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ABSTRACT

Three soiJ profiles from the Ridjng l'Íoun'i;ain district of

I.lanitoba were jnvestigated jri the field for rnorphological characte¡'istics

and. i¡r the laboratory for chemical- and raineralogical properLies" The

soil-s studied were developed irr well-drai¡red glacial tiIL; they differed

fr¡om each other in sone aspoct of micro-climate and/or vegetation,

On the basis of their morphological characteristics, the three

soils were,classified as Onthic Black, Onthic Dark Grey¡ md Orthic Grey

',rlooded.n }torphologica]-ly fhese soil-s exhibited an Íncrease in degree of

horizon differentiation and depth to Ii¡ie layer in going fron Orthic Black

to Orthic Grey llooded, ?articte siz,e, mineralogical, and cheraical data

substantiated these differences j¡r soiJ- envj-rcnment, Physical processes

appeared to have been major factors jn the genetic horizon differentiation"

the ¡dnerals present jn thre clay fractions included mont¡pril]-

onoid, i'lli.te, vermiculite, chlorite, kaolifli^ue, and a random 40:60 njx-

ture of ilIite and nontmorillonoid" Tllite.was found to be the dorn:i¡ant

mineral in the coarse c1ay, while nontmorillonoid was forurd to be the dom-

jnant m:i¡reraI j¡ the fine clay fracùion of each horizon of the three pro-

files, The montmorillonoi-d species was found to be inter:nedj-ate befleen

beid.ellite and nont¡rcnite, tendjng towards the nontronite end of the cont-

j¡uous series" The rrineralogical and the chemical characteristj.cs of the

three soiJ- profiJ-es substantiated that the glacial tiI1s i¡t which these

soiJ-s have developed are simiJ-ar iJI eomposition.

The chemical and rnirreralogical characteristics of the cutans,

whj.ch were obtained from the rrBtr horizon of each profile, substantiated.

the d.ifferences i¡ soiJ. envj¡orunent a.mong tl'ese soiJ-s" Stress or diff-

usion cutans were found. to be present i¡r the Orthic Black and Orthic Dark

Groy soils, uhile eluviation cutans were present in the Orihic Grey
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itlood.ed soil. The cutans sanpl-e of each of the fhree profiles had a

higþer total nitrogen and. extractable iron content than the soj-l- horizon

sariple frnm which they were obtai¡ied" The organic natter and the clay

content of the cutarts as comlÉred to the corresponding br:-Ik sample were

higher only j¡ Ùhe cuta¡rs of the orthic Grey lúooded soj-I" Tne nature

and distribution of the clay rainerals in the cutans was approxi-uately

similar to that of the respective bulk sarnples. More orgartic raatter

was found. io be associated ì,'rith the ( 5¡ material of the cufans sa'mples

as compared to the bulk sanPles"
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,For agricul-tural purposes, the province of t'fanitoba can be

divi<ied jnto two nailn topographical regÍons. These regions har¡e been

referred to as the first and. second steppe (ef)r and are located res-

pectiveþ, east and west of the l,Ía¡ritoba escarpment* The first steppe

l_ies a! a l-ower altitude than the land west of tlÞ escarpnent, and has

a smooth to al:nost flat topography" The second steppe lies above the

13OO-I4OO ft" contour; its altitudes ranging fron 1300 to between ZLAA

arid 2500 feetn The topography below the 1900 foot contour is r-lndulating

to r-o1l-ing, but becomes hilty above this altitude" In these areas, the

change in vegetation from grasses to forest occurs gradually with j-ncrease

in al-titude, rvhich ís refï-ected in the associated soil typesu As a

eonsequence, Ít is possible to sbudy several soiL types flom a relative\r

soall- areae

This is a repoï*b of the study of the chaical and nineralogical-

characteristics of an Qrbhic B1ack, an Ontbic Dark Grey¡ æd an Or'thic

Grey '!,tbod.ed soiJ- from }¡ranitoba" These three soiJ-s were selected from

the Riding Mor.¡ntain district of the province, Each one of tlnese sojJ-s

had. d,eveloped, on glacial tiLL of urixed materials derived from sha1e, Ii:ne-

stone, and gra¿itlc rock, The occurrence of this sequence of sojLs within

a relativel,i *.al-L area provided an opporbrrnity to study different soi-L

pr.ofiJ-es d.eveloped on simi-l-ar parent materials and under si-rcilar nËcro-

climatic conditions"

The principal objectives of this investigation were:

Lo to describe and, mea$tre the features wirich serve to

characterize tlre soil;
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t,o assess the i¡tensity of the processes which have resulted

ln the foraation of these sojl-si

to dete¡mine the nature of the cutaJls present jn the lrBl¡

horizon of each of the profiles under stud¡r;

to eval¡¿te the mode of fo:ru'ation of these cutans'
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THE SOIL PROFIT¡S

Accordi:rg to the National SoiL survey Comnittee classifj-cafion

of soil-s (lrß), O:r'thic Black and Ûrbhic Derk Grey soiJ-s belong to the

Chernozemic Onder while trhic Grey l{ooded æiIs belong to the Fodzolic

Soil û¡der" Chernozemic soils are characterized (4ó) Uy the occurrence

of dark coloured hr-mrs-mineral surface horizons (Atr or Aâ) of higþ base

saturation and. with flocculated surface stn¡ctures that do not becone

massive on wetting or drXring" They are assocj-ated with a vegetati-on of

xero- and. meso-phyllÍc grasses and forbs or r^¡it'h transition grassland-

forest vegetation" Podzolic soils are characterized (4ó) Uy the

ocpurrence of light coloured. eluvial (¿e) horizons, wrderlain by ÍIluti:ial

(g) horizons w'ith accr¡mulations of sesquioxides, organic natter, or clayt

or any combi¡ation of theseo Ttrey are associ¿ted witt¡ a forest or heath

vegetation"

O:rthic Black Soil-s

O:thic Black soil-s are the well-drained me¡nbers of the Black

Great Soil Group" B],- defj:rition (4ó) 0::thic Black soil-s have an ALr

horizon of sufficient thickness to produce an Ap horizon 6 inches j:r

thicirness and. havjng drf,r and noist l{unse].l Colour values (45) less than

3.5 a¡d chr.omas less than 2"5" This rlÂrl horizon is underlain by a colour

Em which is free from carbnates, or by a weakly tertural Bbj hori-zon'

A lighter coloured horizon of carbonate soncentration, Cca, is usuaJJy

ppesent bul is not essential crÍteriono ffihlc Black soilsu and

Chernoze.olc soi-Is in generaÌ, are characterÍzed principalJy by the higþ

organS-c matter content and granular stnrcture of the Ahorizon (90 33).
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The organic matter content in this horizon decreases Sradua3-ly w:ith

increase in d.epbh, The B horiz,on is usua$r priøatic i¡l macro-structure,

breakÍng to blocþ or coarse gra$ular aggregates; the latter tendency

Íncreasing with eley content (33). ffihic Black sojLs are usual)¡r neutral

ts nild\r alkaline in reaction and free of an excess of soluble salts"

Orthic Black sojl-s are usualJy, but not ercclusiveþ, associated

with a roesophyllÍc vegetative cover of grasses and forbs, but may also

occur rrrrder dÍscontinuous tree covero The general cljnatic conditions

r+ittr wtrich Black æjJ-s are associated j¡c1ude hot sr:.mners, cold r'rinter,

low hu¡oiüitgp rêl¡feì'l deficiency, and skraæp diurnaL fluctuatÍons Ín

tenperatrrre (33), O:l.t,hic Black solLs have developed on a great variety

of geologicaL maùerials (33)"

The doni¡ant soll foru5ng process jn the d.eveloprnent of

Chernozenic soils is referred to as calcification, .According to Lubz

and Chandler (35), calclfication is r¡the process or processes of sojL

fonoation in whlch the surface soil- is kept supplied w:ith sufficÍent

calcir¡o to nainLaj-n the colloids Ín a bigh stato of base saturation'¡¡

Tlnese authors also Índlcate that the co]-loids are relatively i:unobÍle

because of the hígh saturation of tlæ sojJ- with calcir:m. Ðe Signond (17)

statod that the principal featr:re of the processes of steppe soiJ- fornatlon

is that tt¡e triva.lent metal- cations and the hrxrus do not rnove dotølwarcl,

buÈ that the biva-lent cations (Mg and Ca) mê¡r move up.rard and dor¡nrward, and

that the rrnivalent, cations do move downward; the latter, (Ín particular

sodirm) frequentJy acermulati¡g j¡ the lorver horÍzons" ÂccordÍng to

Bpcl¡aa¡r and Bnady (9), tfre natlve uegetation-- ui'rich ranges frcn grasses

to deserb shn¡bs * contrÍbutes actively to Èhe process of calcifj.cation'
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Grasses are parbicularly effective i:r returning bases to the surface of

the soil, and as a result of thei¡ erLensive root syste.m, they also supply

J-arge anounts of organic natter"

Deep Chernozems (33) or }trorbhe¡n Chernozems (3S) are the naü,es

used i¡ Russia and in IJ"S'A', respectiveþ, for Black soils conrparable to

thoso found, in the Canadian prairie provincesu l'lorthern Chernozems of

easte¡rt North Ðakota, as d.escribed' by Mcc1elLa¡rd et al (3S¡, are r¡eLL-

drained. soi-1s on conveJc slopes or ¡mderately weJ'ì-drained sojJ-s on very

gently concave or plane *lopes. They have black, granular Â' horizons

that are 5 to 14 inches i¡ thiclceess and that have a pH ranging fron

6"5 Lo,lu5. Sand. grains are rxrstained and sorne are free of any adhering

organic particles. The B horiøon is usually a colour B but it nay be a

ùe¡ctural B with clay filns on ped, faces. Stnrctural.lyu the B horizon is

usual]Í príoatic, breakÍng to blocþ; its pH ranges frrcm 6"5 to 8"0

or greater Íf, line occurs in the lower portion of the þ¿¡j-zono The

thiclmess of the B horízon is usualJ;¡ about the same as that of the A

. horlzon, This descrlption is very sJmìl¿¡' to the one given by Bttis (21)

for his group of Northem Bl-ack Ea¡'Lh soiJ-s in I'far¡itoba"

Orthic Grev i{ooigd SoiJ-s

Orthic Grey Wooded sojLs are the v¡ell-drai¡red members of the

Grey l{ood.ed Great soiJ- Group" .A,ccordíng to the National soil survey

Con¡,rittee classiflcation of soiLs (46), Whic Grey I'Iooded soil-s have

organic surface horizons (f,- H), a light coloured eluvial- horizon (Ae),

and an i3'luvial horizon (Bt) j¡ nhich clay is the ¡rajn accumulation

productu The Ae horizons contain the least anor¡nt of clay, bases, and

sesquioxid.es" The B horizons ofben have a slight' accumulation of total
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nítrogen and organic carbon as compared to the ^Ae horizons. An increase

of free sesq¡ioxides is usualJ¡r associated r rith the accr:mtl-lation of clay

jn the B horizon, Tlt general, the baso status of Grey Ïtrooded soils is

me¿ir¡m to high" The horizons above the calcareous horizons are usual-1y

slightly to moderately acid, the B horizons often beÍng the most acid"

The best d.eveloped Grey trtrooded. sojl-s are for¡nd uhere cool

cLj.natíc conditions prevaiJ-; i"e. nearl annual temperatr:re of 4@F or less"

lfost of the Grey ls*ooded soils are found under boreal forest or rrnder

forest jn the grassland.-forest trar¡sition zone. They may also occur in

somelchat wa¡^¡ner clÍ.mates, under niJced forest vegetation. Grey i{ood'ed'

solls have usually but not e:<clusively developed on basic parent material-s'

Some geological deposits which are not basic, but which decompose rapidly,

also develop Ínto good, Grey i'Iood'ed' soiJ-s (U+t ltß)6

Grey ifood.ed. soiLs are consid.ered as being forrm.ed by the process

of pod,zoJ-ization" There have been and stiIl are two opinlons concerning

the essence of the pod.áolization process (L6r23r33r49)" Some authors

consider that i¡ pod,zolization there 1s remorral of clay particles fr'om

'the upper horizons of the sojL w'ithout destnrction of these particles@

ûbher authors consj-d.er podzolization to be the destruction of clay

parbicles ln the utrryer part of the soíI profíIe and re¡noval of the

product of this desüructionu As a result of these tr,ro pofnts of view,

Cernescu (?3), Duchaufor¡r (16), and otler authors proposed tløt podzol-

Ízed. soil-s be d.ivided into two groups; the mode of clay movement being

the differentiating cr5.terion' This proposal has proven to be a vel¡r

controversial issuen IboIn the soiJ- classificati-on poÍnt of view,

separation of Podzolic soiJs j:eto tr^ro groups may not be justified, espec-

ial:Ly when tbe cLassiJj.cation j.s based. on broad genetfc concepts (49).
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From the point of view of soiL genesis, on the other hand., the possibility

of clay decomposing or alterj¡g ín the profiJ-e m¡st be ercanined closeþ;

for i¡stance, in víew of sequent,ial behaviour of sojls (4r14r59)"

Pav¡luk (50) st,udied, the nineralogical conposition of some Grey

trriooded. sojLs develotræd on glacia-l t,i'ì 1 , i¡r Alberta" He concluded that

Grey lrlood,ed sojLs are pedogenicalþ separable fr"on Podzol soils" Evidence

. for this fact was obtai¡ed, from analybical data, including lot¡ conterit

of translocated sesquioxides, lack of severe chenlcal weathering of

uinerals, and. enrichmenü of clay ninorals in the B horizons.

Nyeard et al. (4S), jn describj¡g the characteristics of soms

podzolic, Brown Forest, and Chernozem soi-Ls of the Northern Ï-ake Statesu

conpare the Grey irrooded soiLs to other podzolic t¡pes" These authors

obsenred that, norphologicalty, Grey lrlooded sojJ-s resemble Grey-Brown

pod,zolic soils more than the Podzo1s" The terburat and structlral

characteristies were found. to be very s'imilar in these two soi-l- t¡rpes'

Accordìng to these authors, Grey Ttrooded soiJ-s di-ffered fnorn Grey-Bnolrn

pod.zolic soiJ-s by the tL¡.icker ^Ç horizon, whiter A2r,dÉ.al absence of

S *d 81¡ greater er¡rich.nent of sjJ-icate clays in the B, better developed

and more stable blocþ structure in the B' and higher ptl and base status'

lrySard g! g¿" suggested that the recognition of tt¡e Grey lilooded soil-s as

disti¡ct from the Podzols was warranted"

I Stobbe (59) sùudied, the Grey-Browa Podzolic and related soi-ls

,. of Eastern Ca¡¡ada" In the discussion of Grey.-Brou¡n Podzolic -- Grey

! l¡Jooded intergrates, he stated that these soiJ-s do not differ sisrLtficantly

I i¡ the physical and. che¡ú.cal. natr:re of the eluvial (¿e) an¿ lJ.tuviaJ" (82)

f horizons. They do dtffer narketly in the norphologica1 natwe of the -fo

j't and A1 horizons; Grey lJooded soils i¡variably having an AÞ ar¡d lacking



the nr.r-1]-ljke At horizon, characteristic of Grey-Broun Podzolic soiLs'

Stobbe suggested that thls d'lfference fs probab\r associated ¡¡ith

diJferences in c1i;oate

The genesis of Grey-Bror,¡n Podzolic soil-s has boen discussed

in a series of three papers by Cline and co-workers (T4e22e37)" According

to these authors, Grey-Brolrn Podzolic sojl-s are for¡ned on calcatreous

pafent naterials. 0n non-calcareous parent materials, and' rrnder sirnil¿¡'

clinatic cond.itions, on\r Brot¡n PodøoIiC ar¡d PodzolÍc soÍls are fotted'

Car¡n and ¡¡hiteside (12), ln their study of a ¡Llchigan soiJ' profÍIe,

presented. evid.ence that the B horizons are ÍILuvial in nature' They

observed that the upper B dlffered from the lower B in t'he nature of the

ilhviated, materials' Tavernier and Smíth (óO) jndicated that the

j-Lluvia.t characteristics of Grey-Brown Podzolic soils -- i'o' the

accurulation of silioate clays -- 1s probably due to their flocculation

by bivalent cations. It is Stobbers oFi¡ion (59) that, considerÍng the

t¡4pe of profile develoþent and the resr¡-Ltant characteristics in the

Grey-Brown Podzolic sojJ-s of Canada, these sòjJ's have not fotmed by the

'podzo3-ization pr.ocess. He suggested at a later Aat'e (17) that the te¡g

of decalcifÍcation be applieu * rtpodzol-Ilkert soils ín their pr5lary

phase of wea,thering, The soiL forntng pnccess or processes of decalci'-

fication would, then jmply that there |s a depletion of bases in the

so}m, d.evelolment of acldity, a¡d' the fornation of an eluvial ¡t[t¡

horj.zon and an illuviaL llBrr horizone colLoÍds and some trivalent' cations

are the principal soiL constituents rshj-ch are removed fron the lrAr¡

horizon and are accr.¡muLated i¡ the llBll horizonu



Orthic Dark Gre''¡ Soils

Ortìri-c Dark Grey soiJ-s are the well-drained mernbers of the

Ðark Grey Great SojJ Gr"oup of the Che¡nozenic 0rder, Ef defjnition ({ó),

Dark Grey sojls have a ChernozesLic A horizon (lfurise].l(45) colour value

3,5 - 5.0 when dry; less than 3"5 ûnen noist) a¡d have signÍficarrt

characteristics i¡dicative of d.egradation or otler nodj-fication resulting

fron the accr.mulation a¡rd. d.ecomposition of forest vegetation' TLiese

sojls occur under a vegetatlon characteristic of trar¡si,tional areas

between grassland. and. forest; hence, thry are associated ldtth a ¡aixed

vegetation of trees, shnrbs, forbs, artd grasses. As a consequence,

virgjn Dark Grey soi-l-s possess both chernozenric and podzolic features"

Dark Grey sojls were originalty designated as Degraded or

t{ooded Chernozem by Canadiar¡ and U"SoAo pedologists (l+2tl+3c46r6?)"

