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~ Lake- Bonnyv111e area were 1nvestlgated to fully characten1ze

ABSTRACT | -

5
o

Five Apedons repreé%nting dommon soils in the Cold

ﬁ%
their mineralogical ,attr1butes The soils cons1sted -of two
o . . ~ :
Orthic Gray Luvisols two Dark Gray Luvisols. Jand an

Eluv1ated Black Chernozem1c One additional pedon of an

13-

[\

Orthic Grayf Luv1sol from the Cooking' LaKe mqraﬁne neEF/

Edmonton"was also 1nc]uded in th1s study. ExCept for minor

variations, types and nature of minerals present in: a]l six

soiTs were generally similar. .«
. )
<

Sowls located furtheh from the Shleld area conta1ned

: 1ower amounts of feldspans and mica than those 1n cloger

prox1m1ty to the Shield. The common abundant phy]los1l1catesi'

in ¢ the c]ay fraction of all soils were smect1tes, Kao]1n1te.

-,

W

“and  mica- Verm1cul1te constituted less than 15 per ceht ofc

the. clay fraction wh11e chloﬁﬁte was - present 1n m1nor'

amOunts. Distribution of c]ay minerals w1th1n prof11es
indicated qﬁgpfite was preferent1a11y translocated‘downward.
Distribution of vermiculite was interpreted td reflect an
inherited'\ feature v of ; parent .mate%ials Dioctahedral
clay-sized mué? displayed a relat1vely un1form d1str1but1on
within a11 prof1les Quartz and minor amounts of feldspars

were present in the clay fraction from all soil hor1zons.

Accumulation of primary clay:Sized quartz in eluviated-

horizons was partichlarly evident. ’

“~
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-. Sand and s1lt ?ract1ons 'were \dom1nated by pr1mary

m1nerals Quartz was ,ﬁhe dom1nant m1neral spec1es in sand

and silt fractlons accoMpan1ed by sma?ler amounts of

plagioclase ; potassjum ’ feﬂdspars and\ “heavy m;nerals

(biofite: amph1boles, verm1cu11t§ and. chlbr1te) Kaol1n1te
was ideﬁt1f1ed in f1ne sijt fractwons and ta]c was present
:in the s11t fract1on Contghts of plag1oclase feldspars in

soils were genera]ly one .ré two t1mes that of potas§1um
S
»fe]dspars } Plag1oclase 'feldspars were d0m1nated by albite

&

r(orf alb1t1c 'feldspar) with small’ amounts of ol1goclase“and

other ,balcic feldspars Potass1um fe]dspars cbns1sted of

degree of - exsolut1on \f}
7

orthoclase. mlcrocl1ne and perth1tgs wh1ch d1splayed>a high

o

Very 1little weafhering was observed for sand s1zed
potassium fe]dspars while’ somewhat pronounced weather1ng was
observed for plagioclase feldspars Tr1octahedral mica in

silt fractions appeared weathered . to vermiculite in surface
LY

horizons when comparedqto C horizons. Moderate weathering of -

amphiboles in both sand and- silt fractions occurred in

response: to pedogenesis; the absence of clay;sized

amphiboles indicated their iisSolution when comminuted to -

clay-size particles. . In general, pedogenic development at
the six. sites was comparable in its effects on “the

‘mineralogical attributes of the soils. The main effects of

pedooenesis were: (1) .redistribution of the ma jor mineral

oonstituents of the clay. fract1on (espec1ally smect1te) in

responser to clay trans]ocat1on and (2) some weathering of

. ”
pe—

- o d. vi '
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feldspars (particularly plagioclase feldspars), biotite,
amphibolesv and chlorite in %and and silt fractions from the

upper solum.
. ] | ‘

Parent material "uniformity was exg71ned to 7assist in
the 1nterpretat1on of observed var1atlons in smineral

constituents in terms of ejther weatherlng or. inherited

.characteristibs; Parent materials at- four ,of the sites

‘appeared uniform -while wind and/or water action apparent |y

modified surface horizons of the other two sites. Detailed

‘ partiqie size data proved; td; be supérjon~in identifying
ma jor parent, material ,discbntinuities and/or small
,mpdificationS'%Mch as eolian additions. Size distribution”bf
resistant minerals was also equally sensitive as a measure

of parent material un1form1ty

vii
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I. INTRODUCTION

Only - limjted jnfofmation- exists on the mineralogicel
natere of soils in Western Canada despite the fact that
.decisions on the use and management of these soils ere
particulafly dependent on Knowledgejof the properties of the
inorganic fraetioh;. Documentation of the mineralogical
charactertstics of soils in Alberta has largely been
confined to a fewv pedological studies where the major
emphasis was not the accurate qualitative or quantitative
evaluation of soil mineral components. In some studies on
Alberta .soils, different investigators examiﬁing the same
soil report  very d1ss1m11ar results for their quant1tat1ve
soil- mineralog1ca]‘ assessments part1cu1ar1y for the clay
‘miheralv fbaction._ Such discrepancies further point out the

need for detailed and accurate soil mineralogical studies.

- The pﬁesent study'was 1n1t1ated to obta1n comprehens1ve
;1nférmat10n on the m1ﬁeralog1ca1 nature of selected so1ls in
‘the Cold LaKe and Bonnyv111e area of east central Alberta
" Soils from th1s area were - chosen for exam1natvon because no
;i1nf0rmat1on Tis . avallable on . their mineralogical attr1butes
"weande;itpwwasA felt that so1ls frqﬁ this eastern part of the
province, being in close prox1m1ty to the Canadian Shield,

hight disp]ay mineralogical charaéteristics quite different
'than those.of soils previously examined in more'western énd
' southern' reglons of Alberta} .Only a- l1m1ted number_ of

. ~Chernozem1c and LUV1sol1c 's0ils were’ 1ncluded 1n this study



2 .

in order that major effort could be plaged on detailed
quantitative and -qualitative mineralogicafwinvestigations
rather than partial characterization;of ngmerous samples.
Soils cbllected for this study were ex;mined with:Fhe
following objectives in mind: ‘ ‘
1. to qualitatively and qQantitativély evaluaté the nature
- of the clay hineral fraction
2. to charactefize the mineralogical properties of the sand-
and silt-sized fractions with major emphasis on feldspar
minerafogy |
3. to assess fhe extent and nature of mineral alteration
-accompanying pedogenesis. x?ih
To accomplish the third objectiQé’,it fwas necessary to
- evaluate parent material uniformity using established

methods common to pedological research.
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e II. LITERATURE REVIEW

" A. Mineralogical Composition Of Soils Of The Interior Plains
' The nature of surficial deposits:ahd their origin'js.ah
important.aspect of the hi%era]ogical characterisfics'qf the
soils ‘o% tﬁe Interior PyainSu' Therefore, the geological
history of the Plains. will be briefly discussed in }his_f«.

section.

The Interior Plains are the largest physiographic area
to the west and southwest of the Canadian Shield"

\

(Bosfock,1?70). In Canada, it extends"frbm.the 48th par\é“l;gl\~ B
ts the 'Mackengie'Delta between the Canadian Shield and the |
mountains of the Cordiiieran region. The Plains - are

under 1ain Sy. genfiy dipping sedimentary rock of Pa]eozbic,
Cretaceous and Tertiary ages.~The*PsleozoisErdcksfqnderlié»a_
narrow strip of the Interior.Plains adjacentltd tﬁéhcsnad{an s
"Shield; these sedimentary 'EocKs 'consisf§o¥'fimestoné‘and
dolomite ‘of *drdovisién, Silurisk and bév&nfah»‘age. In
Manitoba, Jurassic shale bedrock is'present'tp the west of

the Paleozoic rocks. Excluding Paleozoic and Jurassic rocks,

the rest of the Interior Plains are mainly underlain by
Cretaceous sedihentaryi hocks (Bdstock, 5970;; In Alberta,

mosf of thevnortﬁefn,»east?centrs1 and,southern Plains are

unde lain by in}érbedded mar.ine wand nbnmarihewcgetacedus}‘:i;&
sandstones and silty shales with: subordinateramountsof ... .

coal, bentonite .clay-ironstone and _volcanic ‘ash. ‘The =’ '™

ks Be . . % N s
’ - 4 . :
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_ west central port1on ‘along*'with'~regions adJacent to the'- ;
'. foothl]ls’ are ‘underla1n by nonmar ine sandstones and shales

R ef} Cretaceous and early Tert1ary age (Pawluk and Bayrock

...... SN T AR

T“Erestonal processes dur1ng Tertlary t1mes assoc1ated,‘~ A
. w1th easter-ly- f]ow1ng preglac1al dratnage systems shaped thefakfh
' maJor elements of the phystography-ot the Inter1or Pla1ns AR
- The maJor phys1ograph1c subdivisions of the pla1ns cons1sts
of - Tertwary eros1ona1 - remnants 1nc1ud1ng the TurtJen”
~ Mountains . Man1toba,i' WOod and Moqse. Mounta1ns p}ﬁj
Saskatchewan, the Cypress HI]]S of Saskatchewan and Alberta;ﬁ.i:'v
_vHand Hills, Neutral Htlts,:Swan Hills and Car1bou“and qun :?,'J
Mountains of Alberta. The.sodthern'portion of the Interior |

Plains is broken 1nto three levels or steppes ‘by'the

Ma itoba- Escarpment and the M1ssour1 Coteau which gives rise
the Man1toba, SasKatchewan and Alberta Plains. The later
rises 60-150 meters above the Saskatchewan Plain and up to

1250- 1400 meters a.s.] near the foothills in the west

.The phystography ot the Interior Plains; though shaped
during the Teritary period, was altered through erosional
/and depos1t1onal processes assoc1ated w1th gla01at1on during
/ the Quaternary per1od Repeated cold pen1ods dur1ng-the“

/

: I
/ Pleistocene resulted in ice sheets per1od1cally cover1ng N
__“_}v1rtually all, of the Canad1an 1andscape*dur1ng the last?gsr-

.....

TR ‘miittan,years W1scon51n glacwatlon was “aey extreme1y comp]ex]}f?%ﬁ

a ‘,>.

,ﬁﬁ«q ,‘evenf ‘but rn«sample terms 1t comprtsed of repeated advancesiéﬁ},:
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and retreats of the ice with interglaCial periods of warm
temperaturesz The last Wisconsin‘glaciation consisted of two.

major ice sheets.. The -Cordilleran .ice sheet buried the

ijébtihe Western Cordillera from the Coast Range to the

»Rockies (Bthd, 1972)‘ -The second or Laurentwde ice sheet

- - covered an area extend1ng from the Rocky Mountains. to the

-fContlnental Shelf southwest of Nova Scot1a (Bird, 1972). The

slow and radial outward movement of the ice froﬁ;its

“lKeewat1an center' was. generally in a south-southwest '

L

v oa e

,‘d1rect1on across the southenn Pla1ns and the Alberta Plateauifiw;_
fid%@to meet W1th the Cord111eran ice sheet of the Rookwes and,;
'.f‘then flowed in a southeasterly d1rect1on roughly para]]e] to

) h footh1lls 'regwonluan,,sqythern Albertar.(Gravenor and

Bayrock 1965). The direction of the tce‘advanCe from the’
Canadian Sheild to the northwestern section of the Plains

was 'to the north ahdﬂwnorthwest (Clayton etsal '1977)

Incorporat1on of gran1t1c rock matertal transported from the_ ;

Precambrian Shield as well as 11mestone and dolomite from

the adjacent Paleozoic beds with the under lying bedrock and
, , « _ _ : S

the unloading of these materials accompanied by reworking by

water and wind following the ice retreat resulted in the

.formationu.of» 1andform features recogntzed as hummocky,'
~ridged, ftuted rolling and undu]at1ng mora1nal ‘plains,
- .outwash . and lake' p1a1ns drum11ns. eskers, kettles and

“f{ﬁ:ﬁgTaCTOfUVIa] pia1ns

.A;.v'.'\"‘".":.',«.' i ST Tt A = R

Surf1c1a] depos1ts °f Qlac1al boribfnu’aﬁe the mawn .

T8

:-«r' nVM

~D.-..“"“

ﬁiparent materlals-fof the so1]s developed 1n the Inter1or

S
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-Plains o Some so1ls : have' deve]oped 'ch preglac1al
unconsol1dated depos1ts in the non- glac1ated areas 1nclud1ng'
the top ~of the Cypress H1lls' and port1ons of the Wood

o Mountain Plateau (Bird,1972). Glacial “deposits occuring

throughout | the Interior PTains “include. till wh1ch is”

-funsorted structureless mater1al depos1ted d1rect1y from the

ice - and strat1f1ed dr1ft wh1ch is a sorted and layered.f

- ”fmeltwaten' ‘sediment. depo51ted along the marg1n of ab1at1ng, D

.Tglacia] ice. ‘Other‘ glacial depos1ts 1nc1ude lacustr1ne'” ;,

,"ﬁ}_fdeposwts compr1sedrof sw]ts and clays These depos1ts formed'g. |

in g)ac1a] 1akes wh1ch developed after the 1ce retreat due;
~~.-to'blecking o preglac1a1 valteys or from deformat1on of the N
_ earth’s crusislby the. we1ght of che,“ioe (Bird, 1972). B
Enormous " apeas were - covered w1th g]ac1a1 lakes throughoutr
the Interior Pla1ns. Major glacial lakes ‘include the
Edmonton, Red Deer, Rycroft, Fahler 'ahd lﬁeaoe takes in

Alberta' the Sw1ft Current Rosetown Saskatoon and Régina

lakes in. Saskatchewan and LaKe*Agass1z 1n southern Man1tobaﬂiilt

(Bird, 1972). Deposits resulting. from the rework1ng of

glacial materials by either, river waters or winds in the
postg]ac1a] peri ncludev.glacioftuvial sedtments in the

areas adJacent t -r2zer valleys and the1r deltas and eol1anv
deposits scattered in some areasd throughout the Plains
region and’ more extepsively in southern Saskatchewan and

~Alberta.

Informat1on -on the geolog1cal or1g1n of - surf101al

depos1ts. though d1ff1cult tolascerta1n was demonstrated to :

Gl e e e e e e T A



" be valuable in the 1nterpretat1on of the comp051t1on of till

dep051ts 1n Alberta (PawluK<-and Bayrock 1969 Twardy et .

'all; 1974) Stnce most of the so1ls 1n the Inter1or P1a1ns'~
are short term features on the geolog1pa] scale one would_»#
expeotv that the maJor' m1neralog1cal attr1butes of thesem

soils are- 1nher1ted from the1r parent material and not due

. to authigenesis accompanying 5011 formation. The poss1b1e

’m~_origin of most'soil oareni materﬂal in the Inter1or P]a1ns

Wi AT

- is  the under]y1ng bedqock maier1al w1th varying amounts of .

1,Precambr1an or Paleozoic rocK transported from the- shield.
"end't adJacent‘ Paleozo1c‘-strata Establ1sh1ng vé}’strongfﬁv E
relationship .ibetween ti)l,: and-'under}ying .bedrocK is
conpliééted"'bg) .'the_‘ fact that till may be the result of
repeated ééfaoiai advance and retreets from different .
direotionst,However, ice contact deposits do tend to reflect
the Tlocal bedrock ~lithology as the ‘mode of deposition -

f.gppegrs‘dto_ have been rapid':1n most cases with. a limited..

"rbljdistance:7offitren599ﬁt (Fl1nt '«1971) Other' glac1a1 OP;JL.N

'»glac1a1 ; dértved - depos1ts such e' g]ac1o f]uv1al -
'glac1o 1acustr1ne and eol1an depos1ts do. not usua]ly reflect':"
only the under1y1ng bedrock since mater1a]s const1tut1ngl.‘
these deposits can be transported from distant 1ooattons
with - possible admixture of materials from several sources.

The followingffabtors inbréése the complex1ty and reduce the- S
reliability7lof; the estlmatestof 1oca1 bedrock contr1but1on'
to the. 11thology | ofg,the‘ glac1al deposits: "Kt)qtthe_h

uncertainity of the d1rect10n of- ice -movemeht’, ;(QY rebeétedv'



“nature of the glaCiétion.Droéess (3): possible’ changes 1n“,“t:

A. L2h
o -

‘i‘the 1ce movement “from one glac1a1 advanceé and retreat to
wanqthen; and.wi4) dependanpe of = the types and amounts of -

s ._—‘_r{;i'i_té,rtiais - incorporated '”‘With the ice load on the" k1nds and .

- topography'.o?..the';oedtooktvtraversed by theo 1ce These

factors are difficult'to-resblve howeyer cons1derat1on of

the 11thology of both reg1ona1 ‘and 1ocal bedrock togethen—hﬂig

o w1th Knowledge of the estab11shed ice d1rect1ons would he1p~“
| . the evaluatlon of bedrock source material for glac1a]
- deposits.c - .. A

! . )
. The m1nera1ogy of the major bedrock materials inm the

Inter1or Plains was ‘studied in northeastern; east and
west-central as well as southern -Albefta.“PaieOZoicqand
Mesoioic rooks‘Pinf.northeastenn.—Albefta_»were-,studied by -
\“N#Carfjgy.itQSQQ;jHefrebobted Paleszoic rocks. from . this region”

to "éonsist of evaporites 1nclud1ng' calcite, dolomite

ha11te gypsum anhydr1te and organ1c carbonates The range“; .

content of the dolomttlc 11mestone was 61 to. 94 per cent‘ﬂu
1ca1c1um jcarbonate ‘and 34 to 1 per. cent magnes1um carbonated#
.w1th mihor amounts of s1lwca a]um1n1um and 1ron oxxdes The'
| Mesozo1c - rocks underly1ng parts of the Fort McMurray area

.were reported [to’ cons1st of sands, sandstones s11tstone5-

yand shales‘» The dom1nant clay minerals in the shales . were ;”

illite and Kaol n1te wh11e the s1Ttstones cons1sted of..

vabundant amounts of. quartz with minor amounts of Kaollnmte,

1111te; and chlor1t'.' The heavy m1nera1 assemblage'of'the

s indicate their',derivation from Pnecambr1an Shield

AN
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rocks ““and ~ were - reported to conta1n tourma11ne chlorlte, :

,xm;Aaﬁﬁdqn;'garnét”-Ryanfte apati te and: rutw]e wh1]e quartz and

‘:sma132>amounts"of orthoclose ~ const1tuted the bulk of the

'"Sands; 'The mineralogical ncomposﬁt1on 6f the Tertiary and

Cretadeous sandstones--underlying the central'andﬁgouthern

;;xAlberta“Pjaihsfkwas{-aisql;repdrtgq.Abyﬁﬁarrjgyg(ﬂgji)arHis,ﬁi

: results 1nd1cate *that these sandstones cons1st of .variable

“filmore volcan1c fragments 'Furthermore,~ he indicated that =~

WWest central A]berta The heavy m1nera1 assemblage

amounts of quartz chert, volcanic and non-voicanic rock

-fragments, feldspars.' calcite and dolomite. The‘average

proportion of feldspars and calcite in the sandstone of the'
Porcupine Hill Formation was 3%.and‘9%, respectively, while

that of.the»PasKapoo Formation~was 10% and 3%, ,respectively

”,The ,Jatter Formatwon comtalned less quartz -and- chert and; D

‘upper PasKapoo sandstones appear to have a h1gher proport1on'

'Kaolinite,A montmoritlonite

.,content‘ of sod1um calc1um feldspars ranged from. 1. to 23 %

u:{,of potash fe&dspar than the 1ower Paskapoo SandStones (ng,Lm

Porcup1ne H1lls Format1on con51sted , ed gra1ns of

P .

a+'z1rcon tourmal1ne and apat1te wh1le the Paskapoo Formatlon;

‘

v_'was' domlnated by biotite, z1rcon apat1te,. ep1ddte and '

hornblende.. The cementing agents present in the sandstones

~ consist -of calcite, dolo%m"te and clay minerals mcludmg.

and chlor1te Ear11er Mellon

1~“(Paw1dk and Bayrock,.'1969)*'reported--on .the content of

‘.feldspars-~# in  some" Cretaceous ’sandsfonés cf’*differeh%"“

formaf1ons ﬁn? nofthérn Aﬂberta- H1s results 1nd1cated ‘the

’
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wh11e content of pota551um feldsparsfranged from 0.6 to 11 %
The f1ne gra1ned portions of:the near surface bedrocks of

ﬂ central Alberta were studied by Locker.(1973) who found them
to display a wide wvariation in composition. 1n general,
'siltstones and silty-claystones consisted of fine sand and
| stlt size partiCIES of quartz, feldspars, rock fragments and
mica admixed with variable. pdgoortions of clay minerais,
organic matter, carbonateés and\\p;rite Semi-quantitative
-estimates of clay m1nera1s from X ray d1ffract1on analys1sr
revealed that montmor1llon1te was the dominant cIay in the
,formations ~under1y1ng the eaetern parts of the Central

P]ajné region while t]ljte {hydrous-mica) - was "~ the | most_

s . & o -
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’tmcohmon .clay mineral in the western part of the reg1on Thev;;,

>

average montmor11]on1te content of Ihe f1ne gralned port1on~,_,{'

"~ of thé‘ Be]ly R1ver and Lower and Upper Edmonton Format1ons

. ’underJy}ng the east centra] region of Alberta was over 50%»; o

‘while that of the Paskapoo Format1on was less than 50% with

~ comparable -but: reverse va]ues ,for content of illite.
'Howeyer' the average contr1but1on of montmor1llon1te, illite
and Kaolante plus,ch]orIte to?the bulk composition of the
rock Qas 23, 10 and 5%, -respectively, for the Be]]y River
Formation and 9, 12 and 5%, respectively, for the Paskapoo'
Formation. M1neralog1ca1 composition of the clay fract1on 1n

' shales of the Bearpaw Fdrmation in southern Alberta was

| ﬁnvesttgated in three éections by'.Byrne and Farvolden
(1959).  Their results indicated a oredominance of

monthorillon%&e‘ and illite and the presence of chlorite
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rather than'bkao1initev—as a third ma jor const1tutent »The '
mineral constituents of the upper portion of the Format)on
pased —on X ray d1ffract1on peak v1ntens1t1es ranged from
612174 to 87+10% for _montmorillonite, 9+7% to 25+12% for/
illite and v4+3% to 14+5% for chlor1te ~ Other m1nerals
present -in the clay fract1on were quartz; cr1stdba11te and -
feldspars with .11tt1e ev1dence for the presence‘of m1xed

layered clays The broad nature of diffraction peaks
suggested some of the m1nerals ‘were very fine- gra1ned or had
defects»;jn the1r crystal structure or both. The resulte of
the Greene Ke]]ey _test 1nvo]v1ng X-ray qtffractioh of
11th1um treated sampleS' and heated to 200'6 indicated the
ipresence of octahedra] substitution in the smect1tes(..g

| be1de111t1cf“ montmor1]lonte). Sﬁm1lar contents of clay
htnera] constituents in shales and bentpnitic shale layers
of the Bearpaw< Formation were reported,by Forman and R1ce
(1959) for dr111 ‘holes in. southern 'Saskatchewan. The
composition of the - fine, 'medium and coarse si]ts”were
predominantly quartz with the except1on of one sample which
was predom1nated by 1]11te Other ma jor minerals present in
tLe s11t fract1on included -1111te and feldspars in the
coarse and medlum s11t w1th Kaol1n1te mainly present in the
fine silt. Sand fract1ons (>50 m1crometeh3 dlsplayed some
variations in- m1neralogy w1th the >3.0 g/cc specific grav1ty
separate predominated by pyr1te or biotite. The 3.0-2.7 g/cc
specific grav1ty separate was predominated by1¢calc10

A

feldspah or biotite and the <2.7 g/cc specific gravity

& 3 ) °
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separate predom1nated by quartz . Other m1nerals present..f,

included chlor1te Kao]1n1te opaques, pyroxenes and Zzircon.

On_‘the basis of the forego1ng discussion and the
fimited deta11ed quant1tat1ve information available on

mineral comp051t1on of bedrock materials in the Inter1or

~Plains region, ‘it is difficult to de11neate or recognlze A

discrete mineralogical regimes associated with different

bedrock formations. A broad and recogn1zab1e feature is that 3

f montmorillonite is the dom1nant phyllos111cate 1n the clay

sized fraction in bedrock mater1als under lying the central

~and southern port1onrof.the=lnterjdr plains of Alberta with

a \domihance of il]ite in bedrock ldeated in the western and

o

toothills regions. Kaolinite appears to: be the dominant .

'phylldsilicate ~in the clay fraction from bedrock in the B

northeastern pant of Alberta. Other minerals ind]udihgt
chlorite, Aduaetz, Eeafcite, do]omite.anddfeldSparsidsualTyi
oceur with montmodi]fonite,' illite and kaolinite in the
sedimedtary bedr ]@ fermatidne. No systehatic regional
trends are evideng for pr1mary m1neral composition. of

sedimentary bedrock nn Alberta.

