossaqualfic Argixerolls. Argixerolls like tha 'Iypie. axcapt for a end b with

or out ¢ or h, or both.

Lithic Argixerolls. Argixerolls like the .‘I‘inc except for e.

Lithic Ultic Argixerolls. Argixerolls like the Typic except for e and h.

Natric Argixerclls. Argixerolls like the Typic except for f with or without c.

Pachic Argixerolls. Argixerolls like the Typic except for g with or without a,

Pachic Ultic Argixerolls. Argixerclls like the Typic except for g and h with or
out g. . :

Ultic Argixerolls. Arglixerolls like the Typic except for h,

Vertic Argixerolls. Argixerolls like the Typic except for 1 with or without ¢.

Calcixerolls. Xerolls that

1.

2.

3.

have a calcic, petrocalcle, or gypaic horizon with an upper boundery within
1.5 m (60 inches) of the aoil surface; and

are calcarecus in all parts of all horizons above the calcic, petrocaleic, or
gypsic horizons after ths upper 18 c¢m (7 inches) have basen mixed unloss textures
are coarser than loamy very fine sand; and

have no natric herizon or duripan within 1 m (LO inches) of the soil surface.

(Calcixerclls do not oceur in the U, S. The depth limits suggested for the calcic,
petrocaleic, and gypaic horizons are tentativa. ' .
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Typic Calcixerolls, Calcixerolls that

a., have no mottles with chromas of 2 or leas within 75 em (30 inches) of
the surface or are not continucusly saturated with water for as long
as 90 deys within 1 m (4O inches) of the soil surface where undrainad;

b, have a mollic epipedoﬁ leas than 50 em (20 inches) thick;

c. have a regular decrease in organic matter content with depth and the
organic matter content reaches levels of less than 0.5 percent within
1.25 m of the soil surface;

d. have a mollic epipadon that rests directly on a calcie horizon;

e. have no lithic contact within 50 cm (20 inches) of the soil surface;

f. have no petrocaleic horizon with its upper boundsry within 1.5 m
(60 inches) of the soil surface.

Aquic Caleixerolls. Caleixerolls like the Typie except for a,

Curmlic Calcixerolls., Caleixerolls like the Typic except for b and ¢ with or
without 8. (lhe organic matter decreases irregularly or it remsins abovs
0.5 percent (0.29 percent carbon) at a depth of 1.25 m (50 inches).)

Fluventic Calcixerolls. Caleixerolls like the. Typic except for c.

Heplie Calcixerolla, Calcixerolls like the Typic except for d.

Lithic Calcixerolls. Calcixerolls like the Typic axcept for e,

Pachic Calcixeroclls, Caleixerolls like the Typic except for b with or without a.

Petrocaleic Caleixerolls, Calcixerolls like the Typic axcept for f.

Durixerolls. Xerolls that have a duripan within 1 m (4O inches) of the surface.
Iypic Durixerolls, Durixerclls that

a, have no argillic horlzon with an inecrease in clay content of 20 percent
(absolute) or more within a vertical distance of 7.5 cm (3 inches) or
15 percent clay (abscluta) within 2.5 em (1 inch) at the upper boundary.
b. have no mottlsa with chromes of 2 or less above the duripan;
c¢. have a platy, maasive or prismatic duripan that is indurated in soms sub-
horizen, or that is indurated and costed with opal or opal and sesquiocxides
in more than half of the surface of the upper boundary of the duripan;
d. have an argillie' horizon above the duripan.
Abruptic Durixerolls. Durixerolls like the Typic except for a.
Aquic Durixerolls. Durixerclls like the Typic except for b.
Argic Durixerolls. Durixerolls like the Typic except for e,
Entic Durixerclls. Durixerolls like the ‘hrp'.lc_: except for ¢ and d.

Haplic Durixerclls. Durixarolls like the Typic except for d,

Haploxerolls. Xerolls that

1. have no argillic or natric horizon, and that have no duripan within 1 m
(k0 inches) of the surface;

2. have no petrocalcic horizon with an upper boundary within 1.5 m (60 inches) of
the surface; .
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3. have no calcic or gypsic horizon with its upper boundary within 1.5 m
(60 inches) of the surface unlesa acme part of some horizon overlying the
caleic or gypsic horizon is free of carbonates after mixing the upper 18 em
(7 inches) and has & texture of loamy very fine sand or finer.

Typic Haploxerolls. Haploxerolls that

&

b.

C.

r.

-
h.

1.

Jl

have no mottles with chromas of 2 or less within 75 cm (30 inches) of
the surface or are not contimously saturated with water for 90 days or
more within 1 m (LO inches) of the surface whers undrained;

have neither:

(1) a calcic horizon or soft powdery secondary lime within a depth
of 1.5 m (60 inches) if the particie-size ¢lass is sandy, 1.1 m
(43 inches) if loamy, and 90 cm (35 inches) 1f clayey, or above
& lithic contact shallower than these depths; nor

(2) increasing saturation with Na plus K with increasing depth within
the depths specified above if without a calcic horizon or soft
powdery secondary lime within the depths specified in (1) above;

have a mollic epipedon less than 50 ¢m (20 inches) thick;

have no brittle horizon 15 em (6 inches) or more thick that is within
1 m (4O inches) of tha surface and that contains some opsl coatings or
some (less than 20 percent by volume) durinodes;

have & cambic horizon or the lower eplpedon meets the requirements of a
cambic horizon excapt for color value, and either the cambic hordzon or
the lower epipedon is free of carbonates in some part;

have a regular decrease in orgenic matter content with depth to a lavel
of 0.5 percent (0.29 percent organic carbon) or less within 1.25 m
(50 inches) of the surface;

have no lithic contact within 50 em (20 inches) of the surface;

have base saturation of more than 75 percent throughout the upper 75 cm
(30 inches) or above a lithie or a paralithic contact,whichever is shallower;

have no mollic epipedon with granuler structure that, below any Ap, has 50
percent or more by volums of worm holes, worm casts, or filled animal
burrows;

lack the following combination of characteriatica:

(1) cracks at some period in most years that are 1 cm or more wide at a
depth of 50 ¢m (20 inches) and that are at lssst 30 cm (12 inches)
long in some part and that extend upward to the surface or t¢ the base
of an Ap horizon, and

(2) a coefficient of linear extensibility (COLE) of 0.09 or more in a horizon
or horizons at least 50 em (20 inches) thick, and a potentisl linear
extensibility of 6 em or more in the upper 1 m (LO inches) of the amoil
or the whole soil if a lithic or paralithic contact is deeper than 50 cm
(20 inchas) but shallower than 1 m (LO inches), and

(3) more then 35 percent clay in horizons that total more than 50 cm
(20 inches) in thickness within the control section.

Aquic Haploxerolls. Haploxerolls like the Typic excapt' for a or a ad e.
Aquic Caleic Haploxerolls. REaploxerolls like the Typic except for a and b.

Aquic Fluventic Haploxerolls. Haploxerolls like the Typic except for a and f with or
out b or e, or .

Aquultic Haploxerclls. RHaploxerolls like the Typic except for & and h with or without e.
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Caleic Haploxerolls. Haploxerclls like the Typlc except for b.

Calcic Entic Haploxerolls, Heploxerolls Like the Typic except for b and e.

Calecic Lithic Haploxerolls. Haploxerolls like the Typic except for b and g.

Calcic Pachic Haploxerolls. Haploxarolls like the Typic except for b and ¢ with
or without & or e, or both.

fumlic Haplexsrolls., Haploxerolls like the Typic except for ¢ end f with or
Hfﬁoug all or any of a, b, or e.

Duric Haploxerolls. Haploxerolla like the Typlc except for d.with or without b,

Entic Haploxerolls. Haplaxerolla like the Typic except for e.

Entic Ultic Haploxerolls. Haploxerolls like the Typic except for e and h.

Fluventic Haploxerolls. Haploxerolls like the Typic except for f or e and f with or
without E.

Lithic Haploxerolls. Haploxeroclls like the Typic except for g with or without a.

Lithic Ultic Haploxerolls, Hsploxerolls like the Typic except for g and h with
or without e.

Pachic Haploxerolls. Haploxerolls 1like the Typic except for ¢ with or without & or
e, or both. ‘ .

Pachic Ultic Heploxerolls, Haploxerolls like the Typic except for ¢ and h with or
without a or e, or both.

Ultic Haplaoxerolls. Haploxerolls like the Typic except for h.

Vermic Haploxerolls, Haploxerolls like the Typic except for 1 with or without b.

Vertic Haploxeroclls. Haploxerolls like the Typic except for j with or without all
orany of b, ¢ or f. :

Natrixerolls., Xerolls that have & natric horizon, and thet do not have a duripan within
mf inches) of the surface or & petrocalcic horizon’within 1.5 m (60 inches) of the
surface,
Typlc Natrixerolls. Natrixerolls that

a. have no mottles with chromas of 2 or less within 75 em (30 inches) of the
goil surface;

b. have no brittle horizon 15 cm (6 inches) or more thick that iz within 1 m
gho inches) of the surface and that conteins some opal coatings or soms
less than 20 percent by voluma) durinodes;

¢, have more than 15 percent exchangesble sodium in the mjof part of the
natric horizon and have no tonguing or interfingering of an albic horizon
more than 2.5 m (1 inch) into a natric hordzon.

Aquic Natrixerclls. Natrixerolls like the Typic except for a.
Duric Natrixerclls, Natrixerolls like the Typic except for b.

Glossic Natrixerolls, Natrixerolls like the Typic except for c.
Palexerclls. Xerolls that

1. have a petrocalcic horizon that has its upper boundary within 1.5 m (60 inches)
of the soil surface and that underlies horizons that are not calcerecus in &1l
parta, or have an argillic horizon with one or both of:

a. a vertical clay distribution such that the clay does not decrease by
20 percent of the maximum clay content within 1.5 m (60 inches) of ths
goll surface, and one or more of:
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(1) hues redder than 10IR &nd chromas of more than 4 dominant in
the mltri.t,

(2) common coarse mottles with hues of 7.5YR or redder or chromas of
mora than 5, or bothj

b. & particle-siza class that is claysy in the upper part and sn increase
of at least 20 percent clay (absolute) within a verticsl distsnce of
7.5 cm (3 inches) or 15 percent clay (absolute) within 2.5 em (1 inch)
at the upper boundarys :

2. have no natric horizon unless it is underlain by a petrocalcic horizon with
its uppsr boundary within 1.5 m (60 inches) of the soil surface;

3. have no calcic, petrocelecic, or gypsic horizon with its upper boundary within
1.5 m (60 :anhaag of the soil surface unless some part of some horizon overlying
the calcic, petrocalcic, or gypsic horizon is free of carbonates after mixing
the upper 18 cm (7 inches) snd has a texture of loamy very fine sand or finer;

4. have no duripan with its upper bauﬁdnry within 1 m (4O inches) of the soil
surface.

Typic Palexerolls., Palexerolls that

8. have no argillic horizon with an increase in clay content of 20 percent
(absolute) or more within a vertical distance of 7.5 cm (3 inches) or 15
percent clay (absclute) within 2.5 em (1 inch) at the upper boundary;

b. have no mottles with chromas of 2 or less within 75 cm (30 inches) of the
surface}

c. have no petrocaleic horizon with its upper boundary within 1.5 m (60 inches)
of the soil surface;

d. have a mollic epipedon less than 50 cm (20 inches) thick;
e. have no netric horizon;

f. have base saturation of more than 75 percent throughout the argillic horizon
or in tha upper 50 cm (20 inches), whichever is shallower;

g+ lack the following combination of charactaristics:

(1) cracks at soms period in most years that are 1 cm or more wide at a
depth of 50 (20 inches), that are at least 30 cm (12 inches) long
in some part, and that extend upward to the surface or to the base of
an Ap horizon, and

(2) a coefficient of linear extensibility (COLE) of 0.09 or more in a horizem
or horizons at lesast S0 em (20 inches) thick, and a potential linear
extensibility of 6 cm or more in the upper 1 m (LO inches) of the soil

_ or the whole soil if a lithic or a paralithic econtact is deeper thsn
50 cm (20 inches) but shallower than 1 m (LO inches), amd

(3) more than 35 percent clay in horizons that totel more than 50 em
(20 inches) in thickness within the control section.

Abruptic Palexerolls. Palexerolls like the Typic except for a.

Abruptic Aquic Palexerolla. Pelexerolls like .tha Typic except for a and b.

Aquic Palexerolls., Palexerolls like the Typic except for b.

Petrocalcic Palexerclls. Palexerolls like the Typic except for ¢ with or without a.
Pachic Palexerolls. Palexerolls like the Typic except for d or d and b,

Natric Patrocaleic Palexarolls. Palexerolls 1ike the Typlc except for e and c.
Ultic Palexerolls. Palexerclls like the Typic except for f.

Vertic Palexsrolls. Palaxerolls like the Typlc except f& e
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Spodosols are mineral soilas that have a spodic horizon, or a placic horiton cemented by iron that
overlies a fragipan and that meets all the requirements of a spodic horizon except thicknesa.

Aquods, Spodosols that are either saturated with water at some period or artificially drained
if a placic horizon or duripan is preasent, the soil need not be asaturated below the placic
horizon or duripen) and that have characteristics associated with wetneas, namsly, one or

more of the following:
1. a hiatic epipedon;

2. mottling in an albic horizon or in the top of the spedic horizon;

3. a duripan in the albic horizon;

4. 1if free iron and mangenese are lacking, or if the moist color value is leas than
i in the upper part of the spodic horizon, either: -

a, have no coatings of iron oxldes on the individual grains of =ilt and sand in
the materials in or immediately below the spodic horizon wherever the moist
valus is L or more and unless an Ap horizon rests directly on the apodic
horizon there iz a transition between the albic and spodic horizons at least
1l em in thickness; '

b. have fine or medium mottles of iron or manganeseé in the materials immediately
below the spodic horizon,

Aquods that have no plecic horizon or fragipan but heve a mean annual aoil

Cryaguods.,
%enperature of less than 8°C (LT*F) and a mean summer soil temperature at 50 cm
{20 inches) or at a lithic or a paralithic centact, vwhichever is shallower, of:

1. less than 15°C (59*F) if they are drained and have no O horizon;

2. leas than 8°C (47*F) if they are drained end have an O horizon;

3. less than 6°C (L3*°F) if they are undrained and have an O horizon or & histic
epipedon.

Iypic Cryaquoeds. Cryaquods that

a.
b.

c.

d.
‘8.

b

have ne 1lithic contact within 50 em (20 inches) of the surface;

have & mean annual soll temperature of mora than 0°C (32°F);

have in 50 percent or more of each pedon, a spodic horizon that lacka
sufficient free iron to turn redder on ignition (less than 0.5 percent
in the fine earth fraction expressed as Fe);

have no mottles above the spodic horizen;

have no argillic horizon underlying the spodic horizon;

have a continuous spodic horison that is 10 cm (4 inches) or more thick
or that is very firm when moist,

Lithic Cryaquods. Cryaquods like the Typic except for a.

Pergelic Cryaquoeds. Crysquods like the Typic except for b.
Sideric Cryaquods. Cryaquods 1like the Typic except for ¢ snd d.

uods, Aquods that have an albic horizon that in st least some subhorizon is strongly

Durag

enough cemented or indurated that a'dry fragment will not slake when immersed in water;
have temperatures wermer than those of Cryaquods. (Duraquods are not known to occur
in the United States,)
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h'agiagﬁoda. Aquods that have a fragipan below the spodic horizon, but that have
ne du

an or placic horizen above the fragipan,

Typic Fragisquods. Fraglaquods that

b‘

[

d‘

I.

have mean summer aoil temperature at a depth of 50 cm {20 inches);

(1) of 6°C (43°F) or more if they have an O horizon end are undrained;
(2) of 8°C (47°F) or mora if they have an O horizon and are drained;
(3) of 15°C (59'F) or more if they have no O horizon and are drained;
have no histic epipedon; -

have leas than S percént by volume of iron-cemented nodules, 2.5 to 30 cm
(1 to 12 inchea) in diameter, in any subhorizen of the spodic horizon;

have no surface horizon mors than 30 cm (12 inchea) thick that meets all
requirements of & plaggen epipedon except thickness;

have a spodic horizom that has 1 percent or more organic matter (0.58
percent carbon) in the matrix of the first 30 em (12 inches) below the

top of tha spodic horizon; or that have an upper subhorizon of the gpodic
horizen that

(1) has L percent or more organic matter (2.3 percent carbon) in the
upper 2 cm, and that .

(2) 1is continuous or is present in more than 90 percent of each pedong
have no argillic horigzen,

Crylc Fragiaquods. Fragiaquods like the Typic except for a or a and b,

Haplaquods.

(formerly Normaqueds) Aquode that

1. have soll temperatures warmer than thoss of Cryaquods and have msen summer and
mean winter soil temperatures at 50 em (20 inches) that differ by 5°C (9'F)
or more;

2. have one or both of the following:

in 50 percent or more of sach peden, a spodic horizen with some subhorizon
that contains dispersed organic matter end alumimim and lacks sufficient
froe iron to turn redder on ignition (less than 0.5 percent in the fine
earth fraction expressed as Fe);

an Ap horizon that has a moist value of 3 or less and a moist chroma of
2 or lass, and that rests directly on a spodic horigon having in its
upper part a subhorizon or some tongues with one or both of:

(1) dispersed organic matter and a moist value and moist chroma of 3 or
lesa;

(2) 1less than 0.7 percent free iron expressed as Fej

3. have no fragipan below the spodic hoyizon;
L. have no cemented or indurated subhorizon in amy albic horizon that may be present.

Typic Haplaquods., Haplaquods that

b.

¢.

d.

have an umbric epipedon or ons that would meet the requirements for an
umbric epipedon if plowed to a depth of 25 to 30 om (1O to 12 inches);

have no argillic horizon undarlying ths spodic horizon; ) ‘
have less than 75 cm (30 inches) of a sandy epipedon (loamy fine sand or

coarser) overlying the spodic horison;

have a spodic horizon that has 1 percent or more organic matter (0.58 percent
carbon) in the matrix of the firat 30 cm (12 inches) below the top of the
spodic horizon, or that have an upper subhorizon of the spodic horizon that:
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Mic Haglaguoda-—Cont.

(1) has L percent or more of organic matter (2.3 percent carbon) in the
upper 2 cm; and that

(2) 1is continuous or is present in more than 90 parcent or each pedon;

¢, have less than § percent by volume of iron-cemented nodules, 2.5 to 30 cm
(1 to 12 inches) in diamster, in any subhorizon of the spodic horizon;

f. have no lithic contact within 50 cm (20 inches) of the mineral soil surface;

g+ have no surface horizon more than 30 em (12 inches) thick that meets all
requiremants of & plaggen epipedon except thickness;

h. have no histic epipedon.

Aeric Haplaquods. Haplaquods like the Typic except for a.

Alfic Haplaquoda. Haplaquods like the Typic except for b, with or without a and d;
and Eave an albie horizon that tongues into the argillic horizon, or have either base
saturaticn of 35 percent or more (by sum of cations) in some part of the argillic
horizon, or & mean annual soil temperature less than 8°C (L7°F).

Arenic Haplaquods. Haplaquoda like the Typie except for a and ¢.

Entic Haplsquods. Haplaquods like the Typic exéapt. for a and d.

Ultic Haplaquods. Haplaquods like the Typic except for a and b; have no albic horizon
that tongues into the argillic horizon, and have base saturation (by sum of cations)
of less than 35 percent throughout the argillic horizon, and have & mean annual soil
temperature of 8°C (L7*F) or more.

Placaquods. Aquods that have & placic horizon that rests on a spodic horizon, a fragipan,
or an alblc horizon that iz underlain by a fragipan., There may be a histic epipedon

at the surface. The horizons above the placic horizon are saturated with water at
somg period and have faint to distinct mottles of low chromas.

Typic Flacaquods. Flacaquods that
a. have a mesn annual soil temperature of more than 0°C (32°F);
b, have no histic eplpedon.

(Placaqgoda occur in southern Alasska, but they are rare elsewhere in the Unitad
States.

Sidersqueds. Aquods that

1. héve gsoll temperatures warmer than those of Cryaquods and have mesan summer and
mean winter soll temperatures at 50 cm (20 inches) that differ by 5°C (9°F) or
more;

2. have one or both of the following:

a. 1in 50 percent or more of each pedon, a spodic horizon that contains
in 41l subhorizons sufficlent free irom to turn redder on ignition
(0.5 percent or more in the fine earth fraction expressed as Fe),

b. &n Ap horizon that has & moist value of more than 3 or a moist chroma
of more thaen 2 and that reats directly on a spodic horizon, or an Ap
horizon that has 0.7 percent or more free iron (expressed as Fe) in the
fine earth fraction; :

3. have no fragipan below the spodic horizon

L. have no duripan or placic horizon above the spodic horizon.
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Typic Sideraquods. Sideraquods that

a. have & spodic horizon that either:
(1) i= at least very firm when moist, or

(2) is thicker than 10 em (L inchea) and contains 2 percent or more of
organic matter (1.16 percent carbon) in the upper 10 cm (4 inches);

b. have no histic epipedon;
c. have no argillic horiszon.