Most pedologists regard these soils as forner grassland profiJ-es wl'rich

have been aliered. as a rosul', of the effect of the invasion of trees (h3);

althougþ some workers are undecid.ed on this point (48)" these altered

prrcfiles constitute a series of soil-s transitiona,l between Chernozemic

and. Gr.ey Vlooded Podzolic soi]so The degree of degradation e:pressed Ín

the profiJ-es d.eter"n,:ines whether they woul-d be classed as Dark Grey or

Ðark Grey Wooded. (lrß),

TIü CTAY FRACTTON OF SOIÏS

In soils, the clay fractj-on consists of :11 materials less

than 2 m'icrons in d,iameter, and includes both inorganic and organi.c

constituents (25)" The i-nor"ganic components of the clay fraction are

chiefLy clay nÍnerals but j¡¡c}ude also amorphous and very poorly

cryst¡]line naterials as brel-l ai sone prinra¡'y nj¡era1s. Ifost of the

$
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primaïy n:i¡erals which nay be present in the cJ-ay fraction, such as

quat*,zu nicas, and iron oxides and' tq¡droxides, tend to be concentrated

ln the coarse clay fraction (25133)' The orgarric constituents and the

sesquioxides or hydroxides are often intirnately associated with the clay

ninerals (25n57)" Clay ninerals are essentially hydrous aluminwc

siJ-icates, in which isoroorphous substitution may have taken place"

Because of their crysta'lline nature, clay minerals can be separated and

classjJied i¡to several groupe accord.ing to their basic strtrcture (7125)'

The stmctr¡res and properiies of clay ni¡era1s have been

described j¡ {st,¡.i.r by Grin (25) ar¡¿ other authors (7r].5u36)" Identifica-

tion of ctay ruinerals can be achieved by mineralogical, che¡n'i cal¡ as

lJeLL as by physical means; although no one method ensurea absolute

identification" Qften the application of two or more methods is nec-

sssarf, to achj.eve this, l.fost prominent arnong the nethods used for clay

mi¡eral jnvestigation are X-ray diffractj-on ana3¡rsj-s and d:ifferentÍal

theraal analyses. Details of most of the methods used Ín clay nineral

studies har¡e been presented by Jackson (2?). Þ<ce¡.lent monoþraphs har¡e

been publlshed, recently, perbaining to Ï-ray techníques (7) and to

differential themal analyses (36)"

The rel¿tive abund.ance of clay m'inerals jn soils varies with

the five principal factors that govern soil foruation; i'e' parent

material, time, cli-matic, relief, ar¡d biotic factors" Each of these

factors can have irnportant independent effects on the clay mÍneral comp-

osition of soils, as has been shtnrn by Jackson (28). The clay ni¡reral

conposition of a soil at an¡r one place is determlned, however, þ the

product of the jnteraction of the soiL fotming factors; in other l,rcrds,

by the soi]. formiag processeso Considerable vüork has bsen directed
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tor,¡ards establlshing the effect of soil forming processes on clay mjnerals'

Insomesoi.ls,colloidalclayspresentintheorigÍnaIma'"erialsmaynot

beaffectedverynrrchbyweatheringprocesses;inothersitnayresultÍn

translocation; or in still other sojas it nay cause alteration or break-

down into new products which ma¡f or may not in turn also undergo trens-

location,Jacksonetdr(3Or3tr3Z)haveshol¡nthatthisalterationor

breakdown of clay minerals jn soIls can be arranged i¡to a weatherÍng

sequence. These authois c1aj.n that reversal of the weathering reections

can and. does occur where potassir'rm is present l¡r the soil solution"

The ki¡ds of clay mjnerals i¡ soils of temperate clj¡ratic

regionsseemtod'epend'moreonthekindofparentmaterialtlranon

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

clay minerals in the soiLs of these regions (28)" For Chernozemic soiJs

the predoninant minerals usuelly reported' are mont'uorillonoid and 'i1:ìltee

regar.¿less of parent nateri aI (2s3hsó5e68). Thus, Et¡r1ich eq 4' (20),

j¡ Manitoba, for:nd, montmorl'ìlonoid' and {uÍte to be the doni¡¡ant clay

ninerals in several Chernozenic soils as well as j'n thei¡ respective

parent rnaterials" These soÏLs had, d'eveloped on either noderately cal-

ca^rsouse strongly calcareous, or non-calcareous boulder till' Montroorill-

onoid and .ì]'lite also seem to be the donl¡ar¡È clay ninerals jn the Podzolic

sojLs of the temperate clfuoatlc region' Ted¡ow (ó1) found tlris to be true

for three well-devsloped Po{zols developed' on grey acÍd $andstone glacial

tl¡-ls j¡r eastÆrn Pennsylvania. I4,¡ss and' St" Anaaud (44), lfcgaleb and'

cljne (37), and. others (L7r2)r5}sfrs6s) obùained eirni'lsr results for the

, clay nj¡eral èistribution jn c,rey Ïlood'ed' and G.ey*Brrowrr PodøoLic sojJs

d,eveloped on calcareous pârent ¡oateriaL. llith respect to the cIaY mineral

species in soils of tehcperate clj.natic region, Parfenova and Yarilova (/¡9)
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reported. that montmo¡i'llonoid clay of the beidellite-nontrrcnite series

¿¡¡d ì1lfle were present in Chestnut, Chernozem, Solonotz, and Podzol

sojJ.s of RussÍa" l{ard,er and Di-on (ó5) :¡vestlgated the nature of the

clay ninerals in Saskatclæwan sojLs -- the soils studfed rarged from

seni-arid. Brown to Pod.zolic soils. They found that the clay ¡ri¡lera*ls

present llere of the 2:L layer Lattice t¡rpe, about 45 per cent of td'tich

u¡as consid.ered i ì ll ite w'ith the renainder rnontmori I lonite-beidelLite '
Soil fornfng processes operative j¡ temperate cli¡na|ic regi-ons

affect chiefly the distribution of clay mj¡erals w'ithin the sojl- profilesu

Bourne and. t4orblan¿ (e) fonnd that, i¡ a Norbhern Chernozen with a ræakly

d"eveloped textural pnofÍIe, the follor,ring j:trportant changes il the clay

fraction due to pedogenesis had taken p3-ace;

1, a rela'Llve gain of i]lite i¡ the A horizon and of ¡e¿f¡¡e¡illonite

in the B horlzon, lfkely due to differential leachSng;

Zu a reconstmction of nuch of the clay irl the A horizons to randoro.ly,

i¡rterstratified, niîed-layer formse probabþ largeþ the result of

K equilibrilu, reactions;

'3" an lncrease of.total clay by formationu

llith respect to Crrey tr{ooded. soils, Parrluk (50) oUsenred that clay

transpositions rrj-thin the soiJ. sol-a inr¡olved prÍnariJ-y the less than

0,2 nicron size fraction" This author fourd strong evidence that the

coa^rse clay in the .âe horizon breaks down to the fine clay size prÍor

to or during transpositionø

A considerablo nunber of jnvestigatÍons on the minera.l

conposition of the clay fraction of blestern Canadian soiJ-s are roprted

in the literature (6el3r20, 5f,r5Lr52r65-) The earlier stud.ies indicated'
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reJ-atively J-itt1e change between the clay fracilons of the profiles and

that of their original parenù ¡oaterials' More recent investigations have

shown tløt sone d.ifferences do occur' althougþ these are someti¡es not

very pronorxrcedu Brovm (ó) observed. the presence of a 14 I nineral in

the clay fractions of Grey l{ood'ed' soils from saskatchewan and 'A.lberba"

pawluk (50151) noted Èhe presence of this clay ni¡¡eral in Grey trriooded

and. in Podzol soiLs of Alberta. He noted that i:r Podzol soifs tåese

14 I clay ninerals were present i¡ the B horizon onJy a¡d thaÈ they

appeared to be concentrated, in the coarse (2.0 - 6.fu) clay fraction'

Accord.ing to this author, the l4 I clay rnileral j's a modification of

nont¡noril1onite, its fomatÍon not resuLtSng frorn the weatheri-ng of cla,y

rninerals, but frorn the r,,¡eatherjng of less stable feldspars" (H" prcposes

that the foruation of this clay rdneral is the result of the absorption

of released hydrated, a}:pina hydrolry ions from the weathered feldspars in

the interLayer regi-on of mont¡norjllonite of fine clay size' This results

in the fornation of a clay rnÌneral Ìrith 141 d' spacings and' of coarse clay

sizo)" G1ark et gI"(13) reported tt¡at the clay fraction of the Concretion-

ary Brown soils of southrvestern British coh:mbia differs fnorn that of its

parent material" Tho É¡r¡rface soiJ- clays of these sojl-s consist of either

heat stable chlorite or ar¡ interstratÍfied. cònplex of chlorite primari-ly,

' 
whj-Lo mont!ìorjIlonite, j¡terstratified montrnorillonite, chlorite, or

chloritized vermlculite are the do¡ajnant clays of the lower horizons"

CUTAT\Ë

Cutans have been defi¡ed. by Brevrer (3) as; tta broad group of

pedological features (including so-cal] ed. clay-ski¡s) associated lÀrith

the surfaces of the skeleton graSns, peds, and. various ki¡ds of voids
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v¡:ithin soil materialg.r rhe principal characteristics that enable

diJferentiati.on between cutans are therefore: 1" the ki¡rd of zurface

r*.1th uhich they are associated, 2" the fabric of the cutans thenselves,

and 3. the rnj¡eralogical natwe of the cutanic rnaterial. AIL thr"ee

crlteria can be investigated by micro-pedological mear¡s; the third

differentiatÍng characteristic also allows j¡rvestigation by che'mi cal

and m:ineralogic aI methods n

¡4icro-pedological Ínvestigafions (3u4) have shown that the

nineral-ogical nature of the cutanic ¡raterial can consist ofI silicat

soluble salts (carbonates, sr:lphates, ehlorides, etc.); nanganese oxide

or trydroxldes; sesqui.oxid.es; and/or clay minerals' The clay mineral

cuta¡s can be eÍther pure clay minera-ls, clay ninerals with i-ron oxídes

or hydroxid.es, or clay ninerals ruith organic matter" Sar,rhney 9!, gI'(54)

found, that scrapi¡rgs from the B3g horizon of a Brown Podzolic soil f¡om

central Connecticut contained ¡oore clay percentage-wise than the.B3g

horizon as,a whole" BuoI and. Hole (10111) investigated cutanic materj"al

by chenical mear¡s and provided furblrer evidence for the conrplexíty of the

rnlneralogical nature of cutar¡s. These authors observed that cutans coll-

tained, relatively 3-arge a¡aounts of N, c¡ P, Iû:, free Fe, and clay as

compared to the bulk sa.rnPle"

Tþe for¡nation of cutans j¡r soiJ-s may take place i¡ several

ways (10111141)" They rnay be formed as a result of the migration of

colloid,al suspensions along the soiJ- profiJ-e and subseo¡rent concentration

in the ilLuvial horizon i¡ the fora of crusts or i¡crustations on the

walls of cracks and, pores. They nay also be formed in place as a result

of weathering and soil foruration, or as a result of stress or diffusion

forces. Brewer (3) ter¡red. the cutans resulting from the Latter rnod,e
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çf fo¡rration stress or diffusion cutans; those resultÍng frm the foraer

he termed. eluviation cutanso

Cutans, or its sJ¡nonJruos, are mentioned j¡t the descripiions of

soiJ- profiles of marÐr great soi-l- groups. Ehrlich and. Snith (18)

observed that the B horizons of Solonetz and Solodized-.Solonetz soils

in l,Íanitoba were coated with clay ski¡ts. Mc0leJ-land eù gt.(¡g) noted

clay fi'lms on B-hori-zon-peds of a Northern Cherrrozem of eastern North

Dakota. The occu:rence of cutans in Grey-Bro'n¡n Fodzolic soiJ-s r,ês

noted. by tsrcrr^rn and. Thorp (S) and others (lOrllrrZ¿)" Frei and Cf:¡e (ZZ)

observed cJ-ay coatings in Broun Podzolic soils of New Tork; Schafer

and Holowaychuk (55) observed the¡s in Hr:nic-G1ey soil-s of Ohio"

Thorp et al..o(@), j¡ their investigation of the role of leachÍng Ín

sojJ. genesis, were able to prrcduce clay fì'lms on peds i¡ the laboratory,

The presence of cutans in soiL profiles has great significance

w'ith regard to the physical behaviour of the soil material (1), to

profite development (62), and to plant growbh (10153). The irnportance

of cutans jn soiJ pedolory is highly empkrasized in the new so'i'l classi-

fication system as proposed. by the U"S.Ð,A, (ó4)" According to this

systen, the presence of cubans i¡ a soiJ. horizon is i¡dicative of trans-

located cIay, provided that they occur q¡ ell sides of the ¡æds.



TTT EX,FEP"TJ'M}]TA]., PRæEDURE

The soil-s selected. for this proJect are well-drai¡ed sojl-s

belonging to the Newdale, the Erickson, and. the trfaitville associations

(19i, These soíIs developed. from calcareous medium texbured glacial

tìl1 of djJæd materials derived frcn shale, li:nestone, and granitic

rocku The three sojl-s aro representative of the Or'bhic Blacke Orthic

Ðark Grey and Orthic fre]r l',looded soiJ- types"

DESCR]PTION OF SOf], PROFIIES

The description of soiL profiles and noi;ations on locatÍon,

topography, d.rainage, stoniness, and vegetaii-on are presented in swnary

formu Colours are those derived by comparing i'f¿nseflos (45) chart with

actual soil colours" The eolours given of the various horizons refer to

the soiJ- condition when sanpled unless othen¡ise stated"

t{ewd.ale Clav Ioam . ooooo øoøe o óo êo"Orthic Black

IOCatiOnl oo.ooe€oÞeoooóoo6o,ôoEo'NOfth tentfe Of 33-16-18 Ì'teSt Of the

Principal Þferidian, ì4anitoban

VegetatiOn: 6oooooêoooco6ooooooo..03k9 SnOWbeffy, pfaifie 1þ9e, UlfeatgfaSS,

bluegrass, spear grass, yarrowe Canada

thistJ-e" and others.

parent liaterial! o..oooôooóooo,"ooBou.Lder till of nrixed mat,erials derived

frcm'shale, linestone, and granitic ro-ck

sedi¡rents.

Topogfaphy! oeoeoooooeocoooooô"non.åbout 5 pext cent slope, facing southeast;

undrrlatj¡g to rolling.

Drainage! coc6@oeoooooeooeooeoeoo,WeJ-l-draj.ned internalþ; mediün run off'

$oiJ- 0ondition¡ o oo o o oo eo o o oo oo. ooMoist.



Ðeptf¡(inches)Horizon

1.

F-H

Ahãi

2-1ll

1-0¡l

0-5rl

5-gtl

9-15"

lJ - 16tr

AfI

t7

Description

Undecayed organic material'

PartiaÏLy and fully decayed organic

material-.

Black (fO :n zfr") cJ:V l-o"my very dark

gray (10 W.3tl..) when d:y; moderate,

medir.m grarrular; very .friable; pH 6"34i

clear, smooth boundary.

Black to very'dark gray (10 E, 2"5/l)

clay loarn, verl¡ dark gray to dark gray

(10 lR 3"5/L) when d:1y;'moderate, medÍt¡m

granular; very fri.able; ÉI ó*09; clear

boundary"

Dark g¡ayish brown to grayish brov¡rt

(ro m 4.5/2) clay 1oan, bnor'rn (10 n 5Æ)

when dry; noderate, ¡nedir:n prisnatic

structure, breaking to moderate, medirn

subangular bloclg; fj¡n¡ pH ó"54; clear

boundaryn

hov¡n (ro Yn 4"5/3) clay loam,

bro¡n (10 lR 5/3) when dry; weak, medium

prisrnatic stn¡cture; friable; pH 7'02;

weakJy calcareous; clear borxtda.ry,

Brj

BC
,

i
.fi

iI
t,,
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Depth(Ínches)

18 - J6 4tt

Erickson Clav Ï-oaut

IocationS øo oooo o oo oq ô oo o o o oo oeo@

Vegetation i coo e o c o o o o e e o o o e € e oo o

Parent MaterÍal3 Es o Eoo oo o eóoøce

Topography; o6 û o o oo o o ô€ e o o o e o e o o

Ilnainage 3 g co o o.. c e o. e o o ó. o e. è 6o

SoiL Condition¡ oo 6oE eooeó s oeê @o

ÐescriptioJr

Pale bror^nr (fO fa 6ß) Aoan¡ pale brown

to very pale brown (ro n 6"5/3) when dry;

weåk, medir.¡m prisnatic stmcture, slightly

hard when d:V; pit 7"65; str"ongþ eal-

careouso

0rbhic Dark Grey

l\Io:rt,h Cer¡bre of 33-16-18 ltrest of the

Frincípal I'Ieri.dian, Ma¡ritoba "

Aspen are domi¡ar¡t -- undergrovrLh is

hazel.o dogwood, rose, vetch, and others"

Boul-der ti'11 of ni:ced materials, derived

fron limestone, shale, and granitic rock

sediments"

About 3 per cent slope, facing east-

norbheast; irregular, moderately slopÍng

and marked by undrained depressions and

shallow lakeso

Moderateþ weIL drai¡ed internally;

nedium runoff"

Moist"

Description

llndecayed organic materiaL"

Fernented organi.c material."

Hunus; altered organic rnaterial.

Horizon

Lt

F

t¡¡¡

Depth (inctres)

3-¿tl

2-Ïl

1-0rl



HoÊizon

Ar¡ãí

!quqþ(inches)

0-5't

]q
ìt
ti
il': 

i

.1 0 $iå
-t,

Dessription ff
Ìt¡

Black (fO m, 2/l) clay loara, very d.ark 
$l
Lì:L

gray (10 W 3/J-) when dry; weak, fine ilì
iT

granular; very friable; pH 6.3; gradual $
!iiÌì

and imesular boundary, ili
[ìrl

Very dark gray (10 m, 3A) clay loan,
|l,ì

d.ark gray (fO Un /a[) vrhen dry; weak, 
I

l.l,...

fine subangular blocþ stnrctrre; friable; 
i
þ,ìì

pH 6,32; gradual and i:regu-lar bound.aey. 
I' i:..l!

