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ABSTRACT

Three soil profiles from the Riding Mountain district of
Manitoba wers investigated in the field for morphological characteristics
and in the laboratory for chemical and mineralogical properties. The
soils studied were developed in well-drained glacial till; they differed
from each other in some aspect of micro-climate and/or vegetatione.

On the basis of their morphological characteristics, the three
. soils were classified as Orthic Black, Orthic Dark Grey, and Orthic Grey
Wooded. Morphologically these soils exhibited an increase in degree of
horizon differentiation and depth to lime layer in going from Orthic Black
to Orthic Grey Wooded. Particle'size, mineralogical, and chemical data
substantiated these diffefences in soil environment. Physical processes
appeared to have been major factors in the genetic horizon differentiation.

The minerals present in the clay fractions included montmorili-
onoid, illite, vermiculite, chlorite, kaclinite, and a rendom 40:60 mix-
ture of illite and montmorillonoid. Illite was found to be the dominant
mineral in the coarse clay, while montmorillonoid was found to be the dom=-
inant mineral in the fine clay fraction of each horizon of the three pPro=
files. The montmorillonoid species was found to be intermediate between
beidellite and nontronite, tending towards the nontronite end of the cont-
inuous series. The mineralogical and the chemical characteristics of the
three soil profiles substantiated that the glacial tills in which these
soils have developed are similar in composition,

The chemical and mineralogical characteristics of the cutans,
which were obtained from the "B" horizon of each profile, substantiated
the differences in soil environment among these soils. Stress or diff-

usion cutans were found td be present in the Orthic Black and Orthic Dark

Grey soils, while eluviation cutans were present in the Orthic Grey




Wooded soil. The cutans sample of each of the three profiles had a
higher total nitrogen and extractable iron content than the soil horizon
sample from whigh they were obtained. The organic matter and the clay
content of the cutans as compared to the corresponding bulk sample were
higher only in the cutans of the Orthic Grey Wooded soile The nature
and distribution of the clay minerals in the cutans was approximately
similar to that of the respective bulk samples., Nore organic matter
was found to be associated with the {3u material of the cutans samples

as compared to the bulk samples.
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I INTRODUCTION

For agricultural purposes, the province of Manitoba can be

‘divided into two main topographical regions. These regions have been
referred to as the first and second steppe (21), and are located res-
pectively, east and west of the Manitoba escarpment. The first steppe
lies at a lower altitude than the land west of the escarpment, and has
a smooth to almost flat topography. The second steppe lies above the
1300-1400 ft. contour; its altitudes ranging from 1300 to between 2400
and 2500 feet. The topography below the l900»foot contour is undulating
to rolling, but becomes hilly above this altitude. In these areas, the
| change in vegetation from grasses to forest occurs gradually with increase
in altitude, which is reflected in the associated soil types, 4s a
consequence, it is possible to étudy several soil types from & relatively
small area.

This is a report of the study of the chemical and mineralogical
characteristics of an Orthic Black, an Orthic Dark Grey, and an Orthic
Grey Wooded soil from Manitoba. These three soils were selected from
the Riding Mountain distriet of the province. Each one of these soils
had developed on glacial till of mixed materials derived from shale, lime=-
stone, and granitic rock. The occurrence of this sequence of soils within
a relatively small area provided an opportunity to study different soil
profiles developed on similar parent materials and under similar macro-
climatic conditions.

The principal objectives of this investigation were:
1. to describe and measure the features which serve to

_characterize the soilj;
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to assess the intensity of the processes which have resulted

in the formation of these soils;

to determine the nature of the cutans present in the "B

horizon of each of the profiles under study;

to evaluate the mode of formation of these cutans.




II LITERATURE REVIEW
THE SOIL PROFIIES

According to the National Soil Survey Committee classification
of soils (46), Orthic Black and Orthic Dark Grey soils belong to the
Chernoczemic Order while Orthic Grey Wooded soils belong to the Podzolic
Soil Order. Chernozemic soils are characterized (46) by the occurrence
of dark coloured humis-mineral surface horizons (Ah or Aa) of high base
saturation and with flocculated surface structures that do not becoms
massive on wetting or drying. They are associated with a vegetation of
xero- and meso-phyllic grasses and forbs or with transition grassland-
forest vegetation, Podzolic soils are characterized (46) by the
occurrence of light coloured eluvial (Ae) horizons, underlain by illuvial
(B) horizons with accumulations of sesquioxides, organic matter, or clay,
or any combination of these. They are associated with a forest or heath

vegetation,

Orthic Black Soils

Orthic Black soils are the well-drained members of the Black
Great Soil Group., By definition (46) Orthic Black soils have an Ah
horizon of sufficient thickness to produce an Ap horizon 6 inches in
thickness and having dry and moist Munsell Colour values (45) less than
3.5 and chromas less than 2.5. This "A" horizon is underlain by a colour
Em which is free from carbonates, or by a weakly texturel Btj horizon.
A lighter coloured horizon of carbonate concentration, Cca, is usually
present but is not essential criterion. Orthic Black soils, and
Chernozemic soils in general, are characterized principally by the high

organic matter content and granular structure of the A horizon (9, 33)e



The organic matter contént’in this horizon decreases gradually with
increase in depthe The B horizon is usually prismatic in macro-structure,
breaking to blocky or coarse granular aggregates; the latter tendency
increasing with clay content (33). Orthic Black soils are usually neutral
to mildly alkaline in reaction and free of an excess of soluble salts.
Orthic Black soils are usually, but not exclusively, associated
with a mesophyllic vegetative cover of grasses and forbs, but may also
ocecur under discontinuous tree cover. The general climatic conditions
with which Black.soils are associated include hot summers, cold winter,
low humidity, rainfall deficiency, and sharp diurnal fluctuations in
temperature (33). Orthic Black soils have developed on a great variety
of geological materials (33). |
The dominant soil forming process in the development of

Chernozemic soils is referred to as calcification. According to Lulz

‘and Chandler (35), calcification is "the process or processes of soil

formation in which the surface soil is kept supplied with sufficient
calcium to maintain the colloids in a high state of base saturation.®

These authors also indicate that the colloids are relatively immobile
because of the high saturation of the soil with calcium., De Sigmond a7
stated that the principal feature of the processes of steppe soil formation
is that the trivalent metal cations and the humus do not move downward,

but that the bivalent cations (Mg and Ca) may move upward and downward, and
that the univalent cations do move downward; the latter, (in particular
sodium) frequently accumulating in the lower horizonse According to
Buckman and Brady (9), the native vegetation-- which ranges from grasses

to0 desert shrubs -~ contributes actively to the process of calcification,
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Grasses are particularly effective in returning bases to the surface of |
the soil, and as a result of their extensive root system, they also supply
large amounts of organic matter.

Deep Chernozems (33) or Northern Chernozems (38) are the names
used in Russia and in U.S.A., respectively, for Black soils comparable to
those found in the Canadian prairie provinces. Northern Chernozems of
castern North Dakota, as described by McClelland gt al (38), are well- |
drained soils on convex slopes or moderately well-drained soils on very
gently concave or plane slopes. They have black,‘ granular A horizons
that are 5 to 14 inches in fhiclmess and that have a pH ranging from
6.5 to 7.5, Sand grains are unstained and some are free of any adnering
organic particles. The B horizon is usually a colour B but it may be é.
pextural B with clay films on ped faces. Structurally, the B horizon is
usually prismatic, breaking to blocky; its pH ranges from 6.5 to 8.0
or greater if lime occurs in the lower portion of the horizon. The
thickness of the B horizon is usually about the same as that of the A
_horizon, This description is vei'y similar to the one given by Ellis (21)

for his group of Northern Black Barth soils in Manitoba.

Orthic Grey Wooded Soils

Orthic Grey Wooded' soils are the well-drained members of the
Grey Wooded Great Soll Groupe. According to the National Soil Survéy
Committes classification of soils (46), Orthic Grey Wooded soils have
organic surface horizons (L - H), a light coloured eluvial horizon (4e),
and an illuvial horizon (Bt) in which clay is the main accumilation

product. The Ae horizons contain the least amount of clay, bases, and

sesquioxides. The B horizons often have a slight accumulation of total
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nitrogen and organic carbon as compared to the Ae horizons. An increase
of free sesquioxj.des is usually associated with the accumulation of clay
in the B horizon, In general, the base status of Grey Wooded soils is
mediun to high. The horizoﬁs above the calcareous horizons are usually
slightly to moderately acid, the B horizons often being the most acide
The best developed Grey Wooded soils are found where cool

climatic conditions prevail; i.e. mean annual temperature of 4OOF or less.
Most of the Grey Wooded soils are found under boreal forest or uﬁder
forest in the grassland-forest transition zone. They may also occur in -
somewhat warmer climates, under mixed forest vegetation. .Grey Wooded
soils have usually but not exclusively developed on basic parent materials'@
Some geological deposits which are not basic, but which decompose rapidly,
also develop into good Grey Wooded soils (A4, 46).

. Grey Wooded soils are considered as being formed by the process
of podzolization. There have been and still are two opinions concerning
the essence of the podzolization process (16,23,33,49). Some authors
consider that in podzolization there is removal of clay particles from
"the upper horizons of the soil without destruction of these particless
Other authors consider podzolization to be the destruction of clay
particles in the upper ;Sa.rt of the soil profile and removal of the

product of this destruction. 4s a result of these two points of view,

Cernescu (23), Duchaufour (16), and other authors proposed that podzol-

ized soils be divided into two groups; the mode of clay movement being
the differentiating criterion. This proposal has proven to be a very
controversial issue. From the soil classification point of view,
separation of I;?.odzolic. soils into two groups may not be ju‘stified, espec-

ially when the classification is based on broad genetic concepts (49).
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From the point of view of soil genesis, on the other hand, the possibility
of clay decomposing or altering in the profile must be examined closely;
for instance, in view of sequential behaviour of soils (bs14559)0

Pawluk (50) studied the mineralogical composition of some Grey

Wooded soils developed on glacial till, in Alberta. He concluded that

Grey Wooded soils are pedogenically separable from Podzol soils. Evidence
for this fact was obtained from analytical data, including low content |
of translocated sesquio:u’.des, lack of severe chemical weathering of
minerals, and enrichment of clay minerals in the B horizons.

Nygerd et al. (48), in describing the characteristics of some
Podzolic, Brown Forest, and Chernozem soils of the Northern Lake States,
compare the Grey Wooded soils to other podzolic types. These authors
observed that, morphologically, Grey Wooded soils resemble Grey-Brown
Podzolic soils more than the Podzols. The textural and structural
characteristics were found to be very similar m these two soil typese
According to these authors, Grey Wooded soils differed from Grey-Brown
Podzolic soils by the thicker A, horizon, whiter A5, virtual absence of
A3 and By, greater enrichment of silicate clays in tl)me B, better developed
and more stable blocky structure in the B, and higher pH and base status.
Nygard et al. suggested that the recogrlition of the Grey Wooded soils as
distinct from the Podzols was warranted.

Stobbe (59) studied the Grey-Brown Podzolic and related soils
of Eastern Canada. In the discussion of Grey-Brown Podzolic -- Gréy
Wooded intergrates, he stated that these- soils do not differ significantly
in the physical and chemical nature of the eluvial (45) and illuvial (Bp) |
horizons. They do differ marketly in the morphological nature of the A,

and Ay horizons; Grey Wooded soils invariably having an A, and lacking
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the mull-like A7 horizon, characteristic of Grey-Brown Podzolic soils.
Stobbe suggested that this difference is probably associated with
differences in climabte.

The genesis of Grey-Brown Podzolic soils has been discussed
in a series of three papers by Cline and co-workers (14,22,37). According
to these authors s Grey-Brown Podzolic soils are formed on calcareous
parent materials., On non-calcareous parent materials, and under similar
climatic conditions, only Brown Podzolic and Podzolic soils are formed.
Gann and Whiteside (12), in their study of a Michigan soil profile,
presented evidence that the B horizons are illuvial in nature. They
observed'that the upper B differed from the lower B in the nature of the
illuviated materials. Tavernier and Smith (60) indicated that the
i1luvial characteristics of Grey-Brown Podzolic s0ils == 1.8 the
accumulation of silicate clays -~ is probably due to their flocculation
by bivalent cations. It is Stobbe's opinion (59) that, considering the

type of profile develofment and the resultant characteristics in the
Grey-Brown Podzolic soils of Canada, these soils have not formed by the
" podzolization process. He suggested at a later date (17) that the term
of decalcification be applied to “podzol-like" solls in their primary
phase of weathering. The soil forming process or processes of decalci-
fication would then imply that there is a depletion of bases in the
solum, development of acidity, and the formation of an eluvial A"
horizon and an illuvial "B" horizon, Colloids and some trivalent cations
are the principal so}il‘ constituents which are ;'emoved from the "WAW

horizon and are accumulated in the WB" horizon.