A limited numbér of studies have been published on the

mineralogical compoS1¢1on of surflc1a1H mater1al§ in the

i t

Interior P1a1ns region. The m1nera]ogica1 chemjcal and

physical charactéristics of several t1]1 sampleswgff

g
Alberta were documented by Pawluk and Bayrock (1969) ks

‘investigators found the <2 mncrometqi clay fract1on of t111':

..‘., ! "vrg, .
el ﬂ’r 1‘_ , g
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to conta1n var1able amounts\:of montmor1llon1te lll1te

. Kaol1n1te andvodartz Content df montmor1llon1te varied from
20 to 60% w1th the h1ghest q“ant1t1es found in central and
southern reg1ons and t ldwest in the northern reg1ons

'\\*where hydroms m1ca content wa# high (35- 48%) Interlayer1ng

oﬁi montmor1llon1te “with hydreus ‘m1car was- evident 'andllpf

:appeared to be conf1ned largelylto the tills of southern and
- central Alberta. D1octahedrah montmor1llon1te having a
composi tion between that of beidellite and.nontronite was~
the - type of Smectite reportedito be present.hKaolinife and
quartz occurred in relatlvely Tow quantities. There was
little or no ev1dence for the presence of feldspars in the
clay  fractions. Some samples | were reported to conta1n

substantial amounts of chlorite (prochlorrte). Mineralogical

analysis ‘of the Tight m1neral separate (specific grav1ty
€2,7 'g/co)' of the fine and véry fine sand sized fract1ons
indlcated some variation odcurred in . the content of
K- feldspar - In general, the lcontent of K-feldspar in the
tills of their study ranged erm 6 to 8% while soda-calcic
feldspars constituted 8.5 to‘ 11, 5%» in till from

north-central parts of the provjince and 11.5 to 17% in till.

from south and south-central Alberta;

TheAelay mineralogyfof Continental and Cordilleran tin
deposits in Alberta were stu 1ed tn four localities in
west-central ~and Central Alberta (Twardy, 1969). His
s'e.-mi-c:lua’ht1"v'ta;“t1"v.e'..~ m1neralog1cal estimates indicated a

predomznance of. montmor1llon1te\ species‘and illitet-These
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accounted for 70 to 80% of,ﬁhe clay

r amounts of chlorite, kaolinite and quartz

were reported to be pnesent.vContinanta] till COntaine?'the

highest amount

i1

S & 1 I U
both

Cord

gravity

of montmorillonite; the highest cont#nt of

te was present in the clay fraction of the CordﬁlTeran

illeran ti

cases greater

light mineral Separaté’

of ’

20% and 7 to 10%

NEEIE PN
of

iron

"second in dominance.
~fraction

,’apat1te and tourmal1ne

soda-calcic

'tne f1ne

ox1des and opaque

Interstratified

tills with highest quantities associated“ with the

11. The abundance of 1ight minerals (specific

'€2.96 - g/cc)

than

lin the fine sand fraction was in most

98% for all tills investigated. This

as dominated by quartz with contents

Feldsp rs and K-feldspar ranging from 14 to

respe t1vely The heavy m1nera1 assemblage

sand fra¢t1on was. reported to be dom1nated by

consisted of

minerals. Amphiboles and garnet were

Less than 5% of the heavy.mineral

ep1dote pyroxene, chlorite, zircon,

1

The nature_‘of mica in different size fractions frgm

three soil parent materials in Saskatchewan were described-

by

vari

Somasiri and Huang (1974). Their results suggested that

ations i

irﬁoctahednal'

stab111ty size

lmater1alw In

]

n ‘the

"mica

proportion of dioctahedral to

could be attributed to both a

relationship  and obiginf of tne parent

most

micas were present

cases,' dloctahedral and trioctahedral

'inu'xhe silt, sand ‘and coarse:clay

‘ fractions, while highly stable diqctahedral'mica'was only

mica-montmorillonite  was present in... .
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'present'jih'“thev fine ‘clayz' Furthermore, the glacial tinm

deposits in the northern regions contained higher amounts of

trioctahedral mica because of,the influence.of the igneous.
and'vmetamorphic'rocks cf'the Shield. In contrast, the tilis

of the southern regions were largely der1ved from local

. P '
bedrock shales and conta1ned mostly dioctahedral micas .

'

‘The discussion to this point has dealt with the

. minera]oéica] pcspertieS'df bedrock and surficial materials

in. westeﬁn Canada. No large qualitatiVe differences appear

to exist among the different sedimentéky bedrock formations
of the Interior Plains. Surficial glacial deposits
tHroughout : the p]ains région ‘also d1sp1ay qua]1tat1ve‘

similarity in terms of the1r m1nera1 components and largely

‘reflect ﬂcompos1t1on of underlying local bedrock (Bayrock,

1962; Gravenor and Bayrock, 1965; Pawluk and Bayrock, 1869).

In the foliowing /pbrtion of this section, the mineral

‘attributes of soils of the Interior P]ains-bégion will be

presented and as will become apparenf soil mineral.
attributes will largely reflect the m1neralogy of surf1c1a1 

)

and bedrock mater1als

~

A relat1ve1y large quantity of 1nformat1on on the clay
mineralogy of western Canad1an soils was accrued ‘and

published in f1eld tour guidebooks prepared for the Eleventh

- Congress of the Internat10nal Soc1ety of So11 Sc1ence held

in Edmonton in June, 1978 (Acton and Crosson, 1978). Rev1ew

of the mineralogical information 1nd1cat9dvm1ca,ahd smectite
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'idomlnate the clay fract1on of well dra1ned so1ls in southern'

1toba and southern Saskatchewan. Content of smectite
_lly exceeded content of mica”in C. hor1zons. however,

mica w more abundant than smect1te rn A and B hor1zons I

‘";pooqu'« dra1ned sc1ls_ From'~§hé game tégton amorphous o e
materl;l along with mica were dominant in clay fract1ons'
from soil developed on glacial till der1ved from Cretaceous
- shale,  PaJeozoic.: dolom1t1c- l1mestone andd Precambr1an
qranites.‘ The reported h1gh content of amorphous material
appears unysual cons1der1ng bedrock and surficial depos1t
mineralogy/ Smect1te was reported to dom1nate the clay
\ assemb ge of so1ls from Alberta Dnly trace' amounts of m1ca R
wer, reported to occur in clay fractions from Alberta soils.
‘»Kaolinite and“Ehlorite"Were reported to be absent or present®
only in trace amounts 1n all the pedons analyzed except for,‘
those from southern SasKatchewan wh1ch contawned m1nor‘u
amounts of Kaol1n1te Verm1cul1te was reported to be present ’
in trace _to minor amounts in clay separates - from‘surface
horizons of Eluviated Black Chernozemic;and Gleysolic soils ’
located ;h, the central and easf—central parts of'Albertth.r.,
Trace amounts of verm1$ul1te were reported to be present in
most other soils from the Interior Plains. Clay-s1zed.quartz
was described to occur in clay fractions in amazlngly high
amounts . HFor many soils, estimates ofscontent of quarti

_were as high as 20 to 40% in the clay sized fraction.'

The clay m1neralogy of Chernozem1c so1ls 1n central and

southern reg1ons of Alberta was descrIbed by: Dudas (1968)
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The c]ay m1neraloglca1 su1te "of A B ‘and C hor1zons was"fj”"
dom1nated by montmor1llon1te wh1ch const1tuted up’ to 77% -of
the total clay fract1on 1111te (hydrous m1ca) was ‘the

second’ dom1nant clay. m1neral w1th percentages general]y less5

\mhan‘p 25%... .Chlorite. nq; Kaol1n1te ; were present in

[

[ - . .«
ey e 2 @ g’ (.'rcn_ u"?*"t s »

substantially lower amounts (genera]]y less than 10%) wh1le" =
quartz was present n trace quantities. For some sites in

the sputh centra] reglon,”content of montmor11]on1te was Tow
/

with- a concomitant increase in chlor1te *content SGMe
. ) ,

S tan

- evidence . was' found” toﬁl the . dresence :tof. randomly,"”’

A eae g 3y

1nterstrat1f1ed "f11ite ~and montmon1}lon1te St Arnaud andhm

a2 Lo R .

N Mortland (1963) exam1ned Chernozem1c and Luv1so]1c sofls inr

Saskatchewan and found clay mineral su1tes s1m11ar to those[i*Qf

U:-:@Jydescribed by - Dudas and Paw1uk (1970) fQﬂ,B]EQK Chernozemic

N
g L
- Fela

soﬂs in. ATberta A ' ] - _ " . g e

. The, m1neralogy A of f1ve geograph1cally assoc1ated
Solonetzuc~ and Chernozem1c so1ls developed on glac1al Lake™:

Edmonton was studled by Arshad and Pawluk (1966) Again,

'montmor1110n1te dom1n?ted the clay fract1on w1th higher

amounts of this mineral in the Bt horizons as compared to

both the Ae and C hor1zons Il]1te and Kaolinite weze/neff'

in abundance and chlorite" and 1nterstrat1f1ed/e%///h1nerals

~

were present in very small amoun/s/fThe type of smectwteiAf

preSent was identified’ ,as//be1ng trans1tjona1 between ‘

/

! beidellite and )/nontron1te. Their results 'fbp“ thé., e

-
e

m1neraloglcaT’ composition of the clay fractton .were

_ _generally ~comparable to those'reported by Dudas and Pawluk;
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(1970l”“ The- l1ght_ m1neral fraot1on (spec1f1c grav1ty <2 7

g/cc) const1tuted more than 95% of the ]00 to 150 m1crometer f:df

| sand,_fract1on and con51sted of more than 70% quartz w1th

than’ 20%4 soda oalo1c_ feldspars and less~‘than 10%

K- feldspars The heaVy m1neral fractlon of the f1ne sand

separate was swm1lar to that reported by Twardy (1959) for

e e e

a cont1nental T »der‘s1ts an. centraf Albe?tf excep;*yhat a.

substantially 1 "lmount of hornblende-was reported for

the so1ls develope:%ri lacustrine materials.

"The' m1neralogy of several so1ls . developed on

glaololaS&stnqne mater1als 1n Alberta and Saskatchewan were

: stud1ed by Race et al. (1959)..The soils included Brown and

Dark Brown Chernozems from the southern port1on of Alberta
- and 'Saskatchewan Thin Black and BlacK Chernozems from

' central SasKatohewannﬂas well ‘as a Gray Luv1sol from the

Peace RfvéF= _district of Alberta The coarse (2- 0.2

'mjcrometer) clay fraction was dominated by‘montmorillonlte

with the éxception of clay separated from the Thin Black and

- Gray Luvisol soils. where 1ll1te was present in higher

“in the coarse clay fract1on Montmor1llon1te aga1n d

amountsv than montmor1llon1te Kaol1n1te was present in all_
the prof1les stud1ed w1th highest amounts in the Black so1l

Trace amounts of chlor1te and. quartz were also detected

. feldspars were present in barely detectable quant1t1es The

"f:medium-sized (0. 2-0 T mlcrometer) clay fract1on conta1ned

-

h{bher amounts . of monxmor1llon1te' and . ]ower amounts of‘ -

1ll1te and Kaolinite as compared to. the1r respect1v amounts:
ebbinated
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, amounts of 1111te be1ng present The Gray Luv1sol1c so11 was

an except1on as the amounts of m1ca approx1mate1y equaled

that : of montmor1llon1te in the f1ne and medium clay .

i fract1ons. Ghlor1te was absent in both the med1um and flne .

| —7c1ay' fraotlon from the Luv15011c so11 The f1ne clay from

"the surface hor1zons of the Dark Brown and th1n Black so1ls

were most]y amorphous or very poorjy crystal]lne matertals

»

‘.-M1neral analysis of the s11t fract1ons 1nd1cated that quartz

. was. .the most abundant mineral component. It decreased
s11ght]y tn the f1ne silt. fracttpn _wherewkaolinjtenand
ohlorite were found in appreciable'amountsd, - |
‘ . - o .o‘ | }

Random]y interstratified mica-montmorillionite was
reported to predom1nate ‘the ‘clay fractionr-from seven
,subso1ls of the prairie provinces and from_SoiJs formed‘on
residual | weathered sandstone and shales in the Porbupine
"Hills in Alberta (Kodama and,Byrdon,'1965;'Paw1uk et al.,

s “1968); It.. was suggested by Kodama and Brydon (1965) that

"the;‘ffne*'(<0 1'“micrometer) 'clay Fract1on w1th.only trace_ﬂ,u,,.

many of the c]ays_origthally described as montmorillonites

in soils from -dthe Interior ~ Plains are in fact

interstratified minerals inherited from the local bedrock.

The nature of K?feldsoars in soils derived .from glacial
till. and 1acustr1ne materials were 1nvest1gated by Somas1r1
and Huang (1973) Potassium _fe]dspars were. repocted to
‘cons1st of both orthoclase and m1crocl1ne w1th the later

'_decreastng;VJn'quant1ty wnth decreas1ng part1cle size. Their



'-fhresults also suggested the presence of h1gher proport1ons ofiiylf'

"_orthoclasei.to_ microcline in so1ls developed on lacustrlne'
deposits "as jconpared to .those .developed on . till. The
relatiye .abundancevofaorthoclaseAand‘microcline.was"thought
vto.;be'la- reflection 'ot the nature of the so1l parent

material. " Earlier, Huang and Lee (1969) descr1bed the clay

' mineralogy  of two of the above. ment1oned so1ls, a

well “drained’ Chernozem1c so1l and an 1mperfectly dra1ned»
Gleysolic soil. The1r results 1nd1¢ated that m1ca andﬂaﬂartz\’
dominated ‘the coarse clay fraction (2.0- 02 m1crometer) with
apprec1able ‘amounts of chlor1te montmor1llon1te Kaol1n1te.m
K-feldspar, Na- Ca feldspar and amorphous mater1als The’ f1nei
dclay (0.2 micrometer) was dom1nated by montmor1llonite¥and
~mica assoclated jwith chlorite, vermicultte, amorphous

materials,and Kaolinite.

The m1neralogy of Luv1sols and assoc1ated so1ls of the
'Inter1or B plains reg1on have fbeenp examined by many‘
researchers. Pettapiece and ZWarich(1970)-,and9'Beke ‘and
Zwar ich (1971) study1ng Luv1sol1c and Chernozem1c so1ls from B
southern Manwtoba found the coarse clay fract1on of these
“rso1ls_ to be dom1nated by illite while mixed layered .
illite-smect1te' was second  in abundance.- The .fine clay
fract1ons ‘were dom1nated by random 40: 60 m1xtures of illite
' and smectite. Trace amounts of Kaol1n1te and verm1cul1te
were also reported to be present in the coarse clay fract1on'
- while vthose present in the f1ne clay fract1on cons1sted of

‘trace amounts. of smect1te verm1cul1te and other mi xed layer-

i
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or the Marnkato till of Manitoba"‘sugges'ted clay mineral~
‘su1tes were- dom1nated by montmor1llon1te and 1]11te (Ehr]1ch

“and Rice, 1956) . Other minerals- present 1n smal] quant1t1es ‘

inclbded Kaolinite, .verm1cu11te, feldspars and‘quanlz;\\be

dominance of montmorillonite- in the fine ‘clay fract1on of

the major soil hor1zons was. reported for five Gray Luvisols

deve10ped on till from: central and horth-ceptral Alberta'

W(PanUK}v' 1961). Only small quant1t1es‘ of 1]11te were
reported in the fine clay fraction. On the other'hand, the

coarse ‘olay fraction waS' dominated by ﬁliite with

&

1montmor1llon1te ent1rely absent in most ‘Ae horizons and

present only in minor amounts in-B and C horizons.

Authigenic ch}orite was reported to occUr'in'the coarse clay

) fract1on from Ae horizons. Quartz was present in both the

coarse - and f1ne c]ay fract1aps in minor and tﬂace amounts,

respect1ve1y :Th 7»11ght mineral separate ( 2. 70 gfcci»of |

a

: dom1nated by quartz (60 to 95%) w1th vary1ng amounts of

soda-calcic ,and»' potassium: fe]dspars The .content of
soda-calcic feldspar (12 to 32%) was reported to'be higher
than the K-feldspar content-(S to 11%t'with the exceptionvof
one profile where their duantities were”approximately the
same. The - heavy m1neral assembladge was dominated by 1ron

oxides in wh1ch magnetite appeared to be alter1ng ?to

'hematite in.'some B.. horizons- Amph1boles and garnet were

w
I

second - 1n 'abundance whwle pyroxenes, apatlte,? z1rcon,

2, N

—_—

the 100 to 150 m1crometer s1ze fract1on was’ reported to be o

glays. However, earljéfwstddies;of?simi1ar soils developed™

—
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’epidote; .tourmaline - and: .CthPIte were' present in small. S
’amopntsl The clay m1neralogy of the above ment ioned so1ls

appears to be~51milar to’ other soils in the Peace R1ver area

.‘ described by Lavkulich, et al. (1964). Innes (1971) studied

the jclay" mineralogy of vaisolic soils developed on
Cordilleran:till of the Foothills and on Continental till of

_—
west-central Altberta.- «Hls\‘\esults suggested a qual1tat1ve

. and quant1tat1ve d1fference in clay m1ne;al dlStPlbuthn
occurred with prof1le depth. . Mixed layered‘ strugtures
cons1st1ng of 1ll1te and montmorillonite dominated the clayt

‘fract1on from Ae hor1zons whlch agrees with the f1nd1ngs of
Pawluk_ (1961) who described the occurrence of. s1m1lar
‘interstratified clay asseﬁblages in Luv1sol1c 501ls from
central and northcentral Alberta. Illite and Kaolinite with
some amorpnous materials were also present ln' minor
quantities. The:clay fraction'of'Bt hor izons were do;inated .

by montmorillite w1th signltjcant amounts of illite and

.Kaoltn1te. Preferent1al .translocation of . hontmorillonite

"from Ae to Bt horizons appeared to account for m1neraloglcal
d1fferences within prof1les Preferential translocation was
also\;reported to _occur in Luvisolic and other soils where

less1vadefna§\been\active (Clark and Green, 1964: Arshad and
\

Rawluk, 1966; Pettap1eoe\\\\d\\Paudﬁ\\\\lgz2 Brunelle .and
Pawluk, 1876) . _ ‘“\-\\\\\\\\;;;
- Luviéolic soils developed on ac1d1c shale in the Peace

1R1ver reg1on of northern Alberta were examlned by Pawluk and

;Dudas (1978) The1r reported clay m1neralogy was quite



different than. the mineralogy' of LuviSots 1descrtbed—tn
earlier studies' (Pawluk, 1961 Lavku]ich et al., 1964;
Innes.?1971 Mckeague et al. , 1972). The maJor clay m1nerals
described to occur in the acid shale soi® included soil
verm1cu1te, dioctahedral m1ca and kaol1n1te A progre551ve
decrease in the amount of soil verm1cu11te assoc1aT\d\w+th\\\\\\\\
‘concomitant ‘increase in mica with- depth was observed.
Chloritic intergrades were also reported to occur in the

clay-sized fraction.

Theﬁ princtpaT‘ clay ‘minerals present in severa] sandy

’textured Brun1sol1c sQils from the Fort McMurray reg1on were

’»_1ll1te, "m1xed layered montmor1llon1te illite, discrete

’ montmoriijonite and kaolinite in both the A“and C horizons
(Pawluk, fQSOa)f However , the clay m1nera1 components of B
horiions cons1sted pr1mar11y of .a chlorite- llke m1neral

© "together w1th 1esser amounts of- Kao]1n1te ‘Other Brun1sol1c
sotls 6f northern A]berta deve loped on calcareous sandy

“barent mater1al were exam1ned by Pawluk and L1stay (1964) .

- Clay m1nera1 assemblages were observed to remain un1form
within profiles: but displayed some qualitative d1fferences
among profiles. The coarse clay fraction froT one - so11
consisted largely of 1illite, iron. rich chldr1te and

interstratified illite-chlorite-montmorillonite with small

——__assemblage of the other —two—_soils isted of illite,

»

montmor11lon1te mixed layered clay, Kaol1n1te chlorite and

N
quartz. Ill1te and montmor1llonrte were dom1nant in the fyne

¥ - » .
/ . . ~
. . ' ‘

\\\\amounts _ of kaolinite and quartz. The mineralogicai
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_clay fraction bf one"seil while the 6§her. two soils
egntained ~ .approximately equal _ proportions of
montmorillionite, illite and mixed 1ayered clays. The rest of
the ﬂ%nerals were presenf in small amounts. The’prineipal
minerals in the d1fferent sand and silt fract1ons included

‘quartz, K- fe]dspars /andr_ soda-calcic fe]dsﬂars with

- plagioclase twice as abundant as’orthoc]ase(K-fe1dspars).

The preceding- section .may indicate that-.heal - and
subsTantial differences exist.in the'mineralbgical ature of

soils of the lnterioﬁiplains{ It would be logical -fo expect

' on]y minor var1at1on in the clay mineral assemblagesfof'
these _-__sofTs “since they are: a]l young and. relat1ve1y’

unweathered and their parent mater1als are ma!nly derived

from similar Cretaceous sed1mentary rocks Some, if not a .

substantial amount of. the apparent variation in mineral-
attributes reported for  soils of the plains region may bé
.relateé to inaccurabies associated with qualitative and
‘quantItat1ve m1neral analyses part1cular]y of the clay s1zed“
“ fraction. The follow1ng . comparison of results obta1ned by
different 1nvest1gators for an Orthic Gray Luv1sol from the
CookKing LaKe _moraine serves to demonstrate probiems

assoc1ated with soil m1nera1 ana]yses

InvestigafOrs> who studied the Cooking Lake soil
(Pawluk, 1961; Kodama and Brydon, 1965;" Twardy, 1969 ;
McKeang' et al., 1972) as well as descriptions in the ISSS

tour gyidebooﬁ% (Acton and Crosson, 1978) based their

©
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quantitative and- qualitativé'éJeyemineral assesment on one
or more of the following analyses; cation exchange capecity,'
X-ray diffractfon, total chemical analysis, differential
‘thehmai analyeis, sur face area:ahd infrared'spectroscopy; In
all of ;the invesgigatiphs, X-ray diffraction analysis:wasv

used and wusually at least one other method of analysis was

also used to evaiuatenkinds and“amounts of‘clay‘mineha]s.