Very dark grayish bromr (lO W,3/Z) 
;

ät{

clay loanr'grayislr brown (10 TR J/Z) when 
|'!il

dry; noderate, fine subangular blocþ

structure; firn; pH 6.28; cIear, wavy

bounda^ry.

Very dark grayish browr (10 n, J/Z) c3.ay

Ioam, dark grayish brown (10 m, \/2) wlnen

dry; strong, medirrm blocþ structure; very

fi:mr; pH ó"9ó; gradrral waqy bound.ary"

Very dark to dark grayísh broun (I0 n, 3"5/Z)

cl-ay loam, grayish brown (10 n, j/2) when

dr'¡r; weak, fine subangular blocþ structure;

fi:m; pH 7,5O; weakly cal-careousg gradual,

irregular bor:ndar5r"

Ðark grayish bror¡n (fO m 4/2) c3:aV loan,

grayish brown to light grayish brown

(10 n, 5"5/2) when dr¡r; weak, medir-lm to

fine subangular blocþ to granular stnrcture;

Aeh 5 -7n

BA 7 - Lorl

Bb 10 - 14tt

BC 14 - 18n

c 18-36*n
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Vegetation: o o o o e ôooo oooo c rtc c oos ê
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Soil Condition¡ oo e o.o o o. eo o o oooù

Descr.iption

s3-ightþ hard when d:ry;

calcareous"

pH 7'73s strongþ

Orthic Grey Wooded

Riding Morrntain National Park, about 400

feet off Higbway No"10¡ on South-side of

Road to the Forestry Station"

ChiefJy aspen, intennixed h¡ith white birch

and spruce; r:ndergrovrbh consists of hazelu

rose, cranberry, vetch, and. grasses"

Bould.er till of ei:red materials, derived

fron sha1e, Iirnestone, and granitic rock

sedi-ments,

ImeguJ-ar, steeply sloping to h5ILy; nuro-

erous rxrdrained depressions"

hleJ.l-drained internalþ ; n'ediluo n¡noff "

Moist"

Descriptiog

f,eaf litter,

Parb1y decomposed organic materj.al.

Hr¡mus; altered organic materÍa1"

Dark grayish brov¡n to grayish brown

(fO E, 1t,"5/2) loan, light gray to gray

(10 ffi, ó/I) when dxy; noderate, medir¡m

platy stnrcturei very friable; pH 6'34;

clear, smooth to waq¡ boundar¡r"

i

iif

I
il
lilr

ì
ì:l

Horizon

I

F

H

Ae

2-l|t

1-0rl

o-Ï¡
I - 4,¡¡

Dopth(inches)



!gþ(Ínches)

h-7u

A.

Description

Dark gra¡rish brpr"n (10 TT, þ/2) c1ay loarl,
ii$

grayish brown (10 m, J/2) when dry; raoder-

ate, fine subangular blocþ structuret ..

friable; pH 5"6Ç; clear, wtooth boundary.
!:.Èi

Very dark grayish brown (fo :n 3/2) ctay, 
$ii,
ä,if

dark grayish b¡'ov¡n (fo W, 4/2) v¡Tren dry; Iäl

moderate, fine to mediun blocþ structure;
l

fÍ-rm; Él 5'ó6; clear, snooth boundaryu 
,
'.

Very dark gray to very dark grayish brov¡n $l
lliì|,

(10 lÏt 3/A - 3/2) elay, dark brown to dark 
iriìrì

grayish brown (10 m, 3/3 - 4/2) wiren drv; Iil
;'

moderate, coa¡ise primatJ-c structure, break- i

ing to strong, nedirm. to coarse blocþ;

very fi:m; pH 6"30i gradual, irregular

boundaryu

Dark grayish broun (10 YR l+/2) cl.ay loam,

brown to pale brown (10 m, 5/3) ,rhen W;

moderate, medium to fi¡e subangular blocþ [ I

ili[]i

stnrcture; firn; pH ?'60; weakì-y calcareous; -li
I

gradual, i-:regr:-lar boundarYo

Brown to pale broun (10 m, 5/3) c:|ay Ioan, , | ,

broun to pale brown to light graY

(10 fR 5/3 * 7Â) wrren dry; pseudo pris-

strongþ calcareouse CaCO3 appears to har¡e | 
'iìtr

Btl 7-10"

Br2 J_O - 13rr

D-t?||

L7 - 3l',n

BC

CT

accu:mrlated a.long old. root channels but is { I
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i

i

i,il

þg!þ(inches)
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DescriptÍon

also found throughout the soiJ- massi

diffuse boundary"

Broun to pale brown to light graY

(ro ffi 5/3 - 7,å) loa¡r when dry;

pseudo-fragraentary to platy structure;

hard v¡tren dry; pH 7 "8h; strrcngly ca1--

ca^reous, CaDOS appears to have accun-

r:-lated along old rrcot channels but is

also found throughout the soi-l- mass.

c2 3l++r¡

TAEPJRATION OF SOTJ SA}ÍPTES FOR AI{A]JSIS

The air-dry sanples were cnrshed with a wooden rolling-pin,

sÍeved through a 2 m" síeve, weigþed, and, placed in cartons fitted lúith

coverso The coarser material ()ãm) was also weighed j¡r order that its

comparative quantity in the profÍJe could be esti¡ated" .[11 laboratory

deteruui¡ations were made on soiL that was finer than 2'nm. Differential

. therral analyses were conducted. on material less than 5 microns in diæ- .

eter, as obtained frp¡r the mi¡eralogical separation experinent" F\¡sion

analyses for total potassium content and. specific surface deternj¡rations

of tlre clay fractions were conducted. on the coarse clay fractj-ons (2 ' O.zP)

and, on the fi¡e clay f¡actions (less than 0,þ)' I\¡sion analyses for

silicon, a}r¡d¡¡ir.r¡¡, &d iron contents were made on the fjne clay fractions

(less than O,Çr) only' For aLL other analyses, the 2 ¡¡m" material v¡as con-

sid.ered, sufficiently cornninuted for the anaJryses to be conducted'

The cutan stud¡r of this project was conducted on the doni¡ani:

t¡B¡r horizon of each of the three soiJ-sn At the ti.r¡e of sanpling, peds
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Description

also for:nd throughout the soil mass;

diffuse boundary"

Brov¡n to pale brown to light graY

(10 n 5þ - 7Â) loa¡n when dry;

pseudo-fragraentary to platy structure;

hard wtren dry; pH 7.8þ; strrongly cal-

catreous, caßo3 appears to have acelEl-

ulated along old root channels but is

also found throughout the soil- mass"

34+r¡

FNEPJIRATTON OF SOII SA}ÍPTES FOR ÀI{ATJSTS

The air-d.ry samples were crushed with a wooden rolling-pil,

sÍeved through a 2 m" sieve, weigþed, and placed in carbons fitted with

coverso The coarser material ()àm) was also treighed j¡r order that its

comparative quantity in the profiJ-e could be estirnated" AIL laboratory

deteruinations were made on soil- that was finer than 2 nrm' Differential

. thermal analyses were conducted. on material less than 5 microns i¡ diaCI'-

eter, as obtaÍned. frrm the n:i¡eralogical separation experirient. !\¡sion

analyses for total potassir:m content and specific surface deterninations

of ttre clay fractions were conducted on the coarse clay fractions (Z - O"$r)

and. on the fine clay fractions (less than 0'ÇU)' t\rsion enalyses for

siJicon, aluninÍun, &d iron contents were made on the fi¡e clay fractions

(less than 0,$r) onlY' For aLL other analyses, the 2 m. material v¡as con-

sidered suffíciently eornminuted. for the analyses to be conducted"

The cutan study of this pnoject was conducted on the doninant

rlB¡r horizon of each of the three sojJ-so At the ti:ne of sampling, peds

c2
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were selected. fþom the Btj, the Bb, and the B!2 horizon of the Ûrthic

glack, the O:thic Dark Grey, æd the Olthic Grey l'Iooded pr"ofile, respect-

írre1y, and r,gapped in ¡rsarant¡ paper to prevent air-drying. As soon as

possible thereafter, ùhe cutans on these peds were removed by light}y

scrapÍng with a lsri-fe" The cutans thus obtained were sieved vrith a 2 Ifo'"

screen, r,reighed,, and placed i¡ cartons fitted lJ:ith coverso The floating

technique for nenoving cutans as described by &¡oI and Hole (1O) v¡as tried

but ùid not give any posÍtive results" The analyses to which the cutans

Ì¡ere subjected, were perforaed also on bulk sanples of the selected peds"

preparation of these br:Ik sanples for analysÍs ï¡¿s, sìmi'lar to that of the

horÍzon sanples@

}frTHODS

Soil- Regtction

The SI values were obtai¡ed on soil- pasùes by means of a

¡¡RadÍometerr¡ Él metern

Orearìic lnlatter

The organÍc natter content of the soiLs was detencd¡ed by the

l{alk3-ey-Black nethod, as ¡oodified by WaIkIey (26)" This method i¡rvolves

the oxidation of readiJ¡r oxidizable carbon of solls by chronic acid'

with sulphuric -acid-heat-of-di-1ut ion.

Tota1 Nitr,oeen

Total nitrogen was deteruined bgr the rnacro-Kie1dak¡I" methodu

enploying the acÍd,-base titration of distilled ammonia as updification (26)"

E:Éractable Iron " .[luminir:n.-and Si-]-icEu

Dete¡ror:ination of these constituents was carried ouü on exbracts,

obtaÍned jn tlre procedure for preparati.on of the soJ-l for X-ray diffrac-
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tion analysis (2?), Iron, alimi¡j.um, æd si-l-ica r+ere anal¡zed for on the

sod¡:m d.ithionite-citrate-bicarbonate extract; the latter tuo afLer the

j¡on had. been removed" Analyses for a}¡roinium and silica were also made

on the sodir:n carbonate extract of the afore-mentioned procedwe' Iron

r,ras deterrii¡ed. by the potassir:¡n thiocyanate red colour roethod; siJ-icon

by the a.monÍr¡m nolybdate yeLLor¡I eolour nethod,; ånd eluninit¡n by the

aluni¡on ¡r.sthod (26 t27 ) "

Cati-on Þ<chanee Capacity

Catj-on e:cchange capaeity measureroents were obtai¡ed by leachSng

the soil, w'ith a 1 N NH40.{c solution buffered at pll 7, The ertract obtai¡ed

frora the leaching process was retai¡red for the deteru,:ination of exchange-

able cations. The soil was the¡: leached with ethanol to r€¡nove the excess

salt and subsequentlf $Èth 1 N NaCl to displace the amronia fron the ex-

change complexu The leachate was distil'ted rntrereupon the anmonia dis*

placed vlas measured þ titration against O"I N-NaOH (26)-

Þcchangeable Cati-ons

. Exchangeable Na and K were deter¡nined photometrically. ån

aliquot of the a¡rmonir:n acetate exbract was placed in a beaker and

evaporaied to drXrness, To destroy the organic matter, J cc" of 1:1 H202

were ad.Ced and. the beaker plus contents were heated gently" Then I cc. of

1:1 HCI were added, with subsequent heating to dr¡aress to dehydrate the

silicao TLre residue was taken up r^rith 2 cco' concentrated HCl and placed

in a 25O cc. volrgetric flasko Upon addition of the proper amount of Li.,g

the flask Ï¡¿s fìllsd to volune and the Na ar¡d K content was dete¡mi¡ed by

means of a Becløan DoU. ff,ane photometero

Ê<changeable (Ca + Mg) was determi¡ed. as follov¡s s an aliquot

of the NH4OAc extract was placed into a¡r Erlenmeyer flask ar¡d diluted to

50 cco with distilLed water" Then 5 cco of monoethanalanine br¡ffer and
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about JO ng" eaeh of KCN a¡rd hydrolrylamine hydrochloride were added" The

f:lask was shaken until the solids dissolved, where upn about 0.2 mg. of

Eriochrr¡me B1ack T i¡dicator $ras added" Titration of this solution with

E.D,T"A" folLowed'o

Exchangeable ca was determined þ placing art aliquot of the

NH4OAc exþract i¡ an Erlenmeyer flask ar¡d diJ-uting it to 50 cc. r^rith

d.istiJ-led. v¡ater. ApproxSmateþ I cc" of 6 trl ¡laOtt ard 4 - J drops of

Ca1con jndj.cator were then ad.ded, Upon subsequent stirríng the solution

was titrated wiÈh E'D.T'A'

Exchangeable IvIg was obtained by differenceo

Particle Size Disfribution

The partj-c1e size distributfon of the soíL naterial less tha¡¡'

2 nrn. in dia¡neter lt¡as obtained by the nineral fractionation procedure

as outlj¡ed by Jackson (27)"

X-ray Diffractign Analysís

sanples for x-ray diffractíon were prepared as described by

Jackson (27)" Oaly the doninant horizons of each profÍle vlere analyzed,

since 1lttj-e j¡rformation rtras oçected to be obtajned from the i¡termeùiate

horizons. Tr¡¡o sets of slides were prepared f¡'om each horizon for T-ray

d,lffraetion ana]¡rsis, The first set consisted of magnesir:ra-saturated

clay and the second. of potassir¡l-saturated clay; both sets were glycerol

solvated. Diffractograas were obtai¡ed. frtm the magnesium a¡rd from the

potassiun-saturated clays, and also fron the potassir:m-saturated clays

afber they had. been heated' for tr¡o hours a1'55}o}"

The equipment used, for the X-ray diffraction analyses consisted

of a phj^Iíps P.i.I" 1O1O generator, a Philips P,'dü, LO5O goniometer, and a

Phitips P.l'í, LO51 recorderé The rrnÍt was operated at 36 k"v', I m'a',
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and, the record.er settings werei counter¡ J2, taLe meter: 4, time constant

(sec.): 16, and ¡ru1tiP1ier: 1'

I\rsion Anal-Yses

!\¡sion ana*lyses were conducted to deternine the total content

of potassíurn, iron, silica, and a}:njnir¡¡o in cerbai-n size fractions of the

donjnant soi-L horizons of the three profiles. The fusion methods employed

were those outlined by the United States Geological Survey (¡ó)"

Tota1 potassir,m of the coarse clay (2'O - O"2¡r) and medir:n -

fine clay (<0"?o) fractíons was deterujned. photometrically by means of a

Beclman D.U. flLane photometeru lotal iron, silica, and alum:i¡rium of the

fi_ne clay (<0"4u) fractions were determined cblorinetrica$r' Iron was

d.etenri¡ed according to the orthophenar¡throU¡e method, si-Licon according

to the rclybdenun blue colour method, ed a1wûi:riun according to the

Àlizarin Red-S mefhod"

Specific surface arralyses 1,'¡ere carried out on the 2'0 - 0"2

and the (0.2 nicron clay fractions, according to the nethod of Kinter and

Diarnond., as nodified W lfehra and. Jackson (27). This method is based on

sorption of one layer of gtycerol between two surfaces of nontmorilloníte

or ver¡rÍcuLite at IIOoC '

p:reparation of the samples for differential the:rua1 analysis

was done according to the procedgre as described by Jackson (2Ða The

analJrses were conducted on soll materÍal less than 5 microns in diameter;

i,€o oIl ni:cbures of flne siJ-t, coarse c19J¡, a¡rd fine cIay" The relative

proportÍons of these fractions ú 
".cf, 

of the samples was according to

thei¡ distrlbution in the soil sample proper! Each of the differential
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thero.ral analyses r*as done under controlled atmospheric conditions, The

temperature range over ruhich the samples were anaþzed was fr"on 0 to 60OoC

usíng an orygen atnosphere, and fron 0 to l-O0OoC usj-:ng a nitrogen atmos^

pheren

The j¡¡strr:ment used for the ùifferential thernal analyses vias ¿

Stone, ¡oodel D"T.A. -13 M" Tlre r¡nit was operated at d0 m"vo SnaIL,

vertical j¡flections signlfying 3"00oC 1r¡tervals were inposed automatically

by the i¡stnrment on the thermograms"

t



EXPERI},ENTAT, NESULTS A.ND DÍ,SCI]SSION

IIü\TESTIGATIOT\F

Soil- ReacSion

The gl values i¡ Tab1e I show that the organic horizons jn each

of the profiles are neutra-l to stigþt]y acid'ic' The rr{tr and r¡Brl horizons

ín each profile tend to be slightþ acidic whiJ-e the rrÇrr horj'zons are

mod.erately alkali¡e. !üithjJ¡ profiaes, the soi-L reaction varies mosf in

the O,rbhic Grey Wooded and least in the O¡thic Dark Grey profiJ-e" In

general, however, therg is ]ittle variation jn pH values withj:^l and among

the gnthic Black, the onthic Dark Grey¡ and the orthic c'rey tlooded'profiles.

