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ABSTRACT

EVALUATION OF SOME OXISOLS, ULTISOLS AND INCEPTISOLS WITH
THEIR PRACTICAL SIGNIFICANCE IN SIERRA LEONE

By

Patrick Magagie Sutton

Eleven representative profiles from four physiographic groups
were studied. The soils of the Upland Surfaces of Highly Weathered
Material are Oxisols. Segbwema and Timbo series of the Steep Hills
and Slopes were Ultisols and Inceptisols, respectively. In the soils
of the Colluvial Footslopes and Upper River Tributary Terraces,
Pendembu series belongs to Oxisols and Masuba series to Ultisols.

The soils of the Alluvial Terraces and Floodplains are all Inceptisols.

Following are some of the other findings and relationships.
Percent clay values, when free Fe oxide is removed before particle
size analysis, are higher than when free Fe oxide is not removed and
are also commonly higher than clay estimated by the factor 2.5 x 15
bar moisture content. 3.0 x 15 bar H20 seems to give a better
estimate of the percent of clay in these soils.

The criterion:

sum of exchangeable cation + exch. Al x 100
% Clay (Fe removed)

< 10 me/100g

does not separate the oxic from non-oxic horizons of the soils

studied; all pedons studied meet this criterion. A critical value
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of 0.06 for the ratio

*
% Fe,0.d - % Fezg oxX
% clay (Fe removea)

gives a better separation of the soils, but is also unsatisfactory.
Ironstone nodules adsorbed a relatively smaller percent of P
than did the fine earth fractions of representative gravelly soils.
P adsorbed by the surface and subsurface horizons of the fine earth
fractions is correlated with percent organic C, Al1_0_ox, Fe_0.d and

23 23

Fezoaox. The ironstone nodules have a diluting effect on the total
amount of P fixed by the gravelly soils.

The dominant clay mineral in the total and fine clay is
kaolinite, which is less ordered in the fine clay. Clay mineralogy
of the ironstone nodules is similar to that of the fine earth
fractions of two representative profiles. Mica flakes in the medium
and fine sand fractions of Segbwema and Timbo series are mainly inter-
layered illite-chlorite and kaolinite.

Thin section studies of B horizons of whole soils showed that
most of the soils lack argillic horizons. Thin sections of ironstone
nodules showed two main types: one derived from rock fragments and
the other from plinthite. Argillans lined old channels of some
nodules, indicating past genetic processes. The term petroplinthite
is suggested in place of skeletal at the family level when the >2mm

fraction is dominantly ironstone nodules.

*Fe203 and Al,03 total, and sodium bicarbonate citrate dithionite,
ammonium oxalate, or sodium pyrophosphate extractable components are
referred to as Fej03t and Fe303d, Fej030x or FejO3pp and Al03d,

Al;030x or Al203pp, respectively.
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INTRODUCTION

Less than 10% of the total land area in Sierra Leone has been

so0il surveyed to date. The surveyed areas are distributed within

= ix of the sixteen soil provinces in Sierra Leone.

Work done on many of the soils in these areas has shown that

s ome of the soils have properties that could qualify them to be

> laced in two of three soil orders in Soil Taxonomy, e.g., Inceptisol

and O0xisol or Oxisol and Ultisol.

In the case of the Inceptisol-Oxisol alternative, most of the
S oils are presently classified as Oxisols because they do not meet

Tt he requirement of at least 3% of weatherable minerals within the

P rofile. Most of the soils so classified are found on the lower

terraces of the major rivers or they are alluvial in nature with

minimal profile development. The source of their parent material is

believed to be the soils of the old erosional surfaces, which are

Presently classified as Ultisols. Also, by virtue of their physio-

graphic positions, they are considered to be the youngest soil

landscapes. Should these soils be classified as Oxisols derived

from Ultisols?