Fntic Sideraquods. Sideraquods like the Typic except for itam (2) under a.

Tropaquods. Aquods that
1. have mean amnual soil temperstures of 8°C (L7°F) or higher and mesn summer and
mean(wim);er soil temperaturea at 50 cm (20 inches) that differ by less than
§°C (9*°F)s

2. have no albic horizon with any subhorizon so strongly cemented that a dry
fragment will not slake when immersed in water;

3. have no placic horizoen shove the spodic horizon.
Typic Tropaqueds. Tropaquods that
a. have no histie epipedon;
b. have less than 5 percent by volume of iron-cemented nodules,
2.5 to 30 om (1 to 12 inches) in diameter, in any subhorizon of the
gpodic horison;

¢. have no surface horizon more than 30 ecm (12 inches) thick that meets all
the requirements of a plaggen epipedon except thickness;

d. have no argillic horizon underlying the spodic horizon;
e. have no lithic contact within 50 cm (20 inches) of the surface;

f. have an umbric epipedon or one that would meet the requirements for sn
umbric epipedon if plowed to a depth of 25 to 30 em (10 to 12 inches);

g+ have no more than 75 em (30 inches) of a sendy epipedon (loamy fine sand
or coarser) overlying the spodic horizenm. :

Histic Tropaquods. Tropaquods like the Typic except for a.
Ferrods. Spodosols that

1. have a spodiec horizon that has in all subhorizons a ratio of percentage of free
iron(elemental) to percentage of carbon of more than 6.

2. are never satﬁrated with water or do not have the characteristics assoclated with
watneas as defined for Aquods.

Ferrods. The definition of Ferrods at the great group level is equivalent to that
at the suborder level.

Typic Ferrods. Ferrods that
a. have no arglllie horizon underlying the spodic horizon;

.

b. have no mottlea with chromas of 2 or less within the spodic horizon.
Alfic Ferrods. Ferrods like the Typic except for a.

Aquic Ferrods. Ferrods like the Typic except for b.
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Humods. Spodosols that

1. are never saturated with water, or do not have characteristics associated with
wotness as defined for Aquods;

2. have one or both of:

a.

b.

in 50 percent or more of each pedon a apodic horizon with a subhorizon that
contains disparsed orgenic matter and aluminum and that lacks sufficient free
iron to turn redder on ignition (less than 0.5 percent in the fine earth fraction
expressed as Fe),

an Ap horizon that has a moist value of 3 or leas and a molst chroma of 2 or less
and that rests directly on a spodie horizon having in its upper part a subhorizen
or some tonguas possessing one or both of:

(1) dispersed organic matter and a moist value and moist chroma of 3 or less;

{2) less than 0.7 percent free iron expressed as Fe.

(Humods probably occur, but have not been studied in the United States; the classification
that follows is incomplete.)

Cryohumods. Humods that

1.

2.

have a mean anmual soll temperature of leas than 8°C (L7°F) and a mean summer
soil temperature at $0 cm (20 inchea) of either less than 15°C (5%°F) if
cultivated or withcut an O horizon or less than 8°C (L47°F) if with an O horizon;

have no fragipan.

{No subgroup definitions are proposed at this tims,)

Fragihumods. Humods that have a fragipan balow the spodic horizon,

(No subgroup definitions are proposed at this tima.)

Haplolumods. (formerly Normihumods) Humods that

1.

2.

have soil temperaturea warmer than those of Cryolumods, and have mean summer
and mean winter soil temperatures at 50 cm (20 inches) that differ by 5°C
9°F) or more;

have no fragipan.

Typic Haplohumods. Haplohumods that

a. have eithar:

(1) a spodie horizon that has 1 percent or more organic matter
(0.58 percent carbon) in the matrix of the first 30 em (12 inches)
below the top of the spodic horizom, or

(2) an upper subhorizon of the spodic horizon that has 5 percent or more
organic matter (2.9 percent carbon) in the upper 2 cm end that is
continuous or is present in more than 90 percent of ths area of each
pedon;

b. have lesa than 5 percent by folume of iron-cemented nodules, 2.5 to 30 ¢m
* {1 to 12 inches) in diamster, in any subhorizon of the spodic horizon;

¢. have no placic horizon in the apodic horizonj
d. have no argillic horizon;

e. have no surfsce horizon more than 30 cm (12 inches) thick that meets all the
requirementa for a plaggen epipedon except thickneas,

Entic Haplohumods. Haplohumods 1ike the Typic except for a.

Ferrudalfic Haplohumods. Haplohumods like the Typic except for b.
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Placohumods. Humods that have a placic horizon in the spodic horizon.(No subgroup
o ions are propsed at this time.)

Tropohumods. . Humods that have a mean annusl soil temperature of §°C (L7*F) or higher
and & mesn summer and mesn winter soil temperatures at 50 cm (20 inches) or at a
lithic oz)- paralithic contact, whichever is shallower, thet differ by less than
5*C (9°F).

Typic Tropohumods. Tropohumods that
a. have either:

(1) = spodic horison that has 1 percent or more organic matter (0.58 parcent
carbon) in the matrix of the first 30 cm (12 inches) below the top of the
gpodic horizon, or '

(2) an upper subhorizon of the gpodic horizon that has 5 percent or more
organic matter (2.9 percent carbon) in the upper 2 ¢m and that is
continuous or is present in more than 90 percent of the area of each pedon;

b. have no argillic horizon;
c. have no thin (less than 5 em) subhorizon that is cemented with iron;

d. have less than 5 percent by volume of iron-cemented nodules, 2.5 to 30 cm
(1 to 12 inches) in diameter, in sny subhorizon of tha -apodic horizom;

e. have no surface horizon more than 30 cm (12 inches) thick that meets all
requirements of the plaggen epipedon except thickness.

Ferrudalfic Tropohumods. Tropohumods 1ike the Typlc except for d.
Orthods. Spodosols that

J. have a spodic horizon that has in some subhorizon a ratio of percentage of free iron
{elamental) to percentage of carbon of & or less;

2. have cne of the following:

a. an Ap horizon that has & moist value of more than 3 or & moist chroma of more than
2 and that rests directly on a spodic horizon; '

b. an Ap horizon that rests directly on a spodic horison and the spodic horizon has
in all parts moist values and chromas of more than 3 or has 0.7 percent or more
free iron {elemental) in all parts;

¢. & spodic horizon that lacks, or has in less than 50 percent of each pedon, any
subhorizon that contains dispersed orgenic matter and aluminum and that lacks
sufficient free iron to turn redder on ignition (less then 0.35 percent in the
fine earth fraction, expressed as Fe);

3. are never ssturated with water or lack the characteristics assoclated with wetness
of Aquods.

Cryorthods. Orthods that

1. have & mean anmusl soil temperature of less than 8°C (L47°F) and a mean summer
soll temperature at 50 em (20 inches) or st & lithic or a paralithic contact,
whichever is shallower, of less than 15*C (59°F) if cultivated or without an 0
horizon; or of less than 8°C (L7°F) if with an O horiszon;

2. have no fragipang

3. bave no placic horizon sbove the spodic herizon.
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Typle Cryorthods. Cryorthods that

a. have no argillic horizon below the spodic horizon;

b. have a cemsnted or indurated spodic hordzon or 2 to 10 percent organic
matter (1.16 to S.8 percent carbon) in the upper 10 cm (L inches) of
the spodic horizonj

c. have no lithic contact within 50 cm (20 inches) of the surface;

d. have a mean anmual soil temperature of more than O*C (32°F).

Boralfie Cryorthoda. Cryorthods 1like the Typic except for a.

Entic Cryorthods. Cryorthods like the Typie except for b in that they contain leas
than g percent organic matter in the upper 10 em (4 inches) of the spodic horizon.

Humic Cryorthods. Cryorthods like the Typic except for b in that they contain more
than 10 percant organic matter in the upper 10 ecm (4 inches) of the spodic
horizon,

Humlc Lithic Cryorthods. Cryorthods like the Typic except for ¢ and b in thst they
contain more than 10 percent organic matter in the upper 10 cm (4 inches) of
the spodie horizon. A

Humie Pergelic Cryorthods. Cryorthods like the Typic except for é¢ and b and have
more than 10 percent organic matter in the upper 10 em (L inches) of the apodic
horizon.

Lithie Cryorthods. Cryorthods like the Typic except for c.

Lithic Pergelic Cryorthods. Cryorthods like the Typic except for ¢ and d.

Pargelic Cryorthods. Cryorthods like the Typic except for d.

Fragiorthods, Orthods that
1. have a fragipan below the spodic horigon;
2. have no placic horizon above or in the spodic horizon.

Typic Fragiorthods. Frasgiorthods that

a. have no arglllic horizon undsrlying the spodic horizon;
b. have no distinct or prominent mottles in the spodic horizon;

c. have a continuocus spodic horizon that is very firm when moiat (ortstein),
or that is more than 10 cm (4 inches) thick and has 2 percent or more
organic matter (1.16 percent carbon) in the upper 10 cm;

d. have temperatures warmer than those of erorthods.

e. have no intermittent upper subhorizon that has coatings of dispersed
organic matter and that lacks sufficient free iron to turn redder on
ignition (less then 0.35 percent in the fine earth fraction expressed
a3 Fe); if plowed and the Ap horizon reats directly on ths spodic horizon,
there are no toengues of such a subhorizom;

£, if jalmd, and the upper part of the spodic horizon .ﬁ thus mixed in the
Ap (lscks & continuous albie horizon) » has more than 2 percent organic
matter (1.16 percent carbon) in the Ap horlzon;

€. have no surface horizon more than 30 em (12 inches) thick that meets all
the requirements for a plaggan epipedon except thickneas. '

Alfic Fragiorthods. Fragiorthods 1ike the Typic except for a; have base saturation
of 35 percent or more in some part of the argillie horizon, or have an albic
horizon that tongues into the argillic horizon or have s mesn annual soil
temperature less than 8°C (L7°F).
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Aquic Fragiorthods. Fragiorthods like the Typic except for b.

Aquic Entic Fragiorthods, Fragiorthods like the Typic exeept for b and c.
Cryic Fragiorthods, Fraglorthods like the Typic except for d.

Cryohumic Fragiorthods. Fraglorthods like the Typic except for d and e.

Entic Fragiorthods. Fragiorthods like the Typic except for ¢, because of low
organic matter content.

Humic Fragiorthods. Fragiorthods like the Iypic except for e.

Haplorthods., (formerly Normorthods) Orthods that

1. have soil temperatures warmer then those of Cryorthods, and have mean summer and
mean winter soil temperatures at 50 em (20 inches) that differ by 5°C (9*F) or
more;

2. have no fragipan;

3. have no placic horizon above or in the spedic horizon.

Typic Haplorthods., Haplorthods that

&. have no argillic horizon below the spodic horlzon;

b. have a continmuous spodic horizon that is very firm or extremely firm when
moist (ortstein), or that is more than 20 cm (4 inches) thick and has at
least 2 percent organic matter (1.16 percent organic carbon) in the upper
10 cm (L inches);

c. have no distinet or prominent mottles of approximate spherical shape in
the spodic horizon unless the variability in color i3 sssociated with
differences in consistence in such a manner that the redder or darker
portions are extremely firm or very firm;

d. have no chromas of 2 or less with mottles, or chromss of less than 2 with-
out mottles, that are dominant in the matrix within 15 cm (6 inches) of the
base of the spodic horigon but within 1 m (LO inches) of the surface of the
a0il;

e. have no horizon 15 cm (6 inches) or more thick below the spodic horizon
but within 1 meter (4O inches) of the surface that has a brittle matrix
when wet and conteins soms durincdes;

f. have no lithic contact w:lthin 50 em (20 inchea) of the surface;

g+ have no intermittent upper subhoriton that has costinga of dispersed organic
matter and that lacks sufficient free iron to turn redder on ignition (less
. than 0.35 percent in the fine earth fraction expressed as Fe);

h. have less than 10 percent organic matter (5.8 percent organic carbon) in
the upper 10 cm (4 inches) of the spodic horizon;

i. have 2 parcent or more orgsnic matter (1.16 percent organic carbon) in the
Ap horizon if the disturbed layer extends into the upper part of the spodie
horizon.

Alfic Haplorthods. anlorth&da 1ike the Typic except for a or a and b and the argillic
horizon either contains tongues of an albic horizon, or has bass saturation .of

35 percent or more in some part, or has a mean anmual soil temperature of leas
than 8°C (L4L7°F). .

Aqualfiec Haplorthods. Haplorthods 1ike the Typic except for a and ¢, 8 and d, or
8, C, a& d, and the argillic horizon either contains tongues of an albic horison
or has base saturation of 35 percent or more in aome part, or has a wmesn annusl
s0il temperature of less than 8°C (L7°F).
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Aquic Haplorthods. Heplorthods like the Typic except for ¢ or 4, or ¢ snd d.

Aquentie Haplorthods. Haplorthods 1like the Typic except for b and ¢ with or
out d.

Durdic Heplorthods. Haplorthods like the Typic except for e,

Entic Haplorthods. Heplorthods like the Typic except for b, because of thickness or
Tow organic matter content,

Entic Lithie Haplorthods. Haplorthods 1ike the Typic except for f and b because of
thickness or low organic matter content. )

Humic Haplorthods. Hsplorthods like the Typic except for g or h.

Lithic Haplorthods. Haplorthods like the Typic except for £,

Ultic Haplorthods. Heplorthods 1ike the Typic except for &, or a and b, and the
argIEIic horizon has base saturation throughout of less than 35 percent and has
ne tongues of &n albic horizon, and has a mean annual soil temperature of 8°C
(L7°F) or more.

Placorthods. Orthods that have a placic horizon sbove or in the spodic horizon.

(No subgroup definitions are proposed at this time.) .
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Alfisols are mineral soils that have no spedic or oxic horizon overlying an argillic horizon; that
have no mollic epipedon; that have no surface horizon and an upper subhorizon of an argillic or natrie

ALFISOLS: ORDER 7

horizon that are separated by an albic horizon but that together meet all requirements for a mollic
epipedon; and that have one of the following combinations of properties:

1. have no fragipan but have an argillic or natric horizon; are usually moist in some part of the

s0ll betwaen 25 cm and 1 m (10 and LQ inches) unless the epipedon is both hard and massive
when dry; and either have mean anmual soil temperature leas than 8°C (L7°F), or have base

_ saturation (by sum of cations) of 35 percent or more at a depth of 1.25 em (50 inches) below
tha top of the argillic horizon or at 1.8 m (72 inches) below the soil surface, or immedistely

sbove a 1lithic or a paralithic contact, whichever is shallowar;

2. have a fragipan in or below the argillie horizon or have oriented clay sking more than 1 mm
thick in some part of the fragipan; and either have mean anmual soil temperature less than
8*c (L7°F), or have base saturation (by sum of cations) of 35 percent or more at a depth of
75 em (30 inchea) below the upper boundary of the fragipsn or immediately above a lithic or
a paralithic contact, whichever is shallower. '

Aqualfs. Alfiscls, either saturated with water at some season or srtifically drained, that have
characteristics associated with watness, namely; mottles, iron-manganese concretions larger
than 2 mm, or chromss of 2 or less immedlately below any Ap horizon or below any dark Al that

has moist values of leas than 3.5 when rubbed, and one of the following:

a. dominant chromas of 2 or less in coatings on the surface or peds accompanied by
mottles within the peds, or dominant chromas of 2 or less in the matrix of the
argillie horizon © accompanied by mottles of higher chromas (if hues are redder
than 10YIR because of red parent materials that remain red after citrate-dithionite
extraction, the requirement for low chromas is waived); .

b. if there are no mottles in the argillic horizen, chromas are 1 or less.

Albaqualfs.

~Perize

Aqualfs that have an abrupt textural change between the albic snd argillic

orizons, are slowly or very slowly permeable in the argillic horizon, are without
tonguing of the albic horizon into the argillic horizon, and have ne fragipan,
duripan, or natric horizon; have mean summer and mean winter soil temperatures at
50 cm (20 inches) that differ by 5°C (5'F) or more.

Typic Albaqualfs. Albaqualfs that

b.

have colors with chromas of 2 or less in 60 percent or more of the mass
between the ALl or Ap horizon and a depth of 75 em (30 inches);

lack a layer in the upper 75 em (30 inches) that has a texture finer than
loamy fina sand, that is @s much as 18 cm (7 inches) thick, that has a hulk
density (at 1/3-bar tension) of 0.95 g/cc or less in the fine earth fraction,
and that has either (1; a ratio of measured clay to 15-bar water (percentages)
of 1.25 or leas, or (2) a ratio of CEC (at pH near B) to 15-bar water of mors
than 1.5 and more exchange acidity than the sum of bases plus KCl extractable
aluminumg

have no horizon within 1 m (LO inches) of the surface that is brittle, that
is 15 cm (6 inches) or more thick, and that contains soms cpal coatings or
some (leasthan 20 percent) durinodes;

have en Al horizon less than 15 cm (6 inches) thick if its moist value is
darker than 3.5, or an Ap horizon having a moist value of L or more, or a
dry value of 6 or more when crushed and amoothed;

lack the followling combinstion of characteristics:

(1) cracks at some psriod in most years that are 1 cm or more wide at a
depth of 50 em (20 4inches) and that are at least 30 cm (12 inches) long
in some part and that extend to the bsse of an Ap or an albic horizon, and

(2) a coafficient of linear extensibility (COLE) of 0.09 or more in a horizon
or horizons at least S0 cm (20 inches) thick, and a potential linsar
extensibility of 6 cm or more in the upper 1 m (LO inches) of the soil
or the whole soil if a lithic or parelithic contact is deeper than 50 em
{20 inches) ut shallower than 1 m (LO inches), and

¥ If the upper boundary of the argillic horizon is more than 50 em (20 inches) below tha minersl
surface, the specified colors must come within 50 cm of the surface as well as in the argillic

herizon.
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Typie Albaqualfs--Cont.

(3) more than 35 percent clay in horizons that total more than 50 cm
(20 inches) in thickness within the control section.

Aeric Albaqualfs. Albaqualfs like the Typic except for a.
Duric H‘Baguaﬂa. Albaqualfs like the Typie except for e.

Mollie Albagualfs, Albaqualfs like the Typic except for 4.

Udollic Albaqualfa. Albaqualfa like the Typic except for a and d.

Vertic Albaqualfs. Albaqualfs like thes Typic except for e.

Fraglaqualfs. Aqualfs that have a fragipan but no natric horizon.
Typic Fragiaquaifs. Fragiaqualfs that

a. have no horizon batween the Al horizon and the fragipan with dominant
chromas of more than 2 in hues of 10YR or redder, or mora than 3 in hues
of 2.5Y or yellower, and accompanied by mottles;

b. have less than 5 percent (by volume) of plinthite in all subhorizons
within 1.5 m (60 inches) of the surface;

¢. have arn ochric epipedon; no Al horizon thicker than 6 inches if its color
value is less than 3.5 when moist; or have an Ap horizon with a moist color
value of l or more, or with a dry color value of 6 or more when crushed
and smoothed. :

Aeric Fragiaqualfs. Fragiaqualfs like the Typic except for a.

Plinthic Fragiaqualfs, Fragiaqualfs 1ike the Typic except for b.

Umbric Fragisqualfs. Fragiaqualfs like the Typle except for c.

Glogsaqualfs. Aqualfs that

1. have no fragipan, duripan, or natric horizon but that have an albic horizon
tonguing into an argillic horizon;

2. have mean summer and mean winter soil temperatures at 50 em (20 inches) that
differ by 5*°C (9°F) or more.

Typic Glossaqualfs. Glossaqualfs that

a, have in 60 percent * or more of the matrix in all subhorizons betwsen the Al
or Ap and 75 em (30 inches) one or more of the following:

(1) 1f mottled and mean annual soil temperature is less than 15°C (59°F),
‘moist chromas are 2 or leas;

(2) 1f mottled and mean snmual soil temperature iz 15°C (59°F) or more:

(a) -in hues of 2.5Y or redder and moist values more than 5, chromas
are 2 or lesa, or

(v) in hues of 2.5 or redder and moist values of 5 or less, moist
chromas are 1 or less, or

(¢) in hues yollower than 2.5Y, molst chromas are 2 or less;
(3) moist chromas are 1 or less with or without mottles;

b. have textures finer than loamy fine sand in some subhorizon within 50 cm
(20 inches) of the surface; :

¢. have an Al horizon leas than 15 cm (6 inchem) thick if its moist value is=
darker than 3.5, or an Ap horifon having a moist value of 4 or more, or a
dry value of 6 or more when crushed and smoothed.