This lack of variation in pH índicates higþ base saturation as weLL as a

cerbain rrniforuity i¡ the chenical conrposition of the original parent mat-

eri.a1 from which these soils developed"

The results of the organic matter analyses are presented 1n

Table I" These data show that the organic ¡o¿tter content of the organic

soil horizons varies verîr little $rithi-n and, an'ong the profiJ-es" The or8p¡¡ic

rnatter content of the nl¡reral soi-l- horizons, on the other hand, va¡ies con-

sid.erably; ioeo withjn each profi-Le it d'ecreases with i¡rcrease j¡t depth'

.An exceptio¡ to this general trend car¡ be noted in the data for the orthic

Grey tr{ood.ed. profiJ-eo In trris profSJ-e, the organic matter content of the Ae

horizon is consj-derably lower as compared to that of the underlying rrBr¡

horizons, Thts suggests that eluviation of organlc material fron the Ae

horizon i¡to the horl-zons below it has t,aken placeu considerÍng these

results a¡¡d the envj¡onmental conditions at the respective soil locations,

it can be conclud.ed that eluviation and. subsequent il.luvÍation of organic



TABIE 1

¿'1

SorL nEAcTIoN (pH); ORGAI'IIC l.aTlER, oRGAliiC CÁRBoIie Tq4r ryITISÐN,
Al,tD llxTIiAClABIl¡ IRON CONTUNTS, Al'lD C/N RATIOS 0F TIIE CR'THIC

BLACK, ORÎHIC ÐARK CfiEY, ND oRÎHIC C.REY !.IooDED ia'OFITF:q

rìrlli
¡i¡

SoiJ- Horiz,on pH

0r'ganic
I'latier

þ

0rganic
Carbon

/o

Total
l'üifrogen

þ
c/N

Ratio

ÞtracLebie
Fer0q

Al
lo

Ortttic
Black

@thic
Dark
Grey

0rthic
Grey
Wooded

T
F-H
Ah
lu1eJ
uvrJ
w
u

T
F
11¡¡
Ahël
Aeh
BA
-Dt

æ

L
F
11
.r1

Ae
BA
Brl
w2
m
c1
c2

6,6
7"3
6.3
O.I
ôu)
7,0
7.7

?"0
7'2
6"7
OoJ
6"3
OoJ

7.0
7"5
7,7

6,1
6"5
6"h
O")
5"7
5"7
6"?
7.6
7,7
7"8

l&,92
h5 "l+O
4.oo
3"17
!"21þ
lr17
o "76

4f ,84
41.O2
4V"O>

O"YU

J oOO

1.17
1.21
1,07
0.óg

42"th
TJ"69
39 "71+I"o4
l"5g
1,40
1"57
1"33
0,48
o"37

u,2h
26.æ

4o)L
f .84
o.72
0"ó8
0"U+

2l+"19
23 "72
23"50

2.IL
0"68
0,?0
o"62
0.40

2h.37
24,10
22.98
0"60
o,g2
0,81
o.gl
o"77
0"28
0"21

L"3'l
L"26
0,20
UÉJO
0"07
0,08
0,05

I oOO

l.6I

o"3h
U"Iö
0.07
0,07
0.07
0.06

1,44
-t A¡f sv¿

0.05
0,09
0.08
0"08
0,07
0"05
o"03

L7.7
20"8
J-L "O
tthLL6/

10.3
8,5
()oÕ

14"o
13 "1],4"2
lJ_.7
IL.7

9"7
10,0
8.9
oo /

J_C oy
14.9
16.9
12.0
10"2
l-0,1
IL"4
11"0

)eo
'l "o

1"O0
o,95
1"00
1.1_i-
0.95

Uo(1Áþ

0.85
1"00
1,03
o'93
o.96

o"62
1"19
1.r5
1"18
1"14
0,84
r.23
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matter is most i¡tense in the ffihic Grey lfooded profile"

The total nitrogen content (taU1e I) in each of the profiJ-es

decreases with increase in depth. Exceptions to this general trend occur

jn the Ae and, Bb2. horizons of the Orthic Grey't'looded profiJ-e. this trend

as v¡elI as the exceptions are analogous to those observed. for the organic

matter content j¡r these profiJ-es' Hence, eluviation and subsequent illuv-

iati-on of nifrogen, either in organic or ínorganic form, is nost intense

j¡r the Orthic Grey Tfooded' profile.

The C:N ratios, as shor^m in Table I, are as might be e>qpected (53).

Thus, when conFaring sjmil-ar horizons between profiles, the ratio is lov¡er

under neutral than und.er acid. conditions. The desrease in c:N ratio with

j¡crease in depth may be due to variation in the constitution of the sojJ-

organic matter (5elt7)" Part of this apparent decrease may also be due to

the inolusion of a¡monÍun i-ons in the total nitrogen results. These

an¡nonium ions were fjxed i¡¡ the soÍl by clay ninerals (53)'

Exbractable Iron. Silica" and .Alurni¡a

The percerrtages of extractable iron are presenLed i¡ Tab1e I'

These data show tlet iron oxide has accuuulated jn the ItBrt master horizon

of each of the profiles" I\:rbhennore, part or the whole trAtr Ìnaster horizon

of each of these profiJes is distÍnct]y lower j¡ j¡on oxide content than

any one of tt¡e respective r.rnderlying B horizons" In the Qrbhic Elack profiJ'e

the difference between the free iron content of the Atrej and of the under-

lyj¡g Eti is quite $na}l' This difference is of significant rnagnitudet

however, to i¡rdicate that movement of lron out of the Atrej horizon has taken

placeo The higtr iron oxide content of the s horizon of thj-s profile sug-

gests that free iron has accrrmqlated' jn th-is horizon a}so" Ïn the Orthic
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Ðark Grey pnofile the iron oxide content of both the At¡ei and the Aeh

horizons j.s consid.erably lower than that of ar¡y of the urderlrj¡g B horizonse

Accuu'lation of iron jn this profile appears to have taken place in the BA

and. Bt horizonso I:a the Orthic Grey lr/ood,ed pr"ofile the iron oxide content

of the Ae horizon is about half of that of the underl¡ning B horizons"

Iiluviation of i-rrcn jnto each of these underlying B horizs¡s appears to

have occurred i¡ about equal a¡rountso

Fron the data i¡ lable I it can be conclud.ed that eluviation of

j¡on has taken place jn all the profiles under study, and that the intensity

of this process was greatest in the Olthic Grey lrlooded and least in the

g1¿hic Black pr-ofiJe" The results also strow that the i¡on oxide content

jn the C horizons of the three soils is relatively higb and is of abut the

sanie nagnitude, e:cept for the C2 horizon of the Orthic Grey iÙooded pr"ofiJ-en

Considering the fact that the method used does noü affect j-ron constituents

in clay ni¡erals, bub rerooves orrly j-ron oxides and. coatings, the relatively

Iarge amou¡rt of i¡on oxide jn the C horizons suggests that the parent mat-

eriat on which these soil-s have developed does contain a higb percenbage of

exfractable iron" Tlre nearly equal anrounts of exbractable iron i¡ the C

horizons of the prrcfiles indicates that tlÞse soils have d.eveloped on si¡l-

ÍJ-ar parent material"

The e¡*ractable siJ-ica and. a}:mina results presented jn Tab1e II

are d.ifficult to Ínterpret. . Very little info¡mation is present on the

forrn or forms of sjLicon or aù:¡ai¡rir:¡r r¡hich are Ðctracted by the nethods

used,, IrJith respect to silicon, IufcKeague ar¡d CIi¡e (39r4O) found that

silica i¡r soiJ. solutions was j¡ monomeric fo:n, -* presr.mably as Si (OH)i* *

and that this compor:nd is absorbed on soiJ. parbicles, the prlocess bei¡g

strongly pH de¡ændent" fnus, the siJ-ica extracted by the sodit¡¡o citrate
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T.ABIÐ IÏ
SODIUI'Í-C]TRJTTS ETTÊACTABIE ATID SODIUM CÂP'tsONATE EXTRACT-

ABIE SI1JCA AI'ID AT,LÞÛttA oOIIiEÌ'ES 0F TIfi CF'1'FIIC tsLÄCK,

TTE OR${TC DARK C,AtrY AI{D ORTHIC C'REY }JOODED FROFIIES

Soil- Horizon

Na-Citrate ExtraetÍon Na2C03 ExLrac'¿ion

fi sto2
% llzo3
(x roz¡

ft S::O2
(x rd)

% iozo3
(x ro2¡

Orthic
BLack

0rthic
Dark
Grey

Orthic
Grey
V{ooded

Ahr

Ar¡ã5
Brj
BC

c
I

¡ineJ
Aeh
BA
BT
BC
tt

Ae
BA
bûI
Bt2
BC

c1
c2

o.935
0.860
o.813
o"973
1.010

r"25r
IoIo)
t.369
L"3l+l
r.262
L'21+5

1"834
2,21p
2.552
2.56r
o"7gr
0.698
0"80?

L2"2
12"6

9,9
9"2
?.0

24"O
23.1
20"1
!7 "7
22"7
r7 "3

l-4,9
17.0
l:6"5
20.1
ljl.9
?'1
6.1

L2.96
)J"37
12.00
].2.53
13 "06

IL6JI
].:o"33

7 "o3
7.85
9.36

22,50

4.89
6 

"gh,12J'þ
l.7.t$

7 "lg
12.81
u.5h

I

0.14
0,07
0,3
Uø/
0,9

2"O
J- 

"O
L"2
0"9
2"L
o.3

/,ø)
1"5
1,4
1"0
0"8
0"ó
0"4
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¡rethod, as weLL as bgr the sodium carbonate nethod must come, in part, frcin

sjl-ica coatings on sojl- particles. V¡ith respect to ah:¡rj::.iu¡n, this may,

in parb, have come fron the exchange conplex. Faw}¡k (50), jn his paper

on Grey Vùood.ed soiIs, observed that sod:iu¡t carbonate exbractable silica

attained its highest concentratj-on in the rr0t¡ horiøons, while extractable

alr:ni¡a appeared to accumulate in the rrBrr horizons, Sjnil-ar observations

ca¡ be made from the data presented in TabLe II, although the trends are

far from obrrious,

Catj-on Ercchanee Capacitv a.nd Excþanseable Cations

The r^esults frorn the analyses for cation exchange capacity and

for exchangeable caùions are presented i¡ lahle III" ûrly the dominant

horizons of the profiles were j¡vestigated" Tkre occhangeable cations are

expressed Jn per cent of the exchange capacity" Ðrchangeable cations, base

saturation percentages and Ca;Mg ratios have not been calcuLated for the,

ttort horizons, as the method emptoyed does not differentiate between cations

obtai¡ned fYon the exchange conplex a¡rd those obtajned from the relatively

insoluble carbonates"

The r"esults show t,hat the cation exchange capacity j¡ the Orthic

Black and jn the g¡:thic Dark Grey profiLe decreases with increase Ín depth"

Irtro such trend j-s pnesent j¡r the or'bhic Grey trrlooded profile" The different

behaviour of the exchange capacity in the latter profile as compared to the

fo¡uer two profÍles can be attributed to differences in organÍ-c matter and/or

clay content of the various horizons" From Table I (p"29) and Tab1e IU (pJ5)

can be seen that the dlfference i¡r e:rchange capacity between the r¡Ar¡ and rrBrl

horizons of the Orthic Rlack as weII as of the Orthlc Dark Grey profile must

be dre tb organic matteru This inflLuence of orgartic natter is partÍcr¡lar1y
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CATION EXCHAÌ\I@
I'IAJOR HORIZONS

TAsiE III

CAPACITY ANJ EXCHANGABI.A C.ÀTIO}I DATA FON' THq

OF TIE ORTHIC tsLACK, ORTHIC DAIì'K GRIIY' Al'iD

ORTHIC GHET 1{00DED PäOFIIES

Soi.l Horrzon

Cation
Exchanee

r9Êtrt%'Hl

Exchangeable Cations (Ø)

Ca:l'þ
Ratío

lb
Base
Satura-
+; ^hNa \rd

'l.fo
-.o

Orthic
B.Lack

0r"bhic
Dark
Grey

Orthic
Grey
Wooded

AÌI
Brj

rhãJ
.uï'
11

JI¡J

Bt.z
c2

ZOcöö
21+.64
13 "65

3l."57
25.lJ
r7,92

5.99
27 "30

g 
"95

5"54
lt,7L

5.32
3'l'8

2"8h
2"60

0.09

ô(?

69 "27
73 "O5

65"73
7L"47

68,ó1
65,93

].4"L',3
t) "86

A4"o I
26"40

25.O1+

32"97

4oÕU
J oL,o

l+"hB
2."1o

2"71+
2"00

89 "2510r"62

Õ2 só4-
J.UI"Y2

96"99
101"50
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e.vident in the Onthic Dark Grey profiJ.e, where the mrch lower clay content

of the ttAt¡ horizon as compared to the rrBrr is not indicated ln the exchange

capacity, In the Orbhic Grey t'Iood.ed profile, on the other hand, the lower

exchange capacity of the Ae horizons as conpared to the BbZ horizon is due

to differences i:r clay conLent. The cause of the large dlfference 1n

cation exchange capacity between the Ae and Bt2 horizons of this pnofi.Ie

nust be attributed to soil-foræi¡g prþcesseso

The data in Table III show that, i¡¡ each of the profi-Les, elc-

changeable potassir:n has accunrulated i¡r the sr:rface horj-zon, rather than

r¡roved do¡¡rward i¡ the profj-l-eo Deposition of tLris cation by vegetation

and liberation through weatheri¡g ¡nay be responsible for this apparent êcclul,-

ulation" the exchangeable calcir¡m and magnesir¡n content increases with in-

crease in depth withj¡l each profile, An exception to this general trend

car¡ be noted j¡r the Orthic Grey hiooded soi-I" The calcir¡m content of the

Ae horizon of this prrcfiJ-e is higher than that of the B[2 horizon" The

Caßig ratj-os are lorver i¡r the rrBrr than j¡r the rrArr horizons of the soils"

Gr comparing profiles, the difference i.n rafio between the rtA¡r and rrBrl

horizons is smallest in the ù*hic Grey lrtooded soi.l. The base saturation

of the three profiles is high for both the rrÀrr and rrBrr horizons.

Particle :lize Distribution

The particle size distributi.on data are presented i¡ Tab1e r\I

and in lable V. As nay be noted from lable V, the average texbure of the

prcfiJes under study is clay loamo This ta.ble also shows that the diff-

ererice i¡ total clay content betl¡een the rrArr and l¡Brr horizons i¡tcreases

progressively fr.om the ûÉhic Elack to the O¡rbhic frey Uooded'

i.r:
i i.j
itllì
¡ l,ì

lrr
r'ìlìl

i:i.

ìrj

¡:,i

¡',,
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TAtsTE IV

TOI'AI SAivÐ, SII-if, AND CLAT Col\mtNII, A]ID FII{E SILT, CoAnSE CLAÏ,
AllD FIIE CLAY COl'ff,il\n 0F Tifi HORIZOIüS 0F THE ORTtIIC BT.ACK,

ORTHTC DÂRK GREY, A¡lD ORTIjIC GFET VIoOTED S0IÏ.S
ii!i
l:l;

Soil Horizon
Tota].
Sar¡d

70

Total
sift

þ
Tota1
C1ay

6/
P

Fine
si-lt

tO

Coarse
Clay

H'ì ñâ

Clay

Or'bhic
BLack

0rthic
Ðark
Grey

ffihic
G¡'ey
Itiooded

ru¡
JuleJ
Br, j
BO

lJ

Ahã5
Aeh
BA
Bb
æ

Ae
uÕ
rt

Bb2
IJU

c1
c2

7o.)
36"2
22,9
18"3
35"8

35 "o
29 

"B
33 "7
37 "5
32.7

Ãll)¿o*
)) øv
3r"4
31"1
35"8
36.2
l+O"6

33 "6
33"5
h3"r
l+7 "7
l+3 

"5

37 "3
34.S
3L.2
30"2
32,8
3l+"3

38.1
31"0
2l+"3
24"4
32"2
34"3
35"r

30.0
30"2
34"o
34"o
20 "7

29"1
30.2
39 'o
36,O
29 "5
33.o

10"8
36"C
U+"3
l*"5
3L"g
29,5
4"2

3 "h,3'2
3 "lt,
3"7
2"5

l+"4
3"8
l+"1+

4"2
3"8
5"2

l+"5
3.6
3.1
2"8
3"5
3"5
3.7

9.8
9"5
g,g

11,1
6"9

9'8
9"5

10,9
11"2
10"9
l3,8

6"2
J-L OO

11.5
ll-"8
ll-.7
12"0

9"6

20"3
20"7
2J+.2
22"9
13,g

]-9"3
20"6
26"1
a+"8
19"?
19 "2

4"6
24"4
32"8
32"7
20u2
17 

"5I¿e.6



95aTABIÐ V

SA¡ID A}üD STLT CONTEIff OF THE HORTZONS OF TTE ORTHIC
---nr,æx, 

oRTHrc DAnr GRET9_4P oRTHTC C'nEY I{CODED

PROFIIÐS

Soi-i-

Orthic
Black

Orthic
Dark
Grey

0rthic
Grey
trrlooded

l%vew
I Coarse

i{orizon I Sand

7[ | % l%nine+
Coarse i i'tea. lVerY Ffue
Sand. lSan¿|Sand

õl
lo

Coarse
silt

lo
I'Iediura

si_1t

Jitr
.AhãJ
Brj
BC
n

åneJ
/þh
BA
Bt
Þ(,

c

Ae
BA
çr+ 1

Bt2
BC

c1
c2

2.3
2"5
oo7
1"0
?"5

2"9
2"1+
2"1
2,6
2"9
2"5

l+.7
1.8
2"I
1.9
2"3
2,,6
3"7

l+"2
)ø(
2.Q
1.4
h"2

4"O
4.3
3.9
4"1
l+'9
4"0

6,2
3.7
3.2
3"2
3"3
3"9
5.7

I

7"7
7,3
l+"5
218
7"2

Oc)

7"b
6.3
6,9
8.7
8"0

9"3
5.9
5.1+
5"5
).o
onr
7"8

22"2
22"8
+/ a I

13"1
L.g

Lg "5
20.8
1ñ I
L(oLþ

4UøL
21u0
18.2

30"g
?)-u4
20"6
20 "l+
2l+,6
23.6
23.5

17"0
ì" ?

22"5
23 "g
26"h

.LO ø)
lo u4
!2"9
].2"g
15 "g13.0

18 "2
15"1
-LL oO

12"1
15,1
17 "7
L7 "g

L3"2
t< |

u"r
L'+ø J

IO o4
1400
T3.B
l"'ì
13 "0rl, l

1a 2J/. ø)

YoO

9"5
]3.5
lJ "LL) ")
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This trend is logical as these soil,s have developed e¡ simì].a¡.

parent maùeria1 but under the influence of different envj-rorunenta-l condi-

tionso It illustrates that clay ¡¡ovement arnong these profiles is ¡oost in-

tense jn the Orbhic Grey l'trooded soi-l-,

The data in Table fV also show the distribution of the fÍne silt,
coa.rse clay, and fine clay fractions in the soils, Of these fractions, the

fÍ.ne clay is the largest in a¡'rount in every horizon of each of these profiJ-es,

æccepi for the Ae horizon of the Orthic Grey T{ooded soil. f¡ a'ì] three pro-

fiJ-es, accr¡mulation of coarse arid fine clay in the rrBrr horizon is apparent.