The 6n1y apparent  agreement among most of the
investigators  was on the content of montmorj]]oniterand
illite, the two most domiriant types of phyllosi]icates
repor ted }fo,-occur in ethe Cooking Lake soil. The. only. ‘
exceptione Was the quant1tat1ve estimates 1nc1uded in. the
ISSS gu1debooks,, mohtmor11]bn1te was reported to occur 1n.
trace amounts in A and C horizons and illite was descr1bed
as a trace constituen;\throughout the profile. Pawluk (1961)

indicated content of Kaol1n1te in the clay’ fract1on amounted

to 10 to 35% w1th un1form9 d1str1but1on of the mineral

L
/

of Kaol1n1te to be Le;siﬁha? 10% in the clay fract1gg/fffﬁ; s
the c ‘hor izon whnét"f_‘ ¥padue et al. (1972), for the same

»

size fract1on, suggesffkéﬁﬁﬂues of 5 to 20% for C horizons

throUghout the prof1le Egardy (1969) est1mated the content .-

and up to 40% in Ae and Bt hor:zons OAly trace amounts of

Kaolinite were repor ted to occur in the Cooking Lake so11 inv
the 1ISSS gy1deb00ks. Most investigators thought the amount'

of chlorite wae_Sma]laexcept for. Pawluk (1961) who mentioned -
that appreciab1e amounts of chlorite or chlorite-like

N
minerals - were present in coarse clay separates From Ae and



Bt .horizons. The presence of 1nterstrat1f1ed minerals was
not mentioned by McKeague et al. (1972)vnor in the ISSS
guidebapks - whereas Twardy (1969) fodnd,small-quantities of
'lnterstratified mica-montmorillonite %n"the' c —hdriZon
'Pawlukt'(1961) indicated small amounts of interstrat1f1ed
1ll1te chlormte montmor1llon1te occured in the .C horizon
with much "greater quant1t1es of the m1xed layer assemblage
in the upper SOIUm. In contrast Kodama and Brydon.(1965)
found :the nedium-slzed clay’ fraction consisted of 93%
randomly interstratified? montmori]lonite-mica} Conteht of
fquartz:estimated to,be present in clay separates differed by
ras much as 40% among the various tnvestigators. Except for
the descr1pt1on by Kodama and Rrydon (1965) vermnculite'was

not reported to be part of the clay m1neral assemblage

Such w1dely d1ffer1ng opinions presented by the var1ous_
1nvesttgators on the naturgﬂpf soil clays for a so1l from(
the Cook1ng Lake area suggests a need for more accurate and“
standard1zed methods of analyses The example just”cnted is
~probably not a un1que- one. In ;a detailedtstudy:of two -
Saskatchewan soils, ‘Huang and Lee vl1969)‘ found their"
1nterpretat1on of m1neralog1cal analyses d1d not agree with
the preva1ling content1on that the. predom1nant clay m1nerals;

- of Canadian pra1r1e so1ls are montmor1llon1te and 1ll1te

‘It is!g th1s wr1ters opini?n that. d1fferences in
qual tat1ve and. quant1tat1ve clay m1neral determ1nat1ons

: resul s when 1nvest1gators rely heav1ly on X “ray d1ffract1on
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analysis jparticular]y ~when only a limtted, number of
pretreatments are ;used prior to and during X-ray analysis.
Without careful control of bumidity (hydration), solvation
‘.and cation :seturatjon, it oeoohes impossible;to detect ‘the
presence or‘ absence of :vermiculite :end randomly
interstratified clays ~can not be d1fferent1ated from
chlorite jintergr:sdes or even from smect1tes Ad91t1ona11y,
pethod of speéimen preparat1on (suspens1on hethod versus
paste metood) for X-rey Aanalysis cen have a tremenoous
effect on djftraction peak interisities and the SUbsequent
interpretations. The suspension method may cause‘up to 250%
;error 'resulting from coarse grained micas and Kaotinite
‘being covereo by fine 'smectite particles oausﬁng
~ underestimation of both mica and kaolinite (Gibbs, 1965).
‘Lastly, 'severaﬁ independent' but‘ standard methods ot cléy-
miﬁerel analyses most be ut1l1zed to accurately determ1ne ‘
“the K1nds and amounts of phyllos1l1cates present in so1l
Bi_Minerai.Weatherthg in Canadien Soils ‘
Breakdown of prtmary minerals - in soil is laggely
attributable to their ‘inherent instability in the soil
environmeht‘x” Mineral decompoS1t1on via chemical and
b1olog1cal prgcesses in soil 1s accompanled by secondary7
‘mineral forqat1on together w1th some loss of ~soluble

inorganic'ions Slbce mineral we ther1ng (both breakdown and
authIQen1c format1on) is a rel t1ve1y slow process in the

surface portions -of the terrest1al land . mass. most sonls.////’

i
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‘partjeblarly those tn( temperate and coo]er reglons of the
wor id, contain both 1nher1ted m1nerals and m1nerals‘of
aUthigenic. origin ' formed durwng the course of soil
development In many pedogen1c studles emphasvs is placed on
the éaant1tat1ve and qualltatlve evaluat1on of m1nera1

»

'degradatidn ~and auth1gen1c m1nera1 format1on To accompl1sh
such assessments, pedolog;sts must accurately determine the
um1neralog1ca1 composition of so1ls and segregate mineral
attributes. inherited from the parent material fromnthose
acqu1red as a result of mrneral weather1ng accompany1ng soi l
development. To correetly‘ d]fferent1ate “'inherited from
acqujred eharacteristies,an investigator must determine the
unifdrmity ofT;the parent . material and whether or not
l1tholog1ca1 disppntinuities 059ur within the spiJ-profilei.~
If a so1ls parent ‘materiat ,is  not uniform it'beeomes

exceedingly d1ff1cu1t to ascertain the nature and degree of

m1nera] “weathering. Before‘proceed1ng further it should be
wpointed out that 'parent materia] un1form1ty was not
evaanted in most; of the m1nera1 weather1ng stud1es to be

descr1bed in the ppesent section. - :

largely *nherqted from .the1r parent mater1a1'_ (Kodama,
ng pedogenesis |

has been reported for soils 02322;§/country The extent of
weathering in Canadian soils.beafs some relationship tp the'
tntensity of the soil rmtng_prpcesses. Forofhisireason;

pedologists (Brydeg/ef<alz.;1968;AMcKeagueland Brydon,_1970) '
S - IR - : - I '

1979).' However, some fineral weatherlng d,
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havé observed that soils be)ongingrto‘different Orders in

the Canadian soil taxonomic system-disp1ay different degrees

of weathering. The following discussion, arranged on the

.basis of soil orders, reviews the nature of weathering <in

Canadian soils.

Limited mineral weatnering _has' taken place in most

Chérnozemic soils (Ehirich and Rice, 1956; Rice et al.,

f959;‘ Dudas and Pawluk, 1970) . However"\ mineral

_transformation such as 1ll1t1zat1on of/montmor1llon1te was

-suggested to occur:in surface hd/ﬁzons of both Chernozemic

e

and Solonetzic soils (§;4/ﬁrnaud‘and‘Mortland, 1863; Arshad
and ' Pawluk, 19§§*//érunelle and Pawluk 1976). In the sand
fraction,/;weﬁ?ner1ng‘ found n' feldspars, ferromagnesfan

"m1n//aT/ and apat1te was cons1dered 1ns1gn1f1cant (Eh1r1ch

\

and Rice, 1956) or inherited from the parent mater1a] (R1ce

et al. 1959) . Huang and Lee (1969) reported ev1dence for

greater m1nera] weather1ng in Chernozem1c so1ls as compared
to  the previous authors mentwonad% above. Their studyv

suggested degradation of chlcrite occurrea in the Ap horizon .

and physical disintegration of quarti was common within the

.solum. Furthermore, two Kinds of mineral transformations

were suggested to occur. in the sUrféce :horizons (1)
1nterlayer1ng of hydroxy a]um1num in montmor1llon1te of the
coarse clay fract1on and (2) transformat1on of verm1cul1te
to mica. The deta1led m1neralog1cal 1nvest1gat1on of the
clay ‘fraction by Huang and Lee;(1969)-gs compared‘to the

less rigorous fstud1es by the above‘mentioned workers may
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: _ ‘ _
account for the apparent differences. . :
B . . -'\\\ . ’ f

A ‘ /// B v - : \\‘\ o .

.;f/”“ _Minera[ weatherjngu appears td\\gs more pronounced in

_Solonetzic and Eluviated Black ‘Chernozemic soils than in

Orthic Chernoiems >(Ahshad';and Pawluk; 1966; Brﬁgé[1e<and
PawlUKf ;J376). -Miheral weafherings reported. to oceur in ;
Solohetijdfénd‘Eluviated Black soils inc]ude:v(1),authigeﬁic
mica'fbrmafion}(illitiZatidg of montmorillonite), (2) slight

wgathehing of ~K-feldspars and moderate weathering of

.soda-calcic feldspars, (3) degradation of»méntmoriﬁlonite,
f(4) disintegratjqn. of quartz in the Ae horizons and (5)

degradation of mica in A and B horizons.

Acid 1eaching"and. consequent low base saturation,

. esbecia11y. in the upper portiohs of\thefsolumAhashbrougﬁf“
_ébou@v a relatively high rate 'éhd intehsity of minérhll

weathering  in ‘Luyisolic”vSOils. Alteration of dioctadedral

micas‘énd,to.a lesser extent trioctahetral chlorite has been.

noted in many Luvisolic soils. Alteration products,include

hydrous " mica Apnd - smectite or vermiculite and,ihteflayebed.*

strqcfures and in ‘some instances chlorite SP&WlUK} 1960b, .

1961; McKeague et al., 1967; Brydon et al., 1968; McKeague

and Brydgn,‘1970; McKéégue et al., 1972). Transformation of

hydrous mica to m@ntmori]]onite,'thrbugh; displacement of

potasSium fons was reported to OCCUr'specjficallyfiﬁﬁihe

_ coarse  clay . fraction of Ae horizons. Mixed " layered

structures of illiteéchlorite?montmobi110hitq Webe suggésted

: ¥ ) : . . " . . .. e . - :
as an intermediary component. in this transformation sequence

1
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' where~ f1ne clay stzed montmor1llon1te was the final product

(Pawluk, 1960b, 1961) Luvisolic soils with low base
saturat1on d1splay an appreciable degree of clay mineral. .

weather1ng .whereas__those‘ withv a relatively high- base

saturation are 'only' minima]ly' altered;,\For example;, .

montmorillonite tormed in the‘Upper.portion of the -solum of
-low .base saturated Luv1sol1cs while - only degradation'of
monthorilion1te to poorly cn;stall1ne m1neral material was
;pﬁerved in thh base saturated Luv1$ol1cs (McKeague et al.
1972) I]]1t1zat1on of expans1b]e m1nerals ‘was also reported,
to occur in the .surface horizons of some LUV1SO]1CS'

(McKeague et al., 191@).

Chlor1te deplet1on and/or alteratton to montmor1llon1te L

- was - suggested tb occur -only tn' a relatlvely‘ 1ntense’

o

‘ weather1ng env1ronment (McKeague'-et ,al:. 1967 t972)' In
“most Luvisolic- so1Ts chlorite;: if present is unaltered.‘

| (Brydon et atf;: 1968' McKeague and Brydon. 1970) or even

formed in the coarse c]ay fract1on through magnes ium and/or'.

alumtnum hydroxy 1nter1ayer1ng (Paw]uk 1960b, 1961).

b

weather1ng of . clay sized djoctahedralg,mica ‘to

:-verm1cul1te through depotassiftcation.and'dealumination,was

reported to occur in Luvisolics-deriVed from acidic shale

) @
The strong ac1d1c cond1t1ons was a result of ox1dat1on of‘;
»pyr1te where sulphurlc ac1d was produced Weather1ng of m1caf

was most pronounced in the upper parts of the solum of these:

so1lsd‘as ev1denced from X- ray d1ffract10n patterns and K20'~ =
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analysis (PanuK and Dudas, 1978).

Synthesis '.of-~ expand1ng components from' amorphous -
" materials .accompanIed by some degradat1on of “primary
chlorite and illite was‘ reported to occur in Luvisolics
deVeloped‘ on till with var1able contemt of volcanlc ash-
(Pettapiece: and Pawluk, 1972) The expandable mineral
‘(nontmorﬁllonite) was poorly organ1zed and occurred w1th'
randomly 1nterstrat1f1ed mater1als in the  Ae but d1splayed.
better‘ crystall1n1ty in  the Bt hOPlZOﬂS The possible- ”
sources of the expand1ng clay component .along with the
1nterstrat1f1ed materlals were suggested-‘ d include the,“
follow1ng ' synthes1s from amorphous‘<bmaterﬁals,_ mica

weather1ng and chlor1te degradatlon

.Brunisolic' soils developed on. materlals_ or1g1nallyﬁ,
conta1n1ng chlor1te showed slight weather1ng of thls m1neral
1n the clay fraction to montmor1llon1te (Pawluk and L1ndsay._ ’
1964 McKeague and Brydon 1970) Weather1ng of 1ron r1chu
'7s1lt and ,clay s1zed chlor1te and sl1ght weather1ng ofé_h
-Hclay s1zed hydrous= mica was noted by Pawluk and L1ndsay"
(1964) for Brunlsol1cs from northern Alberta Transformatlon:
of b1ot1te to verm1cul1te in the clay fractlon was the only
apparent m1neral alterat1on ,1n Brun1sol1cs developed on

'sandy strat1f1ed t1ll mater1al The clay mwneralogxcal su1te

"of. these so1ls was domInated by b1ot1te and verm1cu11te,:-'

“most of wh1ch was 1nher1ted from nearby bedrock (Rutherford

?and Sull1van 1970) Ueather1ng of some alp1ne Brun1sol1c‘;
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soils deve loped. on materials” With a large Votcanic ash

component was different. Intense hydrolysws of ash produced.y
'amorphous iron ‘and alum1num materials whqch alJeged]y
resulted in the formation of. montmorillonite"(K;:d'and”
Brewster, 1974) . This‘process“of montmorillonite fbrmation

fwould probably be: comparable to that reported by Pettap1ecev
and PawluK (1872).

PR

Most studies ‘on m1nera1 weather1ng in G]eyso]1c soils
do._not .indicate def1n1te weather1ng patterns One study on' |
Gleysolic soils showed m1nera] weather1ng was not detectable ;'
.:(N1cholson and Moore.,1978) while others 1nd1cate moderate
| degrees of weather1ng and clay m1neral transformat1ons
(McKeague, 1965; Pawluk, 1971' McKeague and - Brydon 1970;
-v McKeague et al. ;'1971' DeK1mpe 1976) . C]ay m1neraﬂﬂ§brmat1on
-or transformat1ons\Tuggested by the above mentwoned authorsl
1nc1ude the follow1ng (1) some eh]or1t1zat1on of expand1ng:
lattlce m1nerals 1n the Ae and B hor1zons (McKeague et al
1971) - (2) format1on of the ma jor proportlon of expand1ng
vminerals»npresent in the gleyed hor1zons (McKeague, 1965)
.135 .minor transformation of 1111te (De K1mpe 1976) and (4)
'moderate weather1ng of chlorite in the Ae hor izoris (McKeague
‘and Brydon, 1870). McKeague and Brydon (1970) p01nted outf
that more 1nformatlon is requ1red on the c]ay m1neralogy of
“;Gleysol1c soils before any conclus1ons about' m1neraJ_
‘; weathering invthese-so1ls can be drawn. They suggeSted that
| alternat1ng reducing and ox1d1z1ng cond1t1ons that preva1l

in  the surface hor1zons of, these 80115 favor rap1d,

o
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! part1cu1arly.1n the Ae hor1zon
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2

d1ssolut1on “of . chlorite and that the absence of iron ox1de

 coat'ings favor the qgather1ng of mica to. montmor1llon1te A

trends especwally in Ae horlzons (Huang and Lee,'1969)

M1nera1 weather1ng j_ these so1ls 1ncluded the fo]low1ng

processes ' (i) dagnaformataon of venm1cul1te f to,t-‘

_..-. .~
n g

montmor1l]onite"in ‘the" E*nevclay fract1on (2) degﬁtdatlgag?‘;

w2

R of  both kaol1n1te and ch15r1tea’; (3) . breakdown of‘a-‘
. . v : u354
montmorillonite and accumulation of ‘ amorphous ’

b

alumino-silicates in both 'the coarse and f1ne clay
fractions._' (4) decrease in the content &gf potass1um

feldspars and concurrent 1ncrease in the content of m1ca in

the coarse c]ay fract1on,~ and (5) accumulat1on of. quartz:

h_. .

o

Py

'fdetatyeg study dgfaﬁleyso11c(so1ls revealed some weathertng;“

o v

The .greatest degree of m1neral weather1ng 1n Canad1an |

soils s observed 1n soils of the Podzol1c Order

Destruct1on of chlor1te 1n Ae horizons of Podzols has been

\

et al., 1968 | McKeague and Brydon._1970 De K1mpe, 18976;

Nicholson and Moore, 1978),. In: contrast ch]or1te in B

‘weathering reactions by iron and alum1num coat1ngs (Brydon

iet' al., 19681;. Other m1nera1 weather1ng products found in

;descrvbed by many workers (Kodama and Brydon 1968: Brydon

‘horizons  of Podzolics is thougnt to. be protected from '

c1ay ' fractions from Podzo]1c B horlzons 1nclude_

ﬁ';chlor1te llKe m1nera1s or chlor1t1zed verm1cul1te (Pawluk, -
- 1960a, 1963; - McKeague,  1965; McKeague and Brydon, 1970).

“,Chlor1te formatlon in B hor1zonsfof Podzollcs was suggested
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,to in;olve 1nterlayer1ng~ of degraded il];teby a luminum
hydroxy mater1als pﬂ from migratwon of Al***'toos into
1nter1ayer pos1tlons o% montmorillionite - w1th sUbsequent
crysta]lzgat1on of g1bbs1te layers. Interstrat1f1ed m1nerals

were also- 1dent1f1ed in B hor1zons as 1ntermed1ate products

of mica degradatlon (De h/z§> 1974). | ’
- Formation of smectite-or expanding 1att1ce m1nerals is

often reported 1n\<e hor1zons of Podzolic soils (McKeague :
1965; Br é

g

n et al. 1968, McKeague ‘and Brydon, 1870; De
Kimoe ’ 1974 N1cholson and Moore 1978). Smectite formation
was regarded by-' some researchers a result of mica f
transformat1on Others suggested. 1ts synthe;Ts from amorphous

materIals (Brydon et aF 1968)‘or even its formation at the

o
"«‘w

"expense of kaolinite or mica (Nichogon and Moore, 13878):

Formation of kaolinite in Ae horizons of Podzols was

"reported in  two 1nstances tMutwew1fgabQ,' 1975; DeKimoe,
' 1976).‘~DeKimpe (1976) -suggested' cohd ions of lpw base
e 'saturation ‘and extreme ac1d1ty in Ae hor izons would favor .

the format1on of Kaol1n1te

POdzotiC'soils deVeloped.on parent materials containing
variable amounts of volcanic ash display some differenoes'in

the nature of weather1ng . Processes . and- products.

R .
Chlon+t4§3£lon of. verm1cul1te was suggested to occur in

surtace hor1zons of Podzo]1c soils conta1n1ng volcan1c ash

(Sneddon et al., 1972; Pawluk and: Brewer v1975)

Chlor1t1zat1on of verm1cul1te was a result of accumulat1on*,,
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of amorphous materialS'trom the readily weatherable volcanic

=

.ash.. Formation of 'organo-aluminum complexes prevented

’

g - . .
crystallization of ‘1norgan1c materials as clay minerals
K& - ) W 3 | .

"-(PaWtUk and Brewer 1975) M1ca transformation to

; mon tmar-i ite and its further degradation to kao]injteﬁwas'
suggested to occur in Ae Rori (Sneddon et al., 1972).

These authors also descrtbed' formation‘of allophane in B

. . \-.‘
horizens. B .

»

C. - Geology, C11mate, Topography, Drainage, Vegetatidh,

Parent Mater1als and Soils of. the Sand River Area

the Sand River map sheet (F1gune 2) whereas the sixth site-

Sites selected for this study are located in the

general area referred to as the Edmonton Lac La Biche- Cold

.Lake area (F1gure 1) F1ve out of six s1tes are located in

*

...-r“

(site B) is located in the Cook1ng Lakef moraine neWr

”Edmonton (F1gure ). In the Sand River area four s1tes

1

(sites 1,2,3 and 5) are-]ocated in the Cold Lake- Bonnyv11]e‘

" region while one s1te (s1te 4) is located near Lac La B1che

‘Glacial deposits oflthe Edmonton-Lac‘La Biohe:ColdlLaKe

area are underlain by the Horseshoe, ‘Bearpaw Belly River

" and Lea Park Format1ons of Upper Cretaceous age (F1gure 1).

Fhe Horseshoe Canyon Format1on underly1ng the Cookwng Lake

e

' area cons1sts of non marlne sandstone shale and coal wh1le
Lthe_”Bearpaw “ormation con51sts of ‘marine shales.and‘m1nor;

<sandstones. The Belly ijer Formation:present‘in the south

west corner of the Sand River map sheet which'tncludes_the
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Cold. Lahe-Bdﬁnijlle 'regienvconsists of“nonfmariné~grey to
greenish- greys thick-bedded fﬁldspathlc sandstone,i grey
clayey s11tstone grey and green mudstone and concrét1onary
1ronstone _beds The Lea Park Formdation cons1sts of mass1ve
,,,fffs’1ty dark grey mar ine shale and arg1llaceons s11tstone with -

some fine grained sandstone 1enses.

ha

",‘The/#'major ice advances into the Edmonton-Lac La
Biche-Q&ﬁd Lake ~area: were frdm the Canadian Shield in the
northeastern cdrner'*ofAfAlberta;- the rocks of the'Shield

~ coﬁststs of granite gne1ss (>50%) porphyr1t1c and massive
gran1te and metased1ments of Precambrian age. Carbonates andﬁ
evapor1te rocks of Ievon1an age adjacent to the shieild rocks
extend from the southeast to the northwest in the norzhxast"
corner of A)berta almost perpend1 ]ar 'Io;the ma jOF “ice
advance ‘ The*?§1ac1al h1stofy g% the’ Sand R1ver Area
consisted of four advances of g]ac1a1 ice from the northeast
depositing four separate t111-un1ts. As the .first and secqnd
ice ’sheets retreated;- (o} the‘ east, they were fo]lowed by

 short and undetermined' 1nterg1ac1al per1ods *The th1rd.’

- advance covered the eastern ha]f of the area and depos1ted add7
distinctive high carbonate till. It was followed*bypan;i'
extended interglacial period during which an. extensive

. weathered zone fermed. The final ice advance extended~past'

fthe ‘western boundary of the area depos1t1ng the surficial
.fill,'from which the ;present topographic surface evolved

‘(Gold, 1978). T ¢

/ *

3
4

7
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‘Ihere i's. little agreement among various geologist on
the age correlation of the glacial deposits in Alberta
(Gravenor and Bayrock 1965) It appears that the last maJor

glacial advance was more than 31, 000 years ago and retreated

o about 11,000 years ago Following the ice retreat and

depOSition of the glacial drift the climate reached an
optimum about 5000 years ago. w1th a slightly cooler’ present'

“day climate

- The _Climate of the Sand River area lies Within the_'

‘ continental climatic zone charactewized by cold Winters and

warm summers - The mean annual temperature within the area

. varies. from 0 to 1, 5 C and the mean ‘Jan, April duly and

‘“?Octcber temperatures vary from 0 to,jis C, 5. 6 to 1. 1°c,

- 1969)

16.7 to 22.2°C" and - 0, to 5 6 C,vrespectively "The warmest

month i duly w1th an average maXimum of over 26. 7 c. The‘

coldest month is danuary With an average\minimum of minus "

23.4° C The frost free days range‘from 90 to’ 100 days in the )
southewn portion of the Sand River area and decreaSing to g

\abOUt: 60, to. 80 days in - the . north The Mean/ annualf"?
‘ precipitation varies from 457 to 508 mm at Cold Lake to 406
}jmm to the extreme west of the°Sand River area Mean annual

snow fall ‘varies from 1, 015 to 1 270 mm - at Cold Lake to -

2'032. mm 'ind ‘the extreme north of the area The climate of-'
" the. regiongis Similar to the Cooking gake area near Edmonton B
although temperatures are milder - at Cooking Lake with aih
frost free period of up to j20 daysa(Atlas of Alberta,

. . RS A

VRS



are locateo within %he Sand RiVeF'map sheet-(

-, north and north central part of the map area.

es within the

Mostoos H1lls Upland hav1ng an elevat1oﬁ/of generally over i;ﬁ

660 meters w1th gently undulat1ng topography COﬂSlStlng °f~;’r

mora1nal plains and strongly roll1ng hummocky mora1ne (Atlas
of Alberta. 1969) . The general slope of the area is gradual}
from the north and southwest to the central and east central

parts of. the area

Beaver River and 1ts trabutarIes (Sand, Am1sk and Mooseﬂ d

Lake R1vers) const1tute the . maJor dralnage system of the
area. Add1tlonally the Owl vaer, North Saskatchewan Rlver-'
and Medley River drain the extreme three corners of the map

area (Kocaoglu and Brunelle, 1975)

" The Sahd R1ver area (map sheet 73 L) lles(w1th1n the

| Boreal Forest region w1th _the ‘exceptlon of 1ts southern‘
\marg1n -wPlCh lies w1th1n the Boreal Forest- Parkland
transition Boreal forest cons1sts of m1xed wood vegetatIOn
dom1nated by aspen poplar and ‘balsam poplar dack p1ne is
dom1nant on well drained sandyl s1tes while. tamarack nd

' blacK d_spruce are prevalent in poorly drained

. Understory vegetat1on cons;sts of shrubs and grassesr

- .The ma1n so1l parent mater\al in the and R1ver rea is

glac1al ti11. (F1gure 3) The glac1al t)l deposits;'ncjude;

‘ hummocky,g-undulatlng,_ roll1ng.l»r1dged a fluted '”éawﬁa1“
:plainslj The t1ll ,1n. ‘the western portT:n oﬂ)thel rea.ls

- -l-"f,T,ﬁ-lf"f?, o ,‘11. SR

s
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‘composed_:of medium to ’fine textured weakly calcareous

vtcompact ftill while that in the remalnder of the area is of

. _high 11me content and frlable conslstency Relatively . small

~areas are covered with }glac1o]acustr]ne silts and clays.
These almost flat. areas‘ were former low lands flooded by
glaCial' melt waters Dther quos1ts include glac1ofluv1al
< '.
sands and gravels and allovial dep051ts adJacent to the main

r1vers and streams

Luvisolic soils' developed under foresg vegetation~ﬂ
compr1se approxmmately 60 per cent of the area. Chernozemac“
soils dom1nate the d1scont1nuous grassland forest zone 1n
the southern part of the_ area. The aer1al »extent of
Chernozemic -SOils was estimated to be 9 %. vSoils belonging
"to the Eluviated Black and Orthlc Dark Gray subgroups were

the dominant . Chernozem1c so1ls formed in the area Both:
Degraded Chernozem1c and Dark Gray Luv1$ol1c so1ls probab]y
developed ~under forest vegetat1on _wwth the former so11s,t‘
be1ng influenced to a great Jextent py»inflUx of prairie'
vegetion;\gBrunisolic‘ so1ls occupy approx1mately 9 per cent
- ~of the area The d1str1but1on of Brun1sol1c soils co1ns1des'
:oWith» the d1str1but1on of sandy glac1ofluv1a1 deposits.
Gteysoltc SOT]S) formed in poorly dralned depress1onal
posittonsv const1tute' approx1mate1y 5 per. cent of the area
Organ1c‘ so1ls were found ma1nly 1n the nort n parts and‘
Zgiea surveyedv

compr1se approx1mately 12 ptr\ cent of the
(Kocaoglu and Brune]]e, 1975) f_ - ”, -
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AI1. MATERIALS AND METHODS