If hues are 7.5YR or redder in the matrix; 4if peds are present, ped ex.'beriora have dominant
moist chromas of 1 or less in the argillic horizon, and ped interiors have mottles with moist chromas

of 2 or less; if peds are absent, moist chromas are 1 or less immediately below any surface horizon
that has moist values of less than 3.5. :
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Aeric Glossaqualfs. Glossaqualfs like the Typic except for a.

Arenic Glossaqualfs. Glossaqualfs like the Typlc except for b.
Mollic Glossaqualfs, Glossequalfs like the Typic except for c;

Natraqualfs. Aqualfs that have & natric horizon,
Typiec Natraqualfs. Natraqualfs that

a. have more than 15 percent saturation with sodium or mores magnesium and
sodium then calelum and hydrogen throughout the argillic horizon;

b. have no tonguing or intearfingering of an albic horizon into the natrie
horizony

"¢, have sn Al horizon less than 15 em (6 inches) thick 4if its moist vealue
is darker than 3.5, or have an Ap horizon with a moist value of L or more;

- Albic Natraqualfs, Natraqualfs like the Typic except for a.

Albic Glogsic Natraquelfs, Natraqualfs like the Typic except for a amd b.

Glossic Natraqualfs. Natraquelfs like the Typic except for b,

Mollic Natraqualfs. Natraqualfs like the Typic except for é.
Ochraqualfs. Aqualfs that
1. have an ochric epipedon, but have no fragipan, natri¢ horizon, or duripan;
2, have no tonguing of &n albic horizon into the argillic horizon;
3. have no abrupt textural change batwaen the albic and argillic horizona
L. have meen surmer end mean winter soil temperatures at 50 cm (20 inches) that
differ by 5°C (9°F) or more.

.

Typic Ochraqualfs. Ochraqualfs that

a. have in 60 percent ¥ or more of the matrix in all subhorizons batwsen the Al
or Ap and 75 cm (30 inches) cne or more of the following:

(1) 1f mottled and mean anmual soil temperature is less than 15°C (59°F),
moist chromas are 2 or less;

(2) 1if mottled and mean anmusl soil temperature is 15°C (59°F) or more:

(2) 1in hues of 2.5Y or redder and moist values mora than 5,
chromas are 2 or less, or

(b) 41n huea of 2.5Y or redder and moist values of 5 or less,
moist chromas are 1 or less, or

(c¢) 4in hues yellowsr then 2.5Y, moist chromss are 2 or less;
(3) moist chromas are 1 or less with or without mottles;

b, lack a layer in the upper 75 cm (30 inches) that has a texture finer than loamy
. fine ssnd, that i1s as much as 18 cm (7 inches) thick, that has a bulk density
{at 1/3-bar tension) of 0.95 E/cc or less in the fine earth frection, and that
has either (1) a ratio of messured clay to 15-bar water (percenugns of 1.25
or less, or (2) a ratio of CEC (at pH near 8) to 15-bar water of more than 1.5
and more exchange acidity than the sum of bases plus KCl extractable aluminum;

¢. have an Al horizon less than 15 cm (6 inchea) thick if ita moist value is
darker than 3.5, or an Ap horizon having a molst value of l or more, or a dry
value of 6 or more when crushed and smoothed.

® If tmes are 7.5YR or redder in the matrix: 4f peds are present; ped extericrs have dominant

moist chromas of 1 or less in the argillic horizon, and ped interiors have mottles with moist chromas
of 2 or less; if peds sre absent, moist chromas are 1 or less !.!med:!.ataly below any surface horizon
that has moist values of less than 3.5,



143
Alfisols

Typic Ochraqualfs--Cont.

d. have textures finer than loamy fine sand in some subhorizon within
€0 cm (20 inches) of the surfacej

8. lack the following combination of characteristica:

(1) cracka at soms period in most yesrs that are 1 cm or more wide at
a dapth of 50 cm (20 inches) and that are at least 30 cm (12 inches)
long in scoma part and that extend to the base of &n Ap or an elbic
horizon, and

(2) a cosfficient of linear extensibility (COLE) of 0.09 or more in a
horizon or horizons at least 50 cm (20 inches) thick, and a potential
linear extensibility of 6 em or more in the upper 1 m (4O inches) of
the soil or the whole soil if a 1lithic or paralithic contact is
deeper than 50 cm (20 inches) but shallower than 1 m (LO inches), and

(3) more than 35 percent clay in horizons that total more than 50 cm
(20 inches) in thickness within the control section.

Aerie Ochragualfs. Ochraqualfs like the Typic except for a.

Aeric Umbric Ochragualfs, Ochraqualfs like the Typic except for a and c.

Andic Ochraqualfs. Ochraqualfs like the Typic except for b.

Andic Umbriec Ochragualfs. Ochraqualfs like the Typic except for b end ¢ and have an
eplpedon that meets all requirements for an umbric epipedon except that it is too
thin, ‘

Arenic Ochraqualfs. Ochraqualfs like the Typic except for d.

Chromudertic Ochraqualfs. Ochraqualfs like the Typic except for a and e,

Mollic Ochraqualfs. Ochraqualfs like the Typic except for ¢ and heve an epipedon that
maets all the requirements for a mollic epipedon sxcept thickness.

Udollie Ochraqualfs, OQchraqualfs like the Typic except for a and c.

Umbric Ochraqualfs. Ochrequalfas like thé Typic except for ¢ and have an epipadon
that meets all the requirements for an umbric epipedon except that it 1s too thin.

Vertic Ochragualfs. Ochraqualfs like the Typic except for e or c snd e,

Tropaqualfs. Aqualfs that
1. have & mean annual soil temperature of 8°C 5!;7'1’) or higher and mean summer
and mean winter soil temperatures at 50 em (20 inches) or above a lithic or
paralithic contact, whichever is shallower, that differ by leas than 5*C (5°F);
2. have no fragipan, natric horizon, or duripan.

Typic Tropaqualfs. Tropaqualfs that

"~ a, have in 60 percent * or more of ths matrix in all subhorizons betwsen the Al
or Ap and 75 em {30 inches) one or more of the following:

(1) if mottled and mean anmual soil temperature is less than 15°C
(55°F), moist chromas are 2 or less;

(2) if mottled and mean snmual soil temperature is 15'C (59*F) or more:

(a) 4n hues of 2.5Y or redder and moist values more than 5,
chromag are 2 or less, or

(b) 4in Mues of 2.5Y or redder and moist values of § or less,
moist chromas are 1 or less, or ’

(c) in hues yellower then 2.5Y, moist chromaa are 2 or less;

# If hues are 7,.5YR or redder in the metrix: if peds are present, ped exteriors have dominant
molst chromas of 1 or less in the argillic horizon, amd ped interiors have mottles with moist chromas

of 2 or less; if peds are absgnt, moist chromas are 1 or less immedistely below any surface horizen
that has moist values of less than 3.5.
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Typic Tropaqualfg-~Cont.
(3) moist chromas are 1 or less with or without mottles;

b. lack a layer in the upper 75 c¢m (30 inches) that has a texture finer then
loamy fina sand, that 13 as much as 18 em (7 inches) thick, that has & tulk
density (st 1/3-bar tension) of 0.95 g/cc or less in the fine earth fractionm,
and that has either (1) & ratio of measured clay to 15-bar water (percentages)
of 1.25 or less, or (2) a retio of CEC (at pH near 8) to 15-bar water of more
then 1.5 and more exchange acldity than the sum of bases plus KCl extractable
aluninum; :

¢. have an Al horizon less than 15 c¢m (6 inches) thick if its moist value is
darker than 3.5, or an Ap horizon having @ moist valus of li or more, or a
dry valus of 6 or more when crushed and smoothed.

d, lack the following combination of characteristics:

(1) cracks at soms period in most years that are 1 em or more wide at a
depth of 50 em (20 inches) and that are at least 30 cm (12 inches) long
in soms part and that extend to the base of an Ap or sn slbic horizon, and

(2) a8 coefficient of linear extensibility (COLE) of 0.09 or more in a horizon
or horizons st least 50 cm (20 inches) thick, énd a potential linear
extonsibility of 6 cm or more in the upper 1 m (LO inches) of the soil or
tha whole soil if a lithic or paralithic contect is deeper than 50 cm
(20 inches) but shallower than 1 m (4O inches), and °

(3) more than 35 percent c¢lay in horizons that total mere than 50 ecm (20 inches)
in thicknass within the control section.

Aeric aqualfs. Tropaqualfa like the Typic except for a.
Aeric Mollic aqualfs..  Tropequalfs like the Typic except for a and ¢.
ollic aqualfs, aqualfs like the Typic except for c.

Vertic Tropagualfs. Tropaqualfs like the Typic sxcept for d.

Umbragqualfs, Aqualfs that,
1. have an umbric epipedon but have no fragipan or natric horizen or duripan;

2. have no albic horizon that tongues into the argillic horizon and have no sbrupt
textural change betwaen the albic and argillic horizons;

3. bave mesn summer and mesn wintar soil temparatures at 50 cm (20 inches) that differ
by 5°C (9°F) or more.

Typie Umbraqualfs. Umbraqualfs that

a. lack a layer in the upper 75 ¢m (30 inches) that has a texturs finer than loamy
fins sand, that is as much &5 18 cm (7 inches) thick, that has a bulk density
(at 1/3-bar tension) of 0.95 g/cc or leas in the fine esrth fraction, and that
has either (1) a ratio of measured clay to 15-bar water (percentuges) of 1.25
or less, or (2) a vatic of CEC (at pH near 8) to 15-bar water of more than 1.5
and more sxchange acidity than the sum of bases plus KCl extractable aluminum.

b. lack in the umbric epipedon and horizons above the argillic, soft discrete
. nodules that are 2.5 to 30 em (1 to 12 inchas) in diameter that conatitute more
than § percent of the volums, that are cemsnted by iron, and that are sccompanied
by an irregular or broken upper boundary of the argillic horison.

Andic Umbraqualfs. Umbragquelfs like the Typic except for a.
Boralfs., Alfisols that

1. are not saturated with water at any season or lack the charscteristics associated with
wetness defined for Aqualfsj .
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" Boralfs--Cont.
2. have a mean anmual soil temperature of lesa than 8°C (L7°F) and one or both of:

a, an slhic horizon that is continuous, that has moist and dry chromas of 2 or
less = dominant in the matrix of some subhorizon, and that tonguss or .
interfingers into an argillic or natric hordizon; if the epipedon has loamy
fine sand or coarser textures and has an argillic horizon in lamsllas, the
albic horiton is continuous throughout each pedon from the base of the Ap
horizon or 15 cm (6 inches), whichever is deeper, to the argillic horizonm;

b. & mean summer secil temperature at 50 cm (20 inches) or above a lithic or
paralithic contact, whichever is shallower,of either less than 15°C (59°F)
1f cultivated or lacking a O horizon, or less than 8*°C (L47°F) if with an
0 horizon, .

Cryoborslfs, Boralfs that
1. have a mean summer soil temperature at 50 cm (20 inches) or above a lithic or
paralithic contact, whichever ias shallower, of le=a than 15°C (59°F) if culti~
vated or lacking an O horizon, or less than 8°C (L7'F) if with an O horizon;
2. have no argillic hordzon with its upper boundary deeper than 60 ecm ** (24 inches)
below the mineral surface unless there are textures coarser than loamy very fine
sand 1n all subhorizons above the argillic horizom;

3. have no fragipan or natric horizon.

Typic Cryoboralfs. Cryoboralfs that
a, have an Ap horlzon with moist color value of L or more or with a dry color
value of 6 or more, crushed and smoothed; or an Al horizon with a moist
color value of more than 3.5 if thicker than 15 cm (6 inchea);
b. lack an albic horizon that tonguas into the argillic or natric horizon;
c. lack & lithic contact within 50 cm (20 inches) of the surface;

d. have an Ap with a moist value of more than 3, or the upper 6 inches of the
soll have color values of more than 3.5.

¢. have a mean annual goil temperature of more than 0°C (32°F);
£. have an argiliic horizon that has a texture finer than loamy fine sand and
is contimuous vertically for at least the upper 15 em (6 inches) (not in
lamallse).
Andic Cryoboralfs. Cryoboralfs like the Typlc except for a.

Glossic Cryoboralfs. Cryoboralfs like the Typic except for b.

Lithic Cryoboralfs. Cryoboralfs like the Typic except for c.
Mollic Cryoboralfs. Cryoboralfs like the Typic except for d.

Pergelic Cryoboralfs. Cryoboralfs 1like the Typic except for e.
Eutroboralfs. Boralfs that

1. have temperaturss higher than those of Cryoboralfs;

2. have base saturation (by sum of cations) of 60 percent or more in all subhorizons
of sn argillic horizen;

3. have a dry horizon at some tims during the year in most years,

If hues are redder than 10YR becauss of red parent materials that remain red after citrate-
dithionite extraction, the requirement for low chromss is waived. '

If there is a surface mantle that has more than 60 percent vitric volecanic ash, cinders or

other vitric pyroclastic materiala, the depth to the argilIic hiiizon is measured rrom the base of
this mantle rather than from the mineral surface. Note that even though the combined thickness

of the albic and argillic horizons is less than 18 cm (7 inches) the o0il is classified as a
Cryoboralf if the argillic horiszon can be identified.
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L. bhave no fragipan or natric horizon;

5. have an argillic horizon with its upper boundsry within 60 em * (2L inches)
of the minersl surface unless there are textures coaraser than loamy very fine

sand in all subhorizons above the argillic horizon.

Typic Eutroboralfs. Eutroboralfs that

&. have no mottles with chromas of 2 or less in the upper 25 ¢m (10 inches)
of the argillic horizon; (this does not exclude the presence of bleached
»ilt or sand coatings on peds beaide or below tongues of the albic horizon);

b. have a téxture finer then losmy fine sand in some subhorizon within SO cm
(20 inches) of the surface;

c. have tonguing of an albic horizon into the argillic horizon;
d. have no lithic contact within 50 em (20 inches) of the surface;

e. have an Ap horizon with a moist value of more than 3 or an Al horizon less
’ than 15 cm (6 inches) thick if the molst color value is less than 3.5.

f. have an argillic horizon that hag a Itexture finer tﬁan loamy fine sand and
is continuous vertically for at least the upper 15 em (6 inchas) (not
in lamellae).

Aquic Euiroborslfs. Entroboralfs like the Typic except for a.

Arenic Eutroboralfs., Eutroboralfs like the Typic except for b.

Hapludie Eutroboralfs. Eutroboralfs like the Typic except for ¢.

Hapludie Litnic Futroboralfs. Patroboralfs like the Typic except for ¢ and d.

Lithic Eutroboralfs. Eutroboralfs like the Typic except for d,

Mollic Eutroboralfs. Eutroboralfs like the Typic except for e.
Fragiboralfs, Boralfs that

1. have a fragipan but no natric horizo:i;

2. have an argillic horizon with its upf:er boundary within 60 em ¥ (2k inches) of
the mineral surface unless there sre textures coarser than loamy very fine sand
in all subhorizons above the argillic horizen.

Typic Fragiboralfs. Fragiboralfs that

a. have no mottles with chromas of 2 or less in the argillic horizon;
b. have an albic horizon that tongues into ths argillic horizon.
Aquic Fragiboralfs. Fragiboralfs like the Typic except for a.

Fragiudic Fragiboralfs. Fragiberalfs like the Typic except for b.

Glossoboralfs. Boralfs that _ .
" 1. have temperatures higher then those of Cryoboralfa;
2. a, are never dry in any hoerizon in most years, or

b. have base saturation (by sum of cations) of less than 60 percent in some
subhorizon of the argillic horizon;

3. have no fragipen or natric horizon;

® If there is a surface mantle that has more than 60 percent vitric volcenic ash, cinders or
other vitric pyroclastic materisls, thas depth tc the argillic horizon 2 measured from the base
this mantle rather than from the mineral surface, ' '



167
Alfisols
Glogsoboralfa-~Cont.
4. have an argillic horizon with its wpper boundary within 60 cm * (24 inchas)
of the mineral surface unleas there are textures coarser than loamy very fine
sand in all subhorizons sbove the argillic horizon.

Typic Glossoboralfs, Qloasoboralfe that

a. have no mottles with chromas of 2 or leas in the upper 25 cm (10 inchaa)
of the argillic horizong

b. bhave base saturation (by sum of cetions) of less than 60 parcent in soms
part of the argillie horizons

c. are permanently moist in all horizons if the base saturetion (by sum of
cationa) is 60 percent or more in all the argillic horizony

d, have tonguing of an albic horizon into the argillic horizon;

e. have no lithic contact within 50 cm (20 inches) of the murface;

f. have an Al lesa than 15 em (6 inches) thick if the molst color value is less
than 3.5, or an Ap horizon with a moist value of L or more, or 2 dry color
value of 6 or more when crvshed and smoothed,

g. have an argillic horizon that has a texture finer than loamy fine sand and
13 contimious vertically for at least the upper 15 em (6 inches) (not in
lamellas).

Aquic Oloasoboralfa, QOlossoborelfs like the Typic except for a.

Futric Glossoboralfs. (lossoboralfs like the Typic except for c¢.

Hepludic Glosacboralfs. Glogsoboralfs like the Typic except for d.

Lithic Glossoboralfs. Glossoboralfs like the Typic except for e.

Mollic Clossoboralfs. Glossoboralfs 1ike the Typic except for f.

Natriboralfs. Boralfs that have a natric horizon (Natriboralfs occur in other countries but
are not yst known in the United States. Subgroups are not developed.).

Paleboralfs, Boralfs that

1. have an argillic horlzon that has an upper boundary deeper than 60 cm (2L inchea)
below the mineral surface®;

2. have textures finer than loamy fine sand in some subhorizon sbove the argillic
horizon.

Typle Paleboralfs. Faleboralfs that

A, have an argillic horizon with &n increase in clay content of leas than
20 percent (absolute) within a vertical distence of 7.5 cm (3 inchss) from
the upper boundary;

b.  lack a layer in the upper 75 cm (30 inches) that has a texture finer than
losmy fine sand, that is as much as 18 cm (7.inches) thick, that has a bulk
density (st 1/3-bar tension) of 0.95 g/cc or less in the fine earth fraction,
and that has either (1) & ratlo of measured clay to 15-bar water (percentagea)
of 1,25 or lesa, or (2) » ratio of CEC (at pH near 8) to 15-bar water of more
tl{an 1.5 and more exchange acidity than the sum of bases plus KC) extractablse
aluminumg .

¢, have no mottles with chromas of 2 or lsss within 1 m (4O inches) of the surface;

d. have & mean summer soll temperature at 50 cm (20 inches) or at a lithic or a
paralithie contact, whichever ia shallowar, of more than 15°C (59°F) if without
&n O horizon and more than 8°C (L7°F) if with an O horizen;

* If there is a surface mantle that has more than 60 percent vitric volcanic ash, cinders or other vitric
pyroclastic materials, the depth to the argillic horizon is measured from the base of this mantle
wethar than from the wmineral sucface.
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".l‘yp:lc Paleborsalfs—Cont.

e. have base saturation (by NHhOAc) of more than 60 percent in all subhorizons
of the argillic horison; .

f. bave tonguing or interfingering of an #lbic horizon into the argillic horizon;

g. have an Al less than 15 cm (6 inches) thick if the moist coler value i3 less
then 3.5, or an Ap horigon with a moist value of 4 or more, or a dry coler
value of 6 or more when crushed end smoothed.

Abruptic Paleboralfs. Paleboralfs like the Typic except for a.
Aquic Paleboralfs. Paleboralfs like the Typic except for c.
Aquic Cryic Paleboralfs. Paleborsalfs like the Typic except for c and d.

Cryic Paleboralfs. Paleboralfs like the Typic except for d.

Cryic Glossic Paleboralfs, Paleboralfs like the Typic except for d and e.

Cryie Mollic Paleboralfs. Paleboralfs like the Typic except for d and g.

(lossic Paleboralfs. Paleboralfs like the Typic except for e,

Alfisols that

have a mean surmer sojl temperature at 50 cm (20 inches) or above a lithic or parslithic

contact, whichevér ia shallowsr, or 15°C (59°F) or more if cultivated or lacking an
0 hordzon, or 8°C (4L7*°F) or more if with an O horizon; :

are usually moist, and are not dry in most years for as much as 60 conascutive

days
in all parts or 90 cumilative days in soms horizon between 18 and 50 em (7 and 20 inches)

and lack a caleic horizon or a horlzon with soft powdery secondary lime in or within
50 em (20 inches) below the base of the argillic horizong

are not saturated with water at any period or lack the cheracteristica associated
with wetness defined for Aqualfs;

lack an alblic horizon that is contimuous, that has dominant moist and dry chromas of
2 or lese in the matrix of some subhorizon, and that tongues or interf: rs into an

argillic or natric horison, or have a mean snmual soil temperature of 8°C (L7°F) or more.