I{o such trend is evj-denü for the fi¡re siJ.t. The accu¡utrlation of clay in
the ¡rBrt horizon must be attributed mainly to the process of ilLuviation,
F¡om the data i¡ Table fV it is ttnrs apparent that the fine clay fraction is
principalþ affected by these processeso

ltre data for the vari.ous sand fractions and for the coarse arirà fine
siJ-t fractions of the horizons in the profiles are presented i¡r Table V"

these data are quite rrariable, so that it is èlfficult to attribute any

of the differences which occun lrr-ithi-n and arcng profiJ.es to ped,ogenÍc

processeso

Ï{\ITSTTGATIOI{S OÀI T}IE CT.AT FRACTTON

X-ra¡¡ Di-ffraction Snalyses

The diffractograms of the fine siJ-t and clay fractions¡ as shorvn

in Figures 1 to p, have been ama¡¡ged according to profiJ-e sequence@ ç¿ly

the dorni¡ar¡t horizons of each profÍl-e were anal¡rz,ed." The diffraction pat*

terns obtained f¡.om the non-heated potassir.m treated sâñFles of the .coarse

and the flne clay fractions have not boen recorried, since they were of no

materjs,] aid in mineral identification.
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Fi¡e SjLt @) The diffractogra¡ns of the fi¡e sj-It

fractj-ons of the grbhic B1ack, the 0rbhic Ðark Þoy, and the Orthic Grey

lrlooded profile are shoun Ín Figures 1, 2, and 3 (Appendix, P"9r'ó), respect-

ively.Themostpromlnentreflecti-ons(4"2and3'31)areind.icativeof

quarbz" 'Reflections characterj.stic of ehlorit e and'/or ve¡'m:iculite

(t4,0 an¿ ?.Ot) and for i'llile or rui-cas (tO.O an¿ 5"01) can also be ob-

servedn The intensity of these reflections does not seøn to vary mrch arnong

horizons lrithin the profiles nor anong the profiJes. As roay be noted, the

characteristic fÍrst order* montnori1lonoid# refLection at 1?'?l is not

present in any of the patterns obtai¡red for the magnesir:m treaüed sa'rnple*

In some instances, however, such as in the G'horizon of the Orthic Black

profiJ-e, a fai¡t indication of this re.flLection may be observed" It is

apparent, therefore, that very littIe if any montmorillonoid is present 5n

the fine silt fraction. This was to be e:çected., since the average size

of nontno¡illonoid, clays is less than 2 microns (25)"

C.oarse Clay Fractj..ons (2"0. - O"?r\ The diffraction patterns of

the coarse clay fractions of the Orthic Black, the 0rthic Ðark Greyr and

the Ort,hic Crrey i,ilooded soils are presented in Figures 4e 5, *d ó, res-

pectivelyo The reflections indicatii¡e of quartz, al h"2 and 3Jl, u**

S TL¡e tem rlorderr¡ is used througþout this discussion to explain the
basal reflLections only; it is not necessarÍIy the order which cor-
responds to the r¡nit celJ."

ffi The term trmontmorillonoid¡¡ refers i¡ this discussion to the clay nin-
eral group; the te¡m rtmontmorilloniterr refers to the clay nineral
speciesu
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again the nost proninent ones prosent" Montmorillonoid is present j¡r each

of the profiles as revealed by the 1?"?l reflection on the diffractogr€ms

of tl¡e magnesium-treated. sa¡xplese The presence of jILiteS i¡r the coarse

slay is jndicated. þ the 1O and. 5l reflecùions, The peak at ül signifies

the first ord.er reff-ection of either ve:miculíte or ch-lorite ' Since the

f4å spac:¡g virbual-Iy disappeared on heating, it can be concfuded that

vemiculÍte is more donjnant than chlorite" The reduction i¡ Sntensity or

disappearance of ti¡e d reflLecti-on upon heating Ís a fr:rther indication that

ver"niculi.üe is present rather than chlorite" Kaolinj.te is also present as

i¡dicated by the d reflLection.

In the Orthic B1ack profile, the first order montmorjl-Ionoid

reflLectÍon (fZ"d) 1s quite distinct on the Bbj and C horizons diffracto-

gf,es¡ wtrereas it is hardly distinguishable on the diffraction paiterns of

the Æ¡ horizon, Tkre tf"?l reflection on the d.iffrastogra^rn of the Ah horizon

appears to foru" part of a plateau-like reflection lut'rich occurs in the region

between 10 and 181, This plateau-Iil<e reflection, as well as the relatively

broad. peak at 3.51, is jndicative of ttx-a:norphousrr zones. These rrx-a¡norphous¡t

zonese wtrich are caused by z-axis limitations, are jndicative of rrmjxed-

3-ayer¡t clay ¡ri¡rerals " The first order venaiculite and iJ.lite reflectj-ons

are quite prrcminent on the diffractogra¡F of the Btj and C horizons whereas

on the ALr horfzon diffractogram the verniculite peak is obscured some$¡hat

,''-' bÍ the pleateau-U.ke reflection. The diffraction patterns indicate that

the montmorìllonoid and the veraiculite contents are lowest i¡r the Ah

'" , * Tllite ís a general ter"ro for^clay rnineral constituents belonging to
the mica g^oup¡ having a l-O Ï, c-æsis spacing.ui1icþ shows substan-
tialls no-uxpäid:og-1ãttice characteristics. (7 e25) "



:J:

i

,

l

horizon, The il-lite content in each

appmxinately siadJ.ar a¡id appears to

and ve¡miculite content n

t&

the horizons of this profil-e is
greater tha¡¡ the mont¡norÍlIonoid

of

be

In the Orthic Dark Grey profiJ-e (fie,5), the fi¡s'r, order mont-

morillor:^oid and vermiculite refl-ections are Ìadly distinguishable on the

d,iffraction pattern of the AhãJ horizon. These reflections ar€ prominent,

howe'rer, on the diffractogralns of the Bt and C horizons " .Analogous to the

Orthic Hlack prof5le, the diffractj-on pattern of the Atrej horizon can on\r

be explalned as beÍng d;ue to the presence of mixed-Iayer clay ninerals,

t{ith respect to the distribution of the clay minerals in the ffihic Dark

Grey profile, the mont¡oorillonoid content appears to i.ncrease w'itJr deptho

The r¡erm:iculite content i.s lowest in the At¡ãj, and of about equal amor.¡nt

in the Bt and C horizons, The i]lite conter¡t remaing constant down the

profi I e.

trr the Orthic Grey I'iooded profile (Fig"6), montmori'llonoid does

not appear to be present in the Ae horizon, but is prcrninent in the Bt2

and C horizons. The ven¡:iculite content appears to increase slightly with

depth, whj-Le the iJ-Iite content remai¡rs constar¡to ft¡e ?1 peak in the

di-ffractograes obtained fron the lufg-treated, samples suggests that ar¡

appreciable a¡rount of kaolinite is present, in particular j¡ the Bb2 arrd,

C horizons. A 14Î peak nay be observed. in the Bt2 and. C horizons d.iffracto-

grems obtaj¡ed from the heat-treated samples. This refl-ection nay signi¡|y
othe presence of a clay n:ineral rvith a 14Ã d-spacing, s'i:nif¿¡ to the ones

noted j¡ the B horizon of podzolized soils of Alberta and Saskatchennno

(6r5Or5f) The characteri.stic perioùì.c ordering of tù¡e peaks of this nin-

eral- (51) is however, not evident on these diffractogê&so
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Anong profiles, the d.iffraction patterns obtai¡red fnc¡n the heated

mounts are quite sirnil¿¡ in general appearanceo lrregularities occur rrith

respect to the ?.1T reflections which may be present or absent in any of

the diffraction patterns, and with respect to the l4L reflection wtrich is

distj¡ct only on ihe ùiffractograms of the Bt2 and C horizons of the ffihlc

Grey irboded. pr.ofiJ-e. The diffraction patterns obtained fron the !fg-

treated. sa,mples are characteristic for each pr"ofileu althougþ ee¡ns 5imì-

'Iarities can be observed. Concernj¡g the clay nr:ineral distributions in

each of the three profÍJes, it can be seen that the rlAr¡ horizons appear

to contain the least a^rcunt of montmorillonoid and verraiculiteo the rela=

tive amountr o¡ illìite seems to remain constant within and a.nong the pr"o-

files "

.Among profile hori-zons, the relative intensities of the illi'"e

reflections do not seem to vary appreciably' For the other clay nineralst

va¡iations i¡ relative content do seem to be presente in particular beti.¡een

rrAtr horizonso lfith respect to this horizon, the mont¡aorillonoid conter¡t
ô

(l? 
"7-A 

peak) progressively decreases frora the Orthic B1ack to the Orthic

Grey lalood,ed profiJ-e" The first order venniculite reff-ection (Uå) in these

rrAtr horizons is s¡¡aIL in the O::thic Black, absent in the ffihic Dark Grey,

and. quite prominent in the 0rthic Grey Tüooded profile, Analogous to this

is the rel¿ùive j¡rcrease j¡ tt;ç-âInorphousrr zones on the ùiffractogram of tJre

Orthic Dark Grey profile to that of the h,hic B1ack profile, and its sub-

sequênt absence on the patiern of the Onthic Grey llooded profiJe" These

trends can. be explairred j¡ terns of v¡eathering conditions: with a slight

increase i¡ weathering conditions, interstratification of clay minerals

results, I¡Jhen weathering becomes intensive, however, the i¡terstratified

complex breaks up either as a resu-lt of di-fferential decomposition of its

ir:ì

:lì]
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components or as a resrrlt of d'ifferential nor¡enient due to size and shape

of the mi¡rera].s.

The diffraetion patterns of the rrBr¡ horizons of the profiles are

fairly siniLar in general appearance, erccept for ninor variations of the

first order torr¿ps¡ì]:lonoid, refT-ections. The stron ger !7,7oA reflecti-on i¡

the rrB¡r horizon of the Orbhic Dark Grey às compared to that of the Orthic

Black soil appears to be due to differences j¡r the montmori-Llonoj-d content

of the parent materials, The 1?.?l reflection in the rrBr¡ horizon of the

Orthic Grey Itüooded profiJ-e is r,,eak compared to that on the ¡rB¡l horizon of

the ffihic B1ack profiJe, This weak first ord.er montr¡orii.lonoid reflection

and the strong 7"14 reflection in the dÍffraction pattern of this horiøon,

and the montmori llonoÍd distribution i¡ the profile, are considered as

evidence that illuviation has taken place in this profile"

Fj-ne Clay Fraction ((0.âr) The diffractograns of the fine clay

fraction of the dorrinant horizons fron the ûrthic Black, the Onthùc Dark

Grey, and. the Orthic Grey lrtood.ed profile, are shoun in Figures 7, 8¡ a¡rd. 9¡

respectiveþ" lfontnorillonoid is the donjnant clay mineral in this siz,e

fraction, as revealed by the intensity of its first ord,er reflection at 17"d"

The nexb most prominent reflection on the diffractograns of the l"fg-treated

sa.nples occurs at 9.21" This reflection slgnifies a randon 40;óo nixLure of

illite and montmoril-lonoid.(27) Tllits, as a pure clay mineral, does not

occur i¡¡ this size fraction. Ver:niculite is present, but in much srnalLer

a¡nor:nts" Its presence is j¡¡dicated by the plateau-like reflection between

the 1?,? and 9.2T peaks, and also by ttre occurrenco of the ?"1L reflection"

interesting feature in the diffraction patter¡s of each of t*rese profiles

that the sharpness of the Fespective reflections j¡rcreases w'ith increase
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j¡ depth of the profiJ-e" Since the sharpness of a peak is a reflection of

the crystal I j¡s state of the material, this feature may be very useful jn

jndicating the Íntensity of the weathering conùitions.

In the O¡thic B1ack profiJe (Fig.?), the diffractograms of the

various horízons are fairly si'nilar in genera-ì- appearargeô The accr.mula-

tion of nontmoril'lonoíd clay in the Btj horizon, as well as the even dis-

tríbrution of the random mixbure and veraículite dor,,m ttre profile are qu:ite

weLL noticeable, 0f jnterest is the reflection occurri-ng at 5"91; a slight

accumulation of its material jx the Bùj horlzon may be noted. The ¡oaterial

responsible for thís reflection could onþ be identified as being composed

of layer silicates, ThÍs is indicated by the ùisappearance of the 5"91,

peak upon heatÍng" The most liJ<eþ e;çJ-anaùion for the occurrence of

thfs reflLection is that it is the rraverager¡ spacing of a certai¡r order of

jntenstr.atified layer silicates è

In the Orthic Ðark Grey profile (fig"e), the accumulation of mont-

¡¡e¡i'l'lsr¡6id. clay i¡ the Bb horizon is very apparent, and so is the even dist-

ribution of the random mi:*ure d.oL¡n the prof5Je, The vermicuLite content

apIears to be lower Ín the Bb horizon than in the Atrãj or the C hor5.zon, as

1s Índ.icated by the le.sser intensi.ty of the ?.11 reflection. l'rfith respect
.o

to the 5"9Ã reflection, this 1s nearly absenü jn the AhÐ, but indicates

accumulation of naterial in the Bb horizon"

ï¡x the Orthic Grey ïfood.ed profile (Fig,9), a very sna1l amorrnt of

montmorillonoid is present in the Ae horizone as compared to that of the BL2

or C horizoose the verzriculite content atr4)ears to be about evenly distrib-

uted in the profiJ-e, wtrile the random mixbure i¡creases r,rith depth. The

5"9R refl-ection is absent jn the Ae horizon, faint in the Bt2horizon, and

disti¡ct in the C horizon. Possíbly associated with the absence of the
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5,91 reftection in the pattern of the Ae horizon j-s the occurrence of a

piateau-Iike region between 15 and. 9ß. This plateau may be the result

again of z-æcis limitations; and, if so, interstratified naterial is pres-

ent jn this horizon" Llnlil<e the interstratified' ¡naterial of the 5"gï

reflLection, however, this material j-s interstratified too coarsely to show

i¡tenned,iate Hendricks-Tel-Ler spacings. (27) 
"

Áurong profiles, the diffractograms obtaj¡red frtrn the heated mounts

d,o show close similari.ty in the relative intensities of the various reflec-

tions* T¡e patterns obtained from the }4g-treated samples of the Ûrthic

Black ar¡d. of the Qrthic Dark Grey soiJ- are nearly identical dor,,¡r¡ the profile,

and are quite r¡nlike thoge of the Orthic Grey ltooded soiA' I¡ each of the

p¡ofiles, the montnorìIlonoid. contenb appeare to be higher in the trBtt and

rrg¡r horizons than in the rrAtr horizon" The random i11j.te-and-montnoril'ìonoid

mixbure content and the verr¡iculite content do not seem to vary appreciabþ

between horizons jn each Profíleo

Á¡nong profíle horizons, most variatj.on can be observed arnong r¡Arl

horizons, and least aJIIong rrÇrl þe¡i2en5. l{ith respect to the rr[rr horizons,

the relative mont¡oorillonold ar¡d random nbcbure contents decrease progress-

ively frorn the Orthic Btack to the Orthic Grey trlooded profiLe' Analogous

to this is the behaviour of the 5'91 reflection; it is relatively strong

on the At¡ horizon diffractograrn of the Orthic Black profì'le, but is absent

on the Ae horizon pattem of the ffihic Grey lrlooded profile' Comparable to

the behaviour of tl¡e coarse cIry of t'tre ù¿tl ¡o"i"ons, these tronds can be

e:cplai¡ed ín terns of weathering conditions' lrfith respect to the ¡¡Br¡

horizons, most notj.ceable 1s tt¡e decrease in sharpness of the reflections on

goiJ¡g from the orthic Black to the orthic Grey lriooded profiJ-e. This trend'

in the crystalLínity of the clay minerals i¡ these profiles is a further
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j¡dieation that r+eatheri¡lg processes are most i¡terrse in the q"thic GreY

lfooded, ¿nd least j¡r the orthic Black profile" The rrorr horj'zon dtffracto-

grams are very similar in appearance, in parbicr¡-lar w'ith respect to the

intensity and' sharpness of the reflections'

The results of iiæ fusion ana\rses on clay fractj.ons are shown

jn Table VI" These analyses were carried' out: a) to obtaln a uþre

accurate estjnate.of the iuite content; and b) to identÍfþ the ¡nontmon"

ill6¡sid species i¡ the soils under studyo

allite Qgptent of the CIaJL Fr+ctioqE' Accordjng to Giesekjne (24)

an¿ 1r¡hitt:g et gL.(óó), æ estj-mate of the anount of ¡rica-llke ninerals j¡

clays car¡ be obtai¡ed by assuning that threse rainerals contai¡ an aversge

of ó per cent i{rO" tra order to justify this asslmption, the chernical

analyses of a nr¡¡ber of il-Iite eernples are presenled in Table VII'

These a¡alyses were ccstrpiled frno¡n Table Ðu page 372 of trQlay lfineralogy't

by GrÍrn (25) a¡rA from Table 5¡ pages 1ó-18, of 'rRock Forming l'finera1s¡

Sheet Si-l-icatesrr by Deer, Howie, and Zussar¡ (15)" The average K20

content obtained. i¡¡ this vray agreed closeþ with that suggested by

Giesekjng and by whittig É 4." Since i'r]ite is a general terrn for the

argi-l-l-aceous constituents belongi¡g to the nica group, the assr:mption that

the illite jn the soil-s und.er study contai¡s 6 per cent K2O may or may not

app]y. This depends on the source material and' on the degree of chenical

substitution that has taken pr]-aceo ¡brthe¡moree st' .Ar¡raud (5S) has sho'¡ct

that about one quarter of the total potassium conter¡b of the coarse clay

fraction tnåy come fron pri^laarlr mineralso

The data i¡ Table VI show that the illits content is considerably
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TÁBIE VIT

T0[AI CIflMICAL ANAT,$ES 0F A NUivßER 0F DIoCTATEDRAI
TLIJTE SAI{PI$S 1'

fo 2u 3. 4" 5. I Average

Si02
Ti02
t.J.zoS

Fe2O3

Fe0

I¡rn0

!4so

Ca0

Na20

Kza

H20 +

Hzo -
Pzo j

5L"26
0.05

3aJ5
2.36

o,5g
o.o4

L,37
0.00
0,13

7 "77
6"2ß

_1ï

56"9r
o.8l

18"50

l+"99

o.26

2"O7

L"5g
O"l+3

5 "10
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_::_u

52"23
o"37

25"85

_1_li

5r.22
o.53

25.9L

l+"59

1"70

2"81+

0,16
0,1?
Oe UY

-,-!