Soils presently classified as Ultisols mostly occupy the oldest

Positions on the landscape. Many have hardened plinthite gravels

(ironstone gravels) that extend from the surface to depths greater

than 1.5 meter within the profiles. Generally, the ironstone gravels
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account for 20-70% of the total soil weight. These ironstones are
believed to be the result of active soil formation processes within
the profile. They are believed to represent the irreversibly hardened
f£orm of plinthite. Plinthite (which represents an earlier stage in
the formation of ironstone gravel) is important in the separation of
Oxisols from Inceptisols and Oxisols from Ultisols in Soil Taxonomy.
However, ironétone gravel does not appear to be useful in making the
akove-mentioned separations in the Taxonomy.

Also, the argillic horizons that are present in some soils of

Tt he upland erosion surfaces (based on the B/A clay ratio) could be
a result of secondary development in areas dominated by termite
mounds high in water-dispersible clays. Termites, through their
Qcctivity in the soil, bring fine textured material from the subsoil
t o the surface horizons where they are used for building mounds.
The mounds may eventually be eroded, and fine fractions can move
through the surrounding soils by mechanical means.

Eleven profiles representing soils from three of the six soil
Provinces where soils have been surveyed are studied in this research.
These soils are selected from four cited physiographic positions on
the landscape.

The objecti\}es are:

1. To determine additional mineralogical, physical, and

chemical characteristics of these soils.

2. To study the micromorphology of the profiles.

3. To evaluate some mineralogical, physical, chemical and

microxno:l:'ph01og:i.cr:xl characteristics of the ironstone gravels.



3

4. To evaluate the present criteria and/or limits used in

s eparating the Oxisols, Ultisols and Inceptisols in the light of

2 and 3 above and to make suggestions for possible modifications.

1.,

5. To present a hypothesis concerning the genesis of the soils
s tudied.

6. Finally, to relate the characteristics of these soils to

their potential uses and management for agricultural purposes.



LITERATURE REVIEW

Laterite and Lateritic Soils

De fFinitions (Laterite, Lateritic Soils,
P1 i nthite and Ironstone)

The term laterite has been used for many years to describe

Se& s quioxide-rich material found in soils of tropical and subtropical

Yegions. This material has been studied since the 19th century by

MAany researchers who have defined it in different ways.

Buchanan in 1807 (cited in Humbert) was the first to define

the material that was called laterite. His definition was "an iron-
Ox i de-rich, indurated quarryable slag-like or pisolitic illuvial

hoxjzon developed in the soil profile." This definition is restrictive

andA the material so defined occurs to only a limited extent in the

tropics. Evans, in 1910, referred to laterite as material that con-

tains some Al oxide and Fermor, in 1911, considered use of the term
only for soft material (that contains Fe) that can be cut into bricks.

Prescott (1931) defined laterite to include hard ferruginous

surface formations and Al rich material. Walther (1889, 1915

and 1916) (cited in Sivarajasingham et al., 1962), thought that
laterite signified red colors and proposed that the term be used for
all red-colored alluvial material.

Later, as the need for a standard definition of laterite became

Mportant, chemical analyses of the material were conducted. The

e e — A 5
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Sic'z/l-\lzo3 and Si02/R203 ratios were adopted as the basis for calling

a soil laterite,

lateritic and non-lateritic (Martin and Doyne, 1927
and 1930).

Baldwin et al. (1938) and Thorp and Smith (1949) used the terms

A aterite and lateritic soils for zonal great soil groups, found in

i umid tropical and subtropical areas.

In 1946, Pendleton and Sharasuvana defined laterite soils as

®* ©me in which a laterite horizon is found in the profile." du Prez

(cited in Sivarajasingham et al., 1962) supported Pendleton and
Sh arasuvana definitions of laterite soil and lateritic soil, but did

Not include the presence of Al as an important criterion.

Mohr and van Baren (1954) supported the use of laterite and
L ateritic for soils composed of similar weathering products that

P Xoduce soil as well as material that hardens.

In 1949, Kellogg used the term laterite to describe four kinds

O£ material that are hard or that harden upon exposure. These

MAaterials include (a) soft mottled clays that change irreversibly to

ha:r:dpans or crust when exposed; (b) cellular and mottled hardpan and
Cxrusts; (c) concretions or nodules in a matrix of unconsolidated

material; and (d) consolidated masses of such material, i.e., concre-

tions or nodules.