Agrudalfe, Udalfs that have an agric horizon. (These moils are not known in the United
’ - *

Ferrudalfs. Udalfs that

1-
2.

3.

5.

have no agric or natric hordizon, or fragipan;

have no contirmous albic horizon that has dominent chromes of 2 or less in the
matrix of soms subhorizon above the argillic horizon;

have a broken upper boundary of the ergillic horiszon;

have diascrets nodules in the argillic horizon that range from 2.5 to 5 em (1 to
2 inches) up to about 30 cm (12 incheas) in diameter; exteriors of nodules are
enriched and weakly cemsnted or indurated with iron and have redder hues or
stronger chromas than interiors of nodules; .

have mean summer and mean winter soil temperatures at 50 em (20 inches) or a
lithic or & parslithic dontact, whichever is shallower, that differ by 5°C
(5°F) or more, . : '

(Typicelly textures ars sandy snd the argillic horizon conaists of nodules arranged
like broken lamellse. These soils have not been identified in the United States. The
nodular, broken argillic horizon has oftan been confused with mottling,)

Fragiudalfs, Udalfs that

1.

have & fragipsn;
have no agric horison.
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Typic Fragiudalfs. Fragludalfs that

#. have no mottlas with chromas of 2 or less within the upper 25 em
(10 inches) of the argillic horizom;

b. lack a layer in the upper 75 em (30 inches) that has a texture finer than
loamy fine sand, that is as much as 18 em (7 inches) thick, that has a bulk
density (at 1/3-bar tension) of 0.95 g/ec or less in the fine earth fraction,
and that has eithar El) & ratio of measured clay to 15-bar water (percentages)
of 1.25 or less, or (2) a ratio of CEC.(at pH near 8) to 15-bar water of more
than 1.5 and more exchange acidity than the sum of bases plus KCl extractable
aluminum, .

c. have an argillic horizon above the fragipan;

d. have an Ap horizon with moist color value of Ui or more or with a dry color
value of 6 or more, crushed and smoothed; or an Al hordizon with a moist color
value of more than 3,5 if thicker than 15 cm (6 inches);

e. have a fragipan that has a brittle matrix in at least 70 percent of the crosa
section of the moat strongly cemented subhorizong

f. have in the subhorizon directly above the fragipan, ped coatings that hava
dominant molst chromss of 3 or more; or if pad coatings consist of clean silt
and sand grains (skeletans), with chromas of 2 or less, the coatings sre less
than 1 mm thicky

g. have no albic horizon tonguing into the argillic horizon from above.
Albaquic Fragiudalfs. Fragiudalfs 1ike the Typlc except for a, and within 3 inchea

vertical distance at the top of the argillic horizon, have a clay increass of more
than 15 percent of the fine earth fraction.

Aqueptic Fragiudalfs. Fragiudalfs like the Typic except for s and f, with or without
¢, and between the fragipan and the Al or Ap, have & horizon with dominant chromas
of 3 or more and mottles of 2 or less.

Aquic Fragiudalfs. Fragiudalfs like the Typle axcept for a.

Dystrandeptic Fragivdalfs, Fragiudalfs 1ike the Typic except for b, ¢ and d and the
epipsdon meets all requirements for an umbric epipedon except thickneas,

Olossic Fragiudalfa. Fragiudalfs like the Typic except for g, with or without f£.

Mollic Fragiudalfs. Fragiudalfs like the Typic except for b.

Ochreptic Fragiudalfs. Fragiudalfs 1like the Typic except for f, with or without ¢
and have a horizon between the fragipan and the Al or Ap that

(1) 1s 25 em (10 inches) or more thick;
(2) has chromas of 3 or more in the matrix;
(3) has no mottles with chromas of 2 or less in the upper 25 cm (10 inches).
i!mbre tic Fragiudalfs., Fragiudalfs like the Typic except for ¢ and d and the
epipedon meets all requirements for an umbrile epipedon except thickness.
Gloasudalfs. Udalfs that

1. have an albic horizon (or other eluvial horigon with clean silt or sand grains
(skeletans) as ped costings) that tongues into the argillic horizon;

2, have no diucra.te_nodulaa 2.5 t0 30 em (1 to 12 inches) in size in the argillic’
. horizon with exteriors enriched, weakly cemented, or indursted with iron;

3. have mean surmer and mean winter soil temperatures at 50 cm (20 inches) or a
lithic or & paralithic contact that differ by 5°C (9°F) or. more;

4. have no natric or agric horizons, and no fragipan,
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Typic Glossudalfs. Glossudalfs that

a. have no abrupt textural chenge if there are mottles in the upper 25 cm
(10 inches) of the argillic horison;

b. have a layer in the upper 75 cm (30 inches) that has a texture finer than
loamy fine sand, that is as much as 18 cm (7 inches) thick, that has a bulk
density (st 1/3-bar tension) of 0.95 g/cc or less in the fine esrth fraction,
and that has either Slg a ratlo of measured clay to 15-bar water (percentages)
of 1.25 or less, or (2) a ratio of CEC (at pH near B8) to 15-bar water of more
than 1.5 and more exchange acldity than the sum of beses plus KC1 extractable
aluminumg

¢. have no mottles with chromas of 2 or less in the upper 25 cm (10 inches) of
the argillic horizon, or within 75 cm (20 inches) of the surface, whichever
depth is shallowers .

d. have textures finer than loamy fine sand in some subhorizon within 50 .em
(20 inches) of the surface;

e. have no lithic contact within 50 cm (20 inches) of tlw surface.

Aquic Glossudalfs., Glossudalfs like the Typie except for c.

Hapludalfs * (formerly Normdalfs). Udalfs that
Haplucalis

1. have no albic horizon (or other eluvial horizon with clean silt or ssnd grains
(skeletans) as ped coatings) that tongues into the argillic horizon;

2, have mean summer and mean winter soil temi:eratures at 50 em (20 inches) that
differ by 5°C (9°F) or more;

3. hsve no fragipan or natric or agric horizons;

L. iuve an argillie horizon with a clay distribution such that the élay decreases
by 20 percent or mors of the maximum clay content within 1.5 m (60 inches) of
the surface if: .

4, hues are redder than 10YR with chromas of more than li dominant, or

b. hues are 2.5YR or redder,moist color values are less than l and dry
color values are less than 5 throughout the major part of the argillic
horizon, or

c. thers are many coarse mottles that have hues redder than 7.51R or
chromas of more than S. .

Typic Hapludalfs. Hapludalfs that

a, have no abrupt textural change if there are mottles in the upper 25 cm
(10 inchea) of the argillic horizonm;

b. lack a layer in the uppar 75 ¢m (30 inches) that hus a texture finer than
loamy fine sand, that ia as much as 18 em (7 inches) thick, that has a bulk
density (at 1/3-bar tension) of 0.95 g/cc or less in the fine earth fraction,
and that has either (1) a ratio of measured clay to 15-bar water (percentages)
of 1.25 or less, or (2) a ratio of CEC (at pH near 8) to 15-bar water of more
tiun 1,5 and more axchangs acidity then the sum of bages plus KCl extractable
aluminumj

¢, have an argillic horizon that i= frae of mottles with chromas of 2 or less
in the upper 25 em (10 inches), or if the uppsr boundary of the argillie
horizon 1s deeper than 50 em (20 inches) have no mottles with chromas of 2
or less within 75 om (30 inches) of the surface; ’

d. have within 50 em (20 inches) of the surface textures finer than loamy fine
sand in some subhorizon; .

« Yo great group of Rhodudélfs has been provided. If Udalfs that fit the present 4ei‘1nition
of Hapludalfs are found with the colors of Rhodustalfs, addition of a great group of
Rhodudalfs would need to be considered. .
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Typic Hapludalfs--Cont,

6. have no interfingering of an albic horizon into the upper argillic horizon
with the albic horizen surrounding some peda; FP B ?

f. have no 1ithic contact within 50 cm (20 inches) of the amurface;

g+ have an Ap horizon with a moist color velus of 4 or more or with a dry coler
value of 6 or more (crushed and smoothed), or the A1 horizon is less than
15 cm (6 inches) thick if its molst value is lower than 3.5;

h. have exchangesble sodium less than 10 percent of the cation exchangs capacity
throughout the argillic horizonj

i. have an argillic horizon that is continuous horizontally, that is continucus
vertically for at least the upper 20 cm (B inches), snd haa & texture finer
than loamy fine sandj

J. have bame ssturation (by sum of cations) of more than 60 parcent at e depth
of 1.25 m (50 inches) below the top of the argillic horizon;

k. lack the following combination of chsracteristics:

(1) eracks st some period in most yesrs that are 1 ¢cm or more wide at a
depth of 50 em (20 inches) and that are at least 30 cm (12 inches) long
in soms part that extend to the surface or to the base of an Ap horizon; and

(2) a coafficient of linesr extensibility (COLE) of 0.09 or more in a horizon
or horizons at least 50 cm (20 inches) thick, and & potentisl linear
extengibility of 6 ¢m or more in the upper 1 m (LO inches) of the soil or
the whole soil if a lithic or paralithic contact iz deeper than 50 cm
(20 inches) tut shellower than 1 m (4O inches); and

(3) more than 35 percent clay in horizons that total more than 50 cm (20 inches)
in thickness within the control section.

Albaquic Hapludalfs, Hapludalfs like the Typic except for a and c.

' Andic Hapludelfs. Hapludelfs like the Typic except for b.
Andie Glossoborie Hapludalfs, Hapludalfs like the Typic except for b and e,

Andic Mollic Hapludalfs. Hapludalfas like the Typic except for b and g.

Andic Mollic Glossoboric Hapludalfa, Hapludalfs like the Typic except for b, e and g.

Aquic Hapludalfs. Hspludalfs like the Typic except for ¢ or c and J.
Aquic Arenic Heapludalfs, Hapludalfa like the Typic except for c and d.

Aquic Lithic Hapludalfs, Hapludslfs like the Typic except for ¢ and f.

Aquollic Hapludalfs. Hapludalfs like the Typic except for ¢ and g.
Arenic Hapludalfs, Hapludalfa like the Typic except for d.

(Gloasaquic Hapludalfs. Hapludalfs like the Typic except for @ and ¢, or e, ¢ and g.

Olossoboric Hapludslfs. Hapludalfs like the Typic except for e or e and g.

Lithic Hepludalfs. Hapludalfs 1ike the Typic except for f.

Lithic Mollic Hapludalfs. Hapludalfs like the Typic except for f and g.

Mollic Hapludalfs. Hapludalfs like the Typic except for g.

Natraquic Hepludelfs, Hapludalfs 1ikes the Typic except for ¢ and h.
Natraboric Hapludalfs. Hapludalfs like the Typic except for h and e.
Natriborollic Hapludalfs, Hapludalfs 1ike the Typlec except for g, e and h,

Psammontic Hepludaifs. Hapludalfs like the Typic except for 1 or d and 4.
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Hapludelfg--Cont,
Ultic Hapludalfs. Hapludalfs like the Typic except for j.
Umbraquultic Hzpludaifs, Hspludalfs like the Typic except for c, g and J.
Vertic Hapludalfs., Hspludalfs like the Typic except for k.

Natrudalfs. Udalfs that have a natric horizon but no fragipan.

Typic Natrudalfs, Natrudalfe that

4. have mottles with chromas of 2 or less within 25 em (10 inches) of the upper
boundary of the matric horison;

b, have in all parts of the natric horizon more than 15 percent saturation with
sodium or more magnesium and sodium than calcium and hydrogen;

¢. have an Ap horizon with molst color values of more than 3 or an Al horizon
with a moist color value of more then 3.5 if thicker than 15 em (6 inches);

d. 1lack the follewing combination of characteristics:

(1) cracks st some period in most years that are 1 cm or more wide at a
depth of 50 em (20 inches), that are at least 30 cm (12 inches) long
in gome part, that extend to the surface or to the base of an Ap
horizon; and

(2) & coefficient of linear extensibility (COLE) of 0.09 or more in a
horizon or horizons at least 50 cm (20 inchea) thick, and a potential
linear extensibility of 6 em or more in the upper 1 m (4O inches) of
the soil of the whole soil if a lithic or parallithlc contact iy deeper
than 50 em (20 inches) tut ahallower than 1 m (LO inches); and

(3) more than 35 percent cley in horizons that total more than 50 em
{20 inches) in thickness within the controel section. '

Vertic Natrudalfs. Natrudalfs like the Typic except for d.

Paleudelfs, Udalfs that have no natric or agric horitons or fragipan but have an argillic
zon with a clay distribution such that the content doea not decresse from the
maxirum by as mich as 20 parcent of the maxivmm within a depth of 1.5 m (60 inches)
from the surface and with one or more of the following: )

1. huea are redder than 10YR and chromas are more than k in ths matrix of at least
the lowar part of the argillic horlizon; or )

2. hues are 2,5YR or redder and molst values are less than L and dry values are leas
than 5 throughout the major part of the argilliic horizony or

2. many coarse mottles with hues redder than 7.5YR or chromes more than 5, or both.

Typic Paleudalfs. Paleudelfs that

8. have no mottles with chromss of 2 or less within 75 em (30 inches) of the
soil surface providing color is not due to uncoated grains of ssnd. If color
is due to uncoated graina of sand, no mottles with chromas of 2 or less in the
upper 12.5 cm (5 inches) of the ergillic horizon;

b. have textures finer then loamy fine s&nd in some subhorizon within 50 em
(20 inches) of the surface;

¢. have base saturation (by sum of cations) of more tham 60 percent at a depth
of 1.25 m (50 inchas) below the top of the argillic horizon;

d, have no increase of az much as 15 percent clay within a vertical distance of
one Inch at the upper boundary of the argillic horison, #nd have no incresse
of as mich as 10 percent clay between the plow layer and the uppermost sub-
horison of the argillic horizen if the soll is cultivated and the lower boundary
of the Ap is the upper boundary of the argillic horizon;
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Typle Peleudal{s--Cont.

e. have an Ap horizon with a moist color value of L or more or with &
color value of 6 or more (crushed and amoothed), or the Al horizon is less
than 15 em (6 inches) thick 4if its moist value is lower than 3.5

f, have an argillic horizon with dry color values of & or more in soms
subhorizon, srd moist color value more than 1 unit less than the dry value;

g. lack the following combination of characteristics:

(1) cracks at soms period in most years that are 1 cm or more wide at a
depth of 50 em (20 inches), that are at least 30 cm (12 inches) long
in goms part, and that extend upward to the surface or to the base of
an Ap horizon; and

(2) & coefficient of linear extensibility (COLE) of 0.09 or more in a horison
or horizons at least 50 cm (20 inches) thick, and a potential linear
extensibility of 6 cm or more in the upper 1 m (4O inches) of the soil
or the whole soil if a 1lithic or paralithic contact is deeper than 50 cm
(20 4nches) but shallowsr than 1 m (LO inches); and

(3) more than 35 percent clay in horizons that total more than 50 em in
thickness within the control section;

h. have less than 5 percent (by volums) of piinthite in all subhorizons within
1.5 m (60 inches) of the surfacej

1. have an argillic horizon that is continuous horizontally, that is continuous
vertically for at least the upper 20 cm (8 inches), and has a texture finer
than loamy fine sand.

Albaguic Paleudslfs. Paleudalfs like the Typic except for a and d,

Aquic Psleudalfs., Paleudalfs like the Typic except for a.
Aquultic Psleudslfs. Paleudalfs like the Typic except for a and e,

Arenic Paleudalfs. Paleudalfs like the Typlc except for b and have sandy spipedons
Tbatwean 50 em (20 inches) and 1 m (LO inches) thick.

Grosserenic Paleudalfs. Paleudalfs like the Typic except for b and have sandy epipedons
more than 1 m (L0 inches) thick,

Mollic Paleudslfs. FPaleudalfs like the Typic except for c.

Plinthic Paleudalfs, Paleudslfs 1ike the Typic except for h.
Rhodudultic Peleudalfs. Peleudalfs liks the Typic except for c, e, and f.

Ultic Paleudalfs. Paleudalfs like the Typic except for e.
Vertic Paloudalfs. Paleudslfs like the Typic except for g.

Tropudalfs. Udalfs that

1. have mean summer and mean winter soil temperatures at 50 cm (20 inches) or a 1ithic
or a paralithic contact, whichever is shallower, that differ by less than 5°C (9°F);

2. have no agric or natric horizons or a fragipan;
3. have an argillic horizon that hes a clay distribution such that the clay decreases
from the maximum by mere than 20 percent of the maximum within a depth of 1.5 m
. (60 inches) from the surface if: . .

a. hues are redder than 10YR and chromes are more than L in the matrix of at
least the lower part of the argillic horizon; or

b. hues are 2.5YR or redder and moist valuss are less than L and dry values are lesa
than 5 throughout the major part of the argillic horizon; or

¢. many coarse mottles with hues redder than 7.SYR or chromas more than 5, or both.



17k

Ustalfs.
10
2.

3.

Alfisols

Typic Tropudalfs. Tropudalfs that
a. have no 1ithic contact within 50 em (20 inchas) of the surface;

b. hsve no mottles with chromas of 2 or less within 75 cm (30 inchas) of the
soil surface providing color is not due to uncoated gralns of ssnd. If
color is due to uncoated grains of sand, no mottles with chromas of 2 or
less in the upper 12.5 em (5 inches) of the argillic horizon;

¢. have no layer in the upper 75 (30 inches) that has a texture finer than
loamy fins send, that is as much as 18 em (7 inches) thick, that has a bulk
density (at 1/3-bar tension) of 0.95 g/cc or less in the fine sarth fraction,
and that has either (1) a ratic of measured c¢lay to 15-bar water (percentages)
of 1.25 or leas, or (2) a ratio of CEC (at pH neer 8) to 15-bar water of more
than 1.5 and more exchange acidity than the zum of bases plus KCl extractable
aluminum;

'ds have no sbrupt textural change if there are mottles in the upper 25 cm
(10 inches) of the argillic horizon;

e. have textures finer than loamy fine sand in some subhorizon within 50 em
(20 inchea) of the surface;

f. have an Ap horizon with a moist color value of L or more or with a dry color
valus of & or more (crushed and smoothed), or the Al horizon is less than
15 em (6 inches) thick if its moist value is lowsr than 3,53

g. have an argillic horizon that is continuous horizontslly, that 1z contimious
vertically for at least the upper 20 cm (B inches), and has a texture finer
than loamy fine sand; : '

h. have base saturation (by sum of cations) of more than 60 percent at a depth
of 1,25 m (50 inches) below the top of the argillic herizon;

i. have more than 2l meq. CEC/100g clay (by NH)0Ac) and have a cation retention
from NH,C1 of more than 12 meq/100g clay in the major part of the argillic
horizon.

Lithic Tropudslfs. Tropudalfs .15.ke the Typic except for a.

Alfizols that
have soil temperatures higher than those of Boralfs;

are not saturated with water at any perlod or lack the charactaristics assoclated with
wetness defined for Aqualfs;

are not contimuéusly dry in all parts of the soil betwaen 18 em (7 inches) and 50 ¢m
(20 1inches) or a lithic or & paralithic contact shallower than 50 cm (20 inches) or in
the subhorizon irmediately above a lithic or a paralithic contact shallower than 18 em
(7 inches) for as long as 60 consecutive days in more then 7 out of 10 years unless
the mean annual soil temperature is 22°C (72°F) or higher, or the mean summer and mean
winter soil temperatures at 50 cm (20 inches) depth or at a lithic or a paralithic
contact, whichaver is shallower, differ by less than 5°C (9°F), or both, and have one
or more of tha following: .

a, dry for 90 cumulative day® or more in most years in soma subhorizon(s) of the
s0il betwsen 18 and SO ¢m (7 and 20 inches) or above a lithic or a paralithic
contact shallower than 50 cm (20 inches),

b. base saturation (by Nl&OAc) of 80 percent or higher in all parts of the soil above
a lithic or a paralithic contact that occurs within 50 cm (20 inches) of the surface,

¢. within 1.5 n (60 inches) of the soil surface or within 50 cm (20 inches) below the
base of an argillic horizon, either a calcic horizon er a horizon with concentra-
tions of soft powdery 1ime in spheroidal forms, as coatings on peds, or disseminated
in clay size particles, * :

d. 1o natric horizon but incressing saturation with Na plus K within 1,25 m (50 inches)
of the surface if particle-size claas is ssndy, 90 em (35 inches) if loamy, &nd -
75 em (30 inches) if clayey.

« If the lims is disseminated, the horiron(s) in which the lims is concentrated should have
more 1lime than the underlying horizon and should have the maximum percentage of clay-sized lime.
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Ustalfs that have a duripan within 1 m (LO inchea) of the surface,

Typie Durustslfs, Durustalfs that

bl

C.

have a messive platy or prismatlc durlpan thet is indurated in some subhorizon
or haa more than half of its upper boundary indurated and coated with opal

or opal and smesquioxides;

have no mottles with chromas of 2 or less in the argllllc horlzon;

have an argillic but not a natric horizon.