A. Field Sampllng

'RepresentiVe - pedons were 'selected after exam1n1ng

'several'_sites. The o%gect1ves in sampl1ng were to select

profiles" represent1ng' soils dgaeloped on glac1al tin
deposits in well drained'positiohsvonvthe landsoape as well
as .'representing the' most domihant soij'l and landscape

featuhes . present 1n the Cold Lake- Bonnyv1lle area. In order

to conduct a comparative study, a pedon of an 0rth1c Gray

',ffLuvvsol was also’ sampled in the Cook1ng Lake area near

Edmontoh The Five prof1les sampied in the ‘Sand R1ver area
included two 0rth1c Gray Luv1sols two Dark Gray Luv1sols.

and one Eluv1ated Black Chernozem.
T T
Site, locations . are"showh in F1gure 2, Deta1led s1te

/
N

'}information and morpholog1cal descr1pt1ons are. 1ncluded in:
lthe append1x m; Samples were collected from. each hor1zon

}recogn1zed . the field. So1l peds were collected from the. .

main-. genet1c hor1zons other_ thah the Ae hor1zon “for

.m1cromorpholog1cal ,stud1es *%he samples were dr1ed gently
.»}crushed and passed through a: 2 mm s:eve The fine earth

fract1on of each sample was thorouahly m1xed and samples

were stored for analyses R
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B So11 Phys1cal and Chem1cal Analyses

- Particle size analysys by the p1pette method and pH
: meaSUrements in distf1led ,waterv_and in 0.01 M CaClZ'werei
conducted accordwng to methods out11ned in Manual on 5011

Sampling and Methods of Ana]ys1s (McKeague, 1978‘

TotalﬁAoation' exchange capacity for”theVWhole soil was =
determined. by the NH4DAC method(McKeague* 1878); dlsplaced

“cat1ons were deteDmlned by atom1c absorpt1on sbectroscopy

'(Pawluk - 1967),

Calcium carbonate"eduiva1ent-was determined’accordinge
“to the method descrlbed by Bundy and Bremner (1972)
Carbonate determ1nat1ons were ~conducted for the whole so1l
sand, 511t and - c]ay fract1ons _from hor1zons_,of _1ime_,
accumulation.  The determtnat1on was conducted 'foh‘-the
‘.indtvidUal” fractions to determ1ne the d1str1butlon of 11me

among these*fractions.».' L ﬁ

’t Tota] carbon was determIned for both the whole 3011 and

the clay fra&t1ons from the maJor horlzons of organ1c matter -

. accumulat1on \by wet ox1dat1on (mod1f1ed Walkley Black) as‘
~outlined by MoKeague (1978) |

C. M1neralog1cal Analyses'

a. Fract1onatlon and Qretreatmen of the samgle

’w_ S1ze fract1onat1ons were: conducted on 25 to 75 grams of

- <2 mm so11 So1ls were d1spersed in 250 ml of d1st111edd]io

'7?water; by ‘u]trason1f1cat1on dfor;three;mjnutes at_4QD watts L
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using a Braunsonlc 1510 v1brator probe(Edwards and Bremner.
1967) Flocculat1on of calcareous samples,was avo1ded_by
using 10 to 20 grams of so1l during the*sonﬁflcation
- treatment. The d1spersed soil dsamples were. then passed
.through -a 300. mesh"sieve (0-0474 mml to separate sand
fractionsr/ Total clays were collected from the rema1n1ng~ﬁ
suspenslons usjng ‘grav1ty ,sed1mentat1on ‘as outlwned -by
. McKeague (1878); vseparated Clays‘were;flocculat. using N
CaClé' solution Flocculated clays were then washed free of
l excess CaCl2 by centr1fuge' wash1ngs w1th d1st1l ed water
-after whlch they were freeze dr1ed and stored for subsequent

analyses _— v" o

'lf-The total 51lt fract1on remaining after removal of all.
hlclay was dr1ed and spL&% into two subsamples Carbonate and
‘.organ1c matter were removed from both sets of subsamples as
: descr1bed by dackson (1975) after wh1ch they were washed

: .free of NaOAc and H202 by dist1lled water Fquow1ng removal
’l'°f carbonate and organ1c matter, s1lt fract1ons were aga1n&\
sonified,‘and all lreleased clay  was removed bylgrav1ty=
sedimentatioh to ensure silt separates contatned little or

dno"clay d&ei set of s1lt subsamples was transfered to:

F{:centr1fuge tubest' washed once w1th 95% ethanol and tw1ce]f

?wfth 99% Fthanol after wh1ch the samples were dr1ed at 70 Cl
| and saved or determfnataon of verm1culite Fract1onat1on of
the 51lt 1nto flne (2 to 5 m1crometer) and coarse and. med1um

',(5 to- 50 micrometer) 51zes was conducted on: the other set of:'

' subsamples as outlvned by McKeague (1978) Both fine and jf?‘
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coarse and med ium size fractions were saturated with NH4*
uslng ‘N NH4DAC. The excess .NH4DAc was'washed'once with 95%
‘-‘ethanol. twice with 99% ethanol and then dried at 70°C and
sayed ‘for» Xfray” diffraction analysis and heavy and light -
mineral sepgrationS!'}

Sands were further fractionated 1nto&the f1ge—(0.05.to
0.25 mm) and:‘coarse, plus medium (0:25, to 2 ?mm)‘size'
fractionslbustng FAf 60 mesh sieve Fine‘sand fraCtions\uere
treatedh for removal of organ1c matter and - those from
horiZons hof“ 1ime accumulat1on were treated for removal of
| carbonateS' " Both. f1ne'and coarse plus medlum sand fract1ons"

were saved for heavy and l1ght m1neral separat1ons

-

€
:

b. Clay mineral analyses

| Cation exchange ~capacity dof ,freeze dr1ed clays (<2i_
m1crometpr fract1on) was determ1ned as descr1bed by McKeague'
’}(1978) The clays were subJected to a son1f1catlon treatment
for about 30 seconds dur1ng the f1nal saturat1on and wash1ng
steps,‘1n order to obta1n complete saturat1on and thorough :
washing. . L | [

- Sur face area of freeze drled clays was measured by the“
ethylene glycol monoethyl» ether adsorpt1on. techn1que as-

outlined by Carter et al. (1965).

A'ilhe _ methodf‘ of kboffman {’and“'Fanning (1974) 'for.
determ1nat1on of - verm1cul1te '1n whole so1ls ‘was ut111zed
l'¥w1th slight mod1f1cat1on ‘in‘ thls study for so1l claysv
*Sod1um saturated dry clay (0 4 to 0 6 g) prev1ously treatedt i
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forv removal . of carbcnateS'and-organic matterZWastused for
“the determlnation A shcrt sonification treatnent was
*1ncorporated into the procedure dur1ng the last saturatlon

and ion d1splacement steps

Total diggd‘“tiO".¢i NH4*-saturated cjays was conducted
as outlined by Pawluk (1967), “FollOwing=sample’ignitidn at =
850°C and d1ssolut1on using HC1- HF potass1um was determ1ned
" vby atom1c absorpt1on and‘the K20 content was calcu]ated to.

determ1ne content of m1ca 1n the clay fraction.

Sl1des of Ca** and K‘-saturated clays were prepared for

X~ ray d1ffract1on analys1s using, the paste method of Theisen f

and Harward (1962)7 “Qs had  been :demonstrated the more
i:conmon':'suspensién‘f method o) » SIide": preparat1on is
conslderab}y/ 1nferLor to the paste me thod ,(Thewsen:and'
cHarward 1962 Gﬁbbs.' tQSS). X-ray diffractograns were
obta1ned 1usﬁng a Philips'-diffraCtometer equ1pped with a
curved. crystaL monochrometerhus1ng CuK“rad1at1on generated .
at 40 Ky oand 20 MA. X- -ray - d1ffractograms tof'

.calciUm-saturated slldes were obta1ned after they were‘

:equ1l1brated at‘ 54% R H,,r w1th ethylene glycol and w1th,l,$

glycero] fas: outlvned by Chwchester et al. (1969)
'fpotass1um saturated slldes X- ray d1ffractograms were fwrst‘

‘obtained for spec1mens treated to 105°C. The relative
Thum1d1ty w1th1n ‘the. sample chamber of the diffractometer was ©

ma1nta1ned t' 0% during the analys1s These same spe01mens:,jw

}_ ’were then equ1l1brated _at 54% R.H and aga1n subJected to
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X-ray analysis tO;evaluate degree of rehydrattonvto assist
in the interpretation of the. presence} or'-absence. of
,'~vermiculite‘ - biffractograms ‘were also obta1ned for
| K- saturated specimens heated at 300° C and at 550 of accord1ngi:
to the methods outl1ned by Chichester et al. (1969 . |

c. S1lt m1neral analys1s - o o

’

Determ1nat1on of - amount v of vermiculite in silt
fractions was accompl1shed us1ng the method of Coffman and
Fanning (1974). From 1 to 3 grams of silt. previously treated.
ﬁor remova | - of carbonates and organ1c matter were used in |
: the determ1nat1ons Content of verm1cul1te was calculated on
: the bas1s of the dlfference between the- calc1um exchange

capac1ty and: the potass1um exchange capac1ty

g For heavy ‘and lIght mineral separat1ons. 1 to 5 grams
of the’ 5 to 50 m1crometer s1lt fract10n previously treated
for} removal of carbonates and organlc matter was separated;
1nto the <2 58,. 2 59 to 2, 72 and >2.72 g/cc spec1f1c grav1ty‘
aseparates us1ng the centr1fuge method of dackson (1875) _

reéovered” m1neral- separates were washed ‘with. acetone and}
*driedr at 70 C pr1or to subsequént analyses.. The purpose of

-9

')the-heavy and light mineral separat1on was to concentrate 1nt
a' relat1ve1y_ pure ‘form' K- feldspars in the <2 59 g/cc
separate, ' quartz and plag1oclases in the 2. 59 to 2 72 g/cc"
separate and heavy m1nerals 1nclud1ng mica 1n the >2 72 g/cc f
.'.separate A port1on (0 3'to 1 g) of each of: these dens1ty; '
: separates was crushed u51ng an agate mortar and pressed lnto |

powder’§l1de holder hav1ng a 7x5x2 ‘mm sample cav1ty - X= ray
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patterns | were obtained using- a Philips diffractometer
utilizing CuKy radiation and a -scanntng speedf of 1/3 °
‘ZQ/mnn. The ditfractcgrams were fused for  mineral.
- identification% and for quantitative‘ determination of -
‘50rthbc1ase' and . microc]ine: The ]atter"determination‘was
cdnducted f“’us1ng ant standard curve prepared frcn.
diffractograms obtained” for Known ”nixtures -of standard
Madagascar orthoclase.,and slandard microcline from Perth,

4

Ontario. !

The . <2.59 -and  the 2. 59‘to 2.72 g/cc specific;gravity =
’ separates. of the siit fraction prev1ously u$ep for X- ray
'”ana1ystsu‘Were then used for total chem1ca1 ana1ys1s by the"
HCT- HF. . dissolution method (Pawluk, -1967) The  oxide
'percentages of “Na, K, :Ca, Mg, Fe and Al were calcu]ated

’

| ‘fol]ow1ng atomic absorpt1onpdeterm1nat1ons Values_

for Na20 K2O and CaO in the two density separates were USed‘,fr

to - calculate‘vthe mo1e- per cent,of albite, orthoclase and

'“anorth1te | The theoret1cal al inum. content.of samples were

then calculated on the basis & formula we1ghts and thevr

Known quant1t1es- of albite orthoclase 'and ancrth1te
obtained from chemical analyses. for Na, K and Ca These
theoretical alum1num values were then :compared to ;the..‘
'meaSured a]um1num contents found in the HF - HC] d1gests to ;=
d,assess the accuracy of the allocat1on of Na, K and Ca to the-

nespect1ve feldspar m1neral The MgO and Fe203 values wére “

' .u$ed to assess the level of 1mpur1t1es in the feldspar and

quartz separates

RPN
o )



as prev1ously descr1bed for silt separates
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Selected samples of silt separates from the major
' f

genetic hor izons and specific 7gravity separates ‘were:

examinedfﬂpy ‘sganning electron mvcroscopy Sahples_,were
smeared on cover slips us1ng acetone, ‘dried and then
sputtered withl 150 A gold. Etectron wmicrographs were
obtained using. a_ Cambr1dge - $150 .scanhing 'electron,
nicrosCOpe The purpose of this exam1nat1on‘was to observe
the_ surface morphology of fe]dspars and quartz in order to
ga1n some additional 1nfo£mat1on on morpholog1ca1 features:

related to weathering.

Q;‘Sand.mineral,analysis I )

ApprOpiate mixtures of heavy l1qu1ds were used to*i

,fract1onate both fine sands (0 05 to 0 25 mm) and coarse plus.,”

medium sandst (0.25 to 2-mm) into <2, 53 2.53 to'2. 59 2. 59}

to 2 72 and >2.72 g/cc spec1f1c gravity, separates (Jackson, o
1975) Fine sand fract1ons were treated vfor~remova1 of-
organic matter and. carbonates' prior to’the»heavy tiquid
separatjons; coarse and med1um sand fract1ons rece1ved no
pretreatments pr1or to heavy ‘liquid separa{1ons F1ne sandv7
density separates ‘were then analyzedffor total elementalf

'y
comp051tlon ahd by X ray dvffract1on and electron m1croscopy

h S

Petrographic analysis was conducted]for'the'tota] sand

'_fraction and for the specific. gravity separates (>2.53,

2.53-2.59 and’ <2 72 g/cc) of both the® f1ne and coarse plus

mediUm sand Gra1n mounts wé‘&,prepared us1ng the: method_°

;descr1bed by Innes and Pluth (1970)



. 1V. RESULTS AND DISCUSSIONS

inorganic constituents inh the sand, si]t':and clay

" fractions will be :presented;to document the mineralogiCaT
ﬂcharacteristjcs of the soils in order to meet the first ahd,

“second objectives of this_study. Untformﬁty of‘the,panent
materials will . then bevconsidered to determine whether or

not ]ithologica] dtscontinuities occur within the .soil

o

pedons. JThe nature"and:rextent of mineral weathering‘-'T'

vaccompany1ng pedogenes1s hw111 then be presented for pedons
having a uniform parent mater1a1
4 T

s

’ e . Information on the chem1ca1 and phys1cal propert1es of
soild is essent1a1 in understand1ng preva111ng pedogen1c
‘processes The _,lmportant pedogen1c processes in Luvisolic

: \and Chernozem1c so11s 1nclude hum1f1catlon translocatwon byu
solut1onr collo1da] clay translocat1on and var1ous -

V’J\}- associated“thsiqal, chem1ca1 and b1olog1cal :deather1ng

‘ ‘ processes. The first three processes w11] be d1scussed in

_ association with the presentat1on of the phys1ca1 and

~ chemical propert1es of the so1ls In accordance w1th the

main obJect1ves of this study and the sequence prev;ously

d1scussed for presenting the data, the results and
Y - ' ‘ -

= d1scu$s1on sectton_ will be d1v1ded 1nt0‘four parts (A)_":

physica1 and chemicaT‘ soi 1 propert1es and their pedogen1cf'

| impltcations} (é\ m1neralogy of the sand splt and clay-

\

fractions, (C) parent mater1al un1form1ty and (D) m1nera1v’

galteration dur1ng pedogenSIS

52
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».’A. Phys1ca1 and Chemical- So11 Propert1es and The1r Pedogen1c

Imp11cat1ons

Q;“Particﬂefsize distributton o ‘

Partthe size d1str1butlon 1n the so1ls of this. study
1s affected to a great extent by c]ay translocat1on
Mvgrat1on of clay in youthful so1ls is more ]1Kely to occur
,subsequent “to leach1ng of soVuble sa1ts.vand carbonates

‘fafterwhlch wett1ng will fac111tate eluv1at1on and dry1ng of

the resu]tant -suspension w111 cause 1lluv1atlon of suspended

‘mater1al at depth (McKeague anEQSt “Arnaud, 1969). Less1vage

or clay migration without undergo1ng chem1ca1 transformat1on'

has been cons1dered esssent1a] for the format1on of arglll1c

hor1zons (Duchaufour,ﬂ‘1970) Var1ous chem1ca1 ‘and phys1ca1

"aspects of \the mechan1sm of clay m1grat1on are beyond the -

scope  of th1s study"~but could be found elsewhere -

*(BToomfield, 1954 Di jkerman et al
1968; Allan and Hole, 1968; Oertel,1970; Miller et al.,

1971b; Ritchie et al. , 1974; Me] Nikova and Kovenya, . 1974a
p .

. and b), Understand1ng the m1nera]og1ca1 1mp11cat1ons of th1s
important pedogen1c process requires /an analys1s of it's
extent - in the soils under 1nvest1gat1§n Thgs analys1s is

' partly ach1e\ed by exam1nat1on of‘part1cle size d1str1but1on

‘data, morphb*ogy f1h the f1eld and m1d?omorpholog1ca]
,ev1dence in thin sect1ons '

. e .

,hThe texture4 of, the parent mater1a1 of the prof1les 1s

”clay loamy w1th the except1on of sites 5 and 6 whlch have

;

o

., 1967; Smeck et al,,

O

B

\‘}
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loam -to sandy ‘clay loamktextures:(Tabiesnj to 6, Appendix .

~A). Based on particle size data, the tills of ail profiles
| '“studiedi contain ‘24 to 27% 511t w1th a genera1ly similar

* coarse, medium and fine silt distributdon A recognizable
difference occurs iin: the - sahd and clay content Their |

distribution suggest till could be. separated 1nto four'-

groups site 4 ‘s1te 1, s1tes 2 and 3 and sites 5 and 6.
“ ’ '
"Ihe percentage of sand 1n till for these four groups

increases to 51%° while the per’ cent clay decreases

‘.from 39 to 24} and‘the percentage of fine clay ranges from i

. 22 to 16 The till textural gncups are readily recognized
.htin the cumulat1Ve frequency curves (Figure 4). However if

‘o

.“tpartﬁcles finer‘ than fine s%nd ire cons1dered the curves ‘

)
‘o 1ndicate onTy three textUral groups (4 1 and the remaining

“5jour¢ 51tes) 51nce_ tills from sites. 2 3 5 and 6 contain ‘

o "\

J.}relatively 31m11ar amounts of 51lt and clay*sazed particles

The relativeiy high 'sahd content at site 4 and site 6 as :if

'fn well as the differences 1n the content of coarse, medfum and

fine sand separate them into four,pg;sible texfbral grqups

- Variataon 1n texture of gla01al till 1s a functtOn of
local bedrock direction of 1ce movement N nature of
| preglacial deposuts and mode of deposition (Gravenor and
it‘ Bayrockj 1965) recognized landforms of the sampling
B 51tes_ were mainly formed subglaciatly Hummocky moraine
%gndform 1s believed to be 1solated deposits rgsulting from
slow disintegration of stagnant ; 1ce that coniained
consiaderabie till _ in_ sts ower 'layer,yhile morainai'npl‘in
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BES the Ae hor"

fﬁf_ffthe till deposits

l relief (Bird' 1972l The hummocky moraine is believed to:
’contain ‘high amounts of sand or gravel and may include
istratified tills (Clayton vet al., 1977). Sites 2, 3 and 5

were on undulating or . rolling morainal plains while site 4

.-ruwas on"a ridged morainal pla1n and 51tes 1 and 6 were on.

depositsf are :comprised of ’ridges and depressions of low -

hummocky moraine (51te descriptions, Appendix A) ‘The high '

N icontent of clay at 51tes 4 and 1 would probably be due td

'1ncorporation of large 'amounts of fine textured material
from - shale bedrock‘yhile the high centage of sand in the
:‘Cooking Lake' tll] (site 6) may be related to mdde of
-:depositiontv Similar textUral results for the Cooking Lake
till'iwaS' reported by Twardy (1969) but he related the
'relatively hiéh/sand content to both mode of depoSItion and-

'presence “of sand pockets Sand pockets were not evident 1n:p
v the S1te sampled for this study , "ff A S '_ : fﬁf‘ 

O

Variations in the content of sand w1th1n prof1les

1}(Figures *;5- gtog‘f7) ‘are - mainly :a reflectJon_ of clay
= v "

4atranslocation Aty fold increase 1n the. contentmof sand in.

(relative‘ to the c horizon) of sitg 1”1s

f?i7tprobably a reflection of both the eluv1ation process and thé
- jpresence of sand pockets which'ﬁhre ev1dent 1n this profile

_fat the time of sampling The hummocky morainal plain land

f»unit described in the soil survey report of the Sand River 1pve

,f';area (Kocaoglu and Bruﬂelle.‘1975) was mentioned to contain

"2stand and gravel :pocketsa s: well as layers.of sand capping

-
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Silt d1str1but1on w1th1n proflles shown 1n F1gures 5 to;k
’ 7 ‘ar largely a funct1on of the eluv1at10n of clay Ratlos
'-of' s1lt to clay contents (Tables 1 to 6 Append1x A) also
dtsplay the eluv1at1on process/ Rattos range from 1. 5 to 5 7
dfor’ eluv1ated horlzons and a#e generally less than 1 for Bt-"
V(and C hor izon The d1str1but1on of f1ne s1lt is relat1vely7}
"‘un1form wu!h/j

."“"v.

: “"Hovaer. a 3% Tncrease 1n fxde silt occurs 1n the Bt horlzonn .

depth for each prof1le (F1gures 5 to 7)w

ok prof1le 1 and a 1% 1ncrease 1n the Bt hor1zon of prof1le
"v3_ 1n qompar1son to respectfve contents 1n AB hor1zons and,
1f s1gn1f1cant . may reflect m1n1mal tradslocat1on of f1ne7
s1lt s1zed part1cles '1n these prof1les (Nr1ght and Foss,
1968) The d1str1but1on OL med1um and coarse_ swlt ini»'.
prof1les 7,3,4 ‘and 5 1nd1cate a 5 to 15% enr1chment in Ah,
'kehe ; and Ae hor1zons Th1s may ‘be a nresult of claya
translocat1on from these hor1zons (negat1ve enrlchment) o.‘~_l
assess th1s poss1b1lity,, part1cle s12e d1str1but1on wasg_hf
h recalculated on a clay-free bas1s The enrwchMent prev1ously:f
| ?i,notedlma1nth1ned at a relat1vely high value (about 10%) when‘w
the non clay fr ction of the surface hor1zons was con51dered ;
and suggests ’si poss1ble role of other process such as the"
physrcal breakdown of sahd s1zed partxcles to s1lt s1zet[,‘s
_ and/or eolian add1t1ons to the soil surface The increase inl"
e k medium and coarse silt particles ln the surface hortzons 1§;ﬁjf,
funther illustrated in; representive cumufatiye curveSfiggj
(Figures 8 and 9) Similar figures can be . found in theﬁf%ze

t»ffg,append1x for the remain1ng soi; W(Figures 1 to 4 Appendix{”}ff

[R
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-»A) The curveAwlshow Ae, ‘Ahe and Ah hor1zons conta1n less
' clay and/or‘ more s1lt Slzed part1cles as cohpared to other_
‘,hor1zons pA _ was prev1ously ment1oned there was l1ttle or‘
no ev1dence to 1nd1cate translocat1on of fine s1lt in so1ls
: from s1tes 2, 4, 5 and % In general it appears that the f
_d1str1but1on of s1lt 15 related to negat1ve enrlchment;_
through clay eluv1at1on thS1cal d1s1ntegrat1on of coarsev‘t r

part1cles and eol1an add1t1ons

\.. .

| ', D1str15utlon of clay W1th1n the prof1les (F1gures 5 to'j~ a
7) 'shoﬁs an. abrupt 1ncrease of 9 to 27% from A to Bf»"
RS horizons;: Th1s 1ncrease y1elds a Bt/Ae clay rat1o range of‘
| 1lé{7to 39 (Table Mt to 6, | Append1x Al and reflects the'i
'1_eluv1at1on process | The ‘range - 1n content of clay 1n Bt
""horlzons 48 27 to 43% compéred to a range of 24 to 35%.in c
yhor1zons Th1s ylelds Bt/C clay rat1os of 0. 9 to 1. 2 ALL 4' :
k profxles, except the one from site X dxsplayedvratiOSf, |
‘*%greater than un1ty and 1nd1cates higher contehts of clay 1nf5af
fB hor1zons as cc ared to C hor1zons The narrow range ofda.'
Bt/C clay rat1os (0 9 to 1 2) suggests eluv1ated clay mayl. )
h’~Jhave 'been leached beyond the vB hor1zons F1ne clay 1s;a{;'

r'ﬁsomeWhat enr1ched 1n the Upper Bt hor1zons of all prof1les: jan

'nf_-compar' to C hor1zons (F}gures 10 to 15 and Tables 1 to 6, B

1 lX- ) S1nce total clay d1str1butfbn’w1th1n a prof1lef.ﬁf'
v‘rks’may also be affected by un1form1ty of thq parent material ;fi;;-
; y_‘hif follQWS/ that f1ne clay to coarse clay rat1os and/or thea<g¢-;
,//overall y |
would probably be the best analyf\ga] 1ndr;ators of clayff::*“

1dalculated qﬁantlt1es of gains or‘loss 1n fine claywlf'il
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' translocation‘ The>range of fine clay. to coaﬁse clay ratios

are 0.3 to 0.5 in the Ae and Ahe hor1zons. 1.4 to 2.7
upper BtA,l 3 to 1 6 in the lower Bt and 0.9 to 2.1 in" R
hor1zon§‘ (Tables 1 to 6 Append1x A). These values 1nd1cate
an 1ncrease‘ in. the - f1ne clay in the upper Bt hor1zons
comparedl téﬁ that of either Ae or C horizons. However, the
ratio aof fipe ‘clay to ccarse clay +is highest ih the C
" horizons for soils from sites 5 and' 6 which further suggests
illuviaticﬁf of clay may extend beyond the B horizon. Fine
clay to coarse clay ratios ranging from 0.1 to 0.8 for Ae
hor1zons, 1 1o ~1.9 in Bt _hor1zons and 0.8 to 1.2 in C
,borizo;s‘ were repcrted for th'solic soils in. Alberta
'(Pawluk, . 1860b ;.Lavkulich et afl., 1964 ; Mckeague et al.,
1972; Twardy et al. - (1973) reported that the continental
tills qffAlberta containedill.Btl.é% fine clay and 23.4&2.3%
total ‘clay which gives fine clay to coarse clay ratios of
0.6 to 1.8. e

.' » . ) (

' TheA hrgher values for total clay, finea clay and fine
clay to ‘coarse cl y ratlos in the hor1zons below the Ae are’
.evident for allfs01ls examined 1n thxs study In the Orthic
Gray Lluvisols, translocation of fine clay from the Ae and to
a- lesse ' ex;ent AB ﬁor1zons is ev1dent (F1gures 10 to 15)
'Except for site 1, d1str1but1on of total clay also suggests_
the 1lluv1at1on process At site 1, the f1ne clay content of
the C hor1zon is 2% lower thai the content of fine clay in
the Bt1 hor1zon whereas coarse clay substant1ally 1ncreases

by 7% in the C horizon. Consequent Ty, total'clay.inEreases
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'fnom 31% in. the Bt hor1zon' to 35% Q?n the BCK and Cca e
.]*t

, / e
hor1zons These oresults may be a reflectlon of textural

I

var1at10ns present in the parent till The data also

-5uggests clay. m1grat1on from the Ah&hor1tpn bf the Eluv1ated

oy

'Black Chernozem occurred at least- at some stage dur1ng do1l ?