5t"65

2J"67

6"2o

L"2J+

4o4Õ

0"00
0,3r
ó"08

I 52.65
0"44

2h"l+2

4"U+

0.98
0"01

2"69

0"49
o"æ
6"o5

2"69

0"60
o,33

6"56

_t_ii

lOlAI 100.00 99 "50 l:oo.55 100.3 5 98.07

I Saarple Source, Án'aIyst, and Reference"

Sa¡ap1e ,fI, Light greenish yellow soff scales of jJlite, on decomposed

ffi¡alIãter, .Aberdeenshire, MackensÍe, g! 9I, 1949 "
l,lin, t'tag, ?ßz 7Ol+ (15).-sãrrä 

+ã. 
-ruitér'ríirrian, lru-noi-s. Kerr, -"t, eI,.1950.(15)-

s.*ffi, Illite, .[lexand.er county, ÏLlinois. Gr{:n errd Ror+Iand,

ï9ffiãr" Iíin. 2i t 7t$-76r. (25)
sarnpíe #ô. an-lite, Fithian, Illjnois" Grj-n and Rowland, 1941.
Anffi. 27 z 74Ç76L.(zF)
Sample #5" Geoschwitz, Gennany. Maegdefrau, E' ar¡d Hofbann¡ U'3

Wr,;¡tst, !8 z 31-59" Q5)"
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higher i¡ the coarse clay than in the fine clay j¡ each of the pr^ofiJesn

In the ffihic Black profile, the i]-lite content of the coa,rse clay ilcreases

down the profileo fhe amount of illite in the fine clay fractions of this

profiJ-e is nearþ the same for the Ah and C horizons; the BbJ horizon befng

lower in iIlite content. IL the orbhic Dark Grey prrcfile, the ìllite content

of the coarse cJ-ay is lowest in the C horizon. The a¡¡or:nt of illite jn the

fine clay is íaÍr1y constant dov¡n ihe prófil-e; a slight increase nay be

noted in the Bt hori.zon" In the o::lhic Grey l{ooded profile, the illite

coììtent of the coarse clay indicates accr¡nulation Ín the Bb2 horizon. The

illite contenb of the fine clay shor¡s a slight d.ecrease with depbh.

.Araong profÍJ.es, nei-ther the distribr¡tion of ìllite in the coarse

c1ay, nor that i¡ the fine clay seems to jndicate a¡ly weatheri¡g trend.

llith respect to the fine clay fractions, !þs sinì-larity in iJ.lite conterrt,

as weIL as in i'ì'lite distribution nay be noted. This is in agreement w:ith

the observa'r,ions made fron the x-ray diffracùion pattems f,or the randm

4O:60 ni.:<tures of illite arid montmoril-lonoid.

The l,Ig$tnorj]lonoid SpecÍesn The investigations for the deter:nina-

tion of the montnorillonoid. species present i¡ the soj-Ls were carried out on

the fj¡¡e clay fractions" !\rsion analyses t¡ere made i¡ order to detennine

the total oxides of Í-ron, alunj¡iun and sjlicon, the results of which are

presented in Table VI" From these results¡ Ðd t¡ith tt¡e aid of the total

potassir:m data, the montmoril-lonoid conposition was calculated the resrrlts

of 'which are shown in Table VIII" In order to caLculate this, it ¡*as êssiEl-

ed that on3y il]ite and mont¡rorillonoid clay rninera-ls were prresent in the

fine clay fractionso .

The results in Table VIII show that the montmorj.llonoid clay

present in each of the soiJ-s has a relatively hlgþ content of siJ'ica,

alrrmina, and, ironn The latter element suggests that the nontronite sp€cles
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of the montmorillonoid gro.up occurs j¡ these soi,Iso In order to veri$r

this, the total chemical analyses of a m¡¡ber of nontronite samples r+e¡¡e

conpiJ-ed from the literature and are presented in Table Ð[" Cmparfson

of the data i¡ Table VIII with those in Tab1e IX shows that the si.fica

and iron content of the pe¡f¡6¡i]lonoid clay corresponds closeþ to that

of pure nontroniteo Hor*ever, the atr:nj¡a content obtai¡ed ís consider-

ably higher than can be attribrrted to pr-rre nontrrcnite, wtrÍch suggests

ttrat sone beidellite is present (see Table IX for beÍdellite composition)u

Consideri¡g the suggestion that montmorj-1lonite-beidellite-nontronite

form a contj¡uous series (15), it is concluded that the montmorilLonoid

species present in the soils is i¡temediate betv¡een beÍdellite and non-

tronite, tend'ing towards the nontronite end of the series"

Specific SuJ'face Deter¡úB.tion of- C.I-av Mi¡erals

The Furpose of this eqperinent was to obtain adùitional i¡fo¡ma-

tion concerning the montmori'ìlonoid 1 verticulite conùenü j¡r these soj-Iso

Although this ¡rethod provides an easier way to estj:nate these mi¡erals

than can be done from x-ray diffraction patterns, its accuracy is debatable"

The crj-tical factor j¡ the deternrination of the percent montrprillonoid +

vermiculite by this method is the deter¡njnation of the speclfic planar

zurfaceo IrÌ order to calculate thi-s, one uust lslow which species of ninerals

are present i¡l the soil. I\¡rbhe:moree one must lsto¡¡ the g and Þ unit ceLL

dinensions for each of these species as welL as their unit ce]-[ weight'

uhat nakes the specific planar surface a st'ill mor¡e variable quantity is the

fact that the mi¡eral species usualJ¡r are parb of a conti¡uous series.

Thus¡ there is usually sone Mg i¡ octakredral co<rdÍnation l¡ beidellite
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T¿tBlE IX

ISTAI0HEßII0AIANAI,TSES0FÂI'IIß,IBER0FNo}¡TRoNITE
A}Ð ôTE B:TDEIJ.ITE SAI"IPI.E 1

Mineral

element

si02
Ti02

Beidellite

59,30

3ó.11
0,50

0,10
0,02

3,g8
0"lJ

100"12

Fe0

MnO

?'nO

Naa0

Kzo

Heo -

}üza3

Fe2O3

l'1g0

Ca0

Heo -

TO[AI,

Sample#1:Green-yellownontronite,joiJ'!fil}inesindiabasicbasalt,Gar-
field, Washing:bone u.s.Ao 

. 
tc"""r*Þl; ;;è, ry:*ú' report' #7 ' &eference clav

I"É¡ei.a1s, Amer. Pátro',Insf., fr.es.-fu"õ5.-+Þ : 1950' (15)

sa¡nple #2: yellow-green nontronite jn vej¡s associated-with weathered basaltu

ffihIt'ii;;"Cor:nty,Washingt91..u's'a"À11en,V"Tn¡a¡rdScheid9VuE.9
Ar;:í'D*" VoI.3Ir p"Zglns 19i+6-'- (15)

sa¡rple #3¡ Manito, washingtonl"ÈlÁ"; KgI:r PoF'p et 3t' Report fffu 'Arner'

Ëffi'riJüi;; R"".P"õi" hs- t95o" (25)'-
s*'"iã +¿, s*ov"åiãs;; Ñoiii' cooÍin";'sanere Íi:.:RnT:å 

*ililgå:äi,u,o.*,"r,
ffifüiffi, ño"tio", F"ã.'cu¡ .Rogs, c.s.r ar¡d Hendricks, 5o'"e t'';'

FËr-.*-J iper '2o5'B (1945) (25) '
Beidellitç,¡ Wa:¡r-.tlg; ild' creeá-reUey, &"e ånerican ¡,¡ineral-ogíst

ffiifiiî' L962.

lr2"O3

O el+¿

27.52

Q,32

r"05
2,06

0"05
o,06

À4.0
o"32
J"O

29"0

b,z

tó"ú
U cÕAl,

l-.2"22

Lg,5h

0rÆ

L"62
1.66

ì
77,26
)

41"38

9.84
27.1+7

tr?

tr?
*¡?

tr?
9 "25

12"10

ul_lu

5.r9
3r"2h
0"39

0,06
r.g2
o"f4
o"24
6"00

t4.75

ho"25
0"03

5.50
29 "hh

r_i

o,53
2"29

0.00
0"00

7,25

15,09

39.92
0"08

5"37
29,'46

r_i

o"g3
2"tó
tr
tr

14.38

1. Sanple Sourcen Analyst, and Refer€rc€o



TABIJ X

SPECITIC SURFAoE DÀTA FOR THE COARSE Al,iD Fü'E CI'AY FRACTTOI\Ë

0F THE DOI'III\JA}üI }IoRIzot'F OF TIE ORTHIC B],ÀcK, on'THIc

ÐARK GREY ANÐ OR,TIIIC GNEY WOOÐED FRO}T]ES.

Soil-
Size

trþaction Horizon

Specific
IlxLerna.l
Surface
(^2/gq)

Specific
hteriayer
Surface

(^2/sn)

SpeciÍic
Planar
Surface
@/g')

lú:ntnori'ìl onite
+

Vernicu].ite

Dark
Grey

0rthic
Black

Orlhic
Dark
Grey

0rthic
Grey

1ïu_
0rthic
.UIACK

Or thic

Orthic
Gr.ey
blooded

icray I å., | î+:ei 
I

| *u, I zo"a+ i

ïï, \r::ïi I t'__l____-l

L",J r; Isrtï
I I ¡irãi I vu"tt II lr. I H:åî 

II I #'I +*î':å I

llczl'o'"*

J32"55
w"25
14?"IO

I5h.TT
t98"26
¡ e/ / 

^I)O qO¿

r3:l "go

t+67 "i7
53O"22
hh,5.o3

377.80
348"0O
5h2"82

I'Jh"47
h83"gg

r52"t3
1ó1.08
160.i2

r70,33
23A"25
z1l"Zo

L56,37

)oY 6/.ö
61+6,57

57o'93

5o6"73
Lþ7 "85
6ze."z5

5]-,2'81{
56â"98

I

I
t
I

I
I

I

I
I
I
I

I

I
I
I

I

I

I

I

I

I
I
I

I
I

I

20"o2
2)-"29
2J"O7

22,¿,J
30.3O
2"1"86

20,58

'll+'9L
85,06
75"r2

66 "68
Ol- 

" 
)O

gl.gB

67 "l+8
74.87
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arid jn nontrcnite, so that nontmorjJ-lonite-beidellite-nontronite appear to

forra a continuous series (15). As a resrrlt of the previous considerations

it was calculated ihat the average planar surface was ?60 mz/g. The para-

meters used to calcr¡-late the specific planar surface for nontronlte l.Jere:

¡o = 9,121 and ao z 5"253, (t5rZ5rz7), while the specÍfic planar surface

values for montmorillonite, beidellite, and vernicullte were obrbained f.rcm

Jackson (27)"

The results obtai¡¡ed fron thj-s e>çeriment are presented in Table X"

These d,ata show that the percent nontmorjllonoid + vermiculite in the coarse

clay fractions is far less than that i¡ the fine clay fractionso This trend

agrees closely with the.observations made from the xpray diffraction patternst

and it is opposite to the trend observed for the il-lite content' A striJriag

exanple of the correlatÍon betv¡een these resrrlts and those obtajned by x-ray

d.iffraction is tle relatively high nontmorill-onoid content in the coarse clay

of the Orthic Dark Grey profile, as compared to that of the Orbhic Black

and grthic Grey Ìüooded profiJesu Correlation with the x*ray ùiffractlon

results can fw-bher be noted., when adding the jLlite content data (table VIp

p"51) to those of montmorillonite + versiculite (TaUle Xrp"54)" This adds

up to about 1@ per cent for each of the fine clay flactions" For the

coarse elay fraction, the i'ì'lite { veraiculite 4 montnoriLlonite content

constitutes fr"om ó0 to 75 pex cent of the fractions" Tl¡e re¡naining one*

third to one-fourth of the fraction appears to be ccmposed of, pnÍnary

mi¡erals chiefþ, in particular quarbz, and of wIL amor¡nts of chlorÍte

and/or kaoU¡ite"

C I.NA¡ü TN\¡EST IGAITOI\S

Cheraical and ninera-logical ana\rses were conducted on the cutans
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and on bulk sanples of tJre selected, pedso the analyses on the bulk

sa¡rp}es were included for comparisorl prlrposeso The results obtai¡ed

were expected to have been affected by the follor+ing factors: !' con-

sj.derabl-e conta,ni-nation of t,he cutans max have taken pIace, dr¡e to the

scrapÍng nethod enployed.; !o as a result of the d¡rnamig nature of solls,

new surfaces become exposed and old ones covered, so that the cutans ob-

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

on considerj¡g these conditions, it was concLuded that evel mjnor varfs'-

tions i¡ the results should. be consider€d as significant"

The results obtained fronr tþ se analyses ar€ presented in

Table xI, It nay be noted. that for each of the profiles nore total nitro-

gen is present jn the cutans than jn the bulk sanrples. The organic roatter

and, consequently, the orgariic carbon contents are higher only in the

cutans of the grbhic Grey lÍood.ed profiJ-e" This different behavåour of

the organic matter content in the Orthic Grey Wooded as compared to thaü

in the orthlc Black and. orbhic Dark Grey samples may have been brougþt

about by their mode of forration" According to Bnewer (3)r eluviation

cutaris, stress cutans, and. diff\¡sion cutans have been recognÍzed" The

latter two types signify j¡r situ formation, while the forner is the re-

sultofeluviationuConsideri¡gtheorgarricmatterresults,thesesug-

gest that the rrBtr horizon cutans of the Orthic Black and those of the

orbhic Dark Grey profiles have fo¡¡ned in si.tu" The accr¡mulati-on of

organic matter i¡ the cutans of the BbZ horizon of the ffihlc Grey wooded

profiJ-e, on the other hand., suggest,s that they are eluviatÍon cutanso
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TI\BI5 Xf

oRGAI\IIO}fATTtsR,,Tc|i,ALNITi'O@N,AiiDEi{TRlicTjüIEIROÌ{coI'f,IENT,
AIÐ c/N RÀTIOS õr-nn õuuurrs ¡u_'ru BULI( SAIIPIES OF Tlit 0RTHIC

BLACI(, CRTHIõ D¡nr< cngt, AltrD ORTHIC Ga¡lY !üæDEÐ 501Ï5.

Soi-l-

Orihic
BLack

Orthic
Dark
Grey

Btj
Cutans

ñ!
lff,

Cutans

Bt2
Gutans

lo
0rganic
Matter

d/
lo

0rganic
Carbon

rì Q'l

0"71

o "75
o,63

0"81
o"g7

1"4.1
L.22

!o)L
1.10

IA u4
9"2

Õe()

6,6

11 ,,e€+

7.7

cl
lo

IDcbractable
Fe2O3

0.9ó¿þ
L"277

L"I53
L"392

L,296
1,?580rthic

Grey
l^iooded

a t1Jo¡}J-
1.ós

0"071
0,092

0.085
0"095

0,0?g
0,106
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With respect to the accumulation of total nitrogen in the Orthic Black

and jn the orthic Dark Grey cutanse th-is may have been brought about by:

a) seasona-1 fluctuations of the nitr"ogen distri-bution Ín soils;

and

b) a¡o¡nonium fixat,ion by clay mì nerals'

The accumulation of total nitrogen in the cutans of the Qrthic Grey

Wood,ed. profile i-s, most probabþ, associated with the presence of the

eiuviated organic mattern

Erbractaþle f¡on

The data j¡r Table XI show that rnore e¡ctractable j.ron is present

i¡ the cutans than j¡ the bulk sarnples of each of the three profiaes"

This trend is anaLogous to the one observed. for the total nitrogen content

in these sarrrpleso Approxi.mately sirnìlar a¡oounts of e:cbractable iron have

accr.mulated. in the cutans of the Ortlric Black and of the Or'thic Darli Grey

profiJ-e" This suggests that the cutans jn these tr^¡o proflles have been

forued by sir¡r-i].ar plþcesses. The amount of extractable iron accr¡nrlated

jn the cutans of the O:r'bhÍc Þey I'looded sojJ- is considerably higher than

thaü ln the cutans of the Orbhic Black and Orthic Dark Grey profiles.