Haplic Durustalfs. Durustalfs like the Typic except for a and have sn argillic

horizon that has either less than 35 percent clay in all parts or hss less then
1S percent clay increase within a vertical distance cf 2.5 cm (1 inch) at the
upper boundary of the arglllic horizon. :

Natrie Durustalfs. Durustalfs like the Typic except for e,

Haplustalfs,

1.

5.

6.

Ustalfs that

have an argillic horizon but no natric horizonj

have no duripan with 1ts upper toundary within 1 m (4O inches) of the surface;

have no petrocaleic horlzon with its upper boundary within 1.5 m (60 inches) of
the surface;

have no plinthite that forms a continmuocus phase or constitutes more than half of
the matrix within any subhorizon of the argillic horizon within 1.25 m (50 inches)
of the aoil surface;

have an argillfic horizon that has colors in hues no redder than SYR, or that has
moist values of L or more, or dry velues more than 1 unit higher than moist values;

have an argillic horizon that has:

b.

a clay distribution such that the content of clay decreases from the maximum
by more than 20 percent of that maxirum within a depth of less than 1.5 m
(60 inches) from the surface if:

(1) hues are redder than 10YR and chromas sre more than 4 in the matrix; or

(2) there are common coaras mottles with hues of 7.5YR or redder or chromas
of more than 5; end

a sandy or loamy particle-size class in the upper part or an increase of
lesx than 20 percent clay (absolute) within a vertical distance of 7.5 cm
(3 inches) or 15 percent within 2.5 em (1 inch) st the upper boundary.

Typic Haplustalfa, Haplustalfs that

-

b.

[

dl

have no mottles with chromas of 2 or less within 75 cm (30 inches) of the
gurface;

have textures finer than loemy fine sand in some subhorizon within 50 em
(20 inches) of tha surface; : '

have no lithic contact within 50 em (20 inchas) of the surface;

have CRC of more than 2l meq/100g clay (by NHjOAc), and have a cation retenticn
from NH, Cl of more than 12 meq/100g clay in tke major part of the argillic
horizon. (See Oxic horizen for definition of cation retention,)

have an srglllic horizon that is continuous horizontally, that is continucua
vertically for at least the uppar 20 cm (8 inches), 1s not corposad entirely
of lamellae, and has a texturs finer than losmy fine sand;
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f. have either or both:

(1) a calcic hordzen or soft powdery secondary lime within 1 m (4O inches)
of the surface if particle-size class 13 sandy, 70 cm (28 inchea) if
loamy, and

(2) incressing saturation with Na plus K with increasing depth within
1.25 m (50 inches) if the particle-size class is sandy, 90 em (35 inches)
if loamy, and 75 cm (30 inches) if clayey; :

g. have sn argillic horizon with base saturation (by sum of catiens) of 75 percent
or more in some portion,

Aquic Haplustalfs. Haplustalfs like the Typlc except for a or a and f.

Aquultlc Haplustalfs. Haplustalfs 1like the Typic except for a amd g; or a, f and g.

Arenic Haplustslfs. Haplustalfs like the Typic except for b.

Lithic Haplustalfs. Hapluatalfs like the Typic except for e.

Lithie Ultic Haplustalfs. Haplustalfa like the Typic except for ¢ and g; or ¢, f, and g.

Oxic Haplustslfs. Haplustalfs like the Typic except for d, or 4 and g.

Psammentic Haplustalfs, Haplustalfe like the Typic except for e, with or without g;
or ¢ and f, with or without g; or b, s, and f, with or without g.

Udie Haplustelfs. Haplustalfs like the Typic except for f.
Ultic Haplustalfs, Haplustelfs like the Typic except for g or f and g.

Natrustalfa. Ustalfs that have a natric horizon, but have no duripan with its upper boundsry
n (4O inchea) of the surface, or plinthite that forms a continuous phase or
constitutes more than half of the volume of any subhorizon within 1.25 m (50 inches) of
the surface.

Typic Natyustalfs. Natruatalfs that

a. have no mottles with chremas of 2 or less within 50 cm (20 inches) of the soil
surface;

b. have an Ap horigzon with molst color values of more than 3 or an Al horizon
having @ moist, color value of more than 3.5 if thicker than 15 cm (6 inches);

c. have no salic horizon within 75 cm (30 inches) of the soil surface;
d. 1lack the following combination of characteristics:

(1) cracks at aome period in most years that are 1 cm or more wide at
a depth of 50 cri (20 inches), that are at least 30 cm (12 inches)
leng in some part, end that extend to the surface or to the base
of an Ap horizon, and ) .

(2) a coafficient of linear extensibility (COLE) of 0.09 or more in a
horizon or horizons &t lesst 50 cm (20 incheas) thick, and a potential
- 1inear extensibility of 6 cm or more in the upper 1 m (LO inches) of
the soll or the whole soll If a lithie or paralithic contact.is deeper
than 50 em (20 inches) but shallower than 1 m (40 inches), and

(3) more than 3% percent clay in horigsons that total more than $0 em
) (20 inches) in thickness within the control section.

Aquic Natruatalfs. Natrustalfs like the l:ypic.emcpt for a.
Mollic Natrustelfs. Natrustalfs like the Typie except for b,

Salorthidic Natrustalfs. Natrustalfs like the Typic except for c.
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Paleustalfs, Ustalfs that

1.

3.

have a petrocalcic horizon with its upper boundary within 1.5 m (60 inches)
of the surface or have an argillic horizon that has one or both ofi

a. a vertical clay distribution such that the clay does not decrease from the
maximum by as much as 20 percent of that maximum within a depth of 1.5 m
(60 inches) from the surface and one or both of:

(1) hues redder than 10IR and chromss of more then L in the matrix,

(2) common coarse mottles with hues of 7.5YR or redder or chromas of
more than 5, or

b, & particle-size class that is clayey in the upper part and an increase of
at least 20 percent clay (abaclute) within a vertical distance of 7.5 em
(3 inches) or 15 percent clay (absolute) within 2.5 em (1 inch) st the

upper boundary;
have no duripan within 1 m (kO inches) of the surface and no natric horizon;

have no plinthite that forms a continuous phase or constitutas more than helf
of the matrix within any subhorizon of the argillic horizon within 1.25 m

(50 inches) of the soil surface;

Typic Paleustalfs, Paleustalfs that

b.

.f.

have no mottles with chromas of 2 or leass within 75 cm (30 inches) of the
soil surface providing color is not due to uncoatsd grains of sand, If
color 1s due to uncoated grains of sand, no mottles oceur with chromas of
2 or less in the upper 12.5 cm (S inches) of the argillic horizen;

have texturez finsr than loamy fine sand in some subhorizon within 50 cm
(20 inches) of the surface;

have less than 5 percent plinthite by volume in all subhorizons within
1.5 m (60 inches) of the soil surface;

have either or both oft

(1) a calcic horizon, or soft powdery secondary lime within a depth of 1 m
(4O inches) 1f particle-size class is sandy, 70 c¢m (28 inches) if loamy,
and 60 em (24 inches) if clayey, or

(2) increasing saturation with Na plus K with incressing depth within 1.25 m
(50 inches) if the particle-size claas is sandy, 90 cm (35 inches) if '
loamy, and 75 em (30 inches) if clayey;

have an argillic horizon with base asturation (by asum of cations) of 75 percent
or more in some partj

lack the following combination of characteristics:

(1) cracks at some period in most years thet are 1 cm or more wide at a depth
of 50 cm (20 inches), that are at least 30 cm (12 inches) long in some
part, and that extend upward to the surface, or to the base of an Ap
horizon, and

(2) a coefficient of 1linear extensibility (COLE) of 0.09 or more in a horizon
or horizons at least 50 cm (20 inches) thick, and a potential linear
extensibility of 6 cm or more in the upper 1 m (LO inches) of the soil or
the whole soil 1f a lithic or paralithic conteet is deeper than 50 cm
(20 inchas) but shallewer than 1 m (LO inches), and

(3) more than 35 percent clay in horizons that total more than 50 cm
(20 inches) in thickness within the control sections

have no petrocelcic horizon with its upper boundary within 1.5 m (60 inches)
of the soll surface;
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h. have a sandy or loamy particle-size class in the upper part of the argillic
horizon, or have less than 20 pesrcent (absolute) increase in clay within
a vertical distance of 7.5 cm (3 inches) at the upper boundary of tha
u(nrgillic)-. horizon and leas than 15 percent clay (absclute) within 2.5 em
1 inch);

i. have a CPC of more than 2L meq/100 gm clay (by NH),OAc) and have a cation
ratention from NH,Cl of more than 12 meq/100 gm clay in the major part
of the argillic horizon;

J- have an argillic horizon that has colors in hues of 5YR or yellower in
aome part, or has molst values of L or more in some part or dry values that
are more than 1 unit higher than moliat values,

Aquic Paleustalfs. Paleustalfs like the Typic except for a or a and d,

Aquic Arenic Paleustalfs. Paleustalfs like the Typic except for a and b; or a, b and
d; and with sandy epipedons between 50 em and 1 m (20 and 40 inches) thick.

Aquultic Psleustalfs, Paleustalfs like the Typic axcept for s, d and e,

Aquultic Arenic Paleustalfs. Paleustalfs like the Typic except for &, b, d, and e,
and with sandy epipedons between 50 cm and 1 m (20 and 40 inches) thick.

Aquultic Orosssrenic Paleustalfs. Paleustalfs like the Typic except for &, b, d, and e,
and with &sudy eplpedons that are thicker than 1 m (LO inches).

Arenic Paleustalfs. Paleustalfs like the ic except for b and with sandy epipedons
between 50 cm and 1 m (20 and 4O inches) thick.

Arenic Udic Paleustalfs, Paleustalfs like the Typic except for b and d and with aandy'
epipedons between 50 ¢m and 1 m (20 and LO inches) thick.

Arenic Ultic Paleustalfs, Pnleuatalfs\ 1like the Typic except for b, d and e and with
sandy epipedons between 50 cm and 1 m (20 and 4O inches) thick.

Grossarenic¢ Paleustalfs. Paleuatalfs like the Typic except for b and with sandy
epipadons thicker then 1 m (LO inchas).

Grossarenic Ultic Paleustalfs, Paleustalfs like the Typic except for b, d and e and
with sandy epipsdons thicker than 1 m (4O inches).

Petrocelcic Paleuatalfs. Paleustalfs like the Typic except for g, with or without
hor J.

Flinthic Paleustalfs., Paleustalfas like the Typic except for c.

Plinthudultic Paleustalfs. Peleustalfs like the Typic except for c, d and e.

Rhodic Paleustalfs. Paleustalfs like the Typic except for J.
Udertic Paleustslfs, Paleuatalfs like the Typic except for d and f.

Udic Paleustalfs. Palsustalfe 1ike the Typic except for d.
Ultic Paleustalfs, Paleustalfs like the Typic except for e and d.

Vertic Paleustalfs. FPaleustalfs 1ike the Typlc excapt for £ or £ and h.

Plinthustalfs. Ustalfs that have plinthite that forms a contimuous phase or conatitutes
more n half of the matrix within some subhorizon of the argillic horizon within
1.25 m (50 inches) of the moil eurface. .

(Subgroups not developed)
Rhodustalfs. Ustalfs that
1. have an argillic horirzon that has colora throughout in hues redder than SYR with

moist values of less than L and dry veluss no more than 1 unit hizher.than moist
values;
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2. have no natric horizon and have no duripan with an upper boundary within 1 m
(L0 inches) or a petrocaleic horizon with an upper boundary within 1.5 m
(60 inches);

3. no plinthite that forms a continuous phase or constitutes more then half of
the matrix within some subhorizon of the argillic horizon within 1.25 m
(50 inches) of the soil surface;

L. have an argillic horizon with a clay distribution such that:

a, the clay content decreases by 20 percent or more of ths maximm clay °
content within 1,5 m (60 inchas) of the surface if:

(1) chromas of more then l are dominant; or

(2) there are common coarse mottles that have chromas of more than 5; and
b. there is sandy or loamy particle-size clsss in the upper part if there is

&n increase of 83 much as 20 percent (absolute) within a verticsl distance

of 7.5 cm (3 inches) or 15 percent cley (absolute) within 2.5 em (1 inch)

at the upper boundary. :

Typic Rhodustalfs. Rhodustalfs that

#. have no lithic contact within 50 em (20 inches) of the surface;

b, have more than 2L meq cation exchange capacity per 100 g clay (by NH)0Ac)
and the cation retentlon from NH;Cl is more than 12 meq per 100 g clay in
the major part of the argillic hgrizon;_ )

¢. have either or both of:
(1) & csleic horizon or soft powdery secondary lime within a depth of
1 m (40 inches) if the particle-size class ia sandy, 70 cm (28 inches)
if loamy, and 60 em (2L inches) if clayey;
(2) 1increasing saturation with Na plus K with increasing depth within
1.25 m (50 inches) if the particle-size class 4s sandy, 90 cm
(35 inches) 4f loamy, and 75 em (30 inches) if clayey.

Lithic Rhodustslfs. Rhodustalfs like the Typic except for a.

Oxic Rhodustslfs. Rhodustalfs like the Typie except for b.
Udic Rhodustalfs. Rhodustalfs like the Typic except for c¢.
Xeralfs. Alfisols that

1., have a mesn annual aoil temperature between 8°C (L7*F) and 22°C (72°F) and mean
summer and mean winter soil temperatures at 50 em (20 inches) depth that differ by
5*C (9*F) or more; . )

2. are dry for 60 consecutive days or more in more than 7 out of 10 years in all parts
of the soil betwsen 18 em (7 inches) and 50 em (20 inches) or & lithic or a para-
lithie contact shallower then 50 cm (20 inches), or in the subhorizon immediately
above & lithic or paralithic contact shallower than 18 cm (7 inches);

3. are not saturated with water at eny period or lack the characteristics associated
with wetness defined for Aqualfs, ‘

Durixeralfs. Xar_alfs that

1. have a duripen below the argillic or natric horizon but within 1 m (LO inches)
of the surface;

2. have no plinthite that forms & contix.mous phaae or that conatitutes more then
half of the matrix within any subhorizon of the argillic horizon within 1.25 m
(50 inches) of the soil surfece. .
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Typic Durixeralfs, Durixeralfs that

a, have an argillic horizon with leas than 35 percent clay in all parts or
thers is either &n increase of less than 15P percent clsy (absolute) within
a vertical distance of 2.5 m (1 inch) at the upper boundary of tha argillic
horison or an increase of less than 10 percent clay (absolute) if cultivated
and the lowar boundary of the Ap iz tha upper boundary of the argillic
horizon; '

b. have no mottlas with chromas of 2 or less in the erglllic horizon;

¢. have s duripan that is massive,platy, or prismetic and has more than half
of the upper boundery that is indurated and coated with opsl or opal and
sesquioxides, or is indurated in some subhorizon below the upper boundary;

d. have exchangeabls scdium less than 15 percent of the cation exchange
capacity throughout the arglillic horizon;

e. lack the following combinatlion of characteristics:

(1) cracks at some period in most years that are 1 cm or more wide at a
dapth of 50 em (20 inches), that are at leaat 30 cm (12 inches) long
in soma part, and that extend upward to the surface or to the basze of
an Ap horigon, and

(2) & coefficiont of linear extensibility (COLE) of 0.0%9 or more in a
horizon or horisona at least 50 cm (20 inches) thick, snd a potential
linear extensibility of 6 cm or more in the upper 1 m (40 inches) of
the soil or the whole soil if a 1ithic or peralithic contact ia
deeper than 50 cm (20 inches) but sghallowar than 1 m (4O inches), and

(3) more than 35 percent clay in horizons that total more than 50 em 4n
thicknees above the duripan.

Abruptie Durixeralfs, Durixeralfs like the Typic except for a.
Abruptie Aguic Durixeralfs. Durireralfs like the Typic except for a and b.

Abruptic Haplic Durixeralfs. Durixeralfs like the Typic except for s and ¢.

Aquic Durixeralfs. Durixeralfs like the Typic except for b.
Aquic Haplic Durixeralfs. Durixeralfs like the Typic except for b and ¢,

Haplic Durixeralfs. Durixeralfs like the Typic except for c.
Natric Durixeralfs. Durixeralfs like ths Typic sxcept for d,
Vertic Durixeralfs. Durireralfs like the Typic excepi for e.

Haploxeralfs. Xeralfs that

1. have an urgulic horixon but no natric horizon, and no duripan withinlm
(40 inchea) of the surfaca; and no petrocalcic horison within 1.5 m (60 inches)
of the surface;

2., have no plinthite that forms a contimuous phase or that constitutes more than
half of the matrix within some subhorizon of the argillic horison within 1,25 m
(50 inches) of the soil surface; '

3. have an argillic horizon that has colors in hues of 5YR or yellower in some
part, or has moist values of L or more in scme part, or dry values that are -
more than 1 unit higher than moiat values;

L. have an argiliic horizon with

4, 1less than 35 percent clay in all partsz, or with more than 35 parcent clay
tut with either an incresse of less than 15 percent clay (abmolute) within
a vertical distance of 2.5 cm (1 inch) at the upper boundary of the argillic
horizon or an increase of less than 10 percent clay (absolute) 4f cultivated
#nd the lower boundsry of the Ap ia the upper boundary of ths srgillie
horigon, and
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Haploxeralfa--Cont,
b, & clay diatribution such that the content of clay decreases from the
maxinum by mors than 20 percent of that maximum within & depth of less
than 1.5 m (60 inches) from the surface if: ‘
(1) hues are reddar than 10YR and chromss are more than L in the matrix; or

(2) there are common coarse mottles with lues of 7.5YR or redder or chromas
of more than 5.

Typic Haploxeralfa, Haploxeralfs that

a. hava no mottlea with chromas of 2 or less within 75 em (30 inches) of the
surface;

b. have no fragipan with an upper boundary withinm 1 m (LO inches) of the surface;

¢. have an Al horizon that ia not as dark as a moiat color value of 3.5 and does
not contain more than 1.2 parcent organic matter (0.7 percent organic carbon)
throughout the uppar 10 em (4 mn«?, or have an Ap horizon with a moist color
value of 3.5 or more or with less than 1.2 percent organic matter;

d, have no lithic contact within 50 cm (20 inches) of the surface;

e. have exchangeable sodium less than 15 peréent of the cation exchange cepacity (at pH 8.2)
throughout the argillic horizon;

f. have less than S percent (voluma) of plinthite in all subhorizons within
1.5 m (60 inches) of the surface;

g. have an argillic horizon with base saturation (by sum of cations) of 75 percent
or more In some portion;

h. lack tha following combination of characteristics:

(1) cracks at some period in most years that are 1 cm or more wide at a
depth of 50 cm (20 inches), that are at lsast 30 cm (12 inches) long in
soma part, and that extend upward to the surface or to the base of an
Ap horizon, and

(2) a coefficient of linear extensibility (COLE) of 0,09 or more in a horizon
or horizons at least 50 cm (20 inches) thick, and a potential linear
extensibility of 6 cm or more in the upper 1 m (L0 inches) of the soil
or the whole soil if a 1ithic or paralithic contact is deeper than
50 ¢m (20 inches) but shallower than 1 m (LO inches), and

(3) more than 35 percent clay in horizons that totsl more than 50 om
(20 inches) in thickness within the control section.

Aquic Haploxeralfs. Haploxeralfs like the Typic except for a or a and c¢.

Aquultic Haploxeralfs, Haploxeralfs like the Typlc except for a and £, with or without e,

Lithic Haploxeralfs, Haploxeralfs like the Typic except for d.

Lithic Mollic Haploxeralfs, Haploxeralfas like the Typic except for d and ¢.

Mollic Haploxeralfs. Haploxeralfs like the Typic except for c.
Natric Haploxeralfs, Haploxeralfs 1like the Typic excapt for e.

Ultic Haploxeralfs. Haploxerslfs like the Typic except for g or g and c. _

Vertic Haploxeraslfs. Haploxeralfs like the Typic except for h or c ard h,
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Natrixeralfs. Xeralfs that have a natric horixon but ne duripan.

Typie Natrixeralfs. Natrixeralfs that

a.

have no mottles with chromas of 2 or less within 75 cm (30 inches) of
the surface.

Aquic Natrixerslfs. Natrixeralfs like the Typic except for a.

Palexaralfs.