Orthic Dark Grey Seils

Orthic Dark Grey soils are the well-drained members of the

Derk Grey Great Soil Group of the Chernozemic Order. By definition (46),
Dark Grey soils have a Chernozemic A horizon (Munsell(45) colour value
3.5 - 5.0 when dry; less than 3.5 when moist) and have significant
characteristics indicative of degradation or other modification resulting
from the accumulation and decomposition of forest vegetation. These
soils occur under a vegetation characteristic of transitional areas
between grassland and forest; hence, they are associated with a mixed
vegetation of trees, shrubs, forbs, and grasses. As a consequence,
virgin Dark Grey soils possess both chernozemic and podzolic featurese.
Dark Grey soils were originally designated as Degraded or
Wooded Chernozem by Canadian and U.S.A. pedologists (42,43,48,67).

Most pedologists regard these soils as former grassland profiles which
have been altered as a resuli of the effect of the invasion of trees (43);
a;though some workers are undecided on this point (48). These altered
profiles constitute a series of soils transitional between Chernozemic
and Grey Wooded Podzolic soils. The degree of degradation expressed in
the profiles determines whether they would be classed as Dark Grey or

Dark Grey Wooded (L6).
THE CLAY FRACTION OF SOIILS

In soils, the clay fraction consists of all materials less
than 2 microns in diameter, and includes both inorganic and organic
constituents (25). The inorganic components of the clay fraction are
chiefly clay minerals but include also amorphous and very poorly

crystalline materials as well as some primary minerals. Most of the



primary minerals which may be present in the clay fraction, such as
quartz, micas, and iron oxides _and hydroxides, tend to be concentrated
in the coarse clay fraction (25,33)e The organic constituents and the
.gesquioxides or hydroxides are often intimately associated with the clay
minerals (25,57). Clay minerals are essentially hydrous aluminum |
silicates, in which isomorphous substitution may have taken place.
Because of their crystalline nature, clay minerals can be separated and
classified into several groups according to their basic structure (7,25).
' The structures and properties of clay minerals have been
described in detail by Grim (25) and other authors (7,15,36). Identifica-
tion of clay minerals can be achieved by mineralogical, chemical, as
well as by physical means; although no one method ensures absolute
identification, Oftenvthe application of two or more methods is nece
essary to achieve this. Most prominent among the methods used for clay
mineral investigation are X-ray diffraction analysis and differential
thermal analyses. Details of most of the methods used 1n clay mineral

studies have been presented by Jackson (27). Excellent monographs have

been published, recently, pertaining to X-ray techniques (7) and to

differential thermal analyses (36).

The relative abundance of clay minerals in soils varies with
the five principal factors that govern soil formation; i.e. i:arent
material, time, climatic, relief, and biotic factors. Each of these
factors can have important independent effects on the clay mineral comp-
osition of soils, as has been shown by Jackson (28). The clay mineral
composition of a soil at any one place is determined, however, by the
product of the interaction oi‘_the soil forming factors; in other words,

by the soil. forming processes. Considerable work has been directed
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towards establishing the effect of soil forming processes on clay mineralse

In some soils, colloidal clays present in the original materials may not
be affected very much by weathering processes; in others it may result in

granslocation; or in still other soils it may cause alteration or breake

down into new products which may or may not in turn also undergo transe-

location, dJackson et al, (30,31,32) have shown that this alteration or

_breakdown of clay minerals in soils can be arranged into a weathering

sequence. These authors claim that reversal of the weathering reactions

can and does occur where potassium is present in the soil solutione
The kinds of clay minerals in soils of temperate climatic

regions seem to depend more on the kind of parent material than on

pedogenic factors. This is borne out by the frequency distribution of

clay minerals in the soils of these regions (28). For Chernozemic soils
the predominant minerals usually reported are montmorillonoid and illite,
regardless of parent material (2,3L4,65,68)s Thus, Bhrlich et al, (20),
in Manitoba, found montmorilionoid and illite to be the dominant clay

minerals in several Chernozemic solls as well as in their respective

parent materials. These soils had developed on either moderately cale-

_ careous, strongly calcareoxis, or non-calcareous boulder till., Montmorill-

onoid and illite also seem to be the dominant clay minerals in the Podzolic

soils of the temperate climabtic region. Tedrow (61) found this to be true

for three well-developed Podzols developed on grey acid sandstone glacial
tills in eastern Pennsylvania. Moss and St. Arnaud (L4), McCaleb and

Cline (37), and others (17,20,50, 58,68) obtained similar results for the
clay mineral distribution in Grey Wooded and Grey=-Brown Podzolic soils

~ developed on calcareous parent material., With respect to the clay mineral

species in soils of temperate climatic region, Parfenova and Yarilova (49)
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reported that montmorillénoid clay of the beidellite-nontronite series
and illite were present in Chestnut, Chernozem, Solonetz, and Podzol
soils of Ru;sia, Warder and Dion (65) investigated the nature of the
clay minerals in Saskatchewan soils == the soils studied ranged from
semi-arid Brown to Podzolic soils. They found that the clay minerals
‘present were of the 2:1 layer lattice type, about 45 per cent of which
was considered illite with the remainder montmorillonite-beidellite.

Soil forming processes operative in temperate climatic regions _
affect chiefly the distribution of clay minerals within the soil profiles,
Bourne and Mortland (2) found that, in a Northern Chernozem with a weakly
developed textural profile, the following important changes in the clay
fraction due to Iﬁedogenesis had taken place:

1. a relative gain of illite in the A horizon and of monimorillonite
in the B horizon, likely due to differential leaching;

2. a reconstruction of much of the clay in the A horizons to randomly,

interstratified, mixed-layer forms, probably largely the result of

K equilibrium reactions;
3. an in;:.rease of total clay by formation,.
With respect to Grey Wooded soils, Pawluk (50) observed that clay
transpositions within the soil sola involved primarily the less than
0.2 micron size fraction. This author found strong evidence that the
coarse clay in the Ae hori;on breaks down to the fine clay size prior
to or during transposition.

A considerable number of investigations on the mineral

composition of the clay fraction of Western Canadian soils are reported

" in the literature (6,13,20,50,51,52,65.) The earlier studies indicated
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relatively 1ittle change between the clay fractions of the profiles and
that of their original parent materials. More recent investigations have
shown that some differences do occur,. although these are sometimes nobt
very pronounced, Brown (6) observed the presence of a 1li 2 mineral in
the clay fractlons of Grey Wboded soils from Saskatchewan and Alberta.
pPawluk (50,51) noted the presence of this clay mineral in Grey WOoded

and in Podzol soils of Alberta., He noted that in Podzol soils these

14 % clay minerals were present in the B horizon only and that they
appeared to be concentrated in the coarse (2.0 - 0.2u) clay fraction.
According to this author, the 14 2 clay mineral is a modification of
montmorillonite, its formation not resulting from the weathering of clay
minerals, but from the weathering of less stable feldsparé° (He proposes
that the formation of this clay mineral is the result of the absorption
of releaéed hydrated alumina hydroxy ions from the weathered feldspars in
the interlayer région of montmorillonite of fine clay size. This results
in the formation of a clay mineral with 143 d spacings and of coarse clay
size). Clark et al,(13) reported that the clay fraction of the Concretion-
ary Brown soils of southwestern British Columbia differs from that of its
parent material., The surface soil clays of these soils consist of either
heat stable chlorite or an interstratified complex of chlorite primarily,
"while montmorillonite, interstratified montmorillonite, chlorite, or

chloritized vermiculite are the dominant clays of the lower horizons.

| CUTAIS

‘Cutans have been defined by Brewer (3) as: "a broad group of
pedological features (including so—called clay-skins) associlated with

the sﬁrfaces of the skeleton grains, peds, and various kinds of voids



within soil materials." The principal characteristics that enable

' differentiation between cutans are therefore: 1. the kind of surface
with which they are associated, 2., the fabric of the cutans themselves,
é,nd 3. the mineralogical nature of the cutanic material., All three
eriteria can be investigated by micro-pedological means; the third
differentiating characteristic also allows investigation by chemical
and mineralogical methods,

Micro-pedological investigations (3,4) have shown that the
mineralogical nature of the cutanic material can consist of: silica,
soluble salts (carbonates, sulphates, chlorides, etc;.); manganese oxide
or hydroxides; sesquioxides; and/or clay mineralse. The clay mineral
cutans can be either pure clay minerals, clay minerals with iron oxides
or hydroxides, or clay minerals with organic matter. Sawhney et ale (54)
found that scrapings from the B3g horizon of a Brown Podzolic soil from
central Connecticut contained more clay percentage-wise ’t_,ha.n the B3g
horizon as 'a whole. Buol and Hole (10,11) investigated cutenic material
by chemical means and provided further evidence for the complexity of the
mineralogical nature of cutans. These guthors observed that cutans con-
tained relatively large amounts of N, G, P, Mn, free Fe, and clay as
compared to the bulk sample.

The formation of cutans in soils may take place in several
ways (lO,ll,l,.'L). They may be formed as a result of the migration of
| ‘colloidal suspensions along the soil profile and subsequent concentration
in the illuvial horizon in the form of crusts or incrustations on the
walls of cracks and pores. They may also be formed in place as a result
of weathering and soil formation, or as & result of stress or diffusion

forces. Brewer (3) termed the cutans resulting from the latter mode
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of formation stress or diffusion cutans; those resulting from the former
he termed eluviation cutans,.
Cutans, or its synonyms, are mentioned in the descriptions of
- goil pfofiles of many great soil groups. Ehrlich and Smith (18)
observed that the B horizons of Solonetz and Solodized-Solonetz soils
in Menitoba were coated with clay skins. McClelland et al.(38) noted
clay films on B=horizon-peds of a Northern Chernozem of eastern North
Dakota. The occurrence of cutans in Grey-Brown Podzolic soils was
noted by Brown and Thorp (8) and others (10,14,22), Frei and Cline (22)
observed clay coatings ip Brown Podzolic soils of New York; Schafer
and Holowaychuk (55) observed them in Humic-Gley soils of Ohio.
Thorp et _al.(&), in their investigation of the role of leaching in
soil‘genesis, were able to produce clay films on peds in the laboratory.
The presence of cutans in soil profiles has great significance
with regard to the physical behaviour of the soil material (1), to
profile development (62), and to plant growth (10,53). The importance

of cutans in soil pedology is highly emphasized in the new soil classie

fication system as proposed by the U.SeDed. (64). According to this

system, the presence of cutans in a soil horizon is indicative of trans-

located clay, provided that they occur on all sides of the peds.




II1I EXPERIMENTAL PROCEDURE

The soils selected for this project are well-drained soils
belonging to the Newdale, the Erickson, and the Waitville associations

(19). These soils developed from calcareous medium textured glacial

$ill of mixed materials derived from shale, limestone, and granitic
rock. The three soils are representative of the Orthic Black, Orthic

Dark Grey and Orthic Grey Wooded soil types.
DESCRIPTION OF SOIL PROFIIES

The description of soil profiles and notations on loca@ion,
topography, drainage, stoniness, and vegetation are presented in summary
form., Colours are those derived by comparing Munsell's (45) chart with
actual soil colours. The colours given of the various hqriZons refer to

the soil condition when sampled unless otherwise stated.

Newdale Cla}f LoanAaaeooeoeaeoooeooorthic Black

LOCALiON: coecesocsccesssssessssosliorth Centre of 33-16-18 West of the
Principal Meridian, Manitoba.

Vegetation: ceccesecsccscssssssseelak, sNOWDErry, prairie rose, wheatgrass,
bluegrass, spear grass, yarrow, Canada
thistle, and others.

Parent Material: cecccescceccssesoBoulder till of mixed materials derived
from'shale, limestone, and granitic rock
sediments.

Topography: veecoeesenosoessosscssakbout 5 per cent slope, facing southeast;

undulating to rollinge

Drainage: sesecoacascecesssssssssscsficll-drained internally; medium run off.