Alexander and Cady (1962) gave a concise definition of laterite

as a highly weathered material rich in secondary oxides of Fe, Al,

or both. It is nearly void of bases and primary silicates, but it

May contain large amounts of quartz and kaolinite.

In the USDA Soil Survey Staff (1960) Soil Classification System,

@ new term was introduced, plinthite, with the intention to avoid

o e o B &
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confusion arising from the use of the term laterite. Plinthite as

Aefined in this system referred to the soft laterite material. It

i s a sesquioxide rich,humus poor, highly weathered mixture of clay
wi th quartz and other diluents, which commonly occur as red mottles

wusually in platy, polygonal, or reticulate pattern. Plinthite changes

i xxeversibly to hardpans or irregular aggregates, on repeated wetting
arnd drying. It is a form of the material which has been called

1 aterite.

This definition is also used by the FAO System (FAO-UNESCO,

1 ©74) for Fe-rich clay which can be cut with a spade.

The hardened form of this material is called ironstone in both

Sy stems. In this dissertation laterite is considered to include

both plinthite and ironstone.

Genesis and Mode of Formation of 'Laterite’
(P 1inthite and Ironstone)

Several theories on the genesis and formation of laterite have

been proposed, dating back to mid to late 19th century. Some of the

theories proposed, included residual weathering in place and volcanic

origin with subsequent weathering. Holland (1903) supported the idea

of weathering of material in place to give laterite, but concluded

that a simple chemical weathering cannot explain the abrupt transi-

tion from laterite to weathered rock. Humbert (1948) conducted

studies on laterite found in New Guinea. He concluded that under

conditions of abundant moisture and high temperature in humid equa-

torial regions, a rigorous weathering and transformation of parent

Material occurs. At the final stages of these processes, laterization

o . . . . .
CCurs in which oxides of Fe are concentrated, which become indurated
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upon exposure. He also aévanced the idea that three main stages are
inwvolved in the genesis of laterites: (a) advanced decomposition
of the mineral constituents of the parent rock, release and removal
of Si from the surface horizons and separation of the sesquioxides;
(> ) formation of free Fe oxides by decomposition of ferromagnesium
ma terial; and (c) dehydration resulting in color change. "As dehy-
dxation progresses the surface is reduced and eventually a compact
CoOmrncretion is obtained.

The Fe oxide is dehydrated and irreversibly fixed. This is the

COmncretion stage. As the hydrated oxides are precipitated in the
Vi cinity of the concretions, a concentration gradient is established,
Fe moves with the gradient and the concretion grows in size as the
Supply of Fe moves into position through voids and channels of the
W& athering matrix. Growth of the concretion continues until an
indurated crust is formed."

D'Hoore (1955) suggested two chemical processes that are involved
in the formation of laterites: (a) concentration of sesquioxides by
removal of Si and bases; or (b) concentration of sesquioxides by
accumulation from outside sources.

Alexander and Cady (1962) suggested that materials within the
observed range of composition of laterite may be developed from rock

in place by several possible courses of weathering and mineral trans-
for:mat:ion, all of which involve almost complete removal of bases and
at least substantial losses of the combined Si of primary minerals.

Hamilton (1964) and Schmidt (1964) observed fine droplets of Fe
OXyhydrates in micromorphological studies they conducted on laterite.

T
he latter relates the development of laterite to a coalescence of

TG o Sl S
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these droplets. Later, micromorphological studies on laterite by
some researchers, including Eswaran and Mohan (1973), did not tend
t o support Schmidt's theory. What is clear in these theories is that
a1l 1l of the researchers agreed that the removal of Si is necessary

Fo x the formation of laterite.

C 2 assification of Laterite
(P12 inthite and Ironstone)

Several classifications of laterite have been proposed which are
edi ther based on genetic or morphological (including micromorphological)
PxXroperties.

Genetic classifications have been suggested by Aubert (1963),
Ma& i gnen (1959) and D'Hoore (1954).