This high extractable iron content of t'he cutans of the 0rthic Gney

Ïùooded. profile may be associated !{:ith the presence of the eluviated or-

ganic natter. If so, this would i¡d,icate that the cutans in this profi-Le

have been fòrned by illuviation" Ic general, the results indicate that

the cutans of eåch of these profiJ-es consist, in part, of sesquioxides'

The results of the cation exchange capacity and of the e:<change-

able cations experiments are shov¡n i¡ Tab1e XII" The exchênge capacity

results follow the same trend as that observed for organic matter; ine'

the cutans have a higher Ð(change capacity only 5n the case of the Qrbhic
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trey'vtood,ed. soi1. This nay have been brought about by the highepmourrb

of organic ¡ratter j¡ these cutar¡s as Ï,eLL as by the fact that this organic

natter has been eluviatedo The latter reason is quite importante since

tra¡¡slocated, organic matter s5¿¡lly has a lower carbon content, so that

it is relative\y more active in caiion exchange reactions than su¡face

soil organic mattero The difference in exchange capacity between cutans

and. br:-lk sanples of the Orthic Bl-ack and. of the Orthic Dark Grey soil is

fairly s¡nall-o

The exchangeable cations data show that calcirm and magnesitu

are tile d.o¡ainant cations j¡ the butk and in the cutar¡s sa.raples" T¡¡ tetns

of per^cent calcir¡m on the exchange complex, th,ls is apprrcxi-nately the sane

for the cutans and thej¡ brrllk sa.nrples within each profile. Ì"fagnesiumt

the nercb most prominent exchangeable cation, behaves simìl¿1'to calcitm"

The brdlk sanple of the Orthic Black and of the ffihic Dark Èey soiJ-

has a higþer exchangeable potassir:m content than their respective cutans

sample, The reverse is trrre for the Orthic Grey lfooded soi-l, The cutans

as weIL as their br.r-lk sa.rnples have a high base saturation. The lower base

saturation of the cutans, as compared to their respective bulk sarnples,

suggests that the forrær have more ercchangeable hydrogen on the exchar¡ge

sites "

Parlicle Size Ðistribution

The results obtained froro this e:çeri-nent are presented, in

lable XIII. These data shor+ that the cut¿r¡ic material and the h¡Ik

såmFle of the Qnthic Grey rrüooded soiL are of a clay texLure, The tex*

ture of the bulk and the cutar¡s sanples of the other tuo solJ.s is clay

loe'n" It nay be noted that on\y the cutans of the ffihie Grey t{ooded

profile have a higþer clay content thar¡ its BtZ br'rlk sample' hrr-ther-
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morae this higþer clay content nay be attributed to the i¡¡crease in the

fine clay fraction" As was noted from Table nru(p35) clay eluvia""ion

had taken place in the orthic Grey llooded soil, and the clay fracti-on

affected mostly by the eluviation processes was the fine cley' The con-

clusion may be draun, therefore, ttBt the cutans of the orthic Grey

lJooded soiJ-'aro, in Pæt¡ clay in nature" the lack of clay accr:mulation

in the cuta¡rs of the Qrthj.c Black and of the Orthic Dark Grey soil- i¡t-

di.cates that these cutans have not been formed' as the result of eluvia-

tion.
l¡ilithrespecttothevarioussand.andsiJ.tfractions,the

anount of each of these fractions ln the cutans and in their respective

bu]Jc sarnple do varyo Tl¡ese variations êrê strall and, 13J<eþ, of no

pedogenic sÍgnifícance u

X-rav Dif,fraction Àna1Ygæ

The diffractogra.ns obtained. frnon this experS-rnent are arranggd

in such a vfay as to obtai¡ na'ri¡nr¡¡n comparabiliiy beÈween the bulk and

the cutans sanp:Les. The diffractograns for each horizon are arranged

according to treatmentu

The ùiffraction patterns of the respective fi¡re sil-t fraciions

are shown Ín Figure 10 ú VerY Litt1e variation can be

noted. between the.patterns of the cutans and those of the respective

tnrlJe samples of any one profi^le" $'irnilarly, there is little variatj'on

alnong tl¡e soiJ.s"

The d'iffractogra,ms of the coarse clay fractj.ons of the orthie

Black, Orthic IÞrk Greyr md ffihic Grey lrlood'ed' pncfiJ-es are shovm in

Fígures IL, 12, and 13r rospectively" In general, the ùiffraction patterns

are very sjmllar f,or the bulk and cutans sarnpleso l"fontmorjllonoj'd, illi'te'
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r¡erricrrlite, artd quartu are the doninant ¡ninerals present" Variation

can be noted., however, in the relative i¡tensities of the reflectj-ons

between each of the bulk sample diffractograms and tlnt of their cor-

responding cutanse

Variation between diffractograns is quiie pronounced i¡ res-

pect to the 1?"å and. the 9.21 reflections (lg-treated mowtts)" The

U.?l montmoriJ-lonoid reflectj-on is of lesser intensity for the cutarts

than for their respective bulk samples, This first order montmori-llonoid

re.flection on the cutans diffractograrrs is obscured by ihe plateau-like

reflectionp h the region between 18 and 9?' The U¡^t and lOT peaks

occuring in this region are indicatÍve of ve¡niculite and/or chlorite

¿nd {'lll{,e, respect,iveþ' The occurrence of the plateau-l-ike reflection

indicates the presence of ¡rmj:<ed.-layerrt clay minerals i¡ the cutans

sanples. It may be noted that this plateau-like reflection becomes less

distinct on goìng from the Orthic B1ack to Orthic Grey Ìüooded soi-l-"

rrre 9,21 reflLection, which also occurs in the plateau-Iil<e region is

present on the diffractogra,ns of the bulk samples, but not on those of

the cutans sa"nples" This reflection is indicative of a random 40:ó0

m:i:cbure of jl-lite and, montmorillonoid. The absenee of this reflection

on the cutans diffractograrns is probabþ associated with the near-absence

of tLre l?"?l montmorìllonoid peako As a consequence, it doos i¡dicate

that more interstratified clay is present in the cutans than in the res-

pective bu-lk sanples'
o

rh¡ I4r ?e and,3"5ä reflections on the ùiffractograms of each

of the heat treated sarnples nay be due either to chlorite or to an un-

o
na.med.3J+i clay nineral (5f¡" The latter appears to be present jn the

bfulk sanple of the Qrbhic Grey l{ooded soj^L onþo as Ís indicated by the
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Black (¡'ig,14) and the Orthic Grey l,looded (Fig,15) soil. show less sharp

reflections than their corresponding bulk sampleu Thus, the clay min-

erals i.¡a the bulk samples of these two sojJ-s have a higher degree of

cryst¡lli¡ity than those in their cutans sanrple, 0f interest, also,

is the relativeþ strong intensity of the ?"11 reflection on the cutans

diffractograrn of the Orthic Grey trlboded soil (Fie"Ió) as compared to

that of its bulk sa&pleo The fact that this peak disappears upon heat-

5ng zuggests that a considerable anou¡ü of vermiculÍte and perhaps some

kaoU¡rite is present i¡r the cutans of this profiJ-eo

Differential Therrral Analvses

This experi:nent. was conducted in order to supplement the re-

sul-ts obtaj¡ed, from the x*ray diffraction anal¡rses, and. to esti:nate the

amount of organic ¡naterial that is assocj-ated with the fi¡rer soiJ- ¡dn-

eral fractions. The therrnograms obtai¡ed are presented in Figures 17

. and 18, räspectiveþ"

The thermogra¡ns in Fig. 17 are characterized by the occurrence

of one exothemíc and three endothemic peaksu None of these peaks is

indicative of the presence of a particular c3-ay nineral, For instance"

the second. endothemic peak at about 52OoC, nay signify the presence

of beidellite, nontnoniteu and possibly iJ.lite. The third endothern¡-ic

(SeOoC) and the exothermic (!ZOoC) peaks, on the otiær hand, are char-

acteristic for aIL 2:1 layer silícates (27). The reason that these

thermogranns do not supplement the x-ray diffracÈion results is, mosè

likeþ, because these ther*ograns r.lere obtained, wider controJ-led. atmos-

pheric conditíonso It has been shown that the use of a controlled atmos-

phere nay change the ùanperatwe range at which a certai¡ reaction takes

p1ace, or it even may suppress a certain reaction (ZO¡" The onJ-y inforrra-
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ti-on on these therrnograms that supplements the x-ray diffraction results

i-s the si:nil-arity in shape of the cutar¡s therrnograms to that of thej¡

bulk sa.np1es" It nray be noted,, also, that the SBOoC end'othenn:ic and'

the subsequent 92OoA exotherm-ic peak atre ¡nore pronounced on the the:rno-

gra.ns of the cutans than on those of the bu-lk sanrples"

The thersrograms obtained for estj¡ation of the amount of or-

ganic material in these sarnples are shown in Figr:re 18" In order to

obtain a neåDs of comparison for this, two analyses vlere rnade; i¡ the

first one a'nitrogen atmosphere vfas employed and j:r the second an o>ry-

gen atalosphere was used, The nitrogen atnosphere was used to suppress

the oxidation of organic mattero Fro¡a the ther"mograns in Figure 18 it

can be seen thet more organi.e matter is assocÍated with the (5¡ material

of the cutans saurples than w:ith that of the respective bulk sa.nples'

This is i¡dicated by the stronger exothernic peak in the range of 300

to 5O0oC, ar¡d. also by the stronger intensity of the endothert'ic peak

at about lOOoC. Only i¡ the case of the Qnthic Grey llooded sojl- do

these resrrlts confj¡u the observations made from the organic matter

analyses (tau1e lltrp5lÐ. t{ith respect to the cutans of the OrthÍc B1ack

and. of the Orthic lÞrk Grey soil, this elcperi.úûent sltows that organic

matter is â cor¡stituent of these cuta¡Ìs' The Íncorporation of organic

matter in these cutans is probabþ the result' of stress or diffusion

actiono
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,1" The Orthic Black, Qrthic Dark Grey, ed Orth:ic Grey l'trooded so'i'ls

erd.ribÍted marked. varj-ations ' morpholory in the fie]d. The

following gradations were noted j¡ æjng from Chernozem:ic Black

to Fodzolic Grey tfooded:

a) an i¡crease jn the thiclcTess of the solun;

b) a d.ecrease in the thiclcress of the Ah horizon and in the

expression of granular structure within the A horizons;

c) an increase jn the degree of leaching as exl¡ibited by the

d.evelopmeurt of platy stnrcture and by tlæ change from

d.arker to ì-ighter colours in the Ak65e Aeh, and Ae hori-

zons ¡

a change from weak to strong subangular blocþ strtrctures

Ín the B horizons;

an i¡crease in the degree of developroent of the textural

B horizon¡

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

profÍJ-es d,ecrease with increase j¡ depth. A slight accr¡mr:'lation

of organic matter and of Èotal nitrogen occurs i¡r the B horizon

of the Qrthic Grey bloo{ed profiJ-e o Thisr and the low organic

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

lreatherj¡g Ís most j¡tense j-n the Orthic Grey lnlooded' profjJ-e 
",

The C/N ratios confo¡n to the normal, i"e" for sj¡rjLar horizons

of different profiles, the rat,io is higher under aciC than under

neutral cond.itions" These results reflect also that tlne surface

organic matt,er is different in composition from thab of the sub-

soiLe

d)

e)

2*
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3n Ercbraetable íron has accumulated i¡ the ltBrt horizon of each of the

prnofiJ-es under study" The a¡nount of free iron accmuLated increases

fro¡o ffihic Black to Orthic Grey Wooded soil, thus suggesting that

weathering is rnost intense jn the latter profj-le" The free iron

o¡cide content in the G horizons of each of these soils is relatively

high and of about equal magnitude" This is considered as an indica-

tion that the parent materÍals on v¡hich these soils have developed

are simjLar in composition, The translocation of i¡on within aIL

three soils appears to be closely associated with clay movementu

l+. The cation exchange capacity of the Orthic Black and 0rthic Ðark

Grey profiles decreases with jncrease in depth, irlo such trend is

present for the Orthic Grey lfooded profiJ-en AlL three soils are

highly base saturated, calcirrm and nagnesir¡m bej¡rg ùhe doninant

cations on the exchange complexo The Capfg ratio is s¡r"]Ier j.:n

the rrBrr than in the rrArl horizons, Comparison anong profiles shows

that the difference i¡r ratio between the trA¡! an¿l rrBu horizons is

smat.lest jn the Orbhic Grey l,Iooded profiJ-e. The amount of leaching

within the profiJes is seen to have i.ncreased in intensity on goj¡g

fron ffihic Black to ûr.bhic Grey l{ooded soiJ, as eviderrced by the

decrease in solum pH valueso

5. Accr¡mulation of, clay in the lrBrr horizon is evident in each of the

soiLs urder study ar¡d. is principally due to fi-ne clay movenent.

The ùi.fference in clay content between r¡Arr and rtBrr horizons j¡creases

progressively fron Orthie B1ack to Or'lhic Grey lrlooded sojl-"

6"a) Llttle or no mont¡noriIlonoj.d is present in the fine siLt fraction

$ - T) in the three profiJ-esu Ttris fraction contains ven¡Ícu-

l1te, illite, prùnaqf ninerals, and some chlorite and kaoliniteu
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The i¡tensities of the clay mineral reflLecti-ons on the r¡Arr horizon

dl-ffractograrrrs are, in general, weaker than those on the diffracio-

grams of the rlBrt and rr0ll horizorls€

b) the coarse clay fraction (2.0 - O'?¡t) contaj¡s montmorillonoid, ver-

niculite, and quartz" Traces of chl-orife and kaoli¡ite are al-so

presentn MontmoriLlonoid. is the most variable raineral in the coarse

clay fraction" It is present jn lesser a¡nounts than illite in any

of the horizons ana\rzed and is present jn least a¡nount i-Il the rrAr¡

horizon of each profÍIe' I'fi:ced-1ayer clay rninerals occur i¡r the

diffraction patterr¡s of the trArl horÍzon of the ori;hic Black and

orthic IÞrk Grey profile, but not i¡ that of the orthic Grey i{ood-

ed' profiJ-e o These ni:red-layer mjnerals are most pronourrced. i¡ the

IrAil horizon of the hthic Dark Grey profiJ-e. This trend is con-

sidered to be a reflection of the weathering cond'itions; i'eo a

slight increase of weathering causes i¡terstratification of clay

mi¡rerals; this jnterstratified complex disintegrates t¡iren weather-

Íng becomes more j¡tenseo A Uå ciay nineral, other than chlorite,

appears to be present i¡r the rrBtr horÍzon of the orthíc Grey lfooded

soi]."

c) Montmorì.llonoid is the d.o¡nÍ¡rant mineral in the fine clay fraction

(<0"+), verrniculite and. a random 4O:ó0 mjxbure 6f i'lll j-te and

montmorìIlonoíd occur i¡r lesser anounts. ILIite, as a pure clay

ni¡reral does not occur in this sizo fraction, 
^ 

5"gLreflectionu

possibly due to coarsely j¡rtersfratified riaterÍ-al, Ís present on

most of the d.iffractograrns of the three profiJ-es. Wlthin each pro-

fiJ-e, this refaection is most pronounced on the rtBrl horÍzon diff-

ractogra'n" &r conparing rrcr horizons, it is seen that this reflec-
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tion is most proninent jn the hhic Rleck æiI and is absent in

the Qriirj-c Grey I'Iood.ed. soij.. The degree of crystalljnity of the

clay minerals present j¡creases with depth withjn each profil-e and

d.ecreases fron Orbhic Black to Orbhic Grey lrJooded so!l, as is

evid,enced by the degree of sharpness of the reflections' I\rrther

evid,ence that the a¡nount of leaching within the profiles i¡tcreases

in i¡tensity fron Orthic B1ack ''o Orbhic Grey l,Iooded sotl is found

in the decrease i:r nont¡ro¡Ílle¡eid and random ni:cbure contents l¡I

the respective ¡rArr horizonsu

7 n Clay rn5nerals constitute approxi-uraùeIy 60 - 75 pet cent of the coarse

clay fraction and about 10o per cent of the fine clay fraction" The

jJ.tite content of the coarse clay is higher than that of the fi¡æ

c]ay" The ratio of i.I.1ite to montmorillonoid in the fonner is.

approrimately 2:1* The total potassiwr data shorv that the ratio

of il'ìite to montrcri]-lonoid in the fine clay is approxina'bely 1:l+'

8" The montnorillonold species present in these soils is lnte¡mediate

between beidellite and nont¡.onite, tending towards the nont¡onite

end of the series"

9" The cutans of aIL three profiles have a higþer free iron ar¡d totaL

nitrogen content than their corresponding bu-Lk samples' Orgar¡ic

matter contenf, a¡¡d cation exchange capacity are higher onþ 5n ùhe

cutans of the or'thic Grey lfooded sojL. Tl¡ese resulùs are taken as

an indicatÍon that the cutans i¡ the Orthic Black and Orthic Dark

Grey soils t¡ere forrned. fron local materia*ì-, while those i¡ the

grthic Grey ïIooded soil were forned. fr'om eluviated material-u

IO, Ttre nechanical composition of the cutans is sirnllan'to ttet of
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their respective bulk samples i¡ the Orthic Black and Ûrthic Dark

Grey profile" In the û:bhùc Grey ttooded profÍJ-e the cutans contai¡.

a higher percenbage of fi¡e clay than the bulk sarnples; This sug-

gests that these cutans are partly composed of cIay.

1Lo The mineralogical composition of the cutans is sj-nilar to that of

the corresponding buÏk samples. The dorninanL clay minera-ls 
-are

montnorillonoid., illite, and vemiculiteo T¡a the coarse clay frac-

tion, the diffractograns of the cutans differ from those of thejr

brrlk samples by the occurrence of a plateau-ljl<e refl-ection be-

tween lsL and gl, *d by the absence of a 9'21 refLecti'on' This

plateau-like reflection, sÍgnifies the presence of rrrnixed'-layerrl

cJ.ay mÍneralso Tkre nixed,-layer raineral content decrèases on goíng

fnon grthic Black to Orthic Grey Viooded soil-" Trace amor:nts of

chlorite occur in the cutans as weIL as jn the bulk samples" .4.

ül clay minerar, other than chlorite, appears to be present i:t

the bulk sample of the OrbhÍc Grey l{ooded sojf u The nost notable

difference between the fjne clay fraction of ihe cutans and bulk

sa,mples is that the degr"ee of crystallinity of the clay ninerals in

the cutans is less than jn thej¡ bulk salnp1e'

LZn The differential thermal analyses of the (5¡ naterial shows that

more organic matter is associated w'ith the (5¡ naterial of the

cutans than with that of the corresponùing brrlk sanrples" In a'11

three soils, the thi¡d endothe¡.nríc (6SOoC) and the ercothe¡mic (92OoC)

peak are more pronounced on the ühertograrns of cutar¡s than on those

of the buJ-k samples.
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CONCII,FIOI'S

Calclfication is the doni¡ant process active in the formation of

OrthÍc B1ack soi13, as is evidenced by:

(a) the accr.mulation of organic matfer in the rr4rr horizon and the

grarnuJ-ar structure of this horizon;

(b) the ilme]-lowedrl nature of the Bbj horizon; i.eo excess sal-ts

harre been removed and little or no accwrulation of organic

natter, iron and clay has taken place;

(c ) the higlr base saturati-on of the so¡:m, and the occurrence of

maximr¡m calcium a¡d potassir:m content i¡r tho tlA¡r horizon;

(d) the simjLarity in clay ni¡rera1 coroposition a¡d dj-stribution

between horizons.