Soil Condition: eeeooooeoooeooooooMOiStvo




Horizon
L

F-H

Depth(inches)
2 - 1®

1_0"

0 - 5

5 - 9

9 - 15"

15 - 18%
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Description
Undecayed organic material.
Partially and fully decayed organic
material. |
Black (10 YR 2/1) clay loam, very dark
gray (10 YR 3/1) when dry; moderate,
medium granular; very friable; pH 6.34;
clear, smooth boundarye.
Black to very-dark gray (10 YR 2.5/1)
clay loan_l, very dark gray to dark gray
(10 YR 3.5/1) when dry; moderate, medium
granular; very friable; pH 6.09; clear
boundarye
Dark grayish brown to grayish brown
(10 YR 4.5/2) clay loam, bréwn (10 R’ 5/3)
when dry; moderate, medium prismatic
structure, breaking to moderate, medium
subangular blocky; firm; pH 6.54; clear
boundary. '
Brown (10 YR 4.5/3) clay loam,
brown (10 YR 5/3) when dry; weak, medium
prismatic structure; friable; pH 7.02;

weakly calcareous; clear boundary.




Horizon Depth(inches)
c 18 - 36 ¥

Erickson Clay loam

Iocation: soceccvecosscesccscscese
Vegeta’bion: ©0E80E0000000000000000

Parent Material: e0ocv00e0cBE 000 @

Topography: oeeocoeoeoaeoe.nooee‘

Drainage: ceocceessoccscecsccsssss

Soil Condition: CO0CPOODROOEBOO0D

Horizon Depth (inches)
' L 3 - 2"
F 2 - 1"

1 -0

Description
Pale brown (10 YR 6/3) loam, pale brown

to very pale brown (10 YR 6.5/3) when dry;
weak, medium prismatic structure, slightly
hard when dry; pH 7.65; strongly cal-
careous.

Orthic Dark Grey

North Certre of 33-16-18 West of the
Principal Meridian, .Ma.nitobaa

Aspen are dominant -- undergrowth is
hazel, dogwood, rose, vetch, and others.
Boulder till of mixed materials, derived
from limestone, shale, and granitic rock
sedimentse.

About 3 per cent slope, facing east-
northeast; irregular, moderately sloping
and marked by‘undrained depressions and
shallow lakes.

Moderately well drained internally;
medium runoff.

Moist.

Description

Undecayed organic materiale.
Fermented organic material.

Humus; altered organic material,
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Horizon Description
sl : Black (10 YR 2/1) clay loam, very dark
gray (10 YR 3/1) when dry; weak, fine
granular; very friable; pH 6.3; gradual
and irregular boundary.
~ Very dark gray (10 YR 3/1) clay loam,
dark gray (10 YR 4/1) when dry; weak,
fine subangular blocky structure; friable;
pH 6.32; gradual and irregular boundary,
Very dark grayish brown (10. R 3/2)
clay loam, grayish brown (10 YR 5/2) when
dry; moderate, fine subangular blocky
structure; firm; pH 6.28; clear, wavy
boundary.
Very dark grayish brown (10 YR 3/2) clay
loam, dark grayish brown (10 YR 4/2) when
dry; strong, medium blocky structure 3 very
firm; pH 6.96; gradual wavy boundary.
14k - 18% ‘ Very dark to dark grayish brown (10 YR 3.5/2)
| clay loam, grayish brown (10 YR 5/2) when
dry; weak, 'i‘ine subangular blocky structure;
firm; pH 7.50; weakly calcareous; gradual,

irregular boundary.

18 - 36 40 Dark grayish brown (10 YR 4/2) clay loam,

grayish brown to light grayish browm
(10 YR 5.5/2) when dry; weak, medium to

fine subangular blocky to granular structure;




Horizon . Depth(inches)

Waitville Toam

I.Dcation: e000000000000000000000 0

Vegetation: 00000000000 00000000DS

Parent Materials cececccccccocccse

Topography: ecooccs0000c000000000

Drainage: ecccecvcvccsececcccescssoe

Soil Condition: ceceveessessscscee

Horizon Depth(inches)
L 2 - 1%
F | l1-0%
H 0-1n
be | 1 =4

20

Description
slightly hard when dry; pH 7.73, stroagly

calcareous,.

Orthic Grey Wooded

Riding Mountain National Park, about 400
feet off Highway No.l0, on South-side of
Road to the Forestry Station,

Chiefly aspen, intermixed with white birch
and spruce; undergrowth consists of hazel,
rose, cranberry, veich, and‘graésesa
Boulder till of mixed materials, derived
from shale, limestone, and granitic rock
sediments.

Irregular, steeply sloping to hilly; num-
erous undrained depressions.

Well-drained internally; medium runoff,

Moist.

Description

- Leaf litter,

Partly decomposed organic material.
Humus; altered organic material,

Dark grayish brown to grayish brown

(10 YR 4.5/2) loam, light gray to gray
(10 YR 6/1) when dry; moderate, medium
platy structure; very frisble; pH 6o34;

clear, smooth to wavy boundary.




Horizon

BA

Depth(inches)
L =7

Description
Dark grayish brown (10 YR 4/2) clay loam,
grayish brown (10 YR 5/2) when dry; moder—
ate, fine subangular blocky structure;
friable; pH 5.69; clear, smooth boundary.
Very dark grayish brown (10 YR 3/2) clay,
dark grayish brown (10 YR 4/2) when dry;
moderate, fine to medium blocky structure;
firm; pH 5.66; clear, smooth boundarye
Very dark gray to very da.rk. grayish brown
(10 YR 3/1 = 3/2) clay, dark brown to dark
grayish brown (10 YR 3/3 - 4/2) when dry;
moderate, coarse prisxﬁatic structure, break-

ing to strong, medium to coarse blocky;

very firm; pH 6.30; gradual, irregular

boundary.
Dark grayish brown (10 YR 4/2) clay loam,
brown to pale brown (10 YR 5/3) when dry;

moderate, medi\im to fine subangular blocky

structure; firm; pH 7.60; weakly calcareous;

gradual, irregulgr boundarye

Brown to pale brown (10 YR 5/3) clay loam,
brown to pale brown to light gray

(10 YR 5/3 ~ 7/1) when dry; pseudo pris-
matic to crumbly structure; friable; pH 7.66
strongly calcareous, CaC0O3 appears to have

accumulated along old root channels but is




Horizon Depth(inches) Description
also found throughout the soil mass;
diffuse boundary.
Brown to pale brown to light gray
(10 YR 5/3 - 7/1) loam when dry;
pseudo-fraguentary to platy structure;
hard when dry; pH 7.84; strongly cal-
careous, CaCOg appears to have accum-
ulated along old root channels but is

also found throughout the soil masse
PREPARATION OF SOIL SAMPIES FCR ANALYSIS

The air-dry samples were crushed with a wooden rolling-pin,
sieved through a 2 m. sieve , weighed, and placed in cartons fitted with
covers. The coarser material (>2m) was also weighed in order that its
comparative quantity in the profile could be estimated. All laboratory
deteminations were made on soil that was finer than 2 mm. Differential

. thermal énalyses were conducted on material less than 5 microns in diam-
eter, as obtained from the mineralogical separation experiment. Fusion
analyses for total potassium content and specific surface determinations
of the clay fractions were conducted on the coarse clay fractions (2 - 002}1)
and on the fine clay fractions (less than OoZ)l)o Fusion analyses for
silicon, aluminium, and iron contents were made on the fine clay fractions
‘(less- than 0.2u) only. For all other analyses, the 2 mm. material was con-
sidered sufficiently comminuted for the analyses to be conducted.

The cutan study of this project was conducted on the dominant

UB# horizon of each of the three soils. At the time of sampling, peds




Horizon Depth(inches) Description
also found throughout the soil mass;
diffuse boundarye.
Brown to pale brown to light gray
(10 YR 5/3 - 7/1) loam when dry;
pseudo-fraguentary to platy structure;
hard when dry; pH 7.84; strongly cal-
careous, CaC0Og appears to have accum-
ulated along old root channels but is

also found throughout the soil masse
PREPARATION OF SOIL SAMPIES FCR ANALYSIS

The air-dry‘ samples were crushed with a wooden rolling-pin,
sieved through a 2 . sieve, weighed, and placed in cartons fitted with
covers. The coarser material (>2m) was also weighed in order that its
comparative quantity in the profile could be estimated. A1l laboratory
detexmi;xations were made on soil that was finer than 2 mm. Differential |

. thermal analyses were conducted on material less than 5 microns in dieam-
eter, as obtained from the mineralogical separation experiment. Fusion
analyses for total potassium content and specific surface determinations
of the clay fractions were conducted on the coarse clay fractions (2 - Oe%u)
and on the fine clay fractions (less than O.2n). Fusion analyses for
silicon, aluminium, and iron contents were made on the fine clay fractions
(lless- than 0.2u) only. For all other analyses, the 2 mm. material was con-
sidered sufficiently comminuted for the analyses to be conducted.

The cutan study of this project was conducted on the dominant

WBY horizon of each of the three soils. At the time of sampling, peds
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weré selected from the Btj, the Bt, and the Bt2 horizon of the Orthic

Black, the Orthic Dark Grey, and the Orthic Grey Wooded profile, respect-
ively, .and wrapped in "saran" paper to prevent air-drying. As soon as
‘possible thereafter, the cutans on these peds were removed by lightly
scraping with a knife. The cutans thus obtained were sieved with a 2 mm.
screen, weighed, and placed in cartons fitted with covers. The floating
technique for removing cutans as described by Buol and Hole (10) was tried
but did ﬁot give any positive results. The analyses to which the cutans

were subjected, were performed also on bulk samples of the selected peds.

Preparation of these bulk samples for analysis was similar to that of the

horizon samplese
METHODS

Soil Reaction
The pH values were obtained on soil pastes by means of a
URadiometer® pH metber.

Organic Matter

The organic matter content of the soils was determined by the
Walkley-Black method, as modified by Walkley (26). This method involves
the oxidation of readily oxidizable garbon of soils by chromic acid
with sulphuric;-acid-heat.-of-dilqtion.

Total Nitrogen

Total nitrogen was determined by the macro-Kjeldahl method,
employing the acid-base titration of distilled ammonia as modification (26)

Extractable Iron, Aluminium, and Silica,

Determination of these constituents was carried out on extracts,

obtained in the procedure for preparation of the soil for X-ray diffrac-
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tion analysis (27)e Iron, aluminium, and silica were analyzed for on the
sodium dithionite-citrate-bicarbonate extract; the latter two after the
iron had been removed. Analyses for aluminium and silica were also made
on the.sodium carbonate extract of the afore-mentioned procedure., Iron
was determined by the potassium thiocyanate red colour method; silicon
by the ammonium molybdate yellow colour method; and aluminium by the
aluminon method (26,27).

Cation Exchange Capacity

Cation exchange capacity measurements were obtained by leaching
the soil with a 1 N NH,O4c solution buffered at pH 7. The extract obtained
from the leaching process was retained for the determination of exchange-
able cations. The soil was then leached with ethanol to remove the excess
salt and subsequently with 1 N NaCl to displace the ammonia from the ex-
change complex. The leachate was distilled whereupon the ammonia dis-
placed was measured by titration against O.l N-NaOH (26).

Exchangeable Cations

Exchangeable Na and K were determined photometrically. 4n
aliquoi; of the ammonium acetate extract was placed in a beaker and
evaporated to dryness. To destroy the organic matter, 5 cc. of 1:1 H202
were added and the béaker plus contents were heated gently. Then 5 cc. of
1:1 HCl were added with subsequent heating to dryness to dehydrate the
silica, The residue was taken up with 2 cc.- concentrated HCl and placed
in a 250 cc, volumetric flask, Upon addition of the proper amount of Iji,
the flask was filled to volume and the Na and K content was determined by
means of a Beckman D.U, flame photometer,

Exchangeable (Ca + Mg) was determined as follows: an aliquot
of the NH)OAc extract was placed into an Erlenmeyer flask and diluted to

50 cc, with distilled water. Then 5 cc, of monoethanalamine buffer and
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about 30 mg. each of KCN and hydroxylamine hydrochloride were added. The
flask was shaken until the solids dissolved, where upon about 0.2 mg. of
Eriochrome Black T indicator was added. Titration of this solution with
EeDoToA. followed.

Exchangeable Ca was determined by placing an aliquot of the
NH,OAc extract in an. Erlenmeyer flask and diluting it to 50 cc. with
distilled water. Approximately 1 cc. of 6 N NaCH and 4 - 5 drops of

Calcon indicator were then added. Upon subsequent stirring the solution

was titrated with E.D.Ted.

Exchangeable Mg was obtained by difference,

Particle Size Distribution

. The particle size distribution of the soil material less than ’
2 mm. in diameter was obtained by the mineral fractionation procedure
as outlined by Jackson (27).