Pendleton and Sharasuwana (1946) classified laterites by their
Mo xphological properties. They suggested two forms, (1) vesicular
ana (2) pisolitic, with many intermediate types; vesicular laterite
may’ be soft or of varying hardnesses. Alexander and Cady (1962) recog-
nNi zed three main types of laterite: (a) residual laterite, which has
evidence of rock structure; (b) laterite with features that resemble
those of soil; and (c) pisolitic laterite composed of pisolitic

bodies more or less closely packed together.

Sivarajasingham et al. (1962) used the term nodular laterite as
material consisting of individual concretions, pisolites or other
crudely round masses, usually the size of a pea but commonly larger
or smaller. It is generally ferruginous and cementation of the

Nodules gives rise to pisolitic or concrete-like laterite.
Young (1976) proposed a morphological classification of laterite

b,
4Sed on that of Pullman (cited in Young). He recognized five main
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types of laterite: (a) Massive laterite: This material possesses
a continuous hard fabric, its subdivisions are cellular laterite and
vesicular laterite. (b) Nodular laterite: This consists of indi-

wvidual, approximately rounded, concretions for which he suggested

(i) cemented nodular laterite, (ii) partly

four subdivisions,
cemented nodular laterite; (iii) non-cemented nodular laterite, and

(c) Recemented laterite. (d) Ferrugenized

( iv) iron concretions.
Rock structure is still visible, but with substantial iso-

rock:

(e) Soft laterite: Mottled Fe-rich

Mo xphous replacement by Fe.

< 1 &y which hardens irreversibly on exposure to air or to repeated

We tting and drying.
The nodular types of laterite have been called different names

irn  the literature. These include lateritic concretions, ironstone

NoAQules and glaebules (Brewer and Sleeman, 1964).

Young's (1976) ferruginized rock is what has been referred to
A/S residual laterite by Alexander and Cady (1962), and his definition

©Ff soft laterite is envisaged in the definition of plinthite in the

So3i ] Taxonomy, USDA (1975).

Westerveld (1969) recognized two types of nodular laterite in

An ypland soil of Sierra Leone based on their external morphology.

One type he called SLC (Smooth Laterite Concretion). These are

TOounded and darker in color than the RLC (Rough Laterite Concretions),

¥hich are more angular and lighter colored. Eswaran and Mohan (1973)

Observed that the matrix of indurated laterite concretions which they
Studied were predominantly clay which had been coated by Fe deposi-
tion. Plinthite has been recently classified by Daniels et al. (in

Press) into platy and nodular forms.
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Classification of Lateritic Soils
(Oxisols, Ultisols and Inceptisols)

Lateritic soils have been classified in various classification
systems, including the USDA, French, Belgian and FAO-UNESCO (Soil Map
of the World).

In Marbut's time, these soils were referred to as Ferruginous
I.aterite soils. In 1938 Thorp and Baldwin considered Lateritic
s=oils as zonal soils with great soil groups such as Reddish-Brown
I.a& teritic soils, Yellowish-Brown Lateritic soils and Laterite soils.
X xa the FAO-UNESCO (1974) system, Ferralitic soils are classified in
th e highest category as Nitosols, Acrisols and Ferralsols. In the
F x ench system they can be classified as Sols Ferrallitigues and Sols
H>y> Qromorphes.

Young (1976), using a modified form of the CCTA (Commission for
T e chnical Co-operation in Africa) 1964 Soil Map of Africa, suggested
Thxee major divisions of Latosols. (The term Latosol was first used
by Kellogg in 1949 to include the zonal soils in tropical equatorial
Yegions that have their dominant characteristics associated with low
si*sesqu&ioxide ratios of clay fractions, low base exchange capacity,
low activities of the clay, low content of most primary minerals.)

YC"Ang's divisions were: Ferrallitic soils, Ferruginous soils, and
SOi1ls derived from basic rocks (Basisols).