Xaralfs that

1, have a petrocaleic horizon with its upper boundary within 1.5 m (60 inches)
of the surface or have an argillic horizon that has one or both of:

a.

b.

a vertical clay distribution such that the clay does not decrease from
the maximum by aa much &3 20 percent of that maxlmum within a depth of
1.8 m (60 inches) from the surface and one or both of:

(1) tmes redder than 10YR and chromas of mors than L in the matrix,

(2) common coarse mottles with hues of 7.5TR or redder or chromas of
more than 5, or .

a particle-size class that is clayey in the upper part and an increase
of at least 20 percent clay (absoluie) within a vertical distance of
7.5 em (3 inches) or 15 percent c¢lay (absolute) within 2.5 em (1 4nch)
gt the upper boundary;

2, have no duripsn within 1 m (LO inches) of the surfacej

3. have no plinthite that forms & contimious phase or that constitutes more than
half of the matrix within any subhorizon of the arglllic horizon within
1.25 m (50 inches) of the soil =urface;

4. have sn argillic horizon that in some part has colora in hues of SYR or
yellower or that has either moist values of L or more or dry values more than
1 unit higher than moist values.

Typic Falexeralfs., Palexeralfs that

L.
b.

d.

f'

h.

have no mottles with chromas of 2 or lesa within 75 c¢m of tha surface;
have no lithic contact within 50 cm of the surface;

have an Al horizon that has & moist color value that iz more than 3.5 and
doea not contain more than 1.2 percent organic matter (0,7 percent orgenic
carbon) in tha upper 10 cm (L inches), or have an Ap horison with a molst
color value of 3.5 or more and contains less than 1.2 percent organic matter;

have more than 24 meq cation exchange capacity per 100 g clay (by NHhOAc)
and the cation retention from NHCL iz more than 12 meq per 100 g clay in
the major part of the argillic horizon

" have no petrocalcic horison within 1.5 m (60 inches) of the surface;

have an argillic horizon that has at least 75 perceﬁt base saturation (by
sum of cations) in soma portions; ' :

have an argillic horison with a clayey particle-size class in the upper

part and an increase of at least 20 percent clay (absolute) within a vertical
distance of 7.5 cm (3 inches) or 15 percent clay (absclute) within 2.5 cm

(1 inch) at the uppar boundary; _ .

have lesa than 5 percent (volume) of plinthite in all ﬁubhord.zom within
1.5 m (60 inches) of the surface,

Aquic Palexeralfs, Palexerslfs like the Typic except for a, or & and c.

Lithic Palexeralfs. Palsxeralfs like the Typic except for b, with or without eny of

e, 1, or g..

Haploxerultic Palexeralfs. Palexeralfs 1ike the Typic except for f and g, with or

Without c.
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Mollic Palexsralfs. Palexeralfs like the Typic except for c.

Petrocalcic Palexeralfs. Palexeralfs like the Typlc except for e, or e and g.

Ultic Palexeralfs. Palexeralfs like the Typlc except for f and g, with or without c..
Plinthoxeralfs, Xeralfs that have plinthite that forms a continuous phase or that

constitutes more than half of the matrix within some subhorizon of the argillic

horizon within 1.25 m (50 inches) of the seil surface.

(Subgroups not developed)

Rhodoxeralfs., Xeralfs that have an argillic horizon thet in all parts has colors in hues
redder n SYR and moist values of less than L and dry valuea no more than 1 unit
higher than moist veluea; and that do not have a natric horizon or a duripan.

Typic Rhodoxeralfa. Rhodoxeralfa that

a, have an argillic horizon more than 15 em (6 inches) thick and that ia
continuous in each pedon;

b. have noe lithic contact within 50 cm (20 incheu) of the surfacej

c. have more than 2L meq cation exchangs capacity per 100 g clay (by NHyOAc)
and the cation retention from NH)Cl is more than 12 meq per 100 g clay in
the major part of the argillic horizon;

d. have no patrocalcic horizon within 1.5 m (60 inches) of the surface.
Lithic Rhodoxeralfs. Rhodoxeralfs like the Typic except for b,

Oxic Rhodoxeralfs., Rhodoxeralfs like the Typic except for c.

Petrocaleic Rhodoxerslfs. Rhodoxeralfs like the Typic except for d.
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Ultiscls are mineral soils that
1. have one of the following combinations of characteristics:

&. have an argillic horizon but have no fragipan and have base saturation (by sum of
cations) of less then 35 percent at 1.25 m (50 inches) below tha upper boundary of
the argillic horizom, or 1.8 m (72 inches) below the soil surface, or above a lithic
or a paralithic eontact, whichever is shallower, or

b. have & fragipan that

(1) mests all of the requirements of an argillic horizon or that has clay skins
more than 1 mm thick in soms part, and :

(2) has base saturstion (by sum of cations) of less than 35 percent at a depth
of 75 cm (30 inchea) below the upper boundary of the fragipang

2. have a mean annual soil temperature of §°C (L7°F) or higher, snd if mean summer and
mean winter 30il temperatures at 50 cm (20 inches) or at & lithic or a paralithic contact,
whichever is shallower, differ by 5°C (9°F) or more, have mean summer acil temperatures
of 15°C (59°F) or higher if without an O horizon, or of 8°C (L7*F) or higher if with an
0 horizon;

3. hava no spodic horizon, and no oxic horizon unleas it underlies an argillic horizen;

L. have no plinthite that forms a contimious phase within 30 cm (12 inches) of the surface.

Aquults. Ultiscls that sre elther saturated with water at some sesson or are artificially drained,
and that have characteristics associated with wetness, namely: mottles, iron-manganese
concretions larger then 2mm or has molist chromas of 2 or less immediately below any Ap
or Al horizon that has moist values of less than 3.5 when rubbed, and have one of the
following:

1, dominant moist chromas of 2 or leas in coatings on the surface of peds accompanied by
mottles within the peds, or dominant moist chromas of 2 or lass in the matrix of the
argillic horizon accompanied by mottles of higher chromas (if hues sre redder than 10TR
because of parent materlals that remain red after ecitrate-dithionite extraction, the
requirement for low chromas is waived); or

2, molst chromas of 1 or less on surfaces of peds or in the matrix of the argillic horizon.

Fragiaquults. Aquulta that have a fragipsn but have no plinthite that forms a contimious
pﬁaa or constitutes more than half of the matrix within 1.25 m (50 inches) of the
purfacae,

Typle Fragiaquults. Fragiaquulta that

a. have an ochric epipedon;

b. have mottles, and chromas of 2 or less in all horizons between the fragipan
and the Al or Ap horison;

¢. have less than 5 percent plinthite in any horizon within 1.5 m (60 inches)
of the surface. )

Flinthic Fragisquults. Fraglaquults like the Typic except for c.
Flinthudic Fragisquultas. b"rlginquulta 1like the Typic except for b and c.

Ochraquults. Aquults that
1. have no fragipan;
2. have an ochric epipedon;

3. have mean summer and mean winter soil temperatures at 50 cm. (20 inches) that *
differ by 5°C' (9*F) or more;
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k. have no plinthite that forms a contimuous phage or constitutes more than half
of the matrix in all subhorizons within 1.25 m (50 inches) of the surface.

Typic Ochraquults. Ochraquults that

a, (1) 4if mottled, have in 60 percent or more of the mass between the Al
or Ap and 75 em (30 inches) one of the following:

(a) 4if hues are 2.5Y or redder and moist valuea are more thﬁn
5, moist chromas are 2 or less, or if values are 5 or lass,
chromas are less than 2,

(b) 4f hues are yellower than 2.5Y, moist chromas sre 2 or less,
(c) chromas are 1 or less with or without mottlas;

(2) have no horizon with dominant chromas of 3 or mors within 75 cm
(30 inches) of the surfaca;

b. have textures finer than loamy fine mand in some subhordzon within 50 em
{20 inches) of the surface;

c. have less than 5 percent plinthite in any horizon within 1.5 m (60 inches)
of the surface;

d. have no lithic contact within SO cm (20 inches) of the surface;

&, have no layer in the upper 75 em (30 inchea) that has a texture finer than
loamy fine sand, that is ss much as 1B cm (7 inches) thick, that has a tulk
density (at 1/3-bar tension) of 0.95 g/cc or less in the fine earth fraction,
and that has either (1) a ratio of maasured clay to 15-bar water (percentages)
of 1.25 or leas, or (2) a ratio of CEC (at pH near 8) to 15-bar water of more
than 1.5 and more exchange acidity than the sum of bases plus KC1 extractable
alumirmm,

Aeric Ochraquults. Ochraquults like the Typiec except for a.

Arenic Ochraquults. Ochraquults like the Typiec except for b with or without a, and
- have textures as coarse or coarger than loamy fine sand throughout the upper 50 em
(20 inches) but not extending below 1 m (LO inches). ’

Arenic Plinthic Ochraquults. Ochraquults like the Typle except for b and ¢ with or
without™a, and hdve fextures as coarse or coarser than loamy fine sand throughout
the upper 50 cm (20 inches) but not extending below 1 m (LO inches).

Grossarenic Ochraquults. Ochraquults like the Typic except for b with or without a,
and have textures as cosrse or coarser than loamy fine send extending to more
than 1 m (LO inches).

Flinthic Ochraquults. Ochraquults like the Typic except for c.

Flinthaquults., Aquults that have plinthite thet forms a continucus phass or constitutes
mm-: than half of the matrix of soms subhorizon within 1.25 m (50 inches) of the
gurface, . :

Typie Plinthaquulta, FPlinthaquulta that

a. have mora than 2l meq CEC/100 g ¢ley (by NH4OAc) and have a cation retention
from NH,C1 of more than 12 meq/100 g clay in the major part of the argillic
horizon (sees Oxic horizon for definition of catlion retention);

b, have plinthite that forms a contiruous phase in or belew the argillic herizon.
Oxic Plinthaquults, FPlinthaquults 1ike the Typic except for a.

Tropaquults. Aquults that

1. have no plinthite that forms a contimious phase or constltutea more than half
of the matrix of any subhorizon within 1.25 m {50 inches) of the surface;

2. have a mean anmal soil temperature of 8°C (L47°F) or more and have mean summer
and mean winter goil temperatures at 50 cm (20 4nches) or at a lithic or para-
lithic contsct, whichever is shallower, that differ by less than 5°C (9’F§.
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Mnguults--cant.
Typlc Tropaguults. Tropaquults that

a. have an Al horizon less than 15 cm (6 inches) thick if its moist valus is
darker then 3.5, or an Ap horizon having a moist value of L or more;

b. have no layer in the upper 75 cm (30 inches) that has & texture finer than
losmy fine sand, that ie as much as 18 em (7 inches) thick, that haa a bulk
density (at 1/3-bar tension) of 0,95 g/cc or less in the fine earth fractienm,
and that has either (1) a ratio of messured clay to 15-bar water (percentages)
of 1.25 or less, or (2) a ratio of CEC (at pH near 8) to 15-bar water of meore
than 1.5 and more exchange acidity than the sum of bases plus KCl extractable
aluminumg

e. (1) Af mottled, have in 60 percent or more of the mass between the Al or Ap
and 75 cm (30 inches) one of the following:

(a) 1if hwes are 2.5Y or redder and moimt values are more than 5, chromas
are 2 or less, or if values are 5 or less, chromas are less than 2,

(b) Af hues are yellower than 2.5Y, moist chromas are 2 or leas, or

. (¢) chromas are 1 or lesa with or without mottles;

(2) have no horizon with dominant chromas of 3 or more within 75 cm
(30 inches) of the surface; .

d. have no plinthite that constitutes S percent or more of the matrix of any
subhorizon within 1.5 m (60 inches) of the surface.

Berie Umbric Tropaquuits. Tropaquults like the Typic except for a and c.

Umbraquults, Aquults that

1.
2-
3.

L.

have an umbric or mollic epipedon;
have no fragipan;

have no plinthite that forms & continuous phase or constitutes more than half
of tha matrix of any subhorizon within 1.25 m (50 inchas) of tha surface;

have mean summar snd mean winter soil tamperatures at 50 cm (20 inches) or at a
lithic or paralithic contact, whichever is shallower, that differ by 5'C (9°F)
or more.

Typic Umbraquults. Umbraquults that

Thmults. Ultiscls that are never saturated with water or that have redder huea or higher chromas

s. have no plinthite that constitutes 5 percent or mora of the matrix of any
subhorizon within 1.5 m (60 inchea) of the surface.

Aquulis and that either:

1. have 1.5 percent or more organic matter (0.87 percent carbon) in the upper 15 cm
{6 inches) of the argillic horizomy or

2. have 20 kg or more organic matter in a unit volume of 1r? to a depth of 1 m (LO inches)

below the base of any O horizon, or both.

Haplohumilte., Humults that

1.

2-

3.

have no fragipan;

have mean sunmer and mean winter soil temperatures at 50 cm (20 inches) or at a
1ithic or paralithic contact, whichever is shallower, that differ by 5°C (9*F)
or morej

have aither or both:

a. clay distritution with depth such that the parcentage of clay decreases
from its maximum amount by more than 20 percent of that meximum within 1.5 m
(60 inches) and the layer in which the percentage of clay decresses does not
show avidences of clay eluviation;
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Haplohurmlts--Cont.

b, an argillic horizon with 10 percent or more weatherable minerels in the
20 to 200 micron fraction of the upper 1 m (4O inchaa).

Typic Heplohumlts. Haplohunmlta that

a. have no layer in the uppsr 75 cm (30 inches) that has a texture finer than
loamy fine sand, that is as much ag 18 c¢m (7 inches) thick, that has a bulk
density (at 1/3-bar tension) of 0.95 g/cc or less in the fine earth fraction,
and that has either (1) a ratio of measured clay to 15-bar water (percentages)
of 1.25 or less, or (2) a ratio of CEC (at pH near 8) to 15-bar water of more
than 1.5 and more exchange acidity than the sum of bases plus KCl extractable
gluminum;

b. are naver dry between 18 and 50 em (7 and 20 inches) in more than 7 cut of
10 years for ag much ag 60 consecutive days;

¢, have no mottles with chromas of 2 or less within the upper 25 cm (10 inches)
of the argillic horizon;

d. have no lithic contact within 50 em (20 inches) of the mineral soil surfacs.

Andic Haplohumulta. Haplohbumults like the Typic except for a.

Xeric Haplohurmilts. Haplohumulta like the Typic except for b.

Paleshumults, Humlts that

1. have an argillic horizon that: in the upper 1 m (40 inches) has lesa than 10 per-
cent weatherable minerals in the 20 to 200 micron fraction; &nd

2. have a clay distribution such that the percentage of clay does not decresse from
its maximum amount by more than 20 percent of that maximm within 1.5 m (60 inchas)
of the soll surface, or the layer in which the percentage of clay decreases shows
skeletans, or other evidences of clay eluviation.

" Typic Palehumults, Palehumults that

a, have more then 2l meq CEC/100g clay (by NHLOAc) and have a cation retention
from NHCl of more than 12 meq/100g clay in the major part of the argillic
horizon;

b. have no mottles with chromas of 2 or less within the upper 25 em (10 inches)
of the argillie horizon; .

c. are never dry between 18 and 50 ecm (7 and 20 inches) in more than 7 out of
10 years for as much as 60 consecutive days;

d. hasve no layer in the upper 75 cm (30 inches) that has a texture finer than
loamy fine sand, that is as much as 18 ocm (7 inchea) thick, that hes a bulk
density (at 1/3-bar tension) of 0.95 g/cc or less in the fine sarth fraction,
and that has either (1) a ratio of measured clay to 15-bar water (percentsges)
of 1.25 or less, or (2) a ratio of CEC (at pH near 8) to 15-bar water of mors
t.gan 1.5 and mors exchange acidity than the sum of bases plus KCl extractable
aluminum.

Humoxic Palehurmlts. Palslumlts like the ic exceapt for a, and have & mean annual
201l temperature of less than 22°C (72°F). '

Orthoxic Palehummlts. Palehumults 1like the Typic except for a, and either the mean
annual soll temperature is 22°C (72°F) or higher, or the acils are dry in soma
horizon between 18 and 50 cm (7 and 20 inches) in nost years but are not dry
for 60 consecutive days or more.

Xeric Palehummlts. Pelahumlts like the Typic except for ¢, and have mean sunmer and
mean winter soil temperatures at 50 em (20 inches) that differ by 5°C ($°F) or
more, and mesn annual soll temperatures of less than 22°C (72°F).
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'.l‘_r_ogohumlts . Humults that

Tdults.
1.

2.

3.

1. have mesn summer and mean winter soil temperatures at 50 cm (20 inches) or
at & lithic or a paralithic contact, whichever is shallower, that differ’
by lesa than 5°C (9°F); .

2, have elther or both:

8. clay distribution with depth such that the percentage of ¢lay decreases
from its meximum amount by more than 20 percent of that maxirmm within
1.5 n (60 inchea) and the layer in which the percentage of cliy decreases
does not show evidences of clay eluviation, .

b. an argillic horizon with 10 percent or more weatherable minerals in the
20 to 200 micron fraction of the upper 1 m (LO inches);

3. have no fragipan,
Typic Tropohumults., Tropohummlts that

a. have more than 2L meq CEC/100 g clay (by NH;OAc) and have a cation
retention from NH, CL of mere than 12 maq/100 g clay in the mejor part of
the argillic horigon (see Oxic horizon for definition of cation retention);

b. have no mottles with chromas of 2 or less within 75 cm (30 inches) of
the s0il surface; .

¢. have no lithic contact within 50 cm (20 inches) of the mineral soil surface;

d. have no interruptions of the argillic horizon by ledges of be_dfock wlthin
each pedon;

e. have an argillic horizon with its upper boundary within 60 em (2l inches)
of tha mineral soil aurface; :

f. sre not dry betwsen 18 and 50 cm (7 and 20 inches) in mast years for aa
mich as 60 consecutive days;

g+ have no layer in the upper 75 cm (30 inches) that has a taxture finer than
loamy fine sand, that is as much as 18 cm (7 inches) thick, that has & tulk
density (at 1/3-bar tension) of 0.95 g/cc or less in the fins earth fractiom,
and that has either (1; a ratio of messured clay to 15-bar water (percentages)
of 1.25 or leas, or {(2) & ratio of CEC (at pH near 8) to 15-bar water of mors
than 1.5 and more exchange acidity than the sum of bases plus KCl extractable

aluminum,
Humoxic Tropohumlta. ohumults 1ike the Typic except for & and have mean anmusl
soll temperaturas at 50 cm (20 inches) of less than 22°C (72°F).

Orthoxic olmymlts. Tropohumults like the ic except for & and eithsy the mean
anmual eo mparature at 50 cm (20 inches) is 22°C (72°F) or higher, or the
80418 are dry in some horizon between 18 and 50 cm (7 and 20 inches) in moat
years, but are not dry for 60 consecutive days or more.

Ultisols that

are never saturated with water, or that have redder hues or higher chromas than
Agquults; : :

have less than 1.5 percent orgenic matter (0.87 percent carbon) in the upper 15 em
(6 inchas) of,the argillic horizon and have lesa than 20 kg organic matter in a unit

" volums of 1 " to a depth of 1 m (4O inches) below the bese of any O horizon;

are always moist in all horisons, or are dry in more than 7 out of 10 yesrs for less
than 60 consscutive days in &1l horizons betwsen 18 and 50 em (7 and 20 inches), and
for less than 90 cumalative days in some horizon betwean thase depths in most years.
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Fragivdults. Udults that have a fragipan in or belew the argillic horizen.
Typilc Fragiudults. Fragiudults that

a. have no subhorizon immedistely above the fragipan that has continuous coatings
on ped faces (skeletans) that have dominsnt moist chromas of 2 or
leas and are more than 1 mm thick;

b. have an argillic horizon above the fragipan;

¢. have no mottles with chromas of 2 or less in the upper 25 em (10 inches)
of the arglllic horizon;

d. have textures f{iner than loamy fine sand in some subhorizon within 50 cm
(20 inchea) of the surface;

e. have less than 5 percent plinthite nodules in any subhorizon within
1.5 m (60 inches) of the surface;

f. have no layer in the upper 75 em (30 incheg) that hes a texture finer than
loamy fine sand, that is as much as 18 cm (7 inches) thick, that has a bulk
density (at 1/3-bar tension) of 0.95 g/cc or less in the fine earth fraction,
and that has either (1) a ratio of messured clay to 15-bar water (percentages)
of 1,25 or less, or (2) a ratio of CEC (at pH near 8) to 15-bar water of
more than 1.5 and more exchange acidity than the sum of bases plus KC1
extractable aluminum;

g. have a fragipan that has a brittle matrix in at least 70 percent of the
erosa gection of the most strongly cemented subhorizon;

h. have an Ap horizon with a moist color value of L or more or with a dry value

of & or more crushed and smoothed™ or the Al horizon is lass than 15 cm
(6 inches) thick if its moist color valus iz lower than 3.5.

Aqueptic Fragiudults. Fragiudults like the Typle except for & with or without b and
Esva clay skins more than 1 mm thick in some part of the fragipan, and have
betwsen the fragipan and the surface a horizon that has:

(1) chromas of 3 or more in the matrix,

(2) mottles with chromss of 2 or less within 25 cm (10 inches) of ita
upper boundary,

(3) very few or no clay skins.
Aquic Fragiudulis. Fragiudults like the Typic except for c.