- X-ray Diffraction Analysis

Samples for X-ray diffraction were prepared as described by
Jackson (27). Only the dominant horizons of each profile were analyzed,
since little information was expected to be obtained from the intermediate
horizons. Two seté of slides were prepared from each horizon for X-ray
diffraction analysis. The first set consisted of magnesium-saturated
-clay and the second of potassium-saturated clay; both sets were glycerol
solvated, Diffractograms were obtained from the magnesium and from the
potassiun-saturated clays, and also from the potassium-saturated clays
after they had been heated for two hours ::1.‘055000e

The equipment used for the X-ray dii_‘fraction analyses consisted
of a Philips P.W. 1010 generator, a Philips P.W. 1050 gonigme;tér, and a

Philips P.W. 1051 recorder. The unit was operated at 36 koVe, 8 Meday
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and the recorder settings were: counter: 32, rate meter:: L, time constant
(sec.): 16, and multiplier: 1.
Fusion analyses were conducted to determine the total content

of potassium, iron, silica, and aluminium in certain size fractions of the
dominant soil horizons of the three profiles. The fusion methods employed
were those outlined by the United States Geological Survey (56).

| Total potassium of the coarse clay (2.0 - 0.2n) and medium -
fine clay (K0.2u) fractions was determined photometz_'ica]ly by means of a
Beckman D.U. flame photometer, Total iron, silica, and aluminium of the
fine clay ({0.2n) fractions were determined colorimetrically. Iron was
determined according to the orthophenanthroline method, silicon according
to the ,molybdenum blue colour method, and alumn.nlum according to the .
Alizarin Red-S method,

. Specific Surface Determination

Specific surface analyses were carried out on the 2.0 - 0.2
and the { 0,2 micron clay fractions, according to the method of Kinter and
Diamond, as modified by Mehra and Jackson (27). This method is based on
sorption of one layer of glycerol between two surfaces of montmorillonite
or vermiculite at 110°C.

Differential Thermal Analyses

Preparation of the samples for differential thermal analysis
was done according to the procedure as described by Jackson (27)s The
‘a.nalyses were conducted on soil material less than 5 microns in diameter;
i.6. on mixtures of fine silt, coarse clay, and fine clay. The relative

4

proportions of these fractions in each of the samples was according to

their distribution in the soil sample proper. Each of the differential
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thermel analyses was done under controlled atmospheric conditions. The
temperature range over which the samples were analyzed was from O to 600°C
using an oxygen atmosphere, and from O to 1000°C using a nitrogen atmos-
phere.

The instrument used for the differential thermal analyses was a
ASt'.one , model DeTode =13 M, Thé unit was operated at 40 m.ve. Small,
vertical inflections signifying lOOOQ intervals were imposed automatically

by the instrument on the thermograms,



EXPERIMENTAL RESULTS AND DISCUSSICN
SOIL FROFIIE INVESTIGATIONS

Soil Reaction

The pH values in Table I show that the organic horizons in each
of the profiles are neutral to slightly acidic, The "A" and WB" horizons
in each profile tend to be slightly acidic while the "o horizons are
moderately alkaline., Within profiles, the soil reaction varies most in

the Orthic Grey Wooded and least in the Orthic Dark Grey profile. In

| general, however, there is 1little variation in pH values within and among

the Orthic Black, the Orthic Dark Grey, and the Orthic Grey Wooded -profiles.
This lack of variation in pH indicates high base saturation as well as a
certain uniformity in the chemical composition of the original parent mab-

erial from which these soils developed.

Organic Matter, Organic Carbon, and Total Nitrogen

The results of the organic matter analyses are presented in
Table I. These data show that the organic matter content of the organic
soil horizons varies very little within and»among the profiles, The organic
matter content of the mineral soil horizons, on the other hand, varies con-
siderably; i.e. within each profile it decreases with increase in depth.
An exceptiqn to this general trend can be noted in the data for the Orthic
Grey Wooded profile. In this profile, the organic matter content of the Ae
horizon is considerably lower as compared to that of the underlying "B¥
horizons. This suggests that eluviation of organic material from the Ae
norizon into the horizons below it has taken place., Considering these
results and the environmental conditions at the respective soil locations,

it can be concluded that eluviation and subsequent illuviation of organic




SOIL REACTION (pH); ORGANIC MATTER, ORGANIC CARBON, TOTAL NITROGEN,
AND EXTRACTABIE IRON CONTENTS, AND C/N RATICS OF THE ORTHIC
BLACK, ORTHIC DARK GREY, AND ORTHIC GREY WOODED PROFILES
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matter is most intense in the Orthic Grey Wooded profile,

The total nitrogen content (Table I) in each of the profiles
decreases with increase in depth, Exceptions to this general trend occur
" 4n the Ae and Bt2 horizons of the Orthic Grey Wooded profile, This trend
bas well as the exceptidns are analogous to those observed for the organic
matter content in these profiles. Hence, eluviation and subsequent 1luve-
iation of nitrogen, either in organic or inorganic form, is most intense
in the Orﬁhic Grey Wooded profile.

The C:N ratios, as shown in Table I, are as might be expected (53)e
Thus, when comparing similar horizons between profiles, the ratié is lower
under neutral than under acid conditions. The decrease in C:N'ratio with
increase in depth may be due to variation in the constitution of the soil
organic matter (5,47). Part of this apparent decrease may also be due to
the inclusion of ammonium ions in the total nitrogen resul’ps° These

 ammonium ions were fixed in the soil by clay minerals (53).

Extractable Iron, Silica, and Alumina

The percentages of extractable iron are presented in Table I.
These data show that‘iron oxide has accumulated in the "B" master horizon
of each of the profiles., Furthermore, part or the whole "A" master horizon
of each of these profiles is distinctly lower in iron oxide content than
any one of the respective underlying B horizons. In the Orthic Black profile
the difference between the free iron content of the Ahej and of the under-
" lying Bt is quite small. This difference is of significant magnitude,

however, to indicate that movement of iron out of the Ahej horizon has taken

place. The high iron oxide content of the BC horizon of this profile sug=

'gests that free iron has accumulated in this horizon also. In the Orthic
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Dark Grey profile the iron oxide content of both the Ahej and the Ach

horizons is considerably lower than that of any of the underlying B horizons.
Accumulation of iron in this profile appears to have taken place in the BA
and Bt horizons. In the Orthic Grey Wooded profile the iron oxide content
of the Ae horizon is about half of that of the underlying B horizons.
Iiluviation of iron into each of these underlying B horizons appears to
have occurred in about equal amounts,
From the data in Table I it can be concluded that eluviation of
jron has taken place in all the profiles under study, and that the intensity
of this process was greatest in the Orthic Grey Wooded and least in the
Orthic Black profile. The results also show that the iron oxide content
in the C horizons of the three soils is relatively high and is of about the
same magnitude, except for the C2 horizon of the Orthic Grey Wooded profiles
Considering the fact that the method used does not affect iron constituents
in clay minerals, but removes only iron oxides and coatings, the relatively
large amount of iron oxide in the C horizons suggests that the parent mat-=
erial on which these soils have developed does contain a high percentage of
extractable iron. The nearly equal amounts of extractable iron in the C
horizons of the profiles iﬁdicates that these soils have developed on sime
ilar parent materiale.
The extractable silica and alumina résults presented in Table II
are difficult to interpret.. Very little information is present on the
form or forms of silicon or aluminium which are extracted by the methods
used, With respect to silicon, McKeague and Cline (39,40) found that
silica in soil solutions was in monomeric form -- presumably as Si (OH)A -
and that this compound is absorbed on soil particles, the process being

strongly pH dependent. Thus, the silica extracted by the sodium citrate




TABIZ II

 SODIUM-CITRATE EXTRACTABLE AND SODIUM CARBONATE EXTRACT-
ABIE SILICA AND ALUMINA CONTENTS OF THE CRTHIC BLACK,
THE ORTHIC DARK GREY AND CRTHIC GREY WOODED PROFILES

Na-Citrate Bxtraction | NajCO3 Extraction

. . % Si0 % A0
Horizon | # Si0s . (x 10§) (x,102§

Ah 0.935 ; 12.96 Oo14
Ahe] 0,860 ‘ 11.37 0,07
Btj 0,813 o 12.00 0.3
BC 00973 v ' 12053 002
C 1,010 13,06 0.8

Orthic -Ahej 1.251 11.31
Dark 1,165 10,33
Grey 1.3 69 : 7.03
1347 : 7 .85
1.262 ' 836
1.245 22,50
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Orthic ‘ 1.834 : L .89
Grey 1 R.240 6.8l
Wooded 2552 12.48
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method as well as by‘the sodium carbonate method must come, in part, from
silica coatings on soil particles. With respect to aluminium, this may,
in part, have come from the exéhange complex., Pawluk (50), in his paper
on Grey Wooded soils, observed that sodium carbonate extractable silica
attained its highest concentration in the "C" horizons, while extractable |
alumiha appeared to accumulate in the "B" horizons., Similar observations
can be made from the data presented in Table II, although the trends are

far from obvious,

Cation Exchange Capacity and Exchangeable Cations

The results from the analyses for cation exchange capacity and
for exchangeable cations are presented in Table III. Only the dominant
horizons of the profiles were investigated. The exchangeable cations are
expressed in per cent of the exchange capacity. Exchangeable cations, base
saturation percentages and Ca:Mg ratios have not been calculated for the
NCW horizons, as the method employed does not differentiate between cations
~obtained from the exchange complex and those obtained from the relatively
insoluble carbonatese.

T#e results show that the cation exchange capacity in the Orthic
Black and in the Orthic Dark Grey profile decreases with increase in depthe.
No such trend is present in the Orthic Grey Wooded profile. The different
behaviour of the exchange capacity in the latter profile as compared to the
former two profiles can be attributed to differences in organic matter and/or
clay content of the Various horizons. From Table I (p.29) and Table IV (p35)
can be seen that the difference in exchange capacity between the "A" and "B

 horizons of the Orthic Elack as well as of the Orthic Dark Grey profile must

be due to organic matter., This influence of organic matter is particulariy




TABIE III

CATION EXCHANGE CAPACITY AND EXCHANGEABIZ CATION DATA FOR THE
MAJOR HORIZONS OF THE ORTHIC BLACK, ORTHIC DARK GREY, AND
ORTHIC GREY WOODED PRCOFIIES

=4

Cation ; o »
Exchanée Exchangeable Cations (%) Hhse
. . Canacity Ca:lg Satura-
Soil Horizon|(me/100gm) | K Na. Ca Mg | Ratio tion.
Orthic | ih 26,88 565h | === | 6927 | 1L4ek3 L.80 89,25
Black Btj 21,64 Lo7L | === | 73,05 23,86 3,06 101,62

C 13.65

e

Orthic Ahe 31.57 5,32 0,09 | 65,73 | 14:67] Lok8 85,54
Dark Bt 25,11 348 | === | TL17 26,40 2,70 101.95
Gmy C 17092 :

Orthic Ae 5499 2.8l {0,531 68,61 | 25,04 2,74 96,99
Grey B‘b2 27 630 2960 e 65 593 32097 2@00 lOl 050
Wooded c2 9495
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eyidént in the Orthic Dark Grey profile, where the much lower clay content
of the "A" horizon as compared to the "B" is not indicated in the exchange
capacity. In the Orthic Grey Wooded profile, on the other hand, the lower
exchange capacity of the Ae horizons as compared to the Bt2 horizon is due
.to differences in clay content., The cause of the large difference in
cation exchange capacity between the Ae and Bt2 horizons of this profile
mist be attributed to soil-forming processes.

The data in Table III show that, in each of the profiles, eX-
changeable potassium has accumulated in the surface horizon, rather than
moved downward in the profile, Deposition of this cation by vegetation
and liberation through weathering may be responsible for this apparent accum=-
ulation. The exchangeable calcium and magnesium content increases with in-
crease in depth within each profile. 4An exception to this general trend
can be noted in the Orthic Grey Wooded soil. The calcium content of the
Ae horizon of this profile is higher than that of the Bt2 horizon. The
Ca/Mg ratios are lower in the "B" than in the "Aﬂ horizons of the soils.