In the USDA Soil Survey Staff (1960-67) Soil Classification and
in g0jl Taxonomy (1975), soils that were described as great groups
of Lateritic soils in the 1938 classification were absorbed into four
of the ten orders in the system. These orders include Oxisols,

Ultisols, Alfisols and Inceptisols. The Ferrallitic soils of Young

and the Ferrasols of the FAO-UNESCO system are mainly Oxisols and
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Ultisols in the USDA Soil Taxonomy. The Ferruginous soils of Young
are the Ultisols and Alfisols and the Basisols can be put in the
orders Oxisols, Ultisols, and Alfisols, depending on the degree of
weathering. The Reddish-Brown Lateritic and Yellowish-Brown Lateritic
soils of the 1938 classification fall mainly in the order Ultisols
and a few in the Alfisols and Oxisols. A majority of the Laterite
soils are Oxisols in Soil Taxonomy.

The single most diagnostic properties of Oxisols, Ultisols and
Inceptisols, respectively, in Soil Taxonomy (1975) are the presence
of oxic, argillic and cambic horizons (the genesis of these three
diagnostic horizons is discussed in the next section).

A major criterion for separating the Oxisols from the Ultisols
and Inceptisols is the presence of plinthite within 30cm of the soil
surface. Plinthite that forms a continuous phase or constitutes more
than half the matrix of some sub-horizon within 1.25m of the surface
is considered as diagnostic at the great group level, e.g., Plintha-
qualf, Plinthaquepts, Plinthustalf, Plinthudult, etc. If plinthite
occurs in the soil but does not constitute a continuous phase, a
plinthic subgroup is used (Soil Survey Staff, 1960, and Soil Taxonomy,
1975).

However, hardened laterite (irreversible) materials, which
include ironstone (by definition), are not plinthite, and are there-
fore excluded as diagnostic properties at the great group and sub-
group levels discussed above. However, hard materials rich in
secondary Al oxides are diagnostic at the great group level in the

order Oxisols, e.g., Gibbsiaquox.
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A diagnostic petroferric layer is recognized as separate from
a lithic contact. The petroferric layer is more or less a laterite
sheet (vesicular laterite). Most laterite materials are rich in Fe
oxides. These are excluded from the limits of an oxic horizon that
apply to <2mm material.

In other classification systems, e.g., the French system, con-
cretionary laterite and lateritic crust (sheets) are diagnostic at
the subgroup level, and hardened (indurated) subgroups have been
described within the Ferrallitic groups.

Sys in 1968 proposed the inclusion of great groups and sub-
groups in the Ultisols, Oxisols and Inceptisols with hardened lateri-
tic materials as diagnostic features. He proposed the name petro-
plinthic for Fe and/or Al oxide individualizations which have
hardened irreversibly. When moist it cannot be cut with a spade.

It appears as hard concretions in a clayey matrix or as a hard crust
or sheet. He suggested the use of petroplinthic horizon as a diag-
nostic horizon for classification at the group level, and also the
presence of petroplinthite in the profile as a diagnostic subgroup
property.

Genesis of Oxic, Argillic and
Cambic Horizons

Oxic horizon: The oxic horizon is the major requirement for the
Oxisols as defined in the USDA Soil Taxonomy (1975). The current
theory endorsed by the U. S. Soil Conservation Service is that it
occurs in soils of very old, stable geomorphic surfaces (Mid-
Pleistocene or older rather than late or post-Pleistocene). The old

age of the oxic horizon has allowed time for mixing by plant roots
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and animals so that there is little or no evidence of original rock
structure, with the exception that if Fe oxides or gibbsite coat and
cement fragments of weathered rock, the original rock structure may
be retained in the interior of the cemented parts. Weatherable
minerals are absent or present only in traces, which makes this
horizon low in bases except for those held in exchange complexes and
plant tissues.

Most of the soils with oxic horizons are found in tropical and
subtropical climates. They usually occur on nearly level or gentle
slopes. The geomorphic position is one in which weathered sediments
could have been deposited and not one in which recent unweathered

sediments could accumulate.