Arenic Plinthic Fragiudults. Fragiudults like the Typic except for d amd e.

Ochreptic Fragiudults, Fragiudults like the Typic except for a with or without b and
have cley ekins more than 1 mm thick in some part of the fragipan and have between
the fragipan and the surface a horizon 25 em (10 inches) or more thick that has:

(1) chromas of 3 or more in the matrix,
(2) no mottles with chromas of 2 or less in the upper 25 cm (10 inches),
(3) very few or no clay skins.

Plinthaqueptic Fregiudultas. Fragiudultav like the Typlc except for e and a with or

without b and have clay gkina more than 1 mm thick in gome part of the fragipan,
and have betwaen the fragipan and the surface a horizon that has:

(1) chromas of 3 or more in the matrix,

(2) mottles with chromas of 2 or less within 25 cm (10 inches) of its upper .
boundary, .

(3) very few or no clay skins.
Use knife snd amooth to eliminate shadows.
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Piinthic Ochreptic Fragiudults. Fragiudults like the Typic except for e and a with or
without b and have between the fragipan and the surface a horizon 25 em (10 inchesa)
or more thick that has:

Hapludulta.

(1) chromas of 3 or more in the matrix, \
(2) no mottles with chromas of 2 or less in the upper 25 cm (10 inches),
(3) very few or no clay skins.

(formerly Normdulte) Udults that

1, have no fragipan;
2. have no plinthite that forms & continuous phase or constitutez more than half

of the matrix in any horizon within 1.25 m (50 inches) of the surface;

3, have a moist color value of )i or more in some part of the epipedon, or have an
argillic horizon that has a dry color valus of 5 or mere in some subhorizon, or

a moist color value of 4 or more;

L. have mean summer and mean winter soil temperatures at 50 cm (20 inches) or at a
lithic or paralithie contaet, whichever is shallower, that differ by 5°C (9°F)

or more; .

5. have either or both:

2. clay distribution with depth such that the psrcentage of clay decreases
from its muximum smount by more than 20 percent of that maximum within 1.5 m
(60 inchea) and the layer in which the percentage of clay decreases does not
show evidences of clay eluviat:lon‘,

b. a&n argillie horison with 10 percent or more weatherable minersls in the

. 20 to 200 micron fraction of the upper 1 m (LO inches).
Typic Hepludults. ' ‘

a. have no layer in the upper 75 ecm (30 inchea) that has & texture finer than
losmy fine sand, that is as much as 18 cm (7 inches) thick, that has a tulk
density (at 1/3-bar tension) of 0.95 g/ec or leas in the fine earth fraction,
and that has either (1) a ratio of measured clay to 15-bar water (percentages)
of 1.25 or less, or (2) a ratio of CEC (at pH near 8) to 15-bar water of more
than 1.5 &nd more axchange acidity than the sum of bases plus KC1 extractable
aluminum; )

b, have no mottles with chromas of 2 or less in the upper 60 cm (2} inches)
of the argillie horizon; :

¢. have teiturea finer than loamy fine sand in some subhorizon within 50 cm
{20 inches) of the surface; _ _

d. have an argillic horizon thicker than 25 cm (10 inchas);

e, have an Ap horison with a moist color value of L or more or with a dry value
of 6 or more crushed snd smoothed ™ or the Al horigzon is less than 15 cm
(6 inches) thick if its moist color value is lower than 3.5

f. ha;r.; no lithic contact within 50 em (20 inches) of the surface of the minersl
a0il; )

g hava texturss finer than lommy fine sand in some part of the argillic horisenm,
and have an argillic horizen that in at least its upper 25 cm (10 inches) has
no lamellae; )

h., lack the following combination of characteristica:

(1) cracks at soms pariod in most ysars that are 1 cm or more wide st a dapth
of 50 cm (20 inches), that are at least 30 cm (12 inches) long in some
part, and that extend upward to the surface or to the base of an Ap
horizeon, and

* Use Inife and smooth twv eliminate shadows.
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ie Hapludults--Cont.

(2) a coefficient of linear extensibility (COLE) of 0.09 or mors in a
horizon or horizona at least 50 cm (20 inches) thick, and a potential
linear extensibility of 6 cm or more in the upper 1 m (4O inches)
of the soil or the whole so0il if a lithic or paralithic contact is
deeper than 50 cm (20 inches) but shallowar than 1 m (4O inches), and

(3) more than 35 percent clay in horizons that total more than 50 cm
(20 inches) in thickness within the control sections;

i. have no interruptions of the argillic horizon by ledges of bedrock within
esach pedon;

Andic Hapludults. Hapludults like the Typic except for a.
Aquic Hapludults. Hapludults like the Typic eicept for b.
Arenic Hepludults. Hapludults like the Typic except for ¢, or ¢ and d.

HBumic Hapludults. Hapludults 1like the Typic except for e.
Lithic Hapludults. Hapludults like the Typic except for f.

Ochreptic Hapludults., Hapludults like the Typic except for d.

Paammentic Hapludulta., Hapludults like the Typic except for g, or g and c.

Vertic Hapludults. Hapludults 1ike the Typic except for h, with or without b,

Paleudults, Udults that
1. have both of the following:
a, an argillic horizon that in the upper 1 m (4O inches) has less than 10 parcent
weatherable minerals in the 20 to 200 micron fraction, and
b, a clay distribution such that the percentage of clay does not decrease from
ita maximum amount by more than 20 percent of that maximum within 1.5 m
(60 inches) of the soil surface, or tha layar in which the percentage of clay
decreases shows skeletans or other evidences of clay eluviation;
2. have no fragipan;

3. have no plinthite that forms a continuous phase or constitutes mors than half of
the matrix within 1.25 m (50 inchea) of the surface.

{

Typic Paleudults. Paleudults that

&, have no mottles with chromas of 2 or less within 75 cm (30 inches) of the

' soll surface providing color 1s not due to uncosted grains of sand. If
color is due to uncoated grains of sand, no mottles occur with chromas of
2 or less in the upper 12.5 em(S incheas of the argillic horizon;

" b. have textures finer thasn loamy fine sand in some subhorizon within 50 em
(20 inches) of the surface;

¢. have no subhorizen with more than S percent plinthite nodules within 1.5 m
(60 inches) of the surface;

d. have an Ap horizon with a moist color value of L or more or with a dry value
of & or more crushed and smoothed * or the Al horizon is less than 15 cm
(6 inches) thick if its moist color value is lowsr than 3.5;

e. have textures finer than loamy fine sand in some part of the argillic .

horizon and have no lamsllae in at least the upper 1 m (LO inches) of the
argillic horizon

Aquic Paleudults. Paleudults like the Typic excapt for a.
Aquic Arenic Paleudults., Faleudults like the ic axcept for a and b and have a
sandy epipedon 50 em to 1 m (20 to 4O inchas) thick.

* Use knife and smooth to eliminate shadows.
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Aquic Grossarenic Palendults. Paleudults like the Typic except for a and b, and
have & sandy epipedon more than 1 m (4O inches) thick.

Aquic Psammentic Paleudults, Psleudults 1ike the Typic except for s and e.

Arenic Paleudults. Paleudults like the Typic except for b and have a sandy
epipeden S0 cm to 1 m (20 to LO inchea) thick, :

Arenic Plinthaquic Paleudults., Paleudults like the Typic except for a, b, and ¢
and have @ gandy epipedcn 50 cm to 1 m {20 to LO inches) thick, end have mottles
with chromas of 2 or less in addition to high chroma mottles in the sandy epipedon
and in the upper 25 cm (10 inches) of the argillic horizon. :

Arenic Plinthic Paleudults. Paleudults like the Typic except for b and ¢ and have a
sandy epipedon 50 cm to 1 m (20 to LO inches) thick.

Orosserenic Paleudults. Paleudults like tha Typic except for b and have a sandy
epipedon more than 1 m (LO inches) thick.

Orossarenic Flinthic Paleudulis., Paleudults like the Typic except for b and ¢ and
ve @ sa epipedon more than 1 m (40 inches) thick.

Bumic Palesudulta, Paleudults like the Typic except for &.
Humic Psammentic Paleudulta, Paleudults like the Typic except for 4 and e.

Flinthaquic Paleudults. Paleudults like the Typic except for & and ¢ end have
mo{%l'u with chromas of 2 or less in the upper 25 cm (10 inches) of the argillic
horizon. .

Plinthic Paleudults. Paleudults like the Typic except for c.

Psammentic Paleudults. Paleudults like the Typic except for e.

Plinthudults. Udults that

1. have plinthite that forms a continuous phass or constitutes more than half of
the matrix within soms subhorizon in the upper 1.25 m (SO inches) of the soil.

(Subgroups not developed).

Rhodudults. Udults that

1. have an epipsdon with moist color values of less than L in #l) parts;

2, have an argillic horizon with dry color values of lesz than 5 in all subhorizons
and no more than 1 unit higher than the moiat values; _

3. hava no fragipang

L. bave no plinthite that forms a continuous phase or constitutes more then half
of the matrix in sny subhorizen in the upper 1.25 m (S0 inches) of the soil.

5. have either or both:

2, clay distribution with depth such that the percentage of clay decreases
from its maximum amount by more than 20 percent of that maximum within
1.5 m (60 inches) and the layer in which the percentage of clay decreases
does not. show evidences of clay eluviation,

b. an argillic horigon with 10 percent or more weatherable minerals in ths
20 to 200 microm fraction of the upper 1 m (4O inches). '

Typic Rhodudults. Rhodudults that

a. have an argillic horizon that is contimuous vertically and horizontelly
and has hues redder than SYR;

b. have textures finer than loamy fine sand in soms part of the argillic
horizonj
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Typic Rhodudults--Cont. )
¢. have no lithic contact within 50 cm (20 inches) of the surface.
Lithic Rhodudults. Rhodudults like the Typic except for c.

Psammentic Rhodudults. Rhodudults like the Typiec exeept for b,

Tropudults. Udults that

1. have no fragipan;

2. have no plinthite that forms a contimuous phase or constitutes more than half
of the matrix in any subhorlzon in the upper 1.25 m (50 inches) of the soil;

3. have mean summer and mean winter temperatures at S0 cm (20 inchea) or at a
lithic or paralithic contact, whichever 1ls shallower, that differ by less than

5°¢ (9°F);
L. have either or both:

a. clay distribution with depth such that the percentage of clay decreases
from its maximum amount by more than 20 percent of that maximum within
1.5 m (60 inches) and the lsyer in which the percentage of clay decreases
doas not show evidences of clay eluviation,

b. an argillic horizon with 10 percent or more weatherable minerals in the
20 to 200 micron fraction of the upper 1 m (4O inches).

5. have an epipadon with molat color values of L or more in éome subhorizoen, or
an argillic horizon that has a dry color value of 5 or more in some subhorizon
or a molst color value of L or more.

Typic Tropudults. Tropudults that

a. have no mottles with chromas of 2 or less within 75 em (30 inches) of the
201l gurface and no motiles with chromas of 2 or less in the upper 12.5 cm
(5 inchas) of the argillic horizon;

b. have textures finer than loamy fine sand in some subhorizon within 50 cm
(20 inches) of the surface;

¢. have an argillic horizon thicker than 25 em (10 inches);

d. have mora than 2k meq cec/100 clay (by NHhQAc) and have a cation retention
from NH) Cl of more than 12 meq/100 g clay in the major part of the argillic
horizon”(sea Oxic horizon for definition of cation retention);

e. have no horizons with more than 5 percent by volumea of plinthite within
1.5 m (60 inches) of the soil surface;

f. lack the following combination of characteristica:

(1) cracks at some pericd 4in most yesrs that are 1 cm or more wide at a
depth of 50 em (20 inches), that are at least 30 em (12 inches) long
in some part, and that extend upward to the surface or to the base of
an Ap horizon, and

(2) a coefficient of linear extensibility (COLE) of 0.09 or mere in a
horizon or horizons at least 50 em (20 inches) thick, and a potentisl
linear extensibility of 6 em or more in the upper 1 m (LO inches)
of the soil or the whole soil if & lithic or parslithic contact is
degper than 50 em (20 inches) but shallewer then 1 m (LO inchea), and

(3) more than 35 percent clay in horlsons thet total more then 50 cm
(20 inches) in thickness within the control sectiong

g- have textures finer than loamy fine sand in soms part of the argillic horizom,
and have an arglllic horizon that in at lesst ita upper 25 cm (10 inches) has
no lamellaae; :
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Ustults.
1.
2.

3.

Ultisols

Typic Tropudulta--Cont.

h. have no interruption of the argillic horizon by ledges of bedrock within
each pedon;

i, have no lithic contact within 50 cm {20 inches) of the soil surface.
Aquic Tropudults. Tropudults like the Typic except for a,
Arenic Tropudults. Tropudults like the Typic except for b.

Dystropeptic Tropudults. Tropudults like the Typic except for c.
Oxic Tropudults. Tropudults 1ike the Typic except for d.

Plinthic Tropudults. Tropudults like the Typic except for e.

Vertie Tropudults. Tropudults like the Typle except for f,

Ultiaols that
ara never saturated with water or have redder hues or stronger chromss than Aquults;

are dry for 90 cumlative days or more in most years in some subhorizon of the
s0il batween 18 and 50 cm (7 and 20 inches) or a lithic or a paralithic contact,
whichever is shallower, but are not contimuously dry in all parts of the soll
between these depths for as long as 60 consecutive days unless the mean annual
soil temperatura is 22°C (72*F) or higher or the mesn summer and mean winter soil
terperatures at 50 cm (20 inches) or at a lithic or a paralithic contact, which-
ever 15 shallower, differ by less than 5°C (9°F);

have less than 1.5 percent organic matter (0.87 percent carbon) in the upper 15 cm
(6 inchea) of the argillic horizon exclusive of any Ap;

have less than 20 kg organic matter in a unit volums of 1 r? to a depth of 1 m
(4O inches) below the base of any 0 horizon or the mineral surface.

Haplugtylts, (formerly Nermustulte) Ustults that

1. have no fragipan;

2. have no plinthite that forms a continucus phase or constitutes more than half
of the matrix in any horizon within 1.25 m (50 inches) of the surface;

3. have a moist color value of L or more in some part of the epipedon, or have an
argillic horizon that has a dry color value of 5 or more in some subhorizon or
a moist color value of L or mores

L. have mean sunmer and mean winter soil temperatures at 50 cm (20 inches) or at a
lithic or paralithic contact, whichever is shallower, that differ by 5°C (9°F)
or more;

5. have either or botht

&. clay diatribution with depth such that the percentags of clay decreases
from its maxirum amount by more than 20 percent of thit maximum within 1.5 m
(60 inches) and the layer in which the percentage of clay decresses does not
show evidences of clay eluviation,

b. &an argillic horizon with 10 percent or more weatherable minerals in the
20 to 200 micron fraction of the.upper 1 m (L0 inches), '

ﬁpic Hapluatults. Haplustults that

a. have no interruption of the argillic horizen by ledges of bedrock within
each pedong .

b. have no lithic contact within 50 em (20 inches) of the minersl s0il murfacs;
¢. have textures finer than loamy fine sand in some part of the argillic horizon

and have an argillic horizon that has no lamellse in st least the upper
25 em (10 inches);
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Typic Haplustults--Cont.

d. have no mottles with chromas of 2 or less in the upper 25 em (10 inches)
of the argilliec horizen.

Ruptic-Lithic Haplustults. Haplustults like the Typic except for a and b,

Palesustults, Ustults that

1.

have both of the following:

a. an argilliec horizon that in the upper 1 m (LO inches) has less than 10 percent
weatherable minerals in the 20 to 200 micron fraction, amd . .

b. a clay distribution such that tha percentage of clay dosa not decraase from
its meximum amount by mora than 20 percent of that maximum within 1.5 m
(60 inches) of the soil surface, or the layer in which the percantage of c¢lay
decreases shows skeletans or other evidences of elay eluviation;

have & moist color value of lj or more in some part of the epipedon, or have an
argillic horizon that has a dry color value of S or more in soms subhorizon or
a moist color of L or more;

have no plinthite that forms a continuous phase or constitutes more than half
of the matrix within 1.25 m (50 inches) of the murface;

have no fragipan.

Typic Paleustults. Paleustults that

4. have no mottlez with chromas of 2 or less within 75 em (30 inches) of the
surface;

b. have textures finer than lcamy fine sand in some subhorizon within 50 cm
(20 inches) of the surface;

¢. have no horizona with more than 5 percent soft plinthite nodules within
1.5 m (60 inches) of the surface;

d. have an irregular upper boundary of the argillic horizon unless an Ap
rests directly on 1t or the argillic horizon im exposed at the surface.

Aquie Paleugtults. Paleustults like the Typic except for a.

Arenic Paleustults. FPaleustults like the Typic except for b,

Plinthic Paloustults. FPaleustults 1ike the Typic except for c.

Plinthustults., Ustults that

1.

have plinthite that forms a continuous phase or constitutes more than half
of the matrix within soms subhorizon in the upper 1.25 m (50 inches) of the soil.

(Subgroups not developed)

Rhodustults, Ustults that lack a fragipan, and

1.
2,

3.

L.

heve an eplpedon with moist color values of less than L in all parta 3

have an argillic horizon with dry color velues of less than 5 in all subhorizons
ard no more than 1 unit higher than the moist values;

have no plinthite that forms & continuous phase or constitutes more than helf
of the matrix in sny subhorizon in the upper 1.25 m (50 inches) of the =oil;

have either or both:

" 8., clay distribution with depth such that the percentage of clay decreases

from its maximim smount by more than 20 percent of that maximum within 1.5 m
(60 inches) and the layer in which the percentage of clay decreases doas not
show evidences of clay eluviaticng .

b, an argillic horizon with 10 percent or more weathersble minerals in the
20 to 200 micron fraction of the upper 1 m (LO inches).
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Typic Rhodustults. Rhodustults that

b’

Ce

have an argillic horizon that is continuous vertically and horizontally
and haz mes redder than SYR;

have texturea finer than loamy fine sand in some part of the argillic horizen;
have no lithie contact within 50 em (20 inches) of the surface.

Tropustults, Ustults that

1. have no fragipan;

2. have no plinthite that forma a contimious phase or conatitutes more than half

of

the matrix in any subhorizon in the upper 1.25 m (SO inches) of the soil;

3. have mean swmer snd mean winter terperatures at 50 cm (20 inches) or at a lithic
or paralithic contact, whichever 1s shallower, that diffar by leaa then 5°C (9°F);

k. have either or both:

8.

b.

clay distribution with depth such that the percentage of clay decreases from
its maximum amount by more than 20 percent of that maximum within 1.5 m

{60 inches) and the laysr in which the percentage of clay decreases does not
show evidences of clay eluviation, .

an argillic horizon with 10 percent or more weatherable minerals in the
20 to 200 micron fraction of the upper 1 m (4O inches);

5. have an epipedon with moist color values of L or more in Qome subhorizon, or an

argillic horizon that hes a dry color value of 5 or more in soms subhorizon
or a moist color value of L or wmore.

Typic Tropustults, Tropustulta that

b.

C.

d.

f.

have textures finer than loamy fine sand in some subhorizon within 50 em
(20 inches) of the surface;

have more than 2k meq cec/100g clay (by NH,0Ac) and have a cation retention
from NH,Cl of more than 12 meq/100g clay in the major part of the argillic
horizon (see Oxic horizon for definition of cation retention);

have lass than 5 percent (by volume) of plinthite in all subhorizons within
1.5 m (60 inches) of the mineral soil surface;

have no lithic contact within 50 cm (20 inches) of the mineral soil surface;

have no mottles with chromas of 2 or less in the upper 25 cm (10 inches) of
the argillic horizon;

have textures finer than loamy fine sand in some part of the argillic horizon,

and have an argillic horizon that, in et lesat its upper 25 cm (10 inches),
hag no lamellag;

have no interruptiona of the argillic horizon by ledges of bedrock within
each pedon.. . .

Arenic Tropustults, Tropustults like the Typic except for a.

Oxic Tropustults. Tropustults like the Typic except for b.
Flinthic Tropustults. Tropuastults like the Typic except for c.

Jorults, Ultisols that

1. have mesn anmual soil temperatures of less than 22°C (72°F), and have mean summer
and mean winter scil temperaturea at 50 cm (20 inches) or at a 1ithic or paralithic
contact, whichever is shallower, that differ by 5°C (9°F) or more;

2. are dry for 60 consecutive days or more in more than 7 out of 10 ysars in all parts

of the moil between 18 and % em (7 and 20 inches) or a lithic or a paralithic
contact, whichever is shallower;




Xerultg--Cont.

197
Ultisols

3. have less than 1.5 percent organic metter (0.87 percent carbon) in the upper 15 em
{6 inches) of the argillic horizon exclusive of any Ap;

L. have less than 20 kg organic matter in a unit volume of 1 2 to a depth of 1 m
(4O inches) below the base of any O horizon or the mineral surface;

5. are navar satursted with water, or have redder hues or higher chromas than Aquults.