On comparing profiles, the difference in ratio between the "A" and "B"
horizons is smallest in the Orthic Grey Wooded soil., The base saturation

of the three profiles is high for both the "A" and "B" horizons,

Particle Size Distribution

The particle size distribution data are presented in Table IV
and in Table V. 4s may be noted from Table V, the average texture of the
profiles under study is clay loam, This table also shows that the diff-

erence in total clay content between the "A" and “B" horizons increases

progressively from the Orthic Black to the Orthic Grey Wooded
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TABIE IV

TOTAL SAND, SILT, AND CLAY CONIENT, AND FINE SILT, COARSE CLAY,
AND FINE CLAY CONTENT OF THE HORIZONS OF THE ORTHIC BLACK,
CRTHIC DARK GREY, AND CRTHIC GREY WOODED SOILS
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TABIE Vi 3%a

SAND AND SILT CONTZNT OF THE HORIZONS OF THE ORTHIC
BLACK, ORTHIC DARK GREY, AND ORTHIC GREY WCODED

PROFIIES
% Very % % % Fine % % %
Coerse| Coarse | Med. |Very Fine| Coarse Medium
Horizon Sand Sand Sand Sand Silt S5ilt
Ah 2.3 Le2 77 22,2 17.0 13.2
Aheyd 265 3.7 Te3 22,8 17.3 13.1
BtJ 0.7 2.0 Le5 15,7 22,5 17.1
BC 1.0 1ok 2.8 153.1 23.9 20,0
c 245 Lel Te2 - 219 2604 1465
AhE7J 2.9 L o6 6.5 19.5 16.5 164
Aeh 2oLy Le3 Toly 20.8 16,4 1.6
BA 2l 349 6e3 . 17.4 12.9 13.8
Bt 2.6 Lol 6.9 2001 12.9 13.1
BC 2.9 L9 8.7 210 15.9 | "13.0
c 265 4,0 8,0 18.2 13.0 1661
. Ae Lol 6.2 9.3 30.9 18.2 154
BA 1.8 3@7 509 aoll- 15el 12-3 ’
. Btl 2.1 3.2 56kt 20.6 11.6 9.6
Bt2 1.9 362 565 20.4 12,1 9.5
B 2.3 3.3 5.6 21406 15.1 1 13.5
Cl 2.6 3.9 6.1 23.6 17.7 13.1
c2 367 567 78 235 17.9 1345
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profile. This trend is logical as these soils have developed on similar
parent material but under the influence of different environmental condi-
‘tions. It illustrates that clay movement among these profiles is most in-
tense in the Orthic Grey-Wooded soil,
| The data in Teble IV also show the distribution of the fine silt,
coarse clay, and fine clay fractions in the soils., Of these fractions, the

fine clay is the largest in amount in_every horizon of each of these profilesy

except for the Ae horizon of the Orthic Grey Wooded soil. In all three pro-

files, accumulation of coarse and fine clay in the "B" horizon is apparent.
No such trend is evident for the fine silt. The accumulation of clay in
the "B" horizon must be attributed mainly to the process of illuviation.
From the data in Table IV it is thus apparent that the fine clay fraction is
principally affecfed by these processes.

The data for the various sand fractions and for the coarse and fine
silt fractions of the horizons in the profiles are presented in Table V.
These data are quite variable, so that it is difficult to atiribute any
of the differences which occur within and among profiles to pedogenic

processese
INVESTIGATIONS ON THE CLAY FRACTION

L-ray Diffraction Analyses

The diffractograms of the fine silt and clay fractions, as shown
in Figures 1 to 9, have been arranged according to profile sequence. Only
the dominant horizons of each profile were analyzed, The diffraction pate
terns obtained from the non-heated potassium treated samples of the coarse
and the fine clay fractions have not been recorded, since they were of no

material aid in mineral identification.
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Fine Silt Fractions (5 - 2u) The diffractograms of the fine silt

fractions of the Orthic Black, the Orthic Dark Grey, and the Orthic Grey
Wooded profile are shown in Figures 1, 2, and 3 (Appendix, peds6), respect-
_ively. The most prominent reflections (Lo2 and 3,3 1) are indicative of
quartz. ‘Reflections characteristic of chlorite and/or vermiculite
(1A.C and 7.03) and for illite or micas (10.0 and 5.0%) can also be ob-
served, The intensity of these reflections does not seem to vary much among
.,horizons within the profiles nor among the profiles. As may be noted, the
characteristic first order® montmorillonoid®™ reflection at 17,74 is not
. present in any of the patterns obtained for the magnesium treated samples
In some instances, however, such as in the C horizon of the Orthic Black
. profile, a faint indication of this reflection may be observed. It is
apparent, therefore, that very little if any montmorillonoid is present in
the fine silt fraction., This was to be expected,'since the average size
of moﬁtmorillonoid clays is less than 2 microns (25).

Coarse Clay Fractions (2.0 = 0.21) The diffraction patterns of

the coarse clay fractions of the Orthic Black, the Orthic Dark Grey, ang

the Orthic Grey Wooded soils are presented in Figures 4, 5, and 6, res-

- pectively, The reflections indicative of quartz, at Le2 and 3.33, are

The term "order" is used throughout this discussion to explain the
basal reflections only; it is not necessarily the order which cor-
- responds to the unit cell.

The term "montmorillonoid" refers in this discussion to the clay min-
eral group; the term "montmorillonite" refers to the clay mineral
‘speciese : ‘
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Figure 1, X-ray diffraction patterns of the fine silt fractions

of the Orthic Black profile.
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Figure 2. Z-ray diffraction patterns of the fine silt fractions of the

Orthic Dark Grey profile.
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Figure 3. X~ray diffraction patterns of the fine silt fractions of

Orthic Grey Wocded profile,
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Figure 4. Z~ray diffraction patterns of the coarse clay fractions

of the Orthic Black profile.
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Figure 5, ZX-ray diffraction patterns of the coarse clay fractions

of the Orthic Dark Grey profile,
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X-ray diffraction patterns of the coarse clay fractions

Figure 6.

of the Orthic Grey Wooded profile.
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agéin the most prominent ones present. Montmorillonoid is present in each
of the profiles as revealed by the 17.73 reflection on the diffractograms

of the magnesium-treated samples, The presence of illitéﬁ in the coarse
clay is indicated by the 10 and 53 reflections. The peak at 143 signifies

: thevfirst order reflection of either vermiculite or chlorite. Since the

- 143 spacing virtually disappeared on heating, it can be concluded that
vermiculite is more dominant than chlorite. The reduction in intensity or

i disappearance of the 7% reflection upon heating is a further indication that
vermiculite is present rather than chlorite. Kaolinite is also present as
indicated by the 73 reflection. |

| In the Orthic Black profile, the first order montmorillonoid
reflection (17.73) is quite distinct on the Btj and C horizons diffracto-
grams, whereas it is hardly distinguishable on the diffraction patiterns of
the Ah horizon. The 17.73 reflection on the diffractogram of the Ah horizon
‘ appéars to form part of a plateau-like reflection which occurs in the region
between 10 and 182. This plateau~like refiection, as weli as the relatively
broad peék at 3.53, is indicative of "x-amorphous" zones. These "x-amorphous"
zones, which are caused by z-axis limitations, are indicative of "mixed-
layer" clay minerals. The first order vermiculite and illite reflections
are quite prominent on the diffractograms of the Btj and C horizons whereas
on the Ah horizon diffractogram the vermiculite peak is obscured somewhat
\‘by the pleateau~like reflection. The diffraction pattérns indicate that

the montmorillonoid and the vermiculite contents are lowest in the Ah

B4 Illite is a general term for clay mineral constituents belonging to
the mica group, having a 10_% c-axis spacing which shows substan=
tially no expanding-lattice characteristics. (7525)0
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horizon. The illite content in each of the horizons of this profile is
approximately similar and appears to be greater than the montmorillonoid
and vermiculite content. |

In the Orthic Dark Grey profile (Fige5), the first order mont-

morilloroid and vermiculite reflections are radly distinguishable on the

', diffraction pattern of the Ahej horizon. These reflections are prominent,

however, on the diffractograms of the Bt and C horizons. Analogous to the

Orthic Black profile, the diffraction pattern of the Ahej horizon can only

be explained as being due to the presence of mixed-layer clay minerals.

With respect to the distribution of the clay minerals in the Orthic Dark
Grey profile, the montmorillonoid content appears to increase with depth,
The vermiculite content is lowest in the AhEﬁ, and of about equal amount
in the Bt and C horizons. The illite content remains constant down the
profile,

' In the Orthic Grey Wooded profile (Fig.6), montmorillonoid does
‘not appear to be present in the Ae horizon, but is prominent in the Bt2
and C horizons. The vermiculite content appears to increase slightly with
depth, while the illite content remains constant., The 72 peak in the
diffractograms obtained from the Mg-treated samples suggests that an
appreciable amount of kaolinitelis present, in particular in the Bt2 and

C horizons. 4 lhﬁ peak may be observed in the Bt2 and C horizons diffracto-
grams obtained from the heat-treated samples. This reflection may signify
the presence of a clay mineral with a lhi d-spacing, similar to the ones
noted in the B horizon of podzolized soils of Alberta and Saskatchewan.
(6,50,51) The characteristic periodic ordering of the peaks of this mine

eral (51) is however, not evident on these diffractograms.
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Among profiles, the diffraction patterns obtained from the heated
mounts are quite similar in general appearance, Irregularities occur with
respect to the 7.1% reflections which may be present or absent in any of

the diffraction patterns, and with respect to the lhﬁ reflection which is

>distinct only on the diffractograms of the Bt2 and C horizons of the Orthic

Grey Wooded profile. The diffraction patterns obtained from the Mge
_treated samples are characteristic for each profile, although some simi-
larities can be observed. Concerning'the clay mineral distributions in
cach of the three profiles, it can be seen that the "AW horizons appear
to contain the least amount of montmorillonoid and vermiculite. The rela=
tive amount of illite seems to remain constant within and among the pro-
fiiese

Among profile horizons, the relative intensities of the illite
reflections do not seem to vary appreciably. For the other clay minerals,
variations in relative content do seem to be present, in particular between
"A' horizons. With respect to this horizon, the montmorillonoid content
<l7o7i peak) progressively decreases from the Orthic Black to the Orthic
Grey'Wopded profile., The first order vermiculite reflection (143) in these
HAM horizons is small in the Orthic Black, absent in the Orthic Dark Grey,
and quite prominent in the Orthic Grey Wooded profile. Analogous to this
is the relative increase in "x-amorphous" zones on the diffractogram of the
Orthic Dark Grey profile to that of the Orthic Black profile, and its sub-
sequent absence on the pattern of the Orthic Grey Wooded profile. These
trends can be explained in terms of weathering conditions: with a slight
increase in weathering conditions, interstratification of clay minepgls
results. When weathering becomes intensive, however, the interstratified

complex breaks up either as a result of differential decomposition of its
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: COmpbnents or as a result of differential movement due to size and shape
‘of’the minerals.

The diffraction patterns of the "B" horizons of the profiles are
fairly similar in general appearance, except for minor variations of the
.first order montmorillonoid reflections. The stronger 17.73 reflection in
the "B" horizon of the Orthic Dark Grey as compared to that of the Orthic

- Black soil appears to be due to differences in the montmorillonoid content
’ of the parent materials. The 17073 reflection in the "B¥ horizon of the

 Orthic Grey Wooded profile is weak compared to that on the "B" horizon of
_the Orthic Black_profiiee This weak first order montmorillonoid reflection
_and the strong 7.13 reflection in the diffraction pattern of this horizon,

~and the montmorillonoid distribution in the profile, are considered as

~_evidence that illuviation has taken place in this profile,

Fine Clay Fraction (€0.21) The diffractograms of the fine clay

fraction of the dominant horizons from the Orthic Black, the Orthic Dark

- Grey, and ihe Orthic Grey Wooded profile, are shown in Figures 7, 8, and 9,
respectively, Montmorillonoid is the dominant clay mineral in this size
fractioh, as revealed by the iﬁtensity of its first order reflection at 17.7%.

“ The next most‘prominent reflection on the diffractograms of the Mg~treated
samples occurs at 9.23. This reflection signifies a random 40:60 mixture of
illite and montmorillonoid.(27) Illite, as a pure clay mineral, does not
occur in this size fraction. Vermiculite is present, bﬁt in much smaller

' amounts. Its presence is indicated by the plateau~like reflection between

the 17,7 and'9.2ﬁ peaks, and also by the occurrence of the 7.1% reflection,
An interesting feature in the diffraction paiterns of each of these profiles

_is that the sharpness of the respective reflections increases with increase
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in depth of the profile, Since the sharpness of a peak is a reflection of

the crystalline state of the material, this feature may be very useful in

' indicating the intensity of the weathering conditions,.