Argillic horizon: The horizon of illuvial silicate clays in

soils has been recognized in the USDA Classification Systems (Soil
Survey Staff, 1960, and USDA Soil Taxonomy, 1975) as a diagnostic
horizon at the highest level of classification. This horizon is
called an argillic horizon and it is a major diagnostic property of
Ultisols and Alfisols.

Several theories concerning the dispersion, migration and accumu-
lation of the silicate clay in this horizon have been proposed by
various researchers (Jenny and Smith, 1934; Hallsworth, 1963). One
such theory is that of Kubiena, as cited by Stephen (1960). He
suggested that the presence of colloidal Si acts as an efficient
peptizing agent to confer on kaolinite and halloysite, swelling
capacity and plasticity as well as extraordinary hardness when dry.
Kubiena's idea was recognized by other workers (Hallsworth, 1963),

who also suggested that particles can be kept in a condition of
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suspension under the protective influence of organic matter and
Si. Studies on clay migration have also been conducted by Jenny
and Smith (1934), Buol and Hole (1961) and Hallsworth (1963). How-
ever, there seems to be no general agreement among researchers about
the processes involved in clay movement from the A to the B horizons.

The current theory recognized by the Soil Survey Staff (1975)
is that of mechanical migration. The stages involved are: (a) The
parent material contains very fine clays or weathering must produce
them. The very fine clays carry negative charge, as does the soil
matrix, and tend to disperse, unless flocculated by salts, including
carbonates and free oxides. (b) Wetting of the dry soil leads to
disruption of the fabric and to dispersion of clay. Once dispersed,
the clay is believed to move with percolating water and to stop where
the percolating water stops. Water percolating in noncapillary
voids commonly is stopped by capillary withdrawal into the soil fabric.
During the withdrawal the clay is believed to be deposited on the
walls of the noncapillary voids. Carbonates can also be effective
in stopping the moving clay.

Mixing of horizons by animals, frost, shrinking and swelling

must be slow or absent to permit formation of an argillic horizon.

Cambic horizon: This is a major diagnostic horizon for the
order Inceptisols. In Soil Taxonomy (Soil Survey Staff, 1975), a
cambric horizon is considered to be an altered horizon in which the
texture of the <2mm fraction is very fine sand or loamy very fine
sand or finer. Two types of alterations in this horizon are physical

and chemical.
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Physical alteration is the result of (a) movement of soil
particles by frost, roots or animals to a point at which most of the
original rock structure is destroyed, including the fine stratifica-
tion of silt, clay and very fine sand in alluvial or lacustrine
deposits, and (b) aggregation of the particles into peds.

Chemical alteration is the result of (a) hydrolysis of some of
the primary minerals to form clays and liberation of sesquioxides,
(b) solution and redistribution, and (c) reduction and segregation
or removal of free Fe oxide along with biologic decomposition of
inherited organic matter.

Criteria and Limits of Oxic, Argillic

and Cambic Horizons in Soil
Taxonomy (1975)

Oxic horizon: This horizon must be at least 30cm thick and have
10me or less of NH4OAC extractable bases plus Al extractable with
1.0N KC1 per 100g clay; C.E.C. of fine-earth fraction (NH4OAC) of
16 me or less per 100g clay; only traces of weatherable minerals; and
<5% by volume that shows rock structure. The soil texture is sandy

loam or finer in the fine-earth fraction and has >15% clay and soil

horizon boundaries are gradual or diffuse.

Argillic horizon: This is an horizon that contains illuvial

silicate clay. If an eluvial horizon remains and there is no litho-
logic discontinuity, the argillic horizon contains more total clay,
and more fine clay, than the overlying eluvial horizon as follows:
If the eluvial horizon has <15% clay in the fine-earth fraction, the
illuvial horizon should have 3% more total clay or the ratio of fine

clay to total clay in the illuvial horizon should be one-third
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greater than that in the overlying eluvial horizon or underlying

horizon.

If the total clay in the eluvial horizon is >15% but less than
40% in the fine-earth fraction, the ratio of illuvial/eluvial horizon
clay should be 1-2 or greater. The ratio of fine clay to total clay

in the illuvial horizon is normally one-third or more greater than

in the eluvial horizon.