Haploxerults. Xerults that

1.
2.

3.

L.

have no fragipan;

have no plinthite that forms a continuous phase or constitutes more than half
of the mstrix in any horizon within 1,25 m (50 inches) of the surface;

have a moist color value of L or more in some part of the epipedon, or have an
argillic horizon that has a dry color value of § or more in soms subhorizon or
a molst color value of L or more;

have elther or both:

a, clay distribution with depth such thst the parcentage of clay decreases from

b.

its maximum amount by more than 20 percent of that maximum within 1.5 m
(60 inches) and the layer in which the percentage of clay decreases does not
show evidences of clay eluviation,

an argillic horizon with 10 percent or more weatherable minerals in the
20 to 200 micron fraction of the upper 1 m (LO inches).

Typic Haploxerults., Haploxerults that

b.

c.

have no mottles with chromas of 2 or less in the upper 25 cm (10 inches)
of the arglllic horizon;

have no 1ithic contact within 50 em {20 inches) of the mineral soil gurface;

have textures finer than loamy fine sand in some part of the argillic
horizon and with an argillic horizon that, in at least its upper 25 cm
(10 inches), has no lamellae;

have no layer in the upper 75 em (30 inches) that has s texture finer than
loamy fine sand, thet is as much as 18 cm (7 inches) thick, that has a bulk
density (at 1/3-bar tension) of 0.95 g/cc or less in the fine earth fraction,
and that has either (1) a ratio of measured clay to 15-bar weter (percentages)
of 1.25 or less, or (2) a ratio of CEC (at pH nesr 8) to 15-bar water of more
then 1.5 and more exchange acidity than the sum of bases plus KC1 extractable
aluminum.

Aquic Haploxsrults. Haploxerults like the Typic except for a.

Lithic Haploxerults. Haploxerults 1ike the Typic except for b.

Palexerults,

1.

Xerults that

have both of the following:

b.

an argillic horizon that in the upper 1 m (4O inches) has leas than 10 percent
waatherable minerals in the 20 to 200 micron fraction, and

a clay distribution such that the percentage of clay does not decrease from
its maximim amount by more than 20 percent of that maximum within 1.5 m

(60 inches) of the soil surface, or the layer in which the percentage of clay
decreases shows skeletans or other evidsnces of clay eluviation;

have a moist color value of L or more in soms part of the epipedon, or have an
argillic horizon that has a dry color value of § or more in some subhorizon or
a moist color value of L or more;

have no plinthita that forms a continuous phase or constitutes more than half of
the matrix within 1.26 m (50 inches) of the surface;

have no fragipan.
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OXISQLS: ORDER 9

Oxisols are mineral soils that have an oxlc horizon at some depth within 2 metera (80 inches) of
the surface™ or plinthite that forms a contirmous phase within 30 em (12 inches) of the mineral surface
of the 20il. No spodic or argillic horizon overlies the oxic horizon.

It was pointed out in the 7th Approximation that the classification of the Oxisols had lsgged behind
that of the other orders of mineral soils. While we have accumilated data on & mumber of soils of Hawaii
and Puerto Rico, the Oxisols are not extensive on these islands and are representative only of the Oxisols
from basic rocks in Africa, South America, and Oceanla. The classification presented here is an attempt
to find a compromise between somewhat contrasting opinions. Probably it will satiafy no one. Yet as
we pointed out in the 7th Approximation (page 11), cormpromises batween divergent viewpoints are necessary
in a large group of scientists and may actually produce a system with more general utility than a system
arising from 2 single viewpoint, We have attempted to devise a system that can be applied with maximm
accuracy in the field with the use of the simple tests that can be made in a field laborstory. The
equipment required would include a microscope and stains for micromorphologic and mineralogical examina-
tions, and glasaware and chemicals for estimation of the cations retained by soil samples.

The classification of Oxisols that follows seems to produce satisfactory groupings of the limited
mumbers of the soils that we have in Hawall and Puerto Rico. It needs to be tested more widely,however,
for it is certain to have many shortcomings.

Aquox. Oxisols that have plinthite that forms a continucus phase within 30 em (12 inches)
of the mineral surface of the soil; or that are eithar saturated with water at some time
during the year, or artificially drained, and have an oxic horizon that has one or both of
the following characteristics associated with wetness:

1. a histic epipedon;

2. 1if free of mottles, dominant chromas are 2 or less immedistely below any epipedon
that has a moist color value of less than 3.5; or if mottled with distinct or prominent
mottles within 50 em (20 inches) of the surface, dominant chromss are 3 or less.

Gibbaiaquox. Aquox that have sheets containing 30 percent or more gibbsits, or 20 percent
or more by volume of gravel-size aggregates containing 30 percent or more gibbaite
within 1 m {LO 1nches§rof the minersl surface, but that have no plinthite that forms
a continuous phase within 30 cm (12 inches) of the soil surface. This group of soils
i3 not known in the United States, and subgroups are not developed. It iz believed
that the typlc subgroup should have gibbsite nodules from the surface down.

Ochragquox. Aquox that have an ochric epipedon, but have no plinthite that forms a
continuous phase within the uppsr 1.25 m (50 inches), and have no sheets of gibbsite
or aggrogates cemented by gibbsite within the upper -1 m (4O inches). It ia beliaved
the typle subgroup should:

8. have pruperties diagnostic of an oxic horizon at the surface or immediately
below any thin surface horlizon that has moist .color values -less than 3.5, and
extending to a depth of 1 m (LO inches) or more;

b. have no plinthite that forms a contimuous phase within the upper 1 m (4O inches);

¢. have textures of sandy clay loam or finer throughout the oxie horizon.

Plinthaquox. Aquox that have plinthite that forms a continuocus phase within 1.25 m

(50 uﬁchﬂ) of the surface. This group is not known in the United States. It is

believed the typlc subgroup should:

&. have no plinthite that forms a contimuous phase within the surface 30 c¢m (12 inches);

b.- have chromas of 2 or less in some part of the matrix of the non-plinthite materials
within the horizon that contains plinthite, and in all overlying horizons;

¢. have an ochric epipedon.
A muperic subgroup 1s proposed for Flinthaquox that have plinthite that forms a contimous
phase at the surface, or within the surface 30 em (12 inches).

% If the epipedon is thicker then 2 m (80 inches), and is immediately underlain by an oxic
horizon, the soil is grouped with the Oxisols,




199
Oxisols

Umbraguox. Aquox that

It

Humox.

1‘
2.

3.
L.

1. have an umbric or histic epipadon;

2. have no plinthite that forms a continmuous phase within 1.25 m (50 inches)
of the surface; .

3. have no gravel-size aggregetes cemented by gibbsite or sheats of gibbsite within
1 m (LO inchea) of the surface. ;

This group of solls is not known in the United States and subgroups are not developed.
is believed that the typic subgroups should:

a. have an oxic horizon that has textures of sandy clay loam or finer;
b. have an oxic horizon 1 m (LO inches) or more thick.
Oxisols that

are always molst or have no period when the soil is dry in any horizon below the surface
18 cm (7 inches) for 60 consecutive days or more in most years;

have 20 kg or more organic carbon per asquare meter within the wpper 1 m (L0 inches) ’
exclusive of organic surface litter;

have mean annual soil terperatures of lesa than 22°C (72°F);

have base saturation (by NHhOAc) of less than 35 percant in the oxic horizon.

Acrohumox. Humox that

1. have a cation retention capacity (from NHhCI) of 1 meq or less per 100 grams of
¢lay in some subhorizon of the oxic horizon {or have 1 meq or less of extractable
bases plus extractable aluminum per 100 grams cley);

2. have no subhorizon of the oxic horizon that is darker in color value and contains
more organic carbon than the overlying subhorizon;

3. have no discernible structure, or only very weak blocky or prismatic structure;
L. have no sheets containing 30 percent or more gibbsite, and have less than 20

percent by volums of gravel-size aggregates containing 30 percent or more gibbaite
within 1 m (LO :anhasg of the surface,

Typic Acrohumox, Acrohumox that

a. have an ochric epipedon, or an umbric epipedon less than 75 cm (30 inches)
thick; : .

b, have no plinthite and have no mottles with chromas of 2 or less within 1.25 m
' (50 inches) of tha soil surface;

¢. have an oxic horizon that extends to 1.25 m (50 inches) or more below the soil
surface;

d. have textures of sendy clay loam or firﬁr in the oxic horizen.

Flinthic Acrohumox. Acrohumox like the Typic except for b.

Gibbsitumox. Humox that

1. have within 1 m (LO inches) of the surface, cemented sheats or a subhorizon that hes
20 percent or more by volume of gravel-gize aggregates that contain 30 parcent or
nore gibbsite,

2. have no discernible structure in the oxic horizon or have only very weak blocky or
prismatic structure.
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Typic Gibbsihumox. Gibbsihumox that

a., have no mottles with chromas of 2 or less within & depth teo the uppermost
gibbsite sheet, or to 1 m (4O inches), whichever is shallower;

b. have less than 50 percent by volume of plinthite in all horizons to a depth
of 1.25 m (50 inches);

¢. have gravel-size sggregates cemented by gibbsite within the surface 25 cm
(10 inches).

Haglohumo . Humox that

1. have in all subhorizona of the oxic horizon a cation retention capacity (from

NHhCI) of more than 1 meq per 100 grams clsy (or have more than 1 meg of extractable
bases plus extractable aluminum per 100 grams clay);

2. have no subhorizon of the oxic horizon that is darker in color velue and contains
more organic carbon than the overlying subhorizon.

This group of soils is not well lmown in the United States and subgroups have not been
teated. It is believed the typlc subgroup should: .

a. have an ochric epipedon or an umbric epipedon that is less than 75 cm
(30 inches) thick;

b. have no plinthite within 1.25 m (50 inchea) of the surface and have no
dominant base colors or mottles with chromas of 2 or less within that depth;

c. have an oxic horizon thet extends to 1.25 m (50 inches) or more below the surface;

d. have an oxic horizon with textures of sandy clay loam or finer;
a. have no reflective ped facea showing pressure induced clay orientation;

f. have less than i meq of KCl extractable aluminum per 100 grams of clay in the
major part of the oxie horigzon,

A Tropeptic Haplohumox subgroup is proposed that are like the Typic except for e.

Sombrihumox, Humox that have an oxic horizon with a subhorizon that is darker in color value
snd contains more organic carbon than the overlying horizom.

This group of solls is unkmown in the United States and subgroups are not developed.

It is suggested that the typic subgroups should hsve no visible structure betwsen the Al snd
the dark subhorizon of ths oxic horizon.

Orthox, Oxisola exclusive of Aquox that have a mean annual soil temperature of 22°C (72*F) or
more or have less than 20 kg organic carbon per square meter within the upper 1 m (LO inches),

and have no period when tha soil is dry in any horizon below the surfece 18 cm (7 inches)
for 60 consecutive days or more in most years. '

Acrorthox. Orthox that

1. have in soma subhorizon of ths oxic horison a cation retention cepacity of 1 mpq or

less (from NH),C1l) per 100 grams of clay (or 1 meq or less of extractable bases plus
extractable aluminum per 100 grams of clay);

2. have no discernible structure in the oxic horizon or have only very wesk blocky
or prismatic structure;

3. have no sheets with 30 percent or more gibbsits or aggregates of gravel size
containing 30 percent or more gibbasite within 1.25 m (50 inches) of the surface.

Typic Acrorthox. Acrorthex that

8. have no plinthits or gravel-size aggregates cemented by gibbsite within 1 m
(L0 inches) of the surface; .

b. have #n oxic horizon that extends to 2 m (80 inches) or more below the surface;
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Typic Acrorthox-~Cont.

¢c. have textures of sandy clay loam or finer in the oxic horizon to a depth of
at least 1 m (4O inches).

(Profile 27, p. 92, Tth Approximation, is considered representative of the Typilc
Acrorthox., Additional data on this profile are given in Table 15, p. 5Sh).

Futrorthox. Orthox that

1.

2.

3.

have in all subhorizons of the oxic horizon a cation retention capacity (from NHhCU .
of more than 1 meq per 100 grams of clay (or have more than 1 meq of extractable
bages plus extractable aluminum per 100 grams of clay;

have base saturation (by NH},0Ac) of 35 percent or more in the epipedon and in all
subhorizons of the oxic horizon to a depth of at least 1.25 m (50 inchea);

have no anthropic epipedon.

Typic Eutrorthox. Butrorthox that

a. have an oxic horizon that extends to 1.25 m (50 inches) or more belew the
mineral surface;

b. have no structure in the c;xic horizon or have only very weak prismatic or
blocky structure.

¢. have textures of sandy clay loam or finér in all parts of the oxic horizen
within 1.25 m (50 inches) of the mineral surface;

d. have no plinthite (that is not indurated) withim 1.25 m (50 inches) of the
surface;

€. have no mottles with chromas of 2 or leas accompanied by red or dark red
mottles within 1.25 m (50 inchea) of the surface;

Tropeptic Futrorthox. Eutrorthox like the Typic except for a or b, or a and b,

Gibbsiorthox. Orthox that

1.

have within 1.25 m (50 inches) of tha surface, sheets containing 30 percent or
more gibbsite or a swbhoriszon with 20 percent or more by volume of gravel-aize
aggregates containing 30 percent or more gibbsite.

Typlc Gibbsiorthox. Gibbsiorthox that

4. have gravel-size aggregates cemented by gibbsite within the surface 25 cm
(10 inchea);

b. have no mottles with chromas of 2 or less within the upper 1 m (LO inches),
or above the uppermoat gibbaite sheet, whichever is shallower. ’

Haplorthox. Orthox that

1‘

2.
3.

k.

have a cation retention cspacity (from NHhCI) of more than 1 meq per 100 grams
of clay (or have more than 1 meq of extractable bases plua extractable aluminum
per 100 grams of clay) in all subhorizons of the oxic horizon;

have no sheats of gibbsite or gravel-size aggregates cemented by gibbaite within
1.25 m (50 inchea) of the surface;

have an ochric epipedon and less than 1 percent organic carbon in some subhorizon
that is within 75 em (30 inches) of the minersl surface;

have bage saturation (by NH),0Ac) of less than 35 perceﬁt in some subhorizon of the
oxic horizen within 1.25 m (50 inches) of the mineral surface.

Typic Haplorthox. Haplorthox that

a. have no mottles with chromas of 2 or leas accompanied by red or dark red
mottles within 1.25 m (50 inches) of the surface;
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Typic Haplorthox--Cont.

b. - have no plinthite (that is not indurated) within 1.25 m (50 inches) of the
surface;

¢, have textures of sandy clay losm or finer in all parts of the oxic horizon
within 1.25 m (50 inches) of the mineral surface;

d. have an oxic horizon that extends to 1.25 m (50 inches) or more below the
mineral surface;

e. have no structure in the oxic horizon or have only very weak prismatic or
*  blocky structure.

Aquic Haplorthox. Haplerthox 1like the Typlc except for a.

Plinthic Haplorthox. Haplorthox like the Typic except for b.

Psammentic Haplorthox. Haplorthox like the Typic except for c.

Tropeptic Haplorthox. Haplorthox like the Typic except for d or e or d and e.

Umbriorthox. Orthox that

2.

is

1.

2.

3.

’4-

have a cation retention capacity (from NHLC1l) of more than 1 meq per 100 grams
of clay (or have more than 1 meq of axtractable bases plus extractable aluminum
per 100 grams of zlay) in all subhorizons of the oxic horlizon;

have no sheets of glbbsite or gravel-size aggregates cemanted by gibbsite within
1.25 m {50 inches) of the surface;

have either an umbric epipe&on or an ochric epipedon that has more then 1 percent
carbon in all subhorizons to 75 cm (30 inches) or more below the top of the mineral
surface}

have base saturation (by NH;OAc) of less than 35 percent in some subhorizon of the
oxic horizoen within 1.25 m ,(50 inches) of the mineral surface.

Typic Umbriorthox. Umbriorthex that

a. have textures of sandy clay loam or finer in all parts of the oxic horizon
within 1.25 m (50 inches) of the miperal surface;

b. have an oxic horizon that extends to 1.25 m (50 inches) or more below the
mineral surface;

¢. have no plinthite (that is not indurated) within 1.25 m (50 inches) of the surface;

d. have no mottles that have chromas of 2 or less accompanied by red or dark red
mottles within 1.25 m (50 inches) of the surface;

e. have an umbric epipedon less than 1.25 m (50 inches) thick and have less than
1 percent carbon in some subhorizon within 1.25 m (50 inches) of the mineral
surface.

Oxisols that

are usuglly dry in most yeara in all parts of the soil batween the Ap horizon or 18 em

(7 inches) and 2 m (80 inches) or a lithic or a paralithic contact, whichever is shallower;

have an ochric epipedon that hae moist color values of 4 or more in all subhorizons.

Torrox are not known to oceur In the United States. The suborder may not be needed and

suggested tentatively.

retention. The typic subgroup should probably have textures of sandy clay loam or finer
throughout the oxic horizon, )

Ustox.

Oxisols that

1. have some subhorizon below the surface 18 cm (7 inches) that is dry for 60 consecutive

days or more in most years;

It is possible that no subdivisions of the suborder will be needed
&t the great group level unless wide variations are found ‘to exist in base saturation or base
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2. have mean annual soil temperatures of 15°C (59°F) or more;

3. either have moist valuea of less than L in some part of the epipedon (Al or Ap)
or are usually moist.

Acrustox. Ustox that

1. have a cation retention cspacity (from NH)C1) of 1 meq or leas per 100 grams
clay in some subhorizon of the oxic horizon (or have 1 meq or less of extractable
bases plus extractsable aluminum par 100 grams clay);

2. have an umbric or ochric epipedong

3. have no discernible structure in the exic horizon or have only very weak blocky
or prismatic atructure.

Typic Acrustox. Acrustox that

8. have no plinthite or gravel-size aggregates cemented by gibbsite within
1 m (40 inches) of the surface;

b, have an oxic horizon that extends to 2 m (80 inches) or more below the top
of the mineral surface;

¢. have textures of sandy clay loam or finer in the oxic horizon to & depth of
at least 1 m (LO inches). .

Eutrustox. Uastox that

1. hsve a mollic or umbric epipedon that is at least one unit of value darker (moist)
or one or more units of chroma lower (moist) tham the oxic horizon and base
saturation of 50 percent or more (by NH;OAc) in the oxic horizon if the particle
size class is clayey, or 35 percent or more if the particle-size claass is loarmy;

2. have a cation retention capacity (from NHhcl) of more than 1 meq per 100 grams
clay (or have more than 1 meq of extractable bases plus extractable aluminum per
100 grams clay) in all subhorizons of the oxic horlzon; .

Ve would propose the following definition for the typic subgroup:

Typic Futrustox. BEutrustox that

a. have textures of sandy clay leam or finer in all parts of the oxic horizonm;

b, have an oxic horizon that extends to 1.25 m (50 inches) or more below the
surface; .

¢. have no plinthite (that is not indurated) within 1.25 m (50 inches) of the surface;

d. have no mottles with chromas of 2 or less accompanied by red or dark red mottles
within 1.25 m (50 inches) of the surface;

e. have no structure in the oxic horizon, or have only weak blocky or prismatie
structure.

Haplustex, Ustox that

1. have a cation retention capacity (from NH,C1l) of more than 1 meq per 100 grams of
clay (or have more than 1 meq of extractable bazes plus extractable aluminum per
100 grams clay)in all subhorizons of the oxic horizony

2. have no mollic epipedon, or & mollic epipedon that is less than 1 unit of value
darker and has chromas that differ by leas than 1 unit (moist eclors) from the
oxic horizon; -

3. have base saturation (by NH),0Ac) of less than 50 parcent in some 9art of the oxic
horlzon if the particle-size class is clayey and less tha.. 35 pe.cent if the
particle-aize class is loamy. ’



204

Oxisols

m- ic Haplustox. Haplustox that

a. have no mottles with chromas of 2 or lass accompanied by red or dark red
mottles within 1.25 m (50 inches) of the surface;

b. have no plinthite (that is not indurated) within 1.25 m (50 inches) of
the surface; _

¢. have textures of sandy cley loam or finer in all paerts of the oxic horizon;

d. have an oxic horigon that extends to 1.25 m (50 inches) or more below the
surface}

a. beve no structurs in the oxic horizon or have only very weak blocky or
prismatic structure.

Aquic Haplustox. Haplustox like the Typic except for &.
Plinthic Haplustox. Haplustox like the Typic except for b.

Psammentic Haplustox. Haplustox like the Typic except for c.

Ruptic-Lithic Haplustox. Haplustox like the Typic except for d and have a lithic

contact but In less than half of each pedon.

Tropeptic Haplustox. Haplustox like the Typic except for e; or 4, or e and 4.
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