In the Orthic Black profile (Fig.7), the diffractograms of the
various horizons are fairly similar in general appearance. The accumula-
tion of montmorillonoid clay in the Btj horizon, as well as the even dis-
 tribution of the ranﬁom.mixture and vermiculite down the profile are quite
well noticeable, Of interest is the reflection occurring at 509K; a slight

accumulation of its méterial in the Btj horizon may be noted. The material
 responsible for this reflection could only be identified as being composed

of layer silicates. This is indicated by the disappearance of the 5,93
;peak upon.heating. The most likely explanation for the 6ccurrence of
 this reflection is that it is the "average" spacing of a certain order of
interstratified layer silicatess

In the Orthic Dark Grey profile (Fig.8), the accumulation of monte-
~ morillonoid clay in the Bt horizon is very apparent, and so is‘the even dist-
 ribution of the random mixture down the profile. The vemiculite content

appears‘to be lower in the Bt horizon than in the AheJ or the C horizon, as
is indicated by the lesser intensity of the 7.1& reflection. With respect
to the 5.93 reflection, this is nearly absent in the AheJ, but indicates

. accumulation of material in the Bt horizon. ‘

In the Orthic Grey Wooded profile (Fig.9), a veryvsmall amount of
moﬁtmorillonoid is present in the Ae horizon, as compared to that of the Bt2
or C horizons. The vermiculite content appears to be about evenly distrib-
uted in the profile, while the random mixture increases with depth. The

‘5g93 reflection is absent in the Ae horizon, faint in the Bt2horizon, and

distinct in the C horizon. Possibly associated with the absence of the




5093 reflection in the pattern of the Ae horizon is the occurrence of &
plateau—llke region between 15 and 9%. This plateau may be the result
agaln of z-axis limitations; and, if so, interstratified material is pres-
!iant in this horizon,. Unlike the interstratified material of the 5»93
reflection, however, this material is interstratified too coarsely to show
inte}mediate Hendricks~Teller spacings.(27).

Among profiles, the diffractograms obtained from the heated mounts
do show close similarity in the relative intensities of the various reflec-
tions. The patterns obtained from the Mg-treated samples of the Orthic
‘ Black and of the Orthic Dark Grey soil are nearly identical down the profile,

and are quite unlike those of the Orthic Grey Wooded soil. In each of the
_ profiles, the montmbrillonoid content appears to be highef in the "B" and

WGU horizons than in the "A" horizon. The random illite-and-montmorillonold

. mixture content and the vermiculite content do not seem to vary appreciably

‘between horizons in each profile.

Among profile horizons, most variation can be observed among an
:horizons,vand least among "C" horizons. With respect to the "A" horizons,
the relative montmorillonoid and random mixture contents decrease progress—
‘ively from the Orthic Black to the Orthic Grey Wooded profile. Analogous
to this is the behaviour of the 5.93 reflection; it is relatively strong
on the Ah horizon diffractogram of the Orthic Black profile, but 1s absent
on_the As horizon pattern of the Orthic Grey Wocded profiiee Comparable to
the behaviour of the coarse clay of the WA horizons, these trends can be
explained in terms of weathering conditions., With respect to the "B"
horizons, most noticeable is the decrease in sharpness of the reflections on
going from the Orthic Black to the Orthic Grey Wbodéd profile. This trend

in the crystallinity of the clay minerals in these profiles is a further
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indication that weathering processes are most intense in the Opthic Grey

~ wooded, and least in the Orthic Black profile, The "C" horizon diffracto-

 grams are very similar in appearance, in particular with respect to the

intensity and sharpness of the reflections.

Fus:.on Ainalyses of the Clay Fractions

The results of the fusion analyses on clay fractions are shown
:m Table VI, These analyses were carried out: a) to obtain a more
accurate estimate. of the illite content; and b) to identify the montmor-
i1lonoid species in the soils under studye

Illite Content of the Clay Fractions. According to Gieseking (24)

and Whittig et al.(66), an estimate of the amount of mica-like minerals in
clays can be obtained by assuming that these minerals contain an average
of 6 per cent K,0. In order to justify this assumption, the chemical
andlyses of a number of illite samples are presented in Table ViI.

These analyses were compiled from Table D, page 372 of “"Clay Mineralogy"
by Grim (25) and from Table 5, pages 16-18, of "Rock Forming Minerals:
Sheet Silicates" by Deer, Howie, and Zussman (15). The average K20
content obtained in this way agreed closely with that suggested by
Gieseking and by Whittig ef al.. Since illite is a general term for the
argillaceous constituents belonging to the mica group, the assumption that
the illite in the soils under study contains 6 per cent K50 may or may not
apply. This depends on the source material and on the degree of chemical
substitution that has taken place, Furthermore, St Arnaud (58) has shown
that about- one quarter of the total potassium content of the coarse clay
fraction may come from primary minerals.

The data in Table VI show that the illite content is considerably
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TABIE VII

TOTAL CHEMICAL ANALYSES OF A NUMBER OF DIOCTAHEDRAL

ILLITE SAMPIES 1°
= sample
element

- 510
~ Ti02
‘ Al203

‘Fep03

MnO .
MgO
Cal

~ Nao0
K50
“H 0 +

: Hzo -
P205

TOTAL

Sample Source, Analyst, and Reference,

Sample 1., Light greenish yellow soft scales of illite, on decomposed
granite, Ballater, Aberdeenshire, Mackensie, et al, 1949,

Min. Mege 28: 704 (15).

Sample #2. Illite, Fithian, Illinois. Kerr, gt al, 1950 (15)

Sample #3. Illite, Alexander County, Illinoise Grim end Rowland,
191.}1, Amer. Mine 27: 71416"7610 (25) 4

Sample #4. Illite, Fithian, Illinois. Grim and Rowland, 1941,

Amer, HMine. 27: Thb=761.(25) : ‘

Sample #5. Geoschwitz, Germany. Maegdefrau, . and Hofmann, U.,
1937,20 Krist. 98:'31','590 (25)0 ‘ .
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khj_gher in the coarse clay than in the fine clay in each of the profiles.

In the Orthic Black profile, the illite content of the coarse clay increases
down the profile., The amount of illite in the fine clay fractions of this
profile is nearly the same for the Ah and C horizons; the Btj horizon being
» lower in illite content. In the Orthic Dark Grey profile, the illite content
of the coarse clay is lowest in the C horizon. The amount of illite in the
- fine clay is fairly constant down the profile; a slight increase may be
noted in the Bt horizon, In the Orthic Crey Wooded profile, the illite
content of the coarse clay indicates accumulation in the Bt2 horizon. The
illite content of the fine clay shows a slight decrease with depth.

| Among profiles, neither the distribution of illite in the coarse
clay, nor that in the fine clay seems to indicate any weathering trend.

With respect to the fine clay fractions, the similarity in illite content

as well as in illite distribution may be noted. This is in agreement with
the observations made from the x-ray diffraction patterns for the random
_40:60 mixtures of illite and montmorillonoid.

The Montmorillonoid Species., The investigations for the determina-

tion of the montmorillonoid species present in the soils were carried out on
the fine clay fractions. Fusion analyses were made in order to determine

the total oxides of iron, aluminium and silicon, the results of which are

presented in Table VI, From these results, and with the aid of the total

potassium data, the montmorillonoid composition was calculated the results

of which are shown in Table VIII, In order to calculate this, it was assum-

ed that only illite and montmorillonoid clay minerals were present in the

fine clay fractionse

The results in Table VIII show that the montmorillonoid clay

present in each of the soils has a relatively high content of silica,

alumina, and iron. The latter element suggests that the nontronite species
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, "‘of the montmorillonoid group occurs in these soils. In order to verify
k this, the total chemical analyses of a number of nontronite Sa.mple‘s were
compiled from the literature and are presented in Table IX, Comparison
of the data in Table VIII with those in Table IX shows that the silica

| and iron content of the montmorillonoid clay corresponds closely to that
of pure nontronite, However, the alumina content obtained is consider-

- ably higher than can be attributed to pure nontronite, which suggests

that some beidellite is present (see Table IX for beidellite composition)e

Considering the suggestion that montmorillonite-beidellite-nontronite
form a continuous series (15), it is concluded that the montmorillonoid
speciés present in the soils is intermediate between beidellite and non-

tronite, tending towards the nontronite end of the series.

Specific Surface Determination of Clay Minerals

The purpose of this experiment was to obtain additional informa-
tion concerning the montmorillonoid ¢+ vermiculite content in these soilse
:Although this method provides an easier way to estimate these minerals
‘tha.n can be done from x-ray diffraction patterns, its accuracy is debatable.
The critical factor in the determination of the percent montmorillonoid +
vermiculite by this method is the determination of the specific planar
surface, In order to calculate this, one must know which species of minerals
are present in the soil., Furthermore, one must know the a and b unit cell
dimensions for each of these species as well as their unit cell weight.

What makes the specific planar surface & still more variable quantity is the
fact that the mineral species usually are part of a continuous seriese

Thus, there is usually some Mg in octahedral co-ordination in beidellite
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TABIE IX

TOTAL CHEMICAL ANALYSES OF A NUMBER OF NONTRONITE
, AND ONE BREIDELLITE SAMPIE 1

= Mineral Nontronite " IBeidellite
element = 1 2 3 kL 5 6 Average 1

5102 39492 | 40.25 | 4054 | 41.38 46,06 | L4eO 42,03 5930
Ti02 0,08 0,03 | --- mee | 0,8k | 0432
 A1509 5.371 5450 | 5.19| 9.8k 12,22 1 3.6 | 6.1 | 36.11
 Fey03 29,46 | 29444 | 31025 | 27.47| 1805k | 29,0 | 27.52 0,50
FeO 0.28| 0,00] 0.39| tr? | 0.28 0632

- - el

0.93] 0.53| 0.06 tr? 1.62 2.1 1.05 0,10
2.1{-6 2029 1392 'bI'? 1366 hdeud el 2008 0002

tr 0,00 | 0.1k 0.05 3.98
. tr 0,00 | 0.24| tr? | =-- - 0,06 0,11
HO - B 7,251 6,00| 9425 l7.26 {8,7
HO = 14438 | 15409 | 14475 | 12.10 ) )
TOTAL 99.88 |100.38 | 100.47| 100,04 | 98448 | 97.k 100,12

Sample Source, Analyst, and Reference.

Sample #1: Green-yellow nontronite, joint fillings in diabasic basalt, Gar-
field, Washington, U.S.d. Kerr, Pe, et al, Prelim, report’ #7. Reference Clay
Minerals. Amer. Petrol.Inst., Res. Proje 49: 1950, (15)

Sample #2: Yellow-green nontronite in veins associated with weathered basalt,

' Colfax, Whitman County, Washington, U.S.A. . Allen, VeTo, and Scheid, V.E.,
Amer. Mine Vol.3l, pe294: 1946. (15) o ‘
 Sample #3: Manito, Washington,UeSeAs; Kerr, PeFe, gt aly Report #7, Amer.
Tetroleun -Instite, Res.Proje 49: 1950, (253@ '

Sample #4: Sandy Ridge, North Carolina; Sample #5: Spokane, ‘Washington; -
Sample #6: Nontron, France; Ross, CeSes and Hendricks, SeBe, UeSe Geol.Survey,

Profoss. Paper 205 B (1945) (25)¢
Beidellite: Weir, A.H. and Green-Kelley, Re, American Mineralogist

L7 137-146, 19626




TABLE X

| ‘SPECIFIC SURFACE DATA FOR THE COARSE AND FINE CLAY FRACTIONS

DARK GREY AND CRTHIC GREY WOODED FROFIIES.

OF THE DOMINANT HORIZONS OF THE ORTHIC BLACK, ORTHIC

Size
Fraction

Horizon

Specific
External
Surface

(m?/gm)

Specific
Interiayer

Surface
(m?/gm)

Speciiic
Planar
Surface

@/ en)

%

Yontmorillonite
&
Vermiculite

Orthic
Grey
Wooded

Coarse
Clay

Fine Clay

i
Btj
c

4h&]
Bt
c

Ae
Bt2
c2

M
Btj
c
Ane
Bt

c

he

c2

23.49
21339
17.95

2044

38.39
66,09

101.99

132.55
143.25
145.16

15471

198,26
15662 -

137.90

152,13
161,08

160,12

170,33
230425
211,70

57093

506,73
467 .85
622,25

512484
568,98

20,02
21629
21,07

22.41
30630
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and in nontroﬁite, so that montmorillonite~beidellite-nontronite appear to
form a continuous series (15). As a result of the previous considerations
it was calculated that the average planar surface was 760 m?/gn, The para-

meters used to calculate the specific planar surface for nontronite were:

‘bo = 9.123 and apg = 5,253 (15,25,27), while the specific planar surface

values for montmorillonite, beidellite, and vermiculite were obtained from
Jackson (27).