P

development The extent of thlsvm1grat1on is comparable to
5(1

-thatv of - the Ae horizons of both Orth1c_Gray and Dark Gray

oL
Luvisols. Formation .of dhe thick Ah hor1zon founq in the

Eluviated Black .Chernozem is  probably a resulto of

e
.“‘:v

humification of a former Ae horizon. The former Ae hor1zon
may have developed when the s1te was occupled by a dom1nance
of forest vegetat1on after which grassland vegetat1on may

have dominated the site resulting in: humif1ca;1on of’ the

.prev1ously formed Ae horizon. On the other hand format1on Q

?’k
of Ahe hor1zons 1n ‘Dark Gray Luv1sols is~ thought tb be a

result of degradat1on of Ah hor1zons prev10us¥y formed unde;
grass vegetat1on .Degradataon of former Ah hor1zons 1s

thought to bé a result of forest invasvon onto areas of

L]
grass vegetation in the forest pra1r1e trans1t1on zone ‘

(Pettapiece, 1969). e o SRS 1 p

N . . L

Morphological observations in “the f1eld ( Append1x A)\* 'ﬁK

-micromorphological- observations and part1cle s1ze data all

indicate the presence of 1lluv1al layer latt1ce clay in B ;v”

hor1zons M1neraloglcal propertves of prof1les°assoc1at

R

o

~'w1th clay translocat1on are. expected "to be affected byvi;,“

illuviation” through- dilution and negat1ve enr1chment of?'

mineral - consitutents due to both,,d1fferentjal- and/or

*>

N



5;0' ﬁbnrdifferentf%f translopat1on The“ greatest 'effect;'
”
attr1butab1e to a11uv1at1on 1s expected to occur in the clay

fraction | However,; dilut1on and/or negative enrzchment of

m1nerals 1n the sand and s11t fract1ons make it- necessary in

/‘Y “

host, cases to recalcblate the mmneraloglcalﬁresults on a:b
clay free basi% in order to accurately assess observed~'
fm1neralog1cal d1fferences w1th1n and among profﬂies

7, b Calc1Jm carbonate gguxvalen ' .

f Calclum and magnes1um carbonate were present in the

parent mater1a15 ‘of .all the so1ls studled Carbon%te

B translocatvon by solut1on in Chernozem1c and Luv1spl1c so1Ts

developed on calcareous glacial t111 1s one of the pr1nc1pa1,

) pedogen1c processes J(Pawluk : 1960b Bourne and wh1tesgde,m‘d
e 19§2, McKeague and St. Arnaud, 1969 sta, Arnaud and:

' Herbillon? "ﬁ973) 'Dissoluti- . carbonates and 1ts

YSUbseQUent leachlng occu . pr1mar1ly thd- gh theﬂactton of

percolat1ng water. 3: e f‘\ﬂ,yﬂ ‘lp ‘1_> ;atly.*hhgﬁbed-in |

q

the ’so11 env1¢

‘ re]eased as a esult of b1ological act1 f. 'j ﬁ IuK 1960b,

cbmparisons betwgen ’horizonS‘ of
Y(
d1ffer1ng contents of carbonates .more meaningful ‘the

. f In- order

*‘contents are presented as pggcentages of ‘the carbonate free

«_'S.[. -
T,
- PIEY



~soil materials (Table 1 and Figure i6). . ~ =~ =

¢ PR

S

.The average . content 'of -oarbonates 1n C horizons is
»10 7% )at sites 2 and B, 7. 6% at sites 1 3and 5 and . 3 4% at
site 4. On the other hand, the average ‘depths to, carbonate

_accumulation in theoe profiles varies from 59 cmiat sifk} 2

land- 6, 83 cm at sites 1,3 and~5‘and 98 cm at: site 4. The

‘s k

respective average thickness of Bt horizons 1n these groups
- of profﬂles is 31 cm,; 50 cm and 68 cm. So,. amountwdof

carbonates.zpresent in Ck or Cca horizons are in general

inversely proportional , to solum thickness ‘A '51m1lar

2 , I . .. . DS
S . L . . . ¢ . L T

nelationship was ' noted. by - McKeague et il. 4(1972):

particularly in soils containing dolomite as ac,major

carbdhate form Such -an 1nverse relationsh1p pr@bably

O
"‘reflects effectiveness of leaching waters 1n mOblllZl%p and g

»
;’»

utransfering carbonates into the parent geological material‘ i

i
. 'J’.

Size distribution " of Carbonates in Cca horizons
1nd1cate their accumulation in, either Silt or clay fractions
and in the silt fractions of BCK and CK hOPlZOﬂS (Table 1
'and»Figdgg;lsl Silt-sized carbonates accounts for a4 to 66%
of total soil carbonate in Cca hor izons and 50 to 61% in BCk
and Ck horizons while clay- sized carbonates accoun for 25
 to 50%\df tatal carbonates in Cca horizons and 26 to 32% in
"BCk and Ck horizons Most 1ime accumulated in horizons of
»maxiumum carbonate accumulation in Borolls of North Dakota
"‘was also found to be finely d1V1ded (Redmond and McClelland

1959). Clay- 51zed carbonates in soil are thought to partly

7
D)
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‘Table . Calciym and magnes!um carbonpte content 6F soil and’ )
size separates expressed on a carbonate frea basis P

et e b '----~—4-d.§“——-——/- ————————————— ———— e e R
Soil type Hor {zon* ) Cal03 equivalent AR Clay fraction***
[ S ) ' hL -
. " T 5. Yang  si1t Clay _ Whoje R
.o e : 5 e LT saatz - CaCO3% MgCO03%
""""""“"‘"’u‘.""“""'T"“.’f‘:""“"‘:’ff.— """""""""""""""
0.6. ULuvisol BC” - ND. . ND ND 0.10 1.12 o0.1%
. S, e W L A - . ¥ o . . B
i L Jsite 1) . Cca .o 1.8t 14.t . 8,227 6.16 4.46  1.01
D.G. Luvisol BC . ND - ND -~ 0.50 1.64  0.38 "
. R - - . ) e . -\' . ) .

.. 7. . (site 3} Cca . 4.30 13’ 108 7.30 8.46 1.36
B U O e e e e e e e e e 2D SRR
0.G: Luviso?l c o T T \f>_

(site 4) Ck oo 1.82 566 2.58 3.41. 2.23 ’0.65
E.B. Chernozem BCk - ,1.64  14.6 7.76. 6.50° 6€.72  1.11
. .t J. L3 . N . *

(site 5) Cca 2.2¢  17.5 13.8 9.41 15.7 1.0
0.G. Luvisel. BC ., 1.02 ".-2.83  1.92 1.73 .2.88 0.5
PR - o' N
(site 6) Cca 2.78 18,5 .20.2 10.7 9.9 0.0
« Basad on field observations ,
** Average of triplicate analyses ) ' ’
» *** CaC03 and Mgcof‘equivalcnt calculated from Ca0 and Mg0 content
of NH4- -saturatedqclays
oy “‘
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in the various size fractions of the soils

and the relative amounts of 'CaCO3 and HgC03

in the clay fraction
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, ChernOZem1c soils of central Saskatchewan

»

originate from dissolutfon of inherited limestone and/or
"d;:omite within the develop1ng solum followed by,
translocation and reprec1p1tat1on in C hor1zons as very tiny
carbonate ~crystals : (Rostad and St. Arnaud 1970)’ The
sand- s1zed carbonate contr1but1on whlch is probably all ‘of
an 1nher1ted or1g1n is only 5 to 9% in Cca hor1zons and 7 to
18% in BCK and Ck horizons. Estimates of composition of the
clay-sized carbonate fractions (Table 1\ and _thure 16)
reveal that about 60 to 100% 'consists of CaCO03 With
generally higher relative quantlties of:CaCOB than MgCO3 in
clay fractions separated from Cca hor1zons as compared to
BCK and Ck horizons. The results for carbonates in the clay
fraction ,from soils from sites 5 .and 6 suggest that as
~ carbonates precipitate ln Cca horizons. magnesium tends to -
be excluded from the resultwng carbonate m1neral as has been
. suggested by St. Arnaud and Herbillon (1970) . for upland

.

Exchangeable catlons, pH and total exchange cagac1ty

Slightly .acidic to ac1d1cnreactjons were observed-for'
all surface 'horizons‘(Tables 1 .to 6, Appendix A). Lower pH
yaluesvwere recorded for Ae horizons of Orthic GrayiLuvisols
as‘»compared to slightly higher"vaIUes for Ah ‘and Ahe
horizons of the Eluviated Black Chernozem and Dark Gray'
Luvisols. Values for pH generally decrease down the solum
and.reach neutral to mildly alkal1ne values~where-carbonates

occur.
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t Total exchange capacity ranges from a low of ‘2.7 me/100
g fo -a high of 27 6. me/ 100 g (TableS/t to 6, Append1x A) .
The low values are assoc1ated with hor1zons leached of clay
.and/or organ1c matter The Bt horizons of site 4 have an.
average total exchange capac1ty of 22.9 me/100 g and contain
" an average of 41 7% tota) clay, 24.7% fine clay and 1.5%
organic matter. At sites 2,3 and 6 the average exchange‘

© capacity ofemt- horizons is 19 522.0 me/100 g and they

contain aj‘\‘ rrage of 33.4+0.9% total clay, 21.2+1.7% fine

4 clay'and 1.290.2% organmé/matter Bt hor1zons at s1tes 1 and
'jf5 have an average exdhange capac1ty of 15s2+1 1 me/100 g and

‘contain 29 121, 9% total clay, 16. 4*2 2% fine clay and
1. 1+O 2% . organ1c mattem These results _indicate that
d1fferences in the totajgeXChange capacity among different
so1ls “or d1fferent hor1zons are ma1nly attr1butable to
differences ln amounts of total clay, f1ne clay and organic

matter. S1mwlar relat1onsh1ps between total cat1on exchange

capacity of “soil and . content of organ1c matter clay and

fine 'clay are also ev1dent for C horlzons where samples ofgg.t _

‘lower clay content have ‘the lowest cat1on exchange capac1ty

Exchangeable' calcium occupies more than 70% of the
exchange complex in the Ahe and Ah hor1zons of sites 3. and 5
(Table 2). Cycl1ng of\\calc1um- by plants “is probablyl
responsible for replen1shment of calC1um in humified surface o

hor1zons ~of the Dark Gray LUV1sols and the Eluv1ated Black”ﬂf“

Chernozem The h1gh amount of exchangeable magnestum in the

vBt hor1zon of site 2 (64% as compared to an average of 33+6%v

A
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.“Exchangeable cat1ons expressed as rat1os and as
. percentages of the totz) exchange capac1ty o
............ ’------_----_-,-_----_;---;--g---------_-
Exchangeabre cations as Exchangeable Cat1on
percentage of total - - ratios ' - v
-cat1on exchange capacity e
Na+ K+ Ca++ Mgo+ . Ca4~+ Mg++ ) *:N.a++

Dark Grafouv1so] 1s1te _;
43.6 29.2

0.5 1.2 . 1.5 2.4 .
1.5 1.5 28.6 37.6 0.8 1.0
0.5 3.3 21.1 64.0 0.3 6.1
1.3 1.2 ND ND . ND 0.9
Dark Gray Luvisol (site 3) o
0.1 4.2 72.4 '10.9 6.6 - 64.0
0.2 5.2 59.9 13.2 4.5 36.0
0.1 2.8 57.5 24.0 , 2.4 28.0
0.1 1.9 60.2 8.4 2.1 18.5
0.2 1.9 55.7 31.5 1.8 10.7
0.3 2.1 ND ND ND 6.2
0.4 2.5 ND' °ND ND 6.8
Eluviated Black Chernozem1c (site 5) - s
0.1 4.0 72.7 20.1 3.6 T , b4.5
0.3 2.0 57.9. 32.9 1.8 T 6.0
0.3 1.7 47.6 36.1 1.3—— 5.2
0.8 2.0 50.4 39.1 : 1.2 : 2.6
1.0 2.4 ND ND ND 2.4
0.9 2.2 ND ND ND S 2.4

——-----—._.-_——-—_—_-----—_---—-—_---—-—--q—---___——_—-

&
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Table 3 Exchangeable cat1ons expressed as ratios and as
percentages of the.total exchange capEC1ty ‘

Exchangeable cat1onsf'¥ Exchangea le Cat1on
as percentage of total. - ratios ,
S cat1on exchange capacity : o . S
Horizon  'Na* K* cCa** C Mgt o Ca*t*:Mg** . K*:Na**
-------- ’-""--"‘“’---'““-'"",-“.6',"-"----":"“""-‘"""'""-
Orthic Gray Luv1sol (s1te 1) .
 he 4.1 5.9 53.3 10.0 5.3 1.5
AB 1.00 4.456.2 19.7 2.9 4.5
Bti. 0.1 3.9 49.3 20.9 . 2.4 29.0
Bt2 01 3.6 50.0 21.4 2.3 20.0
- BCK 0.2 3.3 ND ND - ND 15.0
- CCa 0 3 2.6 ND ND - ND 10.0
- ‘ 0rth1c Grax Luvisol (site 4 _l
Ae 0.4 3.867.2 22.0 -- 3.1 9.0
AB 0.4 1.452.5 30.1 1.7 3.6
Bt1 - 0.6 1.4 52.3" 31.3 1.7 2.3
Bt2 0.6 1.358.2. 32.9 ' 1.8 2.4
CK 0.6 1.4 ND ND ND 2.3
- | Orthic Gray Luvisol §s1te _1 R .
Ae 0.3 '3.4.46.4 18.9 - 2.5 12.0
AB 0.4 2.155.6 25.7 o 2.2 . 5.8
Bt .0:4 1.0 62.6- 29 4 _’;» ‘ 2.1 2.3
BCk .0.5 0.9 'ND ‘ND~- 7 ND ' 1.9
.CCa 1.0 1.4 ND 1.4

“ND ND

---—_—-—--—————-——--_—-——'—-—--——---—-—--‘n———--——---—-—--——--—-



I3

*

3

';ﬂ - 80

at sites-'z' and 5) -isa’attrlbuted to the relat1vely htgh;
quant1ty of MgCOS in the pgsent mater1aJ (F1gure 16 and/

Table 1). In.the. DPtth Gray Luvisols: (Table 3) the level

of calc1um occupy1ng the exchange complex in Ae horf&ons 1s

<lower than in surface hbrlzons (AR and Ahe) of one Dark Gray .

: Luv1sol (s1te 3) ¥rd the Eluviated, Black Chernozem1c (Slte"’
5). .The relattvely h1gher '1ntens1ty of ac1d leachtng 1nf.
Orthic Gray Luv1sols compared to the Dark Gray Luv1sol and

o the Eluv1ated Black Chernozemlc and the greater ab1l1ty of

grass vegetat1dn to cycle calc1um compared to ‘forest

‘in surface'ehorizons\ and generally decrease with proflle‘?

| {Pawluk, 1960b).

~ - .of displadement and h1gh mob1l1ty of these--monovalent

'vegetation -may account for the dtfferences The two ma1n “

exchangeable cationsg in the so1ls are calc1um and- mqgne51um-

. ‘where they occupy more than 80% of the eXchange complex 1n

most B ‘Hor izons and at leqst 60% in some Ae hor1zons Rattos}"w

o

. of exchangeable ~calc1um to magnes1um for the profiles'”'
~(Tables 2 and 3) 1llustrate theQrediStripution_of‘thesev -

cations resulting‘from pedogeneSis These:ratios are highest‘f

\ .
depth. Similar trends in the ratlo of exohangeable calc1um :

to magnes1um were reported for Luv1Sol1c so1ls of Albert

whereg the average rattos for five profiles decreased from

4.5 in the Ae hor1zon to 3.4 in AB and 3 7 in Bt hOPlZOhS

3

o

Exchangeable sod1um and potass1um are present

relat1vely low quant1t1es usually amountIng to less than 6%

(Tables 2 -and 3). Such low values are attrlbuted to the ease‘,

S | | 0\\

o




81.

3%

cations in the soil system. Exchangeable poffassium is

generally high in surfacev hor1zons wh11e d1str1but1on of

exchangeable sod1um w1th1n soil prof11es is’ somewhat erratlc,i

but generally h1gher«:'n the lower parts of the solum as
compared to the upper~parts The relat1vely thh amount of
exchangeable potass1um in surface hor1zons may be attributed
to the contlnuous supply of potass1um from decompos1t1on of
‘forest - and grass l1tter' and part1a1 d1ssolut1on of

potasslum bearing m1nerals such as m1ca and feldspars The.

'Lrelat1ve]y h1gh content of exchangeable sod1um in the lower

port1ons of some profiles could be due to less effect1ve
leaching” with soil depth or periodic influence of ground

water. - 7

~t'M.\__ 0rgan1C‘matter tent FR L

The decrease in organ1c matter content in A hor1zons

} proceed1ng from “the E]uv1ated Black Chernozem1c _to the

| where f grass vegetat1on~- dom1hates (Eluv1ated \plackAérzf

4

Drth1c Gray Luv1sols (Tables 1 to. 6 ' Append1x A) reflectsl-

“ the change 1n the nature of addwtnons of organ1c residues.

ey

Chernozem1c) much of the organ1c debrls 1s added into the

s011 and upon hum1f1cataon a m1nera] horizon h1gh1y eanChed

in organ1c’matter forms W1th forest vegetatlon most of thet;'~

organic debr1s added tO“The so1l is in the form of Teaf fall
wh1ch accumulates on, ) rather than"in;d the soil. As a
consequence,- there “is 11ttle incorporat1on of organ1c‘
res1dues w1th m1nera1 mater1al in. the Drth1c Gray Luvisols .

The Dark Gray Luv1sols, ’ assoc1ated .w1th Tva-.mlxed}
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.tree shrub- grass vegetatlon conta1n 1ntermed1ate amounts of..
organ1c matter in- their A horizons. Hor1zons of clay

accumulat1on. als° display slight enrichment of'vorganic“v
matter infn_comparison to amounts in;vtheir respective
,underlytng} C horizons. Th1s ‘enricnment in B horizons is
probably due to translocation of colloidal- humus = from

surface horizons. in areSponSe- toewjeaching.by péréolattng

- waters.

)

The content of organic matter in the c]ay fract1on from

e £

| hor1zons ~of organic matter a umulation compr1se 13.1% and
'18.5% in Ahe horizons of Darku§>ay Luv1sols (sites. 2 and 3)

and up to 31.6% in clay from the Ah horizon of the Eluviated

Elack ‘Chernozemic Whichgirepresents 19 to 26% of the total

content of soil organic matter. Part ot this'materialiis

_probably associated.witn the clay fraction of these noriions
zﬁfthroughuclay-organOYCOmplexing. |
B. Mlneralog1ca1 Character1st1cs of the Sand S1lt and Clay

Fract1ons

- Mineralogtoal characterization of. coarse andfmediumu”
sand (2-0.25. .mm), . f1ne"sand (0.25-0. 05 nnﬁ, coarse and
‘;ﬁodtum ‘silt  (5-50 mtcrometer) fine;silt (5-2 mtenemeter)

~ clay (<2 m1crometer) and f1ne clay (<0.2 m1crometer) wtll‘be

f,presented in th1s sectton. L

a. Coarse ggg mgg um sand fractton i

{ Soils oOntatned less than 15% (welght bas1s) ~coarse anddyﬁ

' ,mediun ‘Sand 1n those from s1tes 1,2 and 3 and up to 23% in

e . o 5 el
: e
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- soils from'sites 5'and 6 (Tables 1 to 6, Appendix A).

Mineralogicalvcharacterization of the coarse and medium
sand was facilitated by specific gravity separations into
four density fract1ons (<2.53, 2.53 to 2.59, 2.59 to 2.72
and 22.72, g/cc) The " amounts. of these specific_gravity
" separates are  listed i%lables 4 and' 5. Petrographi'c
examination 1nd1cated that the four se%arates were dom1nated‘,

by character1st1c m1neral assemblages

The less than 2.53>g/cc‘separate“consisted'of‘weathered
feldspar grains and vcoal fragments- AQuantities of th1s
‘separate‘ remained relat1vely un1form within prof1les and
constituted less than 1.5% of the total coarse and medium
sand fraction. The relatively high content of the <2. 53.g/cc'

separate in,,some C hOPlZOhS (Sltes 1 and 2) may be related

to the h1gh abundance of coal fragments observed in these >

horizons °~ during sampl1ng and by b1nocular m1croscop1c
inspection. Weathered feldspar grains;were'obserVed‘in both
the solum"and in parent 'materials (C horizons) which
suggests they are of an 1nher1ted or1g1n rather than a
'result of pedogenes1s The surface morpholog1es of selected
samples are 1llustrated in Plates 1 and 2. Solut1on p1tt1ng

and alterat1on to secondary m1nerals and amorphous mater1als

', are the ‘main features dtsplayed by,m1nerals 1n the <2.53

g/cc - separate The abundance of solut1on p1tt1ng on the
surface of the feldspar gra1ns (Plate 2) 1nd1cate moderate

',weather1ng has taken place However some areas appear to—be‘



.*average‘of'twofrepliéates. .
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Table 4. Compos1t1on of the coarse and med i um sand sized
fraction according to dens1ty separates
(sites 1,4 and 6)
content (%)*_ _
Horizon - <2.53 2.53-2.59 - 2.59-2.72 >2.72
g/cc g/cc ' g/cc g/cc
>0rthic'Gra¥ Luvisol (site 1)
Ae 0.5 9.6 | 88.5 1.4
AB 0.5 8.1 89.8 - 1.6
Bt1 0.6 1.1 - 86.6 1.7
Bt2 0.6 11.3 86.4 1.7
BCk 1.0 10.9 85.9 - 2.2
Cca | 1.2 11.4 84 0 3.4
‘ Qrth1c rax Luv1so] L_Jte 4) ,
Ae 0.7 ~ 6.0 . 81.0 2.3
AB 0.7 6.1 91.5 1.7
Bt1 0.5 4.6 ‘93.8 1.1
Bt2 0.7 4.7 93.5 1.1
CK 0.6 5:0 ( 92.6 . 1.8
o | Orthic Grax Luv1sol (site _lf
Ae 0.3 3.7  94.9 1.1
AB 0.6 - 3.3 - 955 0.6
Bt 0.2 3.5 -~ 95.5 ¥ 0.8
BCk 0.4 3.4 - 94.7 1.5
Cca’ 0.4 3.4 2.2



A

, Table 5. Compos1t1on of the coarse and med ium sand sized
\\y fraction accord1ng to dens1ty separates '
(srtes 2,3 and 5) .