If the total clay is >40% in the eluvial horizon, the illuvial

hoxizon should have 8% more clay, or if the total clay is >60%, 8%

Mo xe fine clay is required in the illuvial horizon. These clay

Lr creases are reached within 30cm or less vertically. The argillic

ho xizon should be at least one-tenth as thick as the sum of the

tIa 5§ ckness of all overlying horizons or it should be 15cm or more thick
1€ the eluvial and illuvial horizons together are >1.5m thick. 1If
the argillic horizon is sand or loamy sand, it should be at least

1S <m thick. If the argillic horizon is loamy or clayey, it should
be it least 7.5cm thick. Clay skins should be present on ped sur-

fei(:es (vertical and horizontal) or thin sections should show oriented

cJLéiys in 1% or more of the cross section. If the horizon is clayey,

if the clay is kaolinitic, and if the surface horizon has >40% clay,
it should have some clay skins on peds and in pores in the lower
Paxt of the horizon that has blocky or ﬁrismatic structure.

If there is a lithologic discontinuity in the profile between
the eluvial horizon and the argillic horizon, or if only a plow
lilyer overlies the argillic horizon, the argillic horizon needs to

helve clay skins in only some part, either in some fine pores or, if

Peds exist, on some vertical and horizontal ped surfaces. Either
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thin sections should show that some part of the horizon has about
1% or more of oriented clay bodies, or the ratio of fine clay to

total clay should be greater than in the overlying or the underlying

horizon.

Cambic horizon: For a cambic horizon in soils such as those in

this study, soil texture should be very fine sand or loamy very
fine sand or finer in the fine-earth fraction; there should be soil
Structure or absence of rock structure in at least half the volume;
S 1 gnificant amounts of weatherable minerals (enough amorphous or 2:1
la ttice clays to give >3% weatherable minerals or >6% muscovite);
e~ ddence of some alterations, e.g., gray colors, an aquic moisture
e cgqgime or artificial drainage; and cation exchange capacity >16 me/
lo Qg clay; regular decrease in amounts of organic C with depth; and
& <ontent of <0.2% organic C at a depth of 1.25m below the surface
OX immediately above a sandy-skeletal substratum that is at a depth
OFf <1.25m; evidence of removal of carbonates; stronger chroma, redder
hue or higher clay content than underlying horizon; lack of an

X g jllic or spodic horizon; and no cementation or induration. The

baSe of the horizon should be at least 25cm below the soil surface.

O3 i Jes and Hydroxides of Fe

a
ang a1

A number of investigators have studied methods by which free
©X jiges of Fe and Al can be extracted from soils (Bascomb, 1968;
Fral’lzmeier et al., 1965; McKeague and Day, 1966). Mehra and Jackson
(l960) developed a dithionite-citrate-bicarbonate method for extracting
Fe and Tamm used acid ammonium oxalate to determine free Fe oxides.

This method of Tamm has been modified by McKeague and Day (1966).
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Bascomb (1968) used K-pyrophosphate to extract Fe and Al organic
complexes and so did Franzmeier et al. (1965), using Na-pyrophosphate-
dithionite extraction.

All of these extractants have been shown to extract different
forms of Fe and Al oxides (Bascomb, 1968; McKeague and Day, 1966).
The dithionite-bicarbonate procedure of Mehra and Jackson (1960) is
assumed to dissolve a large proportion of crystalline oxides as well
as much of the amorphous materials. The acid ammonium oxalate extrac-
tion of soil (Tamm as modified by McKeague and Day, 1966) is supposed
to remove mainly amorphous forms of Fe. Fe and Al extracted by
Franzmeier's method are believed to be those associated with organo-
mineral complexes. However, studies conducted by McKeague (1967)
showed that some crystalline and amorphous Fe oxides are also
extracted. The Na-pyrophosphate extraction is the most specific
and has been shown to extract mainly Fe and Al associated with organic
complexes (McKeague, 1967). The distinction among the forms of Fe
extracted by the various methods is clearer than those of Al. This
is particularly true when considering the kinds of Al extracted<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>