The results obtained from this experiment are presented in Table X,
These data show that the percent montmorillonoid + vermiculite in the coarse
clay fractions is far less than that in the fine clay fractions., This trend
agrees closely with the -observations made from the x-ray diffraction patterns,
and it is opposite to the trend observed for the illite content. A striking
example of the correlation between these results and those obtained by x-ray
diffraction is the relatively high montmorillonoid content in the coarse clay
of the'Orthic Dark Grey profile, as compared to that of the Orthic Black
and Orthic Grey Wooded profiles. Correlation with the x-ray diffraction
.results can further be noted, when adding the illite content data (Table VI,
pe51) to those of montmorillonite + vermiculite (Table X,pe.54). This adds
up to about 100 per cent for each of the fine clay fractions. For the
coarse clay fraction, the illite 4 vermiculite 4 montmorillonite content
constitutes from 60 to 75 per cent of the fractionse The remaining one-
third to one=fourth of the fraction appears to be camposed of primary
minerals chiefly, in particular quartz, and of small amounts of chlorite

and/or kaolinite.

'CUTAN INVESTIGATIONS

Chemical and mineralogical analyses were conducted on the cutans
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-gnd on bulk samﬁ)les of the selected peds. The analyses on the bulk
samples were kincluded for comparison purposes. The results obtained
were expected to have been affected by the following factors: l. cone
slderable contamination of the cutans may have taken place, due to the
scraping method employed; 2. as a result of the dynamic nature of soils,
new surfaces become exposed and old ones covered, so that the cutans ob=-

‘tained may have constituted only a small part of the total present.

On considering these conditions, it was concluded that even minor varia-

tions in the results should be considered as significant.

Organic Matter, Organic Carbon, and Total Nitrogen

The results obtained from these analyses are presented in
Table XI. It may be noted that for each of the profiles more total nitro=
gen is present in the cutans than in the bulk samples. The organic matter
and, cons'equently, the organic carbon contents are higher only in the
cutans of the Orthic Grey Wooded profile. This different behaviour of
the organic matter content in the Orthic Grey Wooded as compared to that
in the Orthic Black and Orthic Dark Grey samples may have been brought
about by their mode of formation. According to Brewer (3), eluviation
cutans, stress cutans, and diffusion cutans have been recognized. The
latter two types signify in situ formation, while the former is the re-
sult of eluviation. Considering the organic matter results, these sug-
gest that the "B" horizon cutans of the Orthic Black and those of the
Orthic Dark Grey profiles have formed in situ. The accumulation of
organic matter in the cutans of the Bt2 horizon of the Orthic Grey Wooded

profile, on the other hand, suggests that they are éluviation cutans,
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TABIE XI

ORGANIC MATTER, TOTAL NITROGEN, AND EXTRACTABIE IRON CONIENT,
AND C/N RATIOS OF THE CUTANS AND BUIK SAMPIES CF THE CRTHIC

BIACK, ORTHIC DARK GREY, AND OR

THIC GREY WOODED SOILS.

% % % %
Organic Organic | Total C/N .| Extractable

- Soil Horizon Matter Carbon | Nitrogen |Rabi0s | Fe03
Orthic Btj 1l.41 0.81 0.071 11.4 0.964
Black Cutans 1522 0.71 0,092 9l 1.277
Orthic Bt 1.3k 0.75 0.085 8e8 1.153
Dark Cutans 1,10 0.63 0,095 6.6 1.392
Grey
Orthic Bt2 1.41 0.81 0,079 114 1,296
Grey Cutans 1.68 097 0,106 767 1,758
Wooded '




With respect to the accumulation of total nitrogen in the Orthic Black

 and in the Orthic Dark Grey cutans, this may have been brought about by:

a) seasonal fluctuations of the nitrogen distribution in soils;

and

b) ammonium fixation by clay mineralse
The accumulation of total nitrogen in the cutans of the Orthic Grey

Wooded profile is, most probably, associated with the presence of the

eluviated organic matter,

- Extractable Iron

The data in Table XI show that more extractable iron 1s present

in the cutans than in the bulk samples of each of the three profiles.

 This trend is analogous to the one observed for the total nitrogen content

in these samples, Approximately similar amounts of extractable iron have

accumulated in the cutans of the Orthic Black and of the Orthic Dark Grey

- profile. This suggests that the cutans in these two profiles have been

formed by similar processese The amount of extractable iron accumilated

" sn the cutans of the Orthic Grey Wooded soil is considerably higher than

| that in the cutans of the Orthic Black and Orthic Dark Grey profilese

This high extractable iron content of the cutans of the Orthic Grey

Wooded profile may be associated with the presence of the eluviated or-

ganic matter. If so, this would indicate that the cutans in this profile

have been formed by illuviation. In general, the results indicate that

the cutans of each of these profiles consist, in part, of sesquioxidess

Cation Exchange Capacity and Exchangeable Cations

The results of the cation exchange capacity and of the exchange~-

able cations experiments are shown in Table XII. The exchange capacity

results follow the same trend as that observed for organic matter; i.e.

the cutans have a higher exchange capaéity only in the case of the Orthic
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‘Grey Wooded soil. This may have been brought about by the higher amount

of organic matter in these cutans as well as by the fact that this organiec
matter has been eluviated, The latter reason is quite important, since
translocated organic matter usually has a lower carbon conteht, so that
‘it is relatively more active in cation exchange reactions than surface
soil organic matter. The difference in exchange capacity between cutans
and bulk samples of the Orthic Black and of the Orthic Dark Grey soil is
fairly sma-llo |

The exchangeable cations data show that calcium and magnesium
are the dominant cations in the bulk and in the cutans samples. In terms
of pei'cent calcium on the exchange complex, this is approximately the same
_ for the cutans and their bulk samples within each profile., Magnesium,
‘the next most prominent exchangeable cation, behaves similar to calciume.
The bulk sample of the Orthic Black and of the Orthic Dark Grey soil

has a higher exchangeable potassium content than their respective cutans
)sampleo The reverse is true for the Orthic Grey Wooded soil. The cutans
as well as their bulk samples have a high base saturation. The lower base
saturation of the cutans, as compared to their respective bulk samples,
suggests that the former have more exchangeable hydrogen on the exchange
sites,

Particle Size Distribution

The results obtained from this experiment are presented in
Table XIII. These data show that the cutanic material and the bulk
sample of the Orthic Grey Wooded soil are of a clay texture. The tex=
ture of the bulk and the cutans samples of the other two soils is clay
loam. It may be noted that only the cutans of the Ozfthic Grey Wooded

profile have a higher clay content than its Bt2 bulk sample. Further-
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more, this higher clay content may be attributed to the increase in the
fine clay fraction, As was noted from Table IV, (p35) clay eluviation
_had taken place in the Orthic Grey Wooded soil, and the clay fraction

 affected mostly by the eluviation processes was the fine clay. The con-

clusion may be drawn, therefore, that the cutans of the Orthic Grey
Wbodéd soil‘ére, in part, clay in nature. The lack of clay accumulation
in the cutans of the.Orthic Black and of the Orthic Dark Grey soil in-
dicates that these cutans have not been formed as the result of eluvia-
ﬁién.

With respect to the various sand and silt fractions, the
amount of each of these fractions in the cutans and in their respective
bulk sample do vary. These variations are small and, likély, of no

~ pedogenic significancee.

X-ray Diffraction Analyses

The diffractograms obtained from this experiment are arranged
_in such a way as to obtain maximum comparability between the bulk and
the cutans samples. The diffractograms for each horizon are afranged
accordiﬁg to treatment,

The diffraction patterns of the respective fine silt fractions

are shown in Figure 10 ', Very little variation can be

_noted between the patterns of the cutans and those of the respective

bulk samples of aﬁy one profile, Similarly, there is little variation

" among the soils.

The diffraciograms of the coarse clay fractions of the Orthic
Black, Orthic Dark Grey, and Orthic Grey Wooded profiles are shown in
Figures 11, 12, and 13, respectively. In general, the diffraction patterns

are very similar for the bulk and cutans samples, Montmorillonoid, illite,
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Figwe 11, ZX-ray diffraction patterns of the coarse clay fraction of

the bulk and the cutans sample of the Orthic Black soil.
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X-ray diffraction patterns of the coarse clay fraction of

Figufe 124

the bulk and the cutans sample of the Orthic Dark Grey soil.
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Figure 13. ZX-ray diffraction patterns of the coarse clay fraction of

the bulk and the cutans sample of the Orthic Grey Wooded soil.




vermiculite, énd quarbz are the dominant minerals present. Variation

can be noted, however, in the relative intensities of the reflections
petween each of the bulk sample diffractograms énd that of their cor-

' reéponding cutans,

‘ _ Variation between diffractograms is quite pronounced in res-
pect to the 17.74 and the 9.23 reflections (Mg-treated mounts). The
17.73 montmorillonoid reflection is of lesser intensity for the cutans
than for their respective bulk samples. This first order montmorillonoid
reflection on the cutans diffractograms is obscured by the plateau-like
 reflection, in the region between 18 and 939 The lhﬁ and 104 peaks
‘bgcuﬂﬁng in this region are indicative of vermiculite and/or cﬁlorite
and illite, respectively. The occurrence of the plateau-like reflectioh
indicates the presence of "mixed-layer" clay minerals in the cutans
sémples. It may’be noted that this plateau-like reflection becomes less
  1 distinct on going from the Orthic Black to Orthic Grey Wooded soile
E’The 9.2& reflection, which also occurs in the plategu-like region is

~ present on the diffractograms of the bulk samples, but not on those of
the cutans samples. This reflection is indicative of a random 40:60
mixture of illite and montmorillonoid. The absence of this reflection
on the cutans diffractogréms is proﬁably associated with the near-absence
of the 17.7X¥m9ntmorillonoid peake. As a consequence, it does indicate
that more interétratified clay is present in the cutans than in the res-
pective bulk samples. | '

The 14, 7, and 3.5% reflections on the diffractograms of each
of the heat’treated samplesvmay be due either to chlorite or to an un-
nemed UL clay mineral (51). The latter appears to be present in the.

- bulk sample of the Orthic Grey Wooded soil only, as is indicated by the
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lowering of the Sngstrom spacing when heated and by the mode of formation

The presence of chlorite in the bulk samples is most

of this minerale

poticeable in the diffractogram of the Bbj horizon of the Orthic Black

soile. Its presence in the cutans samples is most evident in the cutans

dlffractogram of the Orthic Grey Wooded profile. This trend in the

| chlorlte content as well as the trend in the distinctiveness of the

pleteau-like reflection on the cutans diffractograms may be indicative

of the mode of formation of the cutans. Thus, the absence of chlorite

on the diffractogram of the K-treated 4 heated mount from the bulk samp-

le of the Orthic Grey Wooded profile, and the presence of it as well as

~ the broken up pattern of the plateau-like region on its cutans diffrace-
togram.suggest that these cutans are eluviation cutanse. The distinct

presence of chlorite in these cutans indicates, furthermore, that mechan=-
jcal eluviation is prominent in the Orthic Grey Wooded goile In the Bbj
horizon samples of the Orthic Black soil, chlorite is distinctly present

in the bulk sample diffractogram, Its absence, as well -as the smooth

| - appearance of the plateau-like region on the cutans sample diffracﬁogram

 suggest that the cutans in the Orthic Black soil are stress or diffusion

ite does not seem to be pres-

cutans. In the Orthic Dark Grey soil, chlor

ent on the diffractograms of either the bulk or the cutans sample. The

_ smooth plateau-like region on the cutans diffractogram may suggest, how=

ever, that these cutans have formed in situ.

The diffraction patterns for the fine clay fractions are shown

 in Figures 14, 15, and 16, Analogous to the diffraction patterns ob-

3 talned from the coarse clay fractions, there is 1ittle variation between

the pattern of the cutans and that of their bulk samples, Most note-

worthy is that the diffractograms of the cutans samples from the Orthic
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Black (Fig.lk) and the Orthic Grey Wooded (Fig.l5) soil show less sharp
’reflections than theif corresponding bulk sample., Thus, the clay mine-
erals in the ‘bulk samples of these two soils have a higher degree of
crystallinity than those in their cutans sample. Of interest, also,
is the rélatively étrong intensity of the 7,13 reflection on the cutans
diffractogram of the Orthic Grey Wooded soil (Fig.l6) as compared to
that of its bulk sample. The fact that this peak disappears upon heate-
ing suggests that a considerable amount of vermiculite and perhaps some
kaolinite is present in the cutané of this profile.