_--..—--—---—--_--—-----—--—--——---------_---‘.----—__——-———--

L content (%)= -
Horizon -'<2.53 ~  2.53-2.59 2.59-2.72
-~ glce ~g/cc ‘ g/cc

3
..---—---—--—-------_-------—-—--—------—_—----—------—-_— v - -

" Dark Gray quisol gsite'gl"

Ahe 0.4 8.0 °90.3
Ae 0.3 5.4 82.9
Bt 0.3 7.2 80.6
CCal 0.6 11.2 . 86.0
CCa2 1.0 12.2 83.0
DPark Gray Luvisol (site 3) '

Ahe - 0.5 8.4 89.3
Ae 0.3 8.8 88.7
AB 0.5 8.9 89.3
Bt 1 1.4 9.4 87.7
Bt2 1.3 . 9.8 87.0
BCk 0.7 10.7 . 85.8

CCa 0.5 9.9 - 86. 1

Eluv1ated Black Chernozem1c (s1te _l /

Ah 0.4 . 6.5 91.

Ae 0.9 6.0 g2.
Bt1 . 0.5 5.7 y 93.1"
Bt2- 0.4 5.6 g2.
BCK 0.4 6.1 g2.

CCa 0.4 6.6 91.

*aYer3ge of two replicates.




. Description of Plate 1

.

A: sUb-rounded feldspar grain

_ ,sive'sdlution_
p1tt1ng as well as physical abras1on ?{F{ | | o
. and C: A large so]ut1on p1t w1gQ\str1ated stacks of 

‘secondary mineral and amorphous_ mater1als The platy and -

PO

almost hexagona] crystals suggest Kaol1n1te ;i*
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Plate 1 Scanning :léctroh' micrographs of & weathered feldspar:

grain separated frem the Re horizon of an Orthic Gray Luvisol
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‘vDescrfgtlon'gf,Platéig o R
_.'Azito ’é: ;MiprpgraphSW'A'apd'Erlllu5trate ‘the appearance of
'vmoderatelyglweathered feldspar gra1ns M1crograph C ‘shows a
gsub4roupded grain Solution pits are abundant on the surface‘

of(Vthef_grains (B and‘D).vThe flaKy‘appearing,crust on the

‘sur face of ‘the feldspar 'grafnff(B)»-is. suggestive ofvaﬁf7!'

vsecondary"l'phyllosilicate,lllxpossibly Kaolinite . The'?:
development gf‘ some regular fracture llnes on the feldspar
‘grain (E) .ls probably the @esult of frost action act1ng
along a cleavage plane The perforated appearance of gra1ns

‘ suggests select1ve weather1ng has taKen placé\



S
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Plate 2. Scanhlhg electron ‘micrographs of weathered feldspar

gralns separated from the Re horizon of the soil at site 1.

“~
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more nesistant' to weathering 'as*indtbated by the lack of-
solution pitting. This p1tted mosaic appearance 1s pos51bly
a reflect1on of d1fferent1al weather1ng of feldspar members .

(or- phases) which occur ‘as perthitic 1ntergrowths

Al density separates conta1ned some rock fragments

'Optical observat1ons of {gpck fragments in the d1fferent

speciflc grav1ty separates 1nd1cated that they con51sted of

m1nerals of falrly\‘large crystals (0.1 -to 0.4 mm). The

m1neralog1cal 'associations 'present in ‘the rock fragments

suggested an 1gneous or1g1n although some rock fragments of
%

- metamorphic or1g1n were. also observed. Mineral assoc1at1ons

&

grains d1splayed ser1c1tlzatlon and ~other un1dent1f1able ;

!

observed in rock fragments in the 2. 53 2.59 g/cc separate
included -  mica (b1ot1td) ; quartz and feldspars while

‘associations of magnet1te, ~and quartz feldspars and

amph1boles were present Jin. the heavy m1neral separate (>2 72“
(7’

.g/CC) ' B "‘; : "" o ' : | S

The 2.53-2, 59 g/cc separate const1tutes less _than about

12% (we1ght bas1s) of the total sand fraction (Tables 4 and

5) and contains matnly- potasslum feldspars (m]crocl1ne,

orthoclase and. perthites) The feldspar grains are angular

C ]

- to sub-rounded and have a fresh appearance. A few feldspar

alteratjon‘ products These alteration products are probably

a- result 5of-'geolog1cal rather than pedolog1cal processes pr

51nce vall hor1zon samples appeared similar in th1n sect1on

Due to the presence of var1able amounts of rock fragments 1n |

Faa

TN o

s

o



‘thts .specifici gravity separate (2.53-2.59 g/cc) small
variattons'in-amounts between or among soil horizons can not
,be attrtbuted to weathering. However, large variations ex1st
in the quant1ty of potass1um feldspars represented by thea

2.53 to 2 59 g/cc spec1f1c gravi separates Tills at- s1tes‘

1,2 and . 3 are fa1r1y similar in po ass1um feldspar content
:’whereas samples from sites 4 and 6, th1ch are further from_.
the Shveld contain- approx1mate1y 45% of the amount found in
:'samples from sites 1,2,3.. The variations may be exp1a1ned by
.mode of t111 depos1t1on d1rect1on of ice flow, d1lut1on by
”local bedrock and p0551ble var1atfons in bedrock 11thology-.
of till source areas. Since sand gralns in Cretaceous
sandstones in Alberta seldom exdeed 0.25 mm diameter (Pawluk
‘and Bayrock, 1969) and s11tstones and shales do not usual]y
contain coarse part1cles. 1t would seem that coarse and»
medium- sand is most probably of Shield or1g1n Percentages
of the coarse and med1um sand fraction are higher at site 6
than 'ath_sttes 1,2 and 3 (an axgnage of 19% compared to an

average of  5%). In contrast lower quant1t1es of potassium

feldspars are assocrated with site 6 rather than with sites ° .

1,2 and 3 'and—‘therefore} are probably not the'result’of
d11ut1on by sed1mentary bedroek This also appears to be the
Vcase at site 5 where amounts of K feldspars and coarse andﬁ‘
‘,medtum sand are .comparable to those at s1te 6 desp1te thett
d fact that s1te 5 is in- the same general area as s1tés 1 2:(
and 3 (c]oser to the Shield area than s1te 6) Thus,,one orr

u

more of the other factors ment1oned above may be respons1ble:

=
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for  the lower K-feldspar content at sites 5 and 6 as
compared to sites 1, 2 and 3 . t s1te 4, the average amount"
" of coarse and- med1um sand is about 7% and thus d11ut1on by
bedrock may have contr1buted to the relat1ve1y Tow potass1um'

feldspar‘ ‘content at this site compared to the other five
s1tes. - |
o . @ , ‘ o _

'fThe 2.59-2.72 ~g/cc separates are dominated by quAEizj*”
and'vptagtoclases.m‘Aﬁthough thin sections of this separate
were examined, no attempt wa$gnade to estimate the amounts
of plagioclases present sincehthe number of feldspar grains

were insufftcient,to obtain accurate data.

‘The amounts of .heavy minerals (the >2.72 g/cc separate)

are fa1r]y similar for atll swtes although their d1str1but1on
“within .prof11es ‘indicate the posslbl1ty of weather1ng in A

. and B Hhorizons(Tables 4 and 5). The amounts . _of . heavy
: ninerals’gseparated using heavy ]1qu1ds was very small which
-made it d1fflcu1t to accurately determine the relat1ve_
amounts of the (mineral‘ species present in this fraction;
However , thinifsections of heavy"hihera] gseoarates were -
examined-.and the order'of'abundance aopeared to be garnet >
‘1ron oxides > amphiboles > biotite. Garnet and in most cases
magnetxte were present as 1nd1v1dua1 crystals while mica and
amph1boles occurred 1n fragments assoc1ated with quartz and

feldspars‘ Aggregates of 1ron ox1des (poss1bly geoth1te) and

quartz and redd1sh to reddish brown iron ox1de concret1ons_ L

were also Present in all hor1zons with re]at1vely h1ghepY"'“
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percentages _5n fA» and B hor1zons Pr1mary carbonates were
present;ein"separates from both BCk - and Céa hor1zons.a
Carbonates occurred mainly in rock fragments as fine (10}fo
50 mferometer) anhedral calcite crysta[sfassoejafequiin‘f
.some quartz. | -
eab.Fine sand fraction @,
| This fractien wasl studied in greater detail than the
medium and coarse sand since it const1tutes the bulk of the

sand fraction and has’ been suggested by Dreimanis and

. Vagners (1971) to approx1mate the "term1na1 gra1n size" of :'

“mineral commlnut1on by glac1a1 transport. Dccurrance,ofwk‘
reTative]y 1arge and variable‘amounfs ofireek fragments in'

_the LQarious specific gravity 'separates of the coarse'and
med ium sand fraction made it difficult to ut111ze the data
to asseSs degree and nature of m1nefa1c;eather1ng dur1ng
. seil deve]opment Rock fragments in the f1ne sand fractlon
are pnesent .1n:re1at1ve1y small amounts g@nsequently ‘their
effect on interpreting {he”sabious'ana1thea3 data should be

“minimal.

The fine sand. was characterized foTloWipg_specific
gravity separafions..Data are reported as percentages of the |

total fine sand fraction (Tables 7.to_12. appendix A).

The content of the 1ess than 2 53 g/cc spec1f1c grav1ty
separate ranges from 0.2 to 1 7% in a]l samples Scann1ng
'electron m1croscop1c and petrograph1c EXamlnat1ons 1nd1cate

- that this portion:is domlnated by}:Weathered; m)nerals,' :
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”especiatly ‘feldspars ' (Plates. 3 to 5). Pseudomorphtc

a]terationl.of primary feldspar'minerals,is evidentvfrom the

retention 4'of‘ their morphologlcal st‘pctures Secondary

m1nerals such as’ Kaol1n1te ‘and poss1b1y halloys1te and

amorphdus, materiaLs are present as a}teratwon products of
feldspars. .Electrdn m1crographs 'of'p1tted feldspar gra1ﬁs

Similart to- those presented in th1s<study were obta1ned for

deeply weathered gran1te in the Ma]aySIa Peninsula (Eswaran

__and Bin, 1978).

+*

)

v
z

The; 2[%5 to 2 59. g/cc and 2 59 to 2.72 g/cc specific

gravity separates “are dbm1nated by potass1um feldspars and

quartz and plag1oclase .respect1ve1y. These separates were

analysed for K20, Na20 and Ca0 content and the mole per cent

- of KA1Si308 (Or), NaA1Si308 (Ab) and CaAl25i208 (An) was

a]culated based on these ox1de values and ‘then 111ustrated

" the ternary d1agrams (Figures 17 to 19). The 2.53-2.59‘

g/cc fraction appears -to be s dominated by potassidm feldspars B

and the 2.59 to 2.72 g/cc by feldspar/ hav1ng a bulk
compos1t10n of ol1goc]ase (Barth 1969) " Although these

. results g1ve an average composition of feldspars present in

‘ the ;so11s 1t is d1ff1cu1t to ascerta1n the presence of'

fspec1ch alkali or plag1ocase feldspars w1thout add1t1ona1

finformatidn about = the structural aspects  of the m1nera1_f‘

grains . and the nature of adm1Xtures and exsolution

phenomeha w;‘For°”examp1e;‘ ternary d1agrams 1ndicate the.'

vadommance-/of potass1um feldspars in the 2 53 2 59 g/cc,;f

wseparatev,but_ dG.Inot 1nd1cate whether the po]ymorphs are

. - o \J "“‘
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Description of Plate 3

Micrographs A and {B sHow d1fferent1aJ wéathering of the

gfeldspar‘»grain surface 'as seen by a scalloped appearancev

- 2 (A/

":1"The“ surface of a weathe red face ,(chrograph B) shows -

dlfferent)al weather1ng and the] formation .of secondary o

jm1nerals and/or amorphous materlals The weathered port1ons
are_ covered w1th ~tiny sheet l1ke bundles (part1cularly
ev1dent in m1crograph Am upper left of the frame)
C: Altered feldspar surface d15play1ng a flaKy appearance
Edges of flakes appear rolled or curled and could represent;
‘halloys1te or amorphous mater1al _;' : < _
D: -Surface of a weathered feldspar gra1n wh1ch d1splays a
variety-'of shapes rang1ng from almost cub1c forms to th1n'
platy structures and platy aggregates M1croprobe'analys1s
'jwould ,*begf necessary tof identify the nature of these

'-alterat1on products ’ r55;' i{“



- : ’ F 2N
Plate 3. Scanning electron micrographs of weathered fine
sand—sized feldspar grains separated from Cca horizons from two
Orthic Gray Luvisols (A and B, site % C and D, site 8).

P




97

2Descr1pt10n of Plate 4

A: Feldspar graun Vshow1ng d1ssolut1on pits. Sides'~of'
dissolution p1tshare often .parallel to the one gOOd cleavage:
face. ‘Pitting -appears,'to °develop in'certain'areas Of the
gra1n only. p0551bly 1nd1cat1ve of d1fferent feldspar phases.
or selectlve weather1ng 1n1t1ated by stress ‘points or areas
~ofv1nclds1on-of»1mpur1t1es. '

B: Thecagrain.:ln _the upper right corner shows the typical

- feldspar cleavage in two. d1rect1ons w1th no apparent p1tt1ng'

fofl the 'surface These are probably freshly exposed faces.
The second gra1n shows: extens1ve solut1on ,p1tt1ng and
.'format1on of secqndary m1neral éater1al |

C. to F Format10n of Kaol1n1te on feldspars as ev1denced by

"numerous hexagonal shaped flakes and stacks of hexagonal

.and/or sub hexagonal crystals Stacks of platy crystals ‘are’. .

most obv1ous 1n m1crograph D



Plate 4. Scanning »elect.ron' g\icrographspf feldspar grains from

' the fine sand fraction. frem’the. Re* horizons of Orthic Gray

-~ kuvisols (R, B and"E. site"6;"B and F, site D and from a Cca

horizon of an Orthic Gray Luvisol (C, site 8),

98
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~ Description of Plate §

, e ' o . '
A to D: Micrographs of mdterial of biological origin.

“Originally,  these  ghainst Frg 'thought'\tb'rfpfeSent some -
mineral substance. fitfisylikely. however, these grains are -

diatoms."

99
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Plate S, Scanning electmn microgr‘aphs aF sand-sizad mineral ’ o
material of unusual form separated from the Cca ﬁorizon From an R

o
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'u,observatjqns.~ These methods prov1ded a means of assess1ng-

.........

" fpatterns’ of feldspar m1nerals (Murfur1n, 1966) were used 107-' i

o j_"1968) ﬂther sources of x ray dlffraction behaV1or‘ ofﬂ7°'”"“
"’,.-‘_'.fewspars mcluded the data published by the doint Comiyt1
~on. Powder mffractwn Standards (1974J»J el

accouphshed - utilizing

w2a ,.
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wjorthoclase mlcroc11ne perth1t1c or some comb1nat1on of all,

défi these - m1nera1s S1m11ar1y, the dlagrams (F1gures 17 to

519) suggest the presence of’ol1goclase in the 2 .59-2. 72 g/éc

chennca] compos1t1on 1s a result of an. adm1xture of severalﬁ:,‘
fsfeIdspar spec1es or hot Thus, ifi ‘addition to bulk chem1cal
'/compos1t1on, more deta11ed m1neralog1cal 1nvest19at1ons are_

'*necessary 1n 'order, to. fully.—character1ze“ the*naiure of

. "@'v."
Wb e =

j’feldspifs 1n the so:ls of thTS 1nvest1gat1qn

PN

'X—ray'"' diffraetton » methods

‘the'u specttic .<feldspar B spec1es present and obta1n1ng”

~

‘infbrmatioh~ relating to the structural state_of feldspars

(pdlymOrphic forms)._.

1nd1ces,_ peak p0s1t1ons and 1ntens1ty emp1r1ca11y der1ved,-f”:“

'separate but do not nge 1nformat1on as to whether ‘the bulku-

Further_ ) A_charac_._t‘“ r_i,i.;aﬁ,tson»;o_f_-;;'-f_fe;igi,s;’saﬁjﬂf.r;ri.ij,rigﬁalvs was,:

?‘petnographjc. examinatian‘ and scann1ng e]ectron m1crosop1c"~

e'1ndex the X ray data obta1ned 1n th1s study Data on M11ler;"-

'from measurement of near]y 100 X ray’ diffract1on patterns of7

;natural alKal\ feldspars were also used (Ur;\ht and Stewart

“ Tables of caﬂCUlated spac1n§s and 1ntens1t1es*by Borg1f_f;5p
S a'r“.id'i*;‘b:. KSmth (’a.v., wi-tb‘$w74') “and/ sin



b1ffract1on- patterns of pure feldspar- spec1es,.;an,3}f?7

- art1f1cva1 maxture of feldspar spec1es and a]so -a m1xture of

4,,.

’"f_feldspars w1th quartz as '111ustrated in: f1gure 20 were

o

"W*{;used to a1d 1dent1F1cat1on “of fe]dspacwspeeles THe"

”*hf“f1gure 1llustrates several X ra;‘d1ffract10n propert1es of |
jm1xtures of feldspars such as;: f.,e T . ,,‘; |
. (1) ‘the d1ff1cu1ty in d1fferent1at1ng at] spac1ngs of .4, -
‘A:ZK fe]dspars from those~ of - plag1oclase. The*most re11able ' B

peak to d1fferent1ate these feldspars is the - 201 reflect1on

'wh1ch ffcr‘ K feldspars occur% at about 20 8’ 281(4. 27 A\ and

'1_, S S

for plag1oclases at about 21 9 20(4. 06 A) Other peaks that ,
:'may be usefu] in ver1fy1ng the presence of K- feldspars -

‘ adm1xed with p]ag1oc1ases are:

presence of _the;“111 reflectlon of K- feldspars at
. about 22 2 29(4 OO*A) | _ |
.n“;g,La;tp sp11tt1ng of the peak at 25-4 20 into the -1-12

TSR

' reflect1on of K= feldspars at . -about 25. 5 29(3 49 A)

:”_f;fiii?f¥ - and th~i3-1-12 reflection of alb1te at abcut 25 3 p

ﬂgzzij:g3“*f‘ "26(3 52 %) :ﬂ*g*~- | \ »
. e presence oﬁv the“ 002 reflectrdn of K feldspars ato;f,;ﬁf

'T‘f ' 27 5 26(3 24 A) - Th peak 1nten51ty 1s very. hwgh

‘ and may be confus w1th the 002 reflect1on of

a1b1te at 27 8 29(3 21 A) f

- f'du presence of - h 131 reflect1on of mlcrocl1ne at

about 29 4 29(3 04 R or the 131 réflection of
':;BEf 28(3 00 A) (Fvgure 20

 . orthoclase ai”’about

......



et

T

- foésé’.sip.taan‘._ggfr iqure 20 - -~

. L I | 106

“

SRS

- .
R .
e

,d1fferent feldspar spec1es e1ther alone or adm1xed Symbols

- 1nd1eate';_the d1ffract1on B l1nes of . single _m1nera]

constituents. 'Numbers ~and their he1ghts indicat ?peaK

DI

: “wﬁbdsitibnéfm“and’Z’heTaQTVé 1ntensrties **for: 'a]b1 e and

_ . .
Jabradorite. The solid line represents the d1ffract1on of

‘microcline -and the dotted line indicates the X- ray pattern

when microcline is’ mixed with alb1te and o]1goclase ina

1:1:1 proportion by we1ght w1thytrace amounts of quartz.

Miller indices are shown for various peaks "and are

txdesﬁgnatedﬁfby‘-Ab- ’Fob; a1b1te Mi for~micg;cltne and thebt-

e e

5 nest w114 be- e11heh fo® mlcroclvne ahd/of - orthocTase "”f'

()
. L
-
-
L% 0 .
oY KR K . < - v =
K B ) .
...... v N — B - - o
N . , - <
- " - N

X ray d1ffract1on patterns ,show1ng reflectionS‘”for""
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Figuré 20. X-ray diffraction patterns showing feldspar
~ - species either alone or admixed (see
preceeding page for gescription).........,.... ‘



© 20(3.39 ).

e presence of the 041 ref}ection of K-feldspars at
about 30.7° 28(Z.91 A) | S

(2) if -quartz/ 1s' present in the m1x§ure it can eas11y be
s -

- detected in the presence of K- feldspars by the broaden1ng of

the top of the -201 reflection of K- feldspars at about 20. 8"

26(4.27v A) towards the 100 reflectron of quartz at 20 85°

26(4.26 A > Detection of quartz .and albtte is accomplﬂshed“

| by the 100 reflection of quartz at 20. 85 28- and the -201

reflect1on of albite at 27 9° 26(4 06 A) The 101 ref]ect1on

of quartz at 26. 65 26(3. 35 A) can be d1st1ngu1shed from the

220 reflection - of ‘both K- feldspars and ‘a1b1te.at 26.3°

- . ! - 3
~* o

(3)/1the‘presence of"calcto feldspar'(e g- ]abrador1te) Whent

u_mnxed w1th albite is d1ff1cult to ascerta1n as it .'y causes

"broaden1ng - of 'the; a1b1te peaks ‘rather‘ %han produc1ng
descrete “peaks “of»'1t s own (Figure 20). The presence of

double peaks near 21.8° 20(4.08 &) ,22.9° 20(3.88 4),25.3°

26 (3.52 Z) ‘and.26 5° 2643’36 R) indicate the presence of t

<

more than one pLag1octase fe ldspar phase

~ X?ray' diffractograms of the 50 to 100 m1crometer sand

-and the }57 to 50 m1crometer silt size fract1ons from two 1
’samples are preSented to 1llustrate the use of X- ray data 1n

-1dent1f1cat1on of potass1um fe]dspars and their strggtﬁral

states in_ the 2. 53 to 2. 59 g/cc separates (F1' re'21 and

Tables B and 7). The -201 reflect1on~1nd1/ ‘es the presence

:>w3 of potass1um feldspars Other reff/ot1ons (111 002 ﬁ41) from.

the samples (Tables_ 6 and 7) also conf1rm the presence of

L]
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'TabIe 67 Bulk chem1ca1 comp051t1on and X ray- d1ffract1on -
spacingsof the 2.53 to 2.59 g/cc specific
S ;‘grav1ty separate of the fine sand fraction: from .
S %he Ae ?nd Cca hor1zons of an 0rth1c Gray Luv1sol
PV s1te 1 E

g,
4.
3.
a 3. o
. §~ i
<130 Wi 23,73  3.749 12 23.98- 3.711 13
-1-31 24.30 3.663 11 24.28  3.666 . 12
-1-12 25.63  3.476 27 . 25.68  3.469 11
. 220 . 26.63  3.347 53 25.60  3.351 27
2202 27.08 - 3.293 .47 27.08  3.293 48
002, 040 . 27.48- 3.246 100  27.50  3.243 100
' 002 Ab - 37.93  3.194 45 27.83 3.206 6 )
C131°Mi . © 0 29.52 3026  10..  29.52 . 3.026 10 o
. 131 0r 29,80  2.998 17 - 29.83 2.995 15
S 1-31 Mi 30.23  2.956 {1 30.28  2.957 " .8
041 . 30.80. 2.903 - 23 30.80 ~ 2.903 23

o e e e e e e e e e e e . e e e e e e e e e e e e e e e oy e e e e e e e

x I = relat1ve 1ntens1ty, ca]culated from X ray patterns by
ass1ngn1ng 100% 1ntens1ty to the h1ghest ‘peak.
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w v = e .

'“fff*tgpiéijf Bulk chem1ca1 compos1t10n and X Tay d1ffract1on

'spacings of the 2.53-2.59 g/cc specific

.%rav1ty separate of the coarse ‘and medium sijlt
raction from the Ae and Cca horizons of an =

Orthic Gray Luvisol (s1te 1). B

------—-—-——--——-—--—-——‘--—-----,-@—---<-~.—--———--—_—-—--—_-—~

Hor1zon Ae . Cca
Bulk Compos1t1on Ab15 0r84 An1 Ab13 0r86 An1
X-ray d1ffractlon peaks ’ .
Miller “20 d=A I=* 26 d=A I
Index CuKy CuKg
-201 - - - 21.03 4,224 57 21.07 4,216 * 28
-201 Ab 1 22.12 4.019 13 22.12 4.019 13
[ 22.38 3.972 24 22.47 3.963 13
1-11 22.52 3.948 28’ 22:59 3.936 13
130 Mi 23.22 3.831 24 23.29 3.819 - 6
130 Or- 23.57 3.774 - " A7 23.62 3.767 24
=130 -Mi . 24.02 3.705 . 20 24.07 3.697 10
-1-31 - 24.32 3.660 12 :
-1-12 25.57 3.484 14 25.62 3.477 10
220 - 26.67 3.:342 90 . 26.68 3.340 50
=202 - 27.07 3.294 79 27.12 3.288 37.
002, 040.  27.52 3.281 100 . 27.57 3.235 100 -
002 Ab- 27.97 3;190> 32 27.98 3.189 © 15
131 Mi .29.52 3.026 - 21 29.57 .3.021 10
131 Or 129.87 2.991 32 - .29.92 2.986 21
1-31 30.26 2.954 30 30.27 2.953 12
041 30.79 2.904 41 30.88 2.896 21
-132 . 32.39 2.764 19 '

--_—-_-_...-,---.._-'—h.,__‘--.-—_—-——--..-—-q'-_-o----_---—_-—-_g—_——\

*-I“=»relat1ve 1ntens1ty, calculated from x ray patterns by
ass1ngn1ng 100% 1ntensrty to the h1ghest peaK
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- 'potasSium"feldspans The presence of ‘doublet - reflect1ons of *\;;;
potass1um feldspars. result1ng from the 131 planes at 29 52 .Lm;'
286 and the 1-31 planes at ‘30 26° 26 and only a 51ngle

/

reflection' from -the, above ~ two mentloned planes(131 '“ﬂ;{?

reflection at 29.80° 28) 1nd1cates the presence of both A

...... .'c.,-
LR Cow s

"t?fcllhic" m1crocl1ne - and‘” monocl1nrc o orthoclase/ -
respect1vely These character1st1c d1ffract1on lines (131 ‘of o
‘ Orthoclase and 131‘-of‘ m1crocl1ne) have been used/ for'

) \seml quant1tat1ve determ1nat1on -of m1crocl1ne and orthoclase
:asi descr ibed by Somasjr1 “and Huang (1971) Perthit1c
intergrowths" of 'albite in potass1um feldspars can be
1dent1f1ed in powder: samples by (1) pronounced separat1on of
.the' -201 reflect1on of the K- feldspar phase at about 21. 08
.20, and the -201 reflect1on of the alb1te phase at about
22 06" 26 and (2) the strong 002 peak of low alb1te at about
27.96 20 ( Smlth 1974 Ur1ght and Stewart 1968) The 002
- peak due:‘to the albite phase of the perth1t1c 1ntergrowth
'presenti lnt the samples '1llustrated in F1gure 21 and

'liSted 1n tables 6 and 7. Reflect1ons from the alb1te phase 3
are ' present at 292, 1120. 08* 28 fbr. the -201 reflectaon.

- 27;9840106l 20 for the 002‘reflect1on ( Ur1ght and Stewart
1968) The compositlon of the potass1um r1ch phase of
perthlte present 1n-the samples can be calculated from the ‘
29 angle of the --201 reflect1on since the value of this |

- angle is dependent on the un1t cell dimension whlch in turn‘”'¥5

affected by conposition of the feldspar (Uright 1968)

The measured mean‘ of the -201 reflection from the samples
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04+0 02 28, On the bas1s of these measured 29

values and “the g djagrams,. of Ur1ght (1968) relating

composition to

: ranges’“from 84 to 90% whlle content of Na feldspar ranges
;qfrom 10' 161 by

vnvov».ﬂco @ pw oo "-‘-'"'.'"’.‘ ’,19.0""."12'.'.'(".‘3 @ e
.

o agreement with the omp051t1on determ1ned by bulk chem1cal

| nCa or :Ba occupy1ng cav1t]es producedgby the,al1gnment,of -

 kinked ribbons of Al arid Si (Barth, 1969; Smith, 1974). The

7 orderly fash1on ,\1 the Kanked ribbons ‘or. monocllnic ~y”

analysls The angular

of the potasslum feldsp,rs and that of the perth1t1c alb]te

phase 1s related to the degree of exsolut1on or phase

separat1on In a non e-solved sol1d solutvon these peaks

merge\ 1nto one The angular separat1on of 201 peak for the :

, d1fferent s1ze frac' ons of the samples ranges from 1 00 to

et QJ,

wﬁ)ch \1n“?cates a h1gh degree of exsolut1on between o
the two feldspar phases (Marfun1n, 1966) | )

The frameworK structure ofgfeldspars cons1sts of k1nked

thbbons of S104 and AlO4 tetrahedra w1th catmons llke K Na.“ﬂ,}

bas1c un1t cell contains four un1ts of the feldspar formula

- 011 peak location,“the K-feldspar4content"
, \geggrlt . ,Tbese resu Lts . .are.. ~in. good

:arat1on between.the =201 reflect1on t

Fof_ example.} the unit cell of orthoclase contains foup .yﬂq

"potas31um atoms, fdhr alum1num atoms twelve s1l1con atoms s”

and),thirty twdfoxygen atoms The pattern of d1str1butlon of

j.s1l1con : and : aluminum in -feldspars produces triclln1c

(ordered) symmetry w1th alum1num and sxlicon arranged in an‘v

(d1sorderedl symmetry where alumtnum and sillcon are

T-T'd1str1buted ,jn a more or less random fash1on (Barth 1969)



Mo we

3 i e
g These order disorder forms are not highly descrete forms,_[ufft

rather: they ,represent a continuum As pOinted out by Laves \
o (1952) - the degree of order 1n potassium feldspars reflects iv,'
| d'f the temperature of crystallization He also suggested thatgffj”l
2 Q ohpola§51uml feldspans of ratber complete disorder ex1st Just vf,'

"2.-",_’1:3., I nf.-Jq'_m',ltcn, R L e . ; . e

bove the 1nvers1on temperature (about 700 C) ‘Below 700 c e

some ordering tends. to develop, until about 600 C.‘_
high ;;egree of order- may ‘be reached as in® the natu'ally ;

~v.» i

'1 oCcurring microcline d (Laves, | 1952)~ 3 Onder disor

'vrelationships tt feldspars are thought to be of 1md5rtance

het e

because, of’.iheir’ effectsré ‘r«the~ surface chemistry of :

Ple e LN LEml o w -

feldspars and consequently .on. decomp051¢10n”an8‘p0861ble ?w-é.
alteration products (De Vore, 1959) Data on the structurai

:;i%';,§ta;es of feﬂdsparsmin-6011s 1s also useful in understanding

o S, xi\v‘x Ul i ; ‘. oy
the origin _of 501l parent materials {Van~ der Plas, 1966
 Somasiri and Huang, 1971) :y'".i R .f"f“r{;_'ilé‘ R
Lt LI Sl V.“»‘-. AL A & « e e F- P

“‘,gypl..>8tructura] - states- 1n potas51um .feldspars éaﬁ“ be |
vsascerta1ned by ‘X ray d1ffraction analy51s (Goldsmith and ifi'?
ty:Laves. 1954a&b) The: potass1um ‘feldspar polymorphs =ar' ;1
- identified by the presence and location of the 131 and 1- 31 Co
rtreflections between 26 values of 29 and 31" and the 130 and o
C-130° reflections between = 20 values ‘of 23" and “25°
reh(MacKen21e.v 1954) To determine the structural states oF “'?4’

-

fdfeldspars,j the obliquity value or the departure of the-*iff~
”iﬁe“feldspar i structure from disordered 1to a more. ordered |
.%Eftriclihic polymorph is determined The obliqu1ty value is yé;j
7calculated according to the equation of Goldsmith and Laves ‘



"'ffj‘feldspars) 1s equal to zero wh1le that of max1mum m1crocl1negl{u

.”:?;The value for orthoclase (a monocl1n1c disordered potass1um fbt

.2

[

o f;22 Tables 8 and -9 are a tabulat1on of the X ray data,{'t

Y

.:'f_~towards the TA

f"'"n': th1s

L) nr-,_

};purposes (Tables 6vand 7)

- ' - -".'.‘.," S
T i N . ' N
<* - . N
- : e = e ; “ T L LD
g » L. LU '-'».- .-..::;;- 7;.;“.,‘;.‘_,4'-;‘;;(.-‘; Ny e e R
L ) \. '..'; Lo "..;',‘__-'_:.-_‘ ~.“ :v:-.;

Obl1qu1ty' 12 5 (d131 - dl 31)

:ula tr1c11n1c ordered potassaum feldspas) reaches“a value ofﬁ;fﬂ

"“*-4 Aw 0bl4qy1ty values off 0:2 to 0. 5A are not accompanled by?ti'

-»-4) lasee g Bt
.w;,““ : “:"_00 . e s o e s

splltt1ng df ‘

.peak yf the obltqu1ty value 1s less than
broaden1ng dgn hardly be detected (Murf1n1n

1966) : Calculated ob11§&1ty valu s of thev m1crocl1neﬂ;ﬁr
.. ,polymorph 1n the @elected sanples t}sed for vllust“rative_

- T

ange' from 0 6 Ato 0. 98Afor the"' |

%tne sand fractton andd

and medlum s1lt fract1on Values,Fgr var1ous so1l hor1zons[f

1

'l and thelr assoc1ated size fractlons are to be presented and>7"

AT

d1scussed latter . _t[‘vu - i 3,’-.”' ﬂ,f

.;.

The spec1f1c grav1ty range of 2 59 to 2 72 g/cc L

7; separates alblte, quartz and other plag1oclases from heavyf"

m1nerals‘r'and K feldspars' (Van der Plas,' 1966) X rayr'

d1ffractograms for the 2 59 2 72 g/cc separates of both f1ne_ﬁ,k'

sand and coarse and med1um sxlt are 1llustrated in thure,fd"

obta1ned for ‘the - two size fractlons X bay data 1ndiCate thejffj;

.‘g wive

presence of large amounfs of quartz 1n.both f1ne sand andpf
e

Coarse and med1um 31lt Fractxons as eV1denced by the lntense&;fff

quartz peaks (100q and 101q¥ The dtffraction patternsa_,_

:/:

“31 peak but” ratheﬁ broaden;ng of the ] RS

"om 0. 854 Eé 0 9 A forﬁthe coarse“~-'
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Tablé.s Bulk. chem)cal composztlon and X ray d1ffnact1on -,jﬁﬂ
---charactenistics of the 2.59-2.72 g/cc _spcific.. @—-f
 * gravity separate from: the fire sand fraction: of :
- the Ae and Cca hor1zons of an 0rth1c Gray
' Luvxsol (s1te 1) o

Hof1zph; | .'Aé e Cca |
~ Bulk. Compos1tlon TAb67 0r13 An20 . -AbB5 Ori4 An21 -
' o ARTT An23s - CUARTE An2dx
e X ray d1ffract1on peaKs ) 'j_"A”, L _f";
Miller 28 deh Isx 0028 d=R peso
Index T Cuky N o - Cuky T e
1100 quartz 20.86 - 4,256 81 " - - 30.87° . 4.256 . 81
Ca201 21.98  4.044 14 21.98 - 4.034 9
EEEEE R o S -'22.98  3.870 8.
AP E K B _‘aafss - 3.757 8" © 23.58 < 3.773 8
Ce-1881 = 04738 3651 24,28 3.666.. 8 .-
;01 guartz 26“63[',31347 100- - 26.63 ' - 3.347 - 100
L &-11 - R e e ce S
-202 - . *-27,38- ©3.257 2. -
040, 002 - 27..98  3.189 - 17 - 27.93 3.184 28
1-31 _.“-_-29!88 2.990 Co
0—41  ) -~ 30.48 . 2.933. 7 30.48 2,933 8
f131 o 31, 48‘ ©2.842 15 31.48 2.842 6
e after’ correctlon for K- feldspar contam1nat10n SRR S
-~ ** J=relative 1nten51ty, calculated from X-ray patterns by S
: ass1gn1ng 100% 1ntens1ty to the h1ghest peak L



- Ce s wem

.“gjﬁbfé 9. Bulk chemlcai compos1t1on and.X ray d1ffractlon«u

“characteristics of <the 2.59- 2.72 g/cc
- specific gravity separate. from the coarse and
- medium silt fraction of the Ae and -Cca- horlzons#’

T o ef.an Orthvc Gray ‘Luvisol” (s1te 1)

Horizon V pe Cca v |
“Bulk. Conpos1t1on "ADG3 Or21 An16 - ABS8 Or16 Am1G
. - Ab80 An20* Ab81 An19=
:j ‘:X ray d1ffract1on peaks v\ - B ";/J" ;

Miller 26 deh | 1w 20 . d=A Ik«
Index CuKe. - o - Cuky e

100 quar¥z' 20.86 4.258 81 20.87 . 4.256- 8%

-201 +22.01 -4.038 27 22.06 4.029 - 78
11 K-feld. 22.52  3.948 6 22.47 '3.957 4
111 22.97° 3.872 11 - 22.97  3.872 . 11
111 - 23,57 3,774 . 22.. = 23:65~ 3.762 = 21

% . .130 K-feld.»23:92". 3.720 11 - . | 23197 3.712 12
; »-f-31 . 24.27 . 3.667 22 24.27 3.667 . 18

S =1-12 - . 25,52 3.496- 11 - .25.57  -3.484 11
&1012quartz‘,26g63=,_3.3475>100' 26.62 3.343 100
-202 - 27.52 3,241 19 . —

002, 040 -27.92 .3.136 81 77

Coo. 1-31 0 .29.77  3.001 .15 9
=041, .. -30.47 2.934 16— 48 -
© 041 K- feld 30.92 2;a%§f/ 7 o
131 . 31.47  2.823 9 12

----—-—-------—-------_--—-—--——---------—--——_-------—-'--—.

- * after correction for K- feldspar contam1natipn
‘*x l=relative® “intensity, calculated from X- ray.- patterns by
‘ 3551gning 100% 1ntens1ty to the hlghest peak
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(sharp '-201 and 040. refleot1ons) also 1nd1cate the presence;
"l of alb1te Ocearrence of brOad peaks (near 22 9 20, 25. 3
26): or. even,,part1ally resolved peaks (1 1. and ~1- 31)
indicates  some adm1xture of | ol1goclase and/or other ‘more
oalcion feldspars ; The d1ffractograms also indicate some"
’»;—contam1natlon_ of potass1um feldspars as e91denced by~the'
broad peaks near 22 5°, 25. 7° and 30.92° 20. The unexpeoted'
- htgh"bontent ‘of KA151308 (Or.%)oas'indtoated-byrthe bdlkl
‘ ohemioal analy515 of th1s, separate (Tables 8”&hd19l is'
probably Jdue“' to contam1nat1on by perth1t1c potass1um
’ feldspars as well as poss1ble contam1nat1on with mlca X- ray.‘
ﬂ‘ d1ffract1on analys1s of the s1lt separates and petrograph1cﬂ
rgexamlnatlon of the f1ne sand 'separates 1nd1cated ‘that
perthxtlc potass1um feldspars falllng in the 2.59-2.72 g/cc ’
‘»range,' rather‘ than mtca,_'1s the ma1n reason ~ for _the'

-

.’unexpected h1gh content of KAlS1308

Though " no detalled petrograph1c exam1nat1on was
,conducted on ,the 2 59 to 2. 72 g/cc separate, the few
= .fobservat1ons made of th1n sect1ons 1nd1cate that w1th1n th1s
| dens1ty separate alblte,_ ollgoclase and some ‘more calC1cl\.

'feldspar are present Some feldspar gra1ns are perth1t1c 1ns-'.
nature Wlth the alb1te doma1ns appear1ng larger than those_]"
of K feldspar : The presence of agb1te ol1goclase and m0re“'.

_ (calcrc feldspars was' also suggested by observations of

tw1n1ng and ext1nction angle measurementsf made on gra1n . L

mounts of the total sand fract1on from all hor1zon samples

C 'w : »."r*%,« L
o
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X-ray diftraction-analysis can be used told{fferentiate"'
low . and h1gh temperature ‘plagioclase phases or to determlne
‘their. chem1ca}~compos1t1on The systemat1c change 1n latt1ce

-parameters’ with 1ncreas1ng calc1um content aT]ows for the
determ1nat1on of chemical compos1t1on by X nay d1ffract1on
~In order to determjne the compos1tvon oF the plag1oclase ?3.
‘lj) phase',present' using X-tay data, 1t is necessary to Kn\\\¥;;;;
. whether the pTagioclase is ;of‘ low or high temperature .
origin.‘ High temperature plagioclases are. less frequently:
| encountered? in, sed1ments and soils (Van der Plas, 1966;
Huang,_, 1977) so it is oossihle to assumenythat; the.
plagioolase phases present are of’low temperature origin.
This assumpt1on could be true for feldspars wh1ch or1g1nated-
from gran1t1c rocKs from the Shield. -The origin of fe]dspars
in ' Cretaceous shales' and sandstones lis d1ff1cu1t to
”aééeﬁfain'j The‘vsed1mentary rocKs wh1ch under11e the pla1ns,a
¥regipn are mar1ne or shallow water or terrestr1al depos1ts
- Sediments forming these‘_depos1ts originated from normal
.weathering of“sedimentary rocks and areabrought‘into marine
basins as ajresu1t of the rising'ﬁoday Mountains tothe west
(Morton | 1964) Due to volcan1c act1v1ty in the source area
.a proport1on of the sed1ments was of volcan1c origin, mainly ‘(
vo]can1c ash which a]tered to bentonIte as beds in shales
Howeverv‘ no zon1ng of feldspars was observed 1n the sand
'fractions of the so1ls nor in. the very f1ne sand fract1ond'g'.L

'rated from the one shale Sample from the study grea}

: wh1ch suggests a non- volcan1c or1gin thence ]ow température' s
o & ' ‘
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form) for feldspars .in till. Other. problems whichICOmpltcate

.'X-ray- characterization of the p]ag1oclase fract1on are the

presence of morle than one plag1oclase phase and the presence

“»

%; potass1um oxide (Sm1th 1956) X- ray. d1ffract1on data was

used . tov determ1ne vthe' chem1caT compos1t1on of the'~"’

e

) a]b1te-anorth1te phase(s) assum1ng plag1oclases were of low"

temperature form and that m1xtures behave as a single phase
Measurements of degrees 26 .values of several reflect1ons“'

were made 1nc}ud1ng reflect1ons for the 1-11 at 111 at 23 6

‘+0.1° . 1 31 at 29,9 + 0,25 20, 131 at 31.4 + 0.15° 209, and
132 at 33. 85+ 0.17.20. The value of "20 (131) - *26 (1-31)

4ranges. from 1. 50 to 1.64° in the silt‘fractﬁonkand 1. 63 to

1.67%  in the sand fractlon which corresponds to 22 to 31%

" An and 30 to 33% An. respect1ve1y (Smxth - 1956). On the other

hand - the value of “20 (111) - "29 (1 -11) Fanges from 0.64.
‘to '0.68 in the silt fract1on and 0- 59 to 0.69° in the sand

fraction whlch corresponds to 23 -to 30% An and 18 to 32% An
respect1ve1y - (Smith, 1958). Finally, the value of ° 26

(-132) - ' 20 (131) i5 2.44 £ 0.01° in both the sand and silt

fractions which corresponds to 29 to 31%‘%n content for the

L

plagloclase (Smith, 1956) In summary, these resu]ts suggest

that the relat1ve anorthlte content of the: so11 plag1oclase, |

‘,3m1xture ranges from 25 to 31% An.. in the sand ‘fraction. wh11e

it ranges from 26 to 32% An. in the silt fract1on wh1ch

agrees,- 1n general w1th the re]atxve anorthite content (on'
an orthoclase free ‘basis) :determ1ned_ by bulk.ﬁchem1cal.e
analys1s &gable 13 and 14, Appendix A)}Hsuch an agreementll

LN

-
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, suggests  that . X ray methods may be very useful in

-determ1n1ng the compos1t1on of soil plag1oc1ase

To this point d1scuss1on was ma1nly centered on the

application, of X- ray d1ffract10n ‘data together wwthA

petregraphicv and ;hemipal analysis as a _means,,ofj
characterizing the nature (composition, polymorphic. forms,

exselutien) of  feldspdrs in® soil separates In the

'forthcoming' section, ‘feldspar m1neralogy of the fine sand

fraction from. so1ls w111 be d1scussed 1n deta11

X-ray d1ffractograms of the 2. 53 -"2.59 g/cc separates

of the fine sand fract1on (F1gure 23 and F1gures 5 to g,

Appendix A) indicate . remarkable simitarities between and.

within profilest One»not1ceah1e.d1fference*Within profiles
is the increase with depth?%fn 'resoiution of the -201

reflection fromv the ,a1b1te phase of perth1t1c K-feldspar.

This trend wds also accompan1ed by a SUbstant1al wncrease in

th 002 reflect1'n of the albite phase (FJgure 23), Bulk

chemical analys1é sheus that the lowest content of NaA1Si308

is always 1n

horizon as compared to the
'uunderlylng hor1z”_~f"J- 13, Append1x A) qnd1cat1ng that

weather1ng of the albif:c phase 1n ‘the K- feldspar OCCUrred

to the greatest extent 1n the .surface horlzons of thef

proftles This is- 1n agreement w1th the Gold1ch stab111ty”

series (1938) 1n‘wh1ch alb1te is less stable than potass1um

feldspars. ’ Select1ve alterat1on of albite lamellae tn '

-y

perth1te crystals of potass1um feldspars ‘were not1ced b@§

s

a

e



Fig.re 23. X-r-ay dJ.Ffr-actmn patterns For the 2.53-2.59
. ,‘,‘g/ccspecificg-avityseparamfmﬂtﬁm
.. sand fraction of the- sajor genetic’ rnrim

. ,. N = : UEGREES 2 THETﬂ-‘-_.;.‘_”:,‘ _

€
.o

123

. of a Dark Gray Livishl satl Gettz 3 fall e



occur in“gmanites ofiSouth-West England lExley; 1964).
Relative | proportions : of orthoclase to microcline
polymorphsl.‘ of ' K feldspars in the sand fractionv were
determined from X ray diffraction us1ng the peakjheightb
R Eatios-'of .the 131 reflection of orthoclase to the‘131
;reflection,.pf'"microcline and comparing samp}evratios withz‘
 those iof“fstandardv mineral miitunes.lFigunes 24-and'25l as -
| .describednf by "Somasini 'and"Huang~ (1871).  The . resultsf
T presented i Table 10 along w1th the calculated obliqu1tyi-
values of microcline 1ndicate that orthoclase constitutes 32_l
”i 6% of the sand 51zed potassium feldspars on the averager
”while mlcrocline makes up the remainder Variations w1th1ni&l

b_profiles are’ about up to 15% of: the means The,exceptions j

“ Aare the Orthic Gray Luv1sol profile at 51te 4~and the’Dank"

'l‘dGray Luv1sol at’ site 2 where_ “the cause of jthedlargel_

‘variations lis: due“'piimarily"to 7bnusually ”high'"or low

.contentS‘hfob[ only one " horizon sample from. each Originalg'

| - vafiationsv in: both content and size of orthoclase and,i

lmicrocline ‘ih. the trll since dep051tion may explain bheq

results The erratic behav1our of the relative quantity Ofa*f

R orthoclase to microcline witﬁ depth suggests pedogone51s has

'7ihnotd altered the 'relative quant1ties of orthoclase andf7‘
.microcline The obliquity values of the microcline from thetl'
"ffine sand fraction from the maJor genetic horizons rangetlf
“glfrom 0 75 to 0 98 A wwth an average of 0 8@ 0 06 A Aa}n
hfﬁrahge of obliquity values between 0 82 ’and D~87 A wasf:
:?].if‘eported for K- feldSpar separates from tms in Saskatche\dan
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Table 10. Rclativo proportions of orthoc!ase and nicroclino in -
TR ~feldspars and the obliquity value of mfcroc)ine: in f
the  fine sand fractjon separated fron the najor genet1c~
hortzons, _ . :
::v Soii'fv -7 Horfzen Orthoclase R Nicrocllno P ' Obiquity value,;“.'
‘ ' _ % Mean t ‘s.Dev X ‘Mesn ¢ S.Dev _ - . “Mean :S.Dev.
" Orthic Gray _)}e.}ﬁ. .36 g T 64 - . 0.86 .
tuvisol  TAB 327 3¢+ 5 68 - 66% 5 :,. .0.86 -0.88+ 0.03
(s!teal)- .. B2 - .. 40 o 60 P o 10,86
S8 cea 28 v . 72 - 0.92
B - """'.‘f“‘f,“""?‘"“"’" ————————— ] -*.-—--.-v---—-—-——-—-——----—-‘---—v ------------
. Dark Gray. . -~ Ahe - 13" : . 8T St 0.84
tuvisol" A, - .33 - 27-%.9 67T .. ‘73 9 - 0.86 0.87 ¥ 0.04
(site 2) 'Be2 .30 . C 70 . 0.93
. Cea 30, " 70 0.84 .
'Dark Gray Ahe. 30 .. = 70 . . 0.86 -
Luvisol S Ae T ¥4 T332+ 2 - 66 - 68 2. '0.93 0.87 £+ 0.05
(site'3) - Bt 32 - L 68 L T 0.89 :
. : 30 -70 0.81 o
T m e e - - 7’4/-- ---_‘ ------ ] ff—-—‘°--——----r—'-é--'——-----—-*—*-----f-v'—---_—' ----------------
'V.Orthic/G?ay e T80 .10 086
Luvisol S B 44 37T 7 5 .63 . T 0.85  ..0.80 % 0.09
(site 2) - ck ... 36 e 64 . T 0.70"

-~ ----T-_-‘----':-é----"'-‘.‘,;—-—?,-;.-~.--‘.;'-—_---'---i -------------------- St tade b i

" Eluviated Ah L300 . o T0 o ' 0.88 It
Black ;- Ae - 33 .. -7 TeT L e 0:85 . "z

“Chernozem . -Bt1 ~ -23.. 29% 4 77 . Ti t 4 ©0.75 0.82 %
;(site 5) - Cca. BT - B T 2 T 0.81. -

';'Orthic

Gray
Luvisol -

A;(slte 6) o ] . f-
Shale . . ,2&1 72, 0.92 '
RS ;;---.--_'---"-"--_"“.-.'\"..‘"'-"v"'"..'l'.'.T,---‘--—‘--;‘_—‘_---"d'-_'_"-—’-‘-!-_‘-;-?'----‘.-’-'d-l—-'-—-._

. Grand, mean . R | 2 S - . .68' 6 .. '~ 70.86 % 0.06

£005.Dav L e T T T e




’vf;(F1gure 20) the adm1xture of some other plag1oclases such asth“‘

128 .

;(SomaSiriv and Huang, 1971) and sald to approx1mate valuese o

‘,obtained for K- feldspars of Sh1e1d ropks The average of‘

obllqu1ty values .for- thls study l1e51 w1th1n the rangef

"ePQPt?d - for K- feldspars- of Saskatch%wan 'and suggestsfi

~_simiTarities »in the. or1g1n of K- feldspfrs of Saskatchewan’

t1lls and those of th1s study area ', o

Scann1ng electron m1croscope examxnat1on of selected;*'

|

N samples from ; théi‘ 2. 53 to, 2. 59 g/#c_ separates showf>*'
.u.morpholog1ca1 features SImllar to those bf feldspars in theAb

. <2.53 g/cc separate ’of tﬂ% f1ne sand Lract:on (Plate 6)

‘Extens1ve solut1on p1tt1ng and formahIQn .of secondary.h

whdomvnance— of quartz 1s~suggestedt¢t

>

,m1nerals such asF Kaol1n1te are the maln features observedgv

_‘(Plate 6)

. [N n :‘ E ‘ '
el - : S
e l

= _Inf represent1t1ve X~ ray. d1ffract"rams of the 2 59 to'if;

2. 72 g/cc‘ separates ,(F1gure 26 and F1vure 10 Append1x A).:*

X _3 35 Z) E respect1ve1y The presence of relat1vely smallp;;r
' amounts of plag1oclase s suggested by small peaks wh1ch,7'

'n_maln]y resembke d- spa01ngs of low alb1te As already shown,‘:fi

'd_oltgoclase and/or more calc1c feldspars 18 dlfflcult toitfni
h-'ascerta1n but the broad peaks and splittwng of the 1 11 andf7gs}
"_f-1 13 peaks observed -1n the origlnal diffractwon paft_rnsfpipf

' suggests other plagloclases are ppesent Presence of the 11ﬁ‘i2“”

and 041 reflections of K feldspars at about 22 5 and 30 8 ‘.‘;V:

”pFésence of 1ntensetf;f
"’,100 and 101 reflect1ons at 20 85 and 26 65" 26 (4 26 A and“a
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'35’7ﬂff7' js‘%r;zt: ';;¢1v‘ i ,}_ﬁ‘iﬁy ff;_%Tf" -fﬂsr-”izg:,n_f‘

.o A and"B Neathered feldspar' graln d1splay1ng str1dted;1@<.¢

'fe‘perforatlons The solut1on prtt1ng as seen 1n chrograph B

:l:could represent d1fferent1al weatherlng along tw1n‘p1anes or; L

o _'rselect1ve l weatherlng ef7g 6n' phase ef1ve perth1t1cg

f}‘lntergrowth

"“C to E Format1on of secondéry mvneral mater1a] on the
b

o surface of feldspars as ev1dent by numercus stacks of: ;fﬂf

's;f1rregular shaped part1cles (C and D) some of wh1ch dasplay ag;ﬁw-

’t*«‘weak hexagonal ’shape D1fferent1a1 surface weather1ng 1s:

'“ d1sp1ayed by the feldSpar in. m1crograph E



Plate 6. Scanning electron micrographs of sand-sized alkall

. feldspar grains separated from the Ae horizon (B, B and E) and .~

the Cca horizon (C and D) of an Orthic Gray Luvisol (site B

;
» t
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‘1 100 Quarez - ol c "’w,"'
{ ‘Quartj ' o

' oso«ees 2 msm

Fim 26 x-ray d.l.ff‘r‘act.ton patterns of the 2.59—2.72 SR

- n.9/cc specific gravity sepdrate from the Flne B
_sand fraction of the sajor. genetic horizons 3 o
S v.‘fj‘-_’oF a Da"k Gray Luvisol lsite 3): (allAndlces
cxcept a8 mted are. for: Aalbite).,




s

vpr plag1oclases (plag1oclases w1th K- feldspar 1nclus1ons) OCCUr-_.~

n‘.?i-study

.-peaks a't_ about 23t5 and 30.8° 20. T
' other ev1dence suggested earl1er (petrographic exam,aat1on)'

"w1th K- feldspars ' and‘ ,substant1ate ' the~ val1d1ty 'of‘

26, respectively on the: or1g1nal XRD patterns suggests that-

' _MK feldspars andfor ol1goclase are probably present in most.
_of the samples,, espec1ally in. the surface hor1zons of all
.the profiles The bulk chem1cal analys1s (Table 14 Append1x .

'fA) 1gg1cates the greatest amount of KAlS1308 is present in

the same hor1zqns where X- ray d1ffr jon patterns d1splay' -
e results along w1th

1nd1cate that the 2 59 to 2 72 g/cc separate is cont

recalcula¢1ng the mole per cent of the separate $O thatd._”
'}plag1cclase compos1t1on can be expressed on a KAlSiBOB freef;‘
bas1s(Table 14 Append1x Al Th1s recalculat1on s “in order']

ﬁ‘s1nce rock form1ng plag1oclases rarely contain more than 5%2:,

B iKAlS1308 . (Mu1r 1962) | Fur?&ermore,__ ant1perth1t1cr-"

Cdin relatlvely hlgh temperature rocks (granul1te facveSy77:

£

f;volcan1c and contact metamorphIc) (Sen, 1959) These rock»'"

- typesi are not l1kely contr1butors to thelttlls of/thts'~

s

' i to 22,72 g/cc separate conta1n an average of 78 8 2 6%h‘

”;'NaAlS1308‘and 22,2 +°2.6% CaA1251208 The variat1ons between;
| nd 22.2 ¢ 2.6% Canl

:hiprof1les 7are very -small (3% of the means) wh1ch indicatef;tkf
‘Ndfremarkable similarlty in the ccmpositlon of the plagioclaseft,;
fffractions from . all prof1les v The composition of the.p
f;_K feldspar fraction (2 53 to 2 59 g/cc separate) is alsoht”'

Recalculated values 1nd1cate that feldspars 1n the 2 59:gh7
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a

g "s1m1lar among the s1x prof1les (Table 14, Appendlx A)
- vy

Scann1ngl electron ' m1croscop1c exam1nat1on of the
surface« texture of quartz and plag1oclase feldspar was -
”-conducted on selected samples from the 2. 59 to 2. 72 g/cc
separates Solut1on p1tt1ng was. an extens1ve surface feature”.
‘ (Plate 7) as 1n the case of K- feldspars Ueather1ng products~
are eV1dent on the surface of most plag1oclase gra1ns The’
’_suscept1b1fﬁty of plagxoclase to chem1cal alterat1on and
}mechanlcal abras1on' 1s ev1dent from round1ng of the gra1n'
.'edges and the1r spongy surface appearance (Plate 7- - A and B)
The spongy. p1tted‘and rounded appearance as d1splayed 1n A

and B is typ1cal of the appearance of most of the sand- s1zed} -

' plag1oclases In contrast 5 K feldspars _usually d1splay‘

q"cleavage faces. sharp edges and less extens1ve p1tt1ng
'Surface texture of quartz gra1ns ris- cla1med to be"

fh'_dlagnost1c or reflect1ve of the env1ronmental‘h1story andi;v'

,OPlgln of d1fferent geolog1cal dep051ts (Margol1s, 1968 R
s’Kr12?1ey and Donahue.v.1968 Coach and Kr1nsley,. 1971
Marzolf /1976) Surface morpholog1cal features of quartz,

: gr_ins assoc1ated w1th the glac1al env1ronment as. descr1bed
by FK ::siey and Donahue (1968), Coach and Krinsley (1971) -
: .and Kr1nsley and Doornkamp (1973) were observed in mgny of‘:
";the sand grams exammed &ms study (Plate 8) l‘hese

“features “include large variations »1n size of conchOIdal"

/treakage patterns, arc shaped steps and 1nbr1cated breakage R

locks These features are probably related to-the grinding‘:;'[?
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Descmptmn of Plate T e
A Weathered plag1oclase graln show1ng some solution

,p1tt1ng Many- Qf the d1ssolut1on p1ts are. t1ny unl1ke the\

\.,,.

large  cavities n K- feldspars Cleavage in the gra1n is

obscured,vby “the _roundness of the edges probably due to

'”chemical weatherin dur1ng and after glac1al transport

‘B jamd  C: Ext ns1ve ‘sur face d1ssolut1on w1thout p1tt1ng and

h The' secondary mater1al (m1crograph C wh1ch is a close up of

B) appear as stacks of elongated or pla%y crystals The

Iplaty and somewhat edge curled morphoJogy of aggregates seen_

al formatlon on a plagloclase feldspar gra1n;f

¢

ﬁn the lower rlght oft’ m1crograph 'C strongly .suggests,“

‘ “phyllos1l1cate materlal | '

‘\-\-.

. ")
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e

Plate 7. Typical scanning electroh micrograbhs of plagioclase
grains separated from the Re (R) §nd AB B and O) horizons of an
Orthic Gray Luvisol {site 6). :



S

‘Decription of Plate8 . L -

'round1ng fand faces~ appear fresh Concho:da‘

‘phys1cally abraded by glac1al gr1nd1ng and transport

v T . N
- " i ’

136. -

A to D:_ Angular quartz gralns dwsplay1ng character1st1c

conchoida1 fractures Most edges are sharp andfsh ; 11ttle

fracture

) patterns are d1fferent 1n shape and d1rect1on from extreme1yv

1rregd;ar to arc 11ke steps 11Ke those shown in the m1dd1e
r1ght corner- of m1crograph B and thé upper left corner of
.m1crograph D. Thej fresh appearance of fracture faces are

1nd1cat1ve , of mxnlma] if‘ any chem1ca1 d1ssolutlon. or'

‘Aprec1p1tat1on 'and are typﬁcal of gra1ns that have been o

R



i

Plate 8 Scanning el:ctron micrographs of quart; gralns separated
from the Ae (A, B and O and AB D) horizons of’ ,an Orthic Gray :

Luvisol. (site 6) Y o o

v .. . i .t

137



F

v ,
'.‘1

LY

1action4 grains are subJected to during glac1al transport

_.Some quartz grains show a shell like appearance (Plate 8 C'f_

tfahd D) resulting from several curved striations on fracturef.

‘;faces These : striations ' are generally comparable 1n;;

"j appearance‘ to ,the semi parallel steps observed by Krinsleyfapx" )
L fand Donahue (1968) and are probably the cause of shear = . =

' stness,,on the SUrface ‘of the particles during gla01al»~f'“

N et

ﬂtpahspari The surface morphologies of all quartz grains
3 examihed where not qompatible 1n appearance to quarth grains
of - an eolian origin described by Krinsley and Doornkampw”

.4{‘ (1977) p._ T -..lh - ,"21,4_.f,f,f.‘

sl Z'a weathered appearance as evidenced by t

‘5Q§alteration 'products(sericite) as seen in"

';f ﬂK feldspars was also observed (Plate Q)J'

| Petrographic examination of the coarse and mediUm,anda
‘l*"fine sand fractions confirm the results obtained by x ray't

- analys1s concerning the nature Qf K- feldspars present in thefwt -

1 2.53 to 2. 59 g/cc separate Plate 9 illustrates the presence_t o

.tl'of different types of perthitic K- feldspars and microcline

“Rock fragments contammg several feldspar phases as well asf:’ -

'-other minerals(e g, quartz) were also evldent particularlyh”rﬁ

the coarse and medium sand fraction Although most»“
.A;]ﬂffeldspar grains appear fresh and unaltered lome do display.'
LT ’

"thtn sections

{P-ﬂffDifferential weathering of albite lamelle}.in perthetici_fi.fi*v

._‘

‘tfochrreﬂﬁe Oftﬁﬁ_-_

Soa TR R S o el T
The heavy’ mlnerals ispecific oPavity spparaie >2 72?"“i:'?

7L}f9/°°’ “in the fine sand fraction consist offamphibolesf

..4’

.;“‘\\Jf.‘f:ta- s'r-:*g'quA:. R
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~;‘De§crigtuon of Plate 9
f,A Halr perthites | | |
Blleft): Shows three = different textures of albite

,T3;1ntergrowths ¢ replacement (upper r1ght gra1n) rod Tike |

‘f'(center grain) and penetrat1ng blebs (lower right gratn) ‘Tﬁ\ :

Tl the mtcrographs, albtte 1ntergrowths appear whtte whlle the T'
.UTK feldspar‘ matrlx 1s gray The upper r1ght gratn iin .
]';m1crograph B(rlght) represents alb1te veins (wh1te) form1ng

a;'? bralded structure of pertH1te F1lm alb1te (narrow whtte .

o ,strings) 1s present 1n the lower rtght large graln of thJs-

§ S ‘
‘;mtcrograph p,”__"~’r

-

C(Plght) - Veﬁns of albtte 1ntergrowths (wh1te) 1n parttally? .

":;aJtered K feldspar (gray) The speckled appearance of the_”

-large gratn (m1crograph C left) 1s 1nd1cative of feldSpar_.~“

v,‘.

alteratton or 1rregular albtte 1ntergrOWths

;‘D(left) :A rock fragment of'perthlte‘(w1th albtte as. vetns);'

f':and mlnor* quartz (whtte Spots) These rock fragments weref;
'abundant 1n the feldspar separate (2 53 to 2 59 g/cc) of the:'
ifcoarse and med1um sand fract1on Mlcrograph D(rtght)f'

:T3represents 4a ccmn:#1 vetn perthtte ‘1n wh1ch the alb1te

“T_glamellae of the perthittc K feldspar, has weathered The

. :lrregular spots of htgh'btrefrwngence are muscov1te

ITTQE' Cross hatched m1crocl1ne grain (sectlon cut parallel to

- :é;t001) typ1cal max1mum m1crocl1ne andgcommon 1n the feldspar

:f;flgseparate (2 53 to.2;59 g/cc)

' SR R

Intergrowths offvermiCUlar quartz (whltel'in“K?feldspaﬁsf'*.d‘

IR

RO



B . ’ ’ : o 0 “ ‘5 1 wnm
: : - 1 |
N : . scale , ‘.

PlLate S, Typical pcrth.ttic Kﬁeldspas,maxim‘m microcline and

intergrowths of quartz in K-feldspars as seen under “the petrog-

“raphic microscope 0(mimls).' :
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_"’ilfsummarized in histograms (Figures“27 to

(hornblende,: glaucophane) iron oxides (magnetite. limonitel

k 'and geothite) mica (mainly biotite) garnet pyroxenesi’

; (augite) and small amounts of. apatite, tourmaline chlorite.

“.3epidote and ZircOn This mineral assemblage is qualitativelyuf
'dﬁg{similar to those observed for. tills in Alberta (Bayrock | |
>;”}1962,; Twardy,l 1969) The re’.tive amounts of. the dominant*?‘
'.-ifheavy mnnerals present 'i the maJor genetic horizOns as;f}

. estimated from thin section examinations are listed in Table,x
iﬂmzii,; Total content of heavy minerals is lower in A horizons:f
jand generally lower in ‘B horizons as compared to contents in.l
‘fC horizons and indicates uegthering during soil development p
’l'fhas affected heavy mineral distribution Variamions gi“:'

_iamounts of indiVidual minerals are not pnonounced however,'
’pldetailed quantitative 'information was not obtained in this:f'_
”hvstudy Generalfy,* biotite appeared to be less abundant inx*rlj

”tpthe surface horizons of most profiles compared to amounts in.

;horizons as compared to A :and B horizons Furthermore,grlj;

. R
: sand sized aggregates of

";,:C horizons and amphiboles appeared to be more abundant in Cgfj;*

'“ry iron oxides and quartz”ﬁ”'7

'f'were present in relatively*high amounts in the B horizons ashao'v

B ]compared to other horizons

-

The overall composition of the maJor mineral speCies inigfii

Appendix ‘-A)

‘*fvdfine i sand fpaciions -for. the individual profiles areif e

ijéhd Tables 7 tofhaf}

calculated onia

fgﬂcarbqnate-“reel basis Thus,_the'representa“'on of carbonatefgf”w

the graphs causes the totals to,be in excess ofgtﬂO%ifor‘;pie
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Tab1o 11. ‘Totat contcnt of hoavy ninor.ls fn- tho f ine sand fract!on and thcir
i : relatlve ﬂ%str!bution with(n tho >2.72 g/cc scparato ’
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carbonate conta1n1ng hor1zons Feldspar data presented 1n.f7

F1gures 27 to' 32 were obta1ned from the comb1ned results of

.the 2. 53  to 2. 59 vg/cc and -2.59 o) 2 72 g/cc dens1tyli‘_fd
separates. 'The graphs 1llustratej}a marKed degree of.

}31milarity 1n the bulk m1neralog1cal compos1t1on of the f1ne'.
d'usands from five pedons (51tes 1,2,3, 4, - apg 5) W1thﬁ"

‘\1ncreas1ng depth ih; ‘the prof1les, the heavy m1nerals and’{

‘Na-Ca feldspars show a sltght 1ncrease whtch is. matched by.
:correspond1ng decreaSe 1n the content of quartz thferenc s'TT
'1n' potass1um and Na Ca feldspar ‘contents’ among prof1les
not marked except for the prof1le—at s1te 6. The content of
_potass1um feldspar at s1tes 1 to” 5 ranges from}S to 8%} -
whereas ) s1te 6 "has less'rthan 5 percent fContent of »\'
sod1um calcium feldspars ranges fnom 10 to-14% in prof1lesf”
at ‘sites .1 to 5 and Jless than 7% at s1te 6. These var1at1ons
may be attrtbuted to possuble d1fferences in the source area:“
of the glac1al drtft from the shield and/or mode - Lof .
:depostt1on Feldspars present in the l1ght m1neral port1on ‘
(spec1f1c grav1ty <2. 7 g/cc) of: tbe f1ne and very f1ne sands
from tills in the same general area were found to vary from:‘
B to 8% for potass1um feldspars and 9 to TS% for soda calc1c_,"
feldspars (Pawluk 'and Bayrock 1969) These amounts are 1n”

, _;agreement w1th those found in thts study

3 . ) >

-——_—-——-————-——_

Character1zat1on of the coarse and medlum 511t fract1on

'was conducted us1ng the same techntques ut1l1zed 1n fhe f1ne ¢ﬁ_

(l

sand fraction The f1ne s1lt was analyzed separately because e tn

- . . - . « s i .
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“rresu1t1ng from slow sedimentation‘rate'and/br aggregation\

(dackson 1975).

‘ j,. ‘ ) ¥

}0 . the. bas1s of X ray dlffract1on analys1s the l1ght

and heaVy m1nera1 separatlon appears to be effect1ve in

v1dnng. the coarse. and ' medlum srlt fractton into

Kjfeidspars_7in ‘the 2. 53 - 2.59 g/cc separate (F1gure 33),

quartz‘ and plag1oclases “in the 2.59 - 2] 72 g/cc separatev~
»‘(F1gure 34) and amphlboles, mlca talc and p0551b1y chlorxte

and verm1cul1te in .the' >2. 72 g/cc separate\lF1gure 35). The

segregat1on of mica 1nto the >2 72 g/cc separate was almost

,.complete 'as 1nd1cated by the presence of a 10 A peak 1n the

"'2 59 g/cc or 2 59~- 2 72. g/cc separates (F1gures 33 .and- 34)

l

In the >2.72 g/cc separate the presence: of amph1boles

7peaks at 10 A and 1ts h1gher order reflect1ons 1nd1cate the

' presence of m1ca The 14 -} peak could be attr1buted to both

verm1cu11te and chlor1te Verm1cul1te could not be coanrmed

w1thout K- saturatlon "and;. hydrat1on treatments _The

pers1stance of ,the 14 A peak after heat1ng 1nd1cates the"

4/0",

‘n-,,,'_:-_nv,g_‘
P .v \' ..' . v, ( .
Jooe .

"offf'expected “difficulties -in"heavy;'liquid‘ separaticn 

a>2 72 g/cc separate (Fxgure 35) but not in e1ther the 2. 53 -

Lis Yer1f1ed by two main peaks at 8.45 X and 3. 15 A wh1le '

,presence of chlor1te /he presence of Kao]1n1te was ruled‘e
| o“t because rof the absence of\ the 902 reflect1on oft?;f
'tkaol1n1te at 3. 58 R. The relat1ve proport1ons of these\e-ﬁ
.:tmxnerals :1n sthe‘ 2. 72 g]cc separate (calcuiated fromﬁﬁ.ﬁ

N

" 1ntens1t1es of their characﬁer1st1c peaks using the methodpi,i
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lof quhss et al 1970) are so to 70% anphiboles 20 to 30%
ﬁf\mica and 5 to 10% chlocite (with the possible presence of

"_»vermicuiite) Other minerals are likely to be present

'"LUhowever their quantities were too low to be detected by
r;gx ray diffraction | |

‘ e

. Bulk chemical analys1s of the 2 53@t°.2;59 g/cc and the
;2 59 .. to 2 72 g/cc (Figures 36 to 38) substaﬁtiate the above

fi 3general conc1u51on obtainedfffom'xﬁfay’data whach 1nd1cates T

“etpotasslm feldspars dominatelnin the fwrstgand plagtoclasesffiff
















K feldspar derwed fro

- 159, .

f*ﬁffhus;f‘fhe'ﬁhbeé ’5656175 tend tc suggest tha"silt sized fjf

shale bedrock 1s similar to those,hf'

Hafde"ved from 9P301t1€ POCKS However.-the prev16us statementfff;

.ff;:1s only a speculation becaUSe of the fact that only oneff'*'
o :.shale salrple was analyzed More detailed feldspar ?:‘%1

ﬁJ’ngf both shales and other pOSSibIe source rocKs such as?‘

alogy;f f;

‘ granitic rocks sahdstones and,siltstonesAshould be stud1ed:ffff

n5_before any rel1able conclbéions are drawn. “§ ;jf;.fx€

. The average relative abundance of orthoclase 1n theff{-Q
1.fl;K feldspar‘?ract1on 1s 45 i 10%_usi:‘_ghe°data from all so11'fﬁf'
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n L, :

i /';ff; Table 12 ilelati c proportions of orthoclase and microcllne ";f7f b
Tt e AR . A 23 ldspars and the. obllquity yalue of: microc'inc o
'n the coarse and medium stlt fraction (S 50 um)

Horizbn ' Drthoclase% ’ Microcline% 5' Obliqu!ty—l f; /§

8 Gray -
~t"' Luvisol



'v;ospec1f1c surface of silt Hparttcles 'as compared to sandt'

162
?J'sandrpfraction 'and ‘include solutf: fpltting_and secondary"

:mtneral format1on tPlatelel,”Desplte“the relathely‘largeff
L . 'SP \ |

i ‘;,part1cles g somevf gra1ns stjll dlsplay Qa fresh surface e

v';appearance | The presence of both weathered and relat1vely:_'

a7a2unaltered feldspar gra1ns 1n the 501l solum as,well as in C’ e _'

S

bOrjzons suggests the weathered gra1ns. are largely an

: »'lnherent feature of the tlll and are not solely the result h'
of pedogen1c weathertng - ff L §..71 ' B

X ray d1ffractograms of the 2 59 to 2 72 g/cc separate{
h'(Flgure f-4d); and selected ‘representatlve d1ffractogréms

S _(F1guites | 16 Jto : Appenchx i A) indlcate -qu \tz ) and“

'”v'vplagloclase m1nerals are apprec1ably hlgher and more def1ned7p
ufjtspercentage of plag1oclases in the s1lt fract1on relatlve to A

:f?ﬁfls present in samples w1th an except1onally h1ghi’f

’aplagtoclase dom1nate th1s fract1on The peak 1ntens t1es of-i

4ﬁthaﬁ those 1n the f1ne sand fract1on.,a result of the

:ﬁ‘fthose of the sand fract1on The 130 reﬁlect1on of K feldspar”l o

| _relat1ve 1ntens1ty 1n some samples (Figure 41 and F1gures 167ft'-‘»

3_“}ht° '=B Append1x A) The presence of varlable amounts of;f

A

iﬂK fe]dsPa’