2n The

the

the

(')

(b)

(c)

orthic Ðark Grey soj-L shows evidence of the actjvity of both

calcification and. decalci^fication processes' Evidence that

calcification process is active i¡¡ this soiJ' is found i:r:

the accr:mulation of organic matter i¡ the ¡rArr horizon;

the removal of e:aess salts fron the B horizon;

the higþ baso status of the solura and the occurence of

nÊJcjjrnnn calcir¡m and. potassium content i¡r the rrArr horizon"

activity of the decalcj-ficatÍon process is er¡j-derced by:

the presence of the partly leached Aeh horizon;

the developroent of subangular-blocþ st¡uct¡re jn the solum;

the acc'mulation of sna¡L a¡nounts oi organic matter, nitrogen,

íron, and. clay j¡r the trBrr horizoni

The

(a)

(b)

(c)

(¿) the variation jn clay nÍneral conposition and distribution be-

tween the A horizon and the B and C horizono
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EuÍdence that the Orthic Grey !'Iooded soÍl has formed by the decalcí-

fication process of soiJ fornration is found i¡¡

(.) the presence of a leached .¡le hori.zon, which has a platy st¡trc-

ture, 5-s light in colour, has a low clay content, and has a

low cation e:<change caPacitY6

(b) the accu¡rulation of organic matter, nitrogen, Íron end clay

i¡ the trBrr horizon, and the occurrence of we]-l-developed sub-

angular to bloclqr structure in t'his horizon;

(") the change in clay nineral composítion and distributÍon down

the profileo

The ctay fractions have wrdergone snall but significarrt changes as a

result of pedogenic proceSs€so Reconstruction of clay to rand.olûly

interstratified, m:ixed-layer forms has taken place ¡t ¿¡" "¡.t'

horizon of the 0rLf¡ic Black and of the 0rthic Dark Grey soiJ" The

fomation of a l-4Ï, clay mÍneral appears to have occurred in the

rrBrr honizon of t,he Orthic Grey lfooded soifn

Physical processes appear to have been najor factors in the genetic

horizon differentiation, as is i¡dicated by the particle size and

the ni¡eralogical daùao

these soil-s have developed on similar parent material-se as is erri-

denced byr

(a) the free j-ron content j¡ the C horizon of all thres soils is

of about equal magnitudet

the high þ¿ss saturatÍon of the C horizons;

the doni¡ance of iJ-IÍte cl-ay fn the coarse'clay fractions and

of montmori]lonoid clay in the fine clay fractions of each of

these sojls;

4.

5.

ó"

(b)

(")
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(d) the montmorillonoid species in aII three soiJ-s i.s j¡temediate

between beidellite and nontronite, tending to$rards the non-

tronite end of the seriesn

The cutans of the Bbj honlzon of the Orthic BLack and those of the

Bb horizon of the Orthic Dark Grey soiL are stress or ùi.ffusion

cutanso EluvÍation cutans are present i¡r the Orthic Grey Tüooded

soil onlyo

The cutans of the rrBrl horizon of all- three soil-s are composed of

organic matter, nitrogon, Íron, clay rninerals, and possibþ other

constituents, regardless of their mode of formation'

The cutans of the lrBrt horizon of each.of the soil-s under i¡rvesti-

gation reflect th" pro""ss by which the soiJ- has fonned:

(a), the slight accrrmrrlation of total nitrogen and exbractable

j¡on j¡r'the cutans of the Bbj horizon of the orthic Black

soll- are reflective of the calcj-ficatíon process by which

this soiJ- has foruted;

(b) the }arger accrmulation of erctractable iron jn the cutans of

the Bb horizon of the h,hic Ðark Grey soil as compared to

that of the orthic Black suggest the simr:-ltaneous occur-

rence of the podzolizatÍon and. tho calcification processes

i¡ the OrthÍc Dark GreY soiL;

(c ) the very significant accr.mrrlation of exbractable iron, organ:ic

matter, total nitrogen, and. fine clay content i¡r the cutans

of the BbZ horizon of the orlhic Grey l{ooded profile êr€ f,o-

flLectir¡e of the podzolization process by wh:ich this soj-L

has formed"



1u

2,

3"

4"

5"

6.

BTBLTOCfiAPHY

Barshad, I, 1959" Factors affecting clay formation" Clays and
Clay I'Iinerals. 2z Lt0-132"

Bouzne, W"Co¡ and. Ifortland, l,f"l,fu 1962" Transfor:rations of the
clay fraction during pedogenesis of a medial. chernozem develop-
ed fur loess. Agronory Abstracts.

Brewer, R.A" 1960" Cutans" Jou¡nal SoiJ- Science 11¡ 280-291.

and Haldane, A"D. L957. fusliminary e>çorÍments
of clay orÍentation in sojl-s, SoiL Science"in the development

84 (4): 301-309.

Broadbente FoEu 1953" The sojl- organic fraction" Adv" Ag¡'e¡"
5t L53-17I"

Brovrn, Gn 1953" Report of the Rotha¡rstead Ê<peri-nental Station
for ]-952"

7. Br"own, G. (Ed). 1961, The X-ray Ideniification and Crystal St¡uc-
tures of CIay Mj¡er+ls. lli¡ieralogica]. Soc.e Iondon, Eng.

8n Bror,rn, LC,, and Thorp, J" ]-91'2. Morphology and composition of
some soi-l-s of the Mia&i fanúly and the l4iaüLi- cat,ena. iJ,S" Dept,
Agric. Techn Bu1, I 3l*¡l-53,

9u Buclaran, H.0, and BraSr, Iù.C, 1960. The Natwe and Pr'operbies of
Þg&. The Ùfacl'fi-Llan CompanJf¡ New Ïorku

10o &ro1, Sohio¡ and HoIe, FuD" 1959" Some characteristj-cs of clay skjns
on peds in the B horizon of a Grey-Broun Podzolic soiln Soj.} Sci"
Soc. Aner. Proc. 232 239-)lt1 ã

l_10 " 1961. GIay skin genesis j¡ Wisconsin soil-,
Soi]. ScinSocnåmer. Proc. 252 377-379"

L2. Cann, D,Bur and !ùhiteside, E,P, 1955. A study of ùhe genesis of
a hdzol-Grey hown Podzolic intergrade sojL profile in I'li-chigan,
Soil Sci. Soc. Amer, fuoc " L9zl+97-5O1"

13" Clark, J,Sur Brydon, J.Eu¡ and. Hortie, HoJ, 1'962" Ttre clay niJr-
erals in some British Columbi-a subsoils, Can. Jour" Soil Sci.
l'Zt 296102"

14. Cline, MoGu I9h9, Frofi-Le studies of nor"rnal soils of Nev¡ Yorkt
I. Soil- profile sequences involving Brolrn Forest, Gray-Brovnr
Podzolic a.r¡d Brown PodzoLÍc soì'ls, Soil- Sci" 682 259*272"

L5" Deer, TiInA.r How'ie, R"Ao, and Zussmart, Jn 1962" Rock Formine
Minerals: VoI. IIII Sheet Sil-icates" Iongmans, Green and Co.,
Ltdo, Iondon, Englando



8l+

1ó" Dr¡chaufour, Ph. Í95t, Iæssivage et podzolization' R'erme ¡-orest'

Franc. l-o:6lil45z.

I?. Ehrli-ch, vJ,A" I95t+. Pedological processes of sone Manitoba sojas"

?tI.Dn tneåis, 
- 
i'[riversity of Minnesota' U"S"An

18"

19'

. and' Seithr R.E" 1958' Halorcorphisnr of sorne clay

sojls j¡ l'fanitooa" Can-. Jour' SojJ- Sci' 38: ]03-IL3'

, Pratt, LoE.e a1d-PoV¡e", E.t',,.1?19',"^w4
Shee-r, .Are

sance So of Rossburn

Manitoba pffint of I'grj-cìrltureu

20" â Rice, HoM.e and E"LLis, J,H, t955" Influence of the
sojL fo::n'ration in I'laniLoba"conposition oÏ P

can; .lour. Agrió' Scin 352 I+o7-l+2I"

21. Elli-s, J.H, ::938. The Sojl-s of Mani$.oba' Manitoba Dept" of Agric"

and Conservation"

22"FreirEorand'ClineoM.G"l:gl+g"Profil-estudiesofnorma'lsoils
of New yärt, IIo'Mi."o*rphologiea-1 sfudies of the Grey-Brown

podzolic :- B";; foã-fiä "oiJ- 
seqtenceo SoiJ- Scj-" 68 t 333-3hJ'.'

8. Fridland, V.M" 1958' Podzolization and i'ìIi'merization (clay nigra-
tion)' Soviet Soi'l Sci" i-z?4,-32"

24.Gieseking¡J.Eo]:gtrg"Theclaymineralsinsojl-s.Adv"Agron"
L*59-2AOa

25"GrinrR.E'Lg53"CIaytrLineraloryuI'fcGraw-H'ìllþ6qþCoo'ÏJíìc"'
New Ïork"

26" Jackson, I4oLn Lg58, Soil g.hgrrical Anai-vsis" Pr"entj'ss-lla'll Inc"'
Englãwood' Cliffs, N.Jo¡ UoSoAu

27.
r nrL c^+ r f1¡oni eal Anal vsis -- Advenced Coltrse "

M.L, Jae}íson, zuúii"h sity of Wisconsiri'

Ma.dison ó, Wi.s"e U"SoA;

28.

-. 

Lg5g. Frequency clis-tribution of clay roinerals i¡r

e"".t soil-g*ltp" á" related l:-t1?,t"ctors of soif fonna-

ci;t"-;d õl"y Minerals 2¿ 733-It+3'

')o.arrd'Sheman,G"D"lgS3"Chenicalweai;herÍngofÉ7c
minerals

30" - :., 9þ el' 1?f' Cryslal chen'istry of soifs' Soi^L

Sci. Soc. amer. ÌToGo P; 139-]y'róc

major
tion"



31"

32. et oJ_ o

and
ÞCLr

* af"
ninerals i¡r soi-l-s and
52t L237-I26O"

85

1948" Weatheri¡g sequence of clay-size
sedl¡ents" I" Jour. Phys, Colloid Chem,

L952. I,Ieathering sequence of clay-size
sedj-mentsu II Cheroical weathering of layer
Socn A¡nero Proc. 16z3-6.

ninerals in
si-l-icates.

soils
SoiJ-

33. Joffe, JnSo I9l+9" &&1gg' Pedology h¡blicoe New Brunswick,
I'']oJnr UoSrAn

3h" Larson, hloEo, Allaruay, Td,H.e and Rhoades, HuH" I9l+7 " Character-
istics of three soil-s fron the Chernozem and Chestnuf soi-l-
regions of Nebraska" SojJ- Sci. Soco Ameru Proc" ].2z l.'2:O-/,,'2-3"

35" Iutz, H.J,e and Chandlêre R"F" l-946" Forest Soil-s" John WiJey
and Sons, I:aco, New York.

36" MacKenzi.e, R.C" 1957" The Differential Ther;tal Investisation of
C1ays. Ifir¡,eraiogical Soci-ety, Iondon, England.

37, McCaleb, S,B.¡ and Clinee M.G, 1950. Profile studies of no¡rnal
soils of New York: III" Physical and chenical prnperties of
Brown Forest and Grey-Brown Podzolic soil-s" Soil- Sci" ?0:
315-32ß.

38. Mc01e]1and., JuE"e et aI" 1959. Chernozems and associated soi-Ls
of easterrn North Dakota: Some propertÍes and topographic
relationships. SoiI Sci-. Aneru hoc' 232 5I-56"

39" McKeague, JoAo¡ and Cline¡ M"G' L963' sil-ica i¡r soil- solutions: I"
The form and concentration of dissolved si-l-j-ca i.:r aqueous exbracts
of some soil s. Can. Jor:r" Sojl- Sci, 43 z 7Q-82"

l+O. , 1963" Silica in soi-l- sofutions: II"
eurd by other sub-The absorption of rnonosi-l-icic acid by soiJ.

stances. Can, Jour, SoiJ- Sci. 43 z 83-96.

l¡lu M:inashina¡ N,Go 1958, @tica3Jy oriented clays in soifs. Soviet
SojL Sci. L¡ Ml+-l+3O.

Qo Mritchell, Jn, l'Íoss, H"Col and Claybon, J'S. ].9lù" Þoi-l- Survev
Report No, 12, iJniversÍty of Saskaichewan, SaskaÙoon, Sask'

It3 
"

I95O' Soj-1 Survey Report
Saskatoon, Saskatchewa¡, "lÞ^dl" University of Saskatchewan,

lthn luloss, HnCo, ar¡d, St. Arnaud,, R,Ju' L955" Grey 'tJooded (Podzolic)
soils of Saskatchewan, Ganacla' Jour" SoiI Sci. 6z 2934JJ'

t+5" !Íunsel]. SoiJ- Colour.CharLs. ]-95l+, MunseIL Colour Cornpany, Inc",
Baltjmore¡ iJoS"An



86

46. National SoiJ. Survey CormÍttee
Winnipeg, Manitobao

47" Norman, AoGo, and Bar*"holonew,
uronic carbon i¡ some soil

on Ca¡ada FroceedÍ¡gs, 1963,

!tr"V, ]-9l¡.3" The distribution of
profiJeso SoiJ- Sci" 562 II+3-I5O.

48. Itygard, IoJo¡ llcMiller, PoR., and Hole, FoD" L952" Character-
istics of some Podzolic, Bncwn Forest, and Chernozem soils of
the northern portion of the Ï¡ke States" Soil Sci" Soco A¡ner.
Proco l-:6z 123-].29"

49" Parfenova, Yeo I"¡ and TarjLova, Yeo A" 1959" The problø of
Ìessivage and podzolization" Soviet SoiL Scl", 2z 913-925"

50, Paw1uk, S" 1961. llinaralogical conposition.of some Grey llooded
soil-s developed fncn t'i11. Cann Jour, SoiL Sci, Æz 28-?4:0"

51. " 1963. Characteristics of f4l clry ninerals 1n the
rrBrr horizons of podzolized soils of .[lbe¡ta, Clays and Clay
Mi¡erals. g2 Jþ-82"

52" IÈice, HuM., Foruan, S,A.¡ and Patry, L.Mo 1959. A study of sone
profiles fbom major soil- zones i¡ Saskatcheuan and Alberba.
Can" Jour. SoiL Sci" 39. I65-L7?"

53" h¡ssel, EoWo 1961. Soil- Conditions an4 Plar¡t Gr"or+bh." 9bh Ed,
Iongmans, Iondon, E:agland.

5h" Sauhney, B.tr.¡ Frink, CoR,¡ ¿¡d fii]l, D.Ee L962" kofile dis-
confo:mity and soil- fo¡uation on glaci.olacustri¡e deposits.
Soil Sci" tht 47-303"

55. Schafer, Gol'fo, and Holowaychuk, No 1958. CharacterÍstics of
mediu¡r and fine-texbured Humic-Gley soils of Ohio" SoiJ- Sci,
Soc. .A¡aero Proc o ?2: 262-267,

56. Shapiro, Lo, and Branrrock, !,Iol{. 1956" Rapi4 Anal-vsis of Sili-
õate-Rocús" u"s" ceoI" survey ¡¡" 1ffi

57, Singh, S. 1956" The fonaation of dark-coloured clay*organic comp
lexes in black soils. Jour" SojL Sci. 7zl&*58"

58" St" Arnaud¡ R.J. 1961" The pedogenesis of a Black-Grey lùooded
sequence of soj.ls in Saskatchewan, Canada" Ltriv, l'!ÍcrofiJ-urs,
Inc,, Ann Arbor, Mlch", U,S'A"

59" Stobbe, P"C. 1952, The morpholory and genesis of ttre Grey-Br.owr
PodzolÍc and related soi.fs of easte¡n Ca¡rada" SoiJ- Sciu Soc,
inero hoc. 1ó: 81-850 -



sl

ó0, Tavernier, R', and' Srnithe GuD" 1957' the concept of Braunerde
(gromr'Forést soiJ-) :n Uurope ar¡d the United Stafes. Adv. Agron"

IX:217-289.

61. Tedrow, J'C'F. Lg5b" CIay loinerals j-n three Fodzol profjJ-es" Soil
Sci. Soco .A¡ner. Proe' 18: l+?g-ltßL"

Throrp, Jn, Ca{r, J., and' Gamble, E' 1959" .Genesis of Miani sjJ-t
t;an, 'Soil. Sci.'Soc. .Amer' Þ¡"oc" 23t ];56-i:6]-"

U.S, Depto of Agric" 1951" Soil Survey Manua}"

U.Su Dept" of A,gric. f960" Soil- Classification' ?th Appnoximation"

I¡{arder"., F"Gue and Dion, HnG-" 1952, The nature of the clay ni;rerals
j¡ ãome sâstai"ñãwa,å uãiJ-". 

'scientu 
Agric" 32 (I0)'

},Ihittig, L"Do¡ s 4" L957. Characteristics and genesis of 
-some

Casõã¿e anã 6*l-lf soiLs of Northwestern Oregon. SoiJ' Scio Soc '
A¡ner. Proc" zJr 226-232.

67" lüillia¡rs¡ B'il'e and Bowser, tr1¡.Eo

of Alberta ar¡d Montana" SoiJ'

68. tüinters, E.n'and Si-monson, R"lÙu

III: 1-93'

62.

63"

6h.

b).

66.

1952" Grey lrlooded soils in Padcs
Sci, Soco Amer. Proc" 16: ]30-133"

195I. The subsoil" Adv" Agron'