Differential Thermal Analyses

This experimént.was conducted in order to supplement the re-
sults obiained from the x-ray diffraction analyses, and to estimate the -
amount of organic material that is associated with the finer soil min-
eral fractions. The thermograms obtained are presented in Figures 17
.and 18, respectively.,

The thermograms in Fige 17 are characterized by the occurrence
of one exothermic and three endothermic peaks. None of theée peaks is
indicative of the presence of a particular clay mineral., For instance,
the second endothermic peak at about 52000, may signify the presence
of beidellite, nontronite, and possibly illite. The third endothermic
(880°C) and the exothermic (920°C) peaks, on the other hand, are char-
acteristic for all 2:1 layer silicates (27). The reason that these
- thermograms do not supplement the x-ray diffraction results is, most
likely, because these thermograms were obtained under controlled atmos-
pheric conditions. It has been shown that the use of a controlled atmos-
phere may change the temperature range at which a certain.reaction takes

place, or it even may suppress a certain reaction (36). The only informa-
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tion on these thermograms that supplements the x-ray diffraction results

is the similarity in shape of the cutans thermograms to that of their

bulk samples. It may be noted, also, that the 880°C endothermic and

the subsequent 920°C exothermic peak are more pronounced on the thermo-

grams of the cutans than on those of the bulk samples.

The thermograms obtained for estimation of the amount of or-

ganic material in these samples are shown in Figure 18, In order to

obtain a means of comparison for this, two analyses were made; in the

first one a'nitrogen atmosphere was employed and in the second an oxy=-

gen atmosphere was uéed. The nitrogen atmosphere was used to suppress

the oxidation of organic matter., From the thermograms in Figure 18 it

can be seen that more organic matter is associated with the <5u material

of the cutans samples than with that of the respective bulk samples,

This is indicated by the stronger exothermic peak in the range of 300

to 500°C, and also by the stronger intensity of the endothermic peak

at about lOOPC. Only in the case of the Orthic Grey Wooded soil do

these results confirm the observations made from the organic matier

analyses (Table XI,n57). With respect to the cutans of the Orthic Black

and of the Orthic Dark Grey soil, this experiment shows that organic

matter is a constituent of these cutans, The incorporation of-organic

matter in these cutans is probably the result of stress or diffusion

actione
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SMMARY

The Orthic Black, Orthic Dark Grey, and Orthic Grey Wooded soils

exhibited marked variations in morphology in the field. The

following gradations were noted in going from Chernozemic Black

to Podzolic Grey Wooded:

a)

b)

c)

" an increase in the thickness of the solum;

a decrease in the thickness of the Ah horizon and in the
expression of g?anular structure within the A horizons;
an increase in the degree of leaching as exhibited by the
development of platy structure and by the change from
darker to lighter colours in the Ahej, Aeh, and Ae hori-
ZoNs; .

a change from weak to strong subangular blocky structures

'in the B horizons;

an increase in the degree of development of the textural

B horizon;

In general, the organic matter and total nitrogen contents in the

profiles decrease with increase in depth., A slight accumulation

of organic matter and of total nitrogen occurs in the B horizon

of the Orthic Grey Wooded profile. ‘This, and the low organic

matter content in the Ae horizon of the former, suggests that

weathering is most intense in the Orthic Grey Wbodéd profile,

The C/N ratios conform to the normal, i.e. for similar horizons

of different profiles, the ratio is higher under acid than under

neutral conditions. These results reflect also that the surface

organic matter is different in composition from that of the sub-

» soil,
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3e Extractable iron has accumulated in the "B" horizon of each of the
profiles under study. The amount of free iron accumulated increases
from Orthic Black to Orthic Grey Wooded soil, thus suggesting that
weathering is most intense in the latter profile. The free iron
oxide content in the C horizons of each of these soils is relatively
high and of about equal magnitude, This is considered as an indica-
tion that the parent materials on which these soils have developed
are similar in composition, The translocation of iron within all
three soils appears to be closely associated with clay movement.

4o The cation exchange capacity of the Orthic Black and Orthic Dark
Grey profiles decreases with increase in depth. No such trend is
present for the Orthic Grey Wooded profile, All three soils are

highly base saturated, calcium and magnesium being the dominant

cations on the exchange complex. The Ca/Mg ratio is smaller in
the "B" than in the "A" horizons. Comparison among profiles shows
that the difference in ratio between the WA" and "B" horizons is

smallest in the Orthic Grey Wooded profile. The amount of leaching

within the profiles is seen to have increased in intensity on going
from Orthic Black to Orthic Grey Wooded soil, as evidenced by the ¢
decrease in solum pH values.

5. Accumulation of. clay in the "B"™ horizon is evident in each of the

soils under study and is principally due to fine clay movement.

R S B il

The difference in clay content between WA" and "BY horizons increases
progressively from Orthic Black to Orthic Grey Wooded soil,

6.a) Little or no montmorillonoiﬁ'is présent in the fine silt fraction
(5 -v%u) in the three profiles. This fraction contains vermicu-

lite, illite, primary minerals, and some chlorite and kaolinite,
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The intensities of the clay mineral reflections on the WAW horizon
diffractograms are, in general, weaker than those on the diffracto-
grams of the "B" and "C" horizons.
The coarse clay fraction (2,0 - 0.21) contains montmorillonoid, ver-
miculite, and quartz. Traces of chlorite and kaolinite are also -
present. Montmorillonoid is the most variable mineral in the coarse
clay fraction. It is present in lesser amounts than illite in any
of the horizons qnalyzed and is present in least améunt in the "A"
horizon of each profile, Mixed-layer clay minerals occur in the
diffraction patterns of the WA" horizon of the Orthic Black and
Orthic Dark Grey profile, but not in that of the Orthic Grey Wood-
ed profile. These mixed=-layer minerals are most pronounced in the

HAW horizon of the Orthic Dark Grey profile. This trend is con=

gidered to be a reflection of the weathering conditions; i.e. a

slight increase of weathering causes interstratification of clay
minerals; this interstratified complex disintegrates when weather-
ing becomes more intense. A 143 clay mineral, other than chlorite,

appears to be present in the UBM horizon of the Orthic Grey Wooded

" soil,

Montmorillonoid is the dominant mineral in the fine clay fraction
(<0.21)s Vermiculite and a random L0:60 mixture of illite and
montmorillonoid occur in lesser amounts, Illite, as a pure clay
mineral does not occur in this size fracﬁion, A 5,93 reflection,
possibly due to coarsely interstratified material, is present on
most of the diffractograms of the three profiles. Within each pro-
file; this‘reflection is most pronounced on the "B" horizon difi-

ractogram, On comparing "A" horizons, it is seen that this reflec-
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tion is most prominent in the Orthic Black soil and is absent in
the Orthic Grey Wooded soil. The degree of crystallinity of the
clay minerals present increases with depth within each profile and
decreases from Orthic Black to Orthic Grey Wooded soil, as is
evidenced by the degree of sharmess of the reflections. Further .
evidence that the amount of leaching within the profiles increases
in intensity from Orthic Black to Orthic Grey Wooded soil i/s found
in the decrease in montmorillonoid and random mixture contents in
the respective "A" horizonse
Clay minerals constitute approximately 60 ~ 75 per cent of the coarse
clay fraction and about 100 per cent of the fine clay fraction. The
illite content of the coarse clay is higher than that of the fine
clay. The ratio of illite to monimorillonoid in the former is.
approximately 2:1, The total potassium data show that the ratio
of illite to\ montmorillonoid in the fine clay is approximately l:k.
The montmorillonoid species present in these soils is intermediate
between beidellite and nontronite, tending towards the nontronite
end of the seriess
The cutans of all three profiles have a higher free iron and total
nitrogen content than their corresponding bulk samples. Organic

matter content and cation exchange capacity are higher only in the

cutans of the Orthic Grey Wooded soil. These results are taken as
an indication that the cutans in the Orthic Black and Orthic Dark
Grey soils were formed from local material, while those in the

Orthic Grey Wooded soil were formed from eluviated materiale

10, The mechanical composition of the cutans is similar to that of
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their respective bulk samples in the Orthic Black and Orthic Dark
Grey profile. In the Orthic Grey Wooded profile the cutans contain

a higher percentage of fine clay than the bulk samples. This sug-

gests that these cutans are partly composed of clay.

11. The idneralogical composition of the‘cutans is similar to that of
the corresponding bulk samples. The dominant clay minerals are
montmorillonoid, iilite, and vemmiculite. In the coarse clay frac-
tion, the diffractograms of the cutans differ from those of their
bulk samples by the occurrence of a plateau-like reflection be-

tween 183 and 93, and by the absence of a 9,24 reflection, This
plateau~-like reflection, signifies the presence of "mixed;layer"'
clay minerals. The mixed~layer mineral content decreases on going
' from Orthic Black to Orthic Grey Wooded sbilo Trace amounts,of
chlorite occur in the cutans as well as in the bulk samples. 'A
lhﬁ clay mineral, other‘than chlorite, appears to be present in
the bulk sample of the Orthic Grey Wooded soil. The most notable
difference between the fine clay fraction of the cutans and bulk
samples is that the degree of crystallinity of the clay minerals in
| the cutans is less than in their bulk sample.
12, The differential thermal analyses of the <§u material shows that

more organic matter is associated with the <Su material of the

cutans than with that of the corresponding bulk samples. In all

 three soils, the third endothermic (88000) and the exothermic (920°C)

peak are more pronounced on the thermograms of cutans than on those

of the bulk samplese




CONCLUSIONS

1. Calcification is ﬁhe dominant process active in the formation of

Orthic Black soils, as is evidenced by:

(a) the accumulation of organic matter in the "A" horizon and the
granular structure of this horizonj

(b)"the "pellowed" nature of the Btj horizon; i.e. excess salts
have been removed and little or no accumulation of organic
matter, iron and clay has taken place;

(c) the high base saturation of the solum, and the occurrence of
maximum calcium and potassium content in the "A" horizon;

(d) the similarity in clay mineral composition and distribution

between horizons,.

2. The Orthic Dark Grey soil shows evidence of the activity of both
the calcification and decalcification processes. Evidence that
the calcification. process is active in this soil is found in:

(2) the accumulation of organic matter in the "AM horizon;

(b) +the removal of excess salts from the B horizon;

(¢) the high base status of the solum and the occurrence of
meximum calcium and potassium content in the "A" horizon.

The.activity of the decalcification process is eviderced by:

(a) the presence of the partly leached Aeh horizon;

(b) the development of subangular-blocky structure in the solum;

(c) the accumulation of small amounts of organic matter, nitrogen,

‘ iron, and clay in the "B" horizon;

(d) ‘the variation in clay mineral composition and distribution be-

tween the A horizon and the B and C horizone
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:(c) the dominance of illite clay in the coarse clay fractions and

81

Evidence that the Orthic Grey Wooded soil has formed by the decalci-

fication process of soil formation is found in:

(a) +the presence of a leached Ae horizon, which has a platy struc-
ture, is light in colour, has a low clay content, and has a
low cation exchange capacitys

(b) the accumulation of organic matter, nitrogen, iron and clay
in the "B" horizon, and the occurrence of well-developed sub-
angular to blocky structure in this horizon;

(c) the change in clay mineral composition and distribution down
the profile,

The blay fractions have undergone small but significant changes as a

result of pedogenic processes. Reconstruction of clay to randomly

interstratified, mixed—layer forms has taken place in the "A"

horizon of the Orthic Black and of the Orthic Dark Grey soil. The

formation of a lbﬁ clay mineral appears to have occurred in the

"B horizon of the Orthic Grey Wooded soil.

Physical processes appear to have been major factors in the genetic
horizon differentiation, as is indicated by the particle size and

the mineralogical data.

These soils have developed on similar parent materials, as is evi=

denced By:

(a) the free iron content in the C horizon of all three soils is
of about equal magnitude;

(b) the high base saturation of the C horizons;

of montmorillonoid clay in the fine clay fractions of each ofr

these soils;
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(d) the montmorillonoid species in all three soils is intermediate
between beidellite and nontronite, tending towards the non-

tronite end of the seriese

The cutans of the Btj horizon of the Orthic Black and those of the
Bt horizon of the Orthic Dark Grey soil are stress or diffusion
cutans. Bluviation cutans are present in the Orthic Grey Wooded

soil only.

The cutans of the "B" horizon of all three soils are composed of
organic matter, nitrogen, iron, clay minerals, and possibly other

constituents, regérdless of their mode of formation.

The cutans of the "B" horizon of each.of the soils under investi-

gation reflect tﬂe process by which the soil has formed:

(a) the slight accumulation of total ﬁitrogen and extractable
iron in the cutans of the Btj horizon of the Orthic Black
soil are reflective of the calcification process by which
this soil has formed;

(b) the larger accumulation of extractable iron in the cutans of
the Bt horizon of the Orthic Dark Grey soil as compared to

that of the Orthic Black suggest the simultaneous occur-
rence of the podzolization and the calcification processes
in the Orthic Dark Gréy soils

(¢) the very significant accumulation of extractable iron, organic

“matter, total nitrogen, and fine clay éontent in the cutans
of the Bt2 horizon of the Orthic Grey Wooded profile are re-

flective of the podzolization process by which this soil

has formed,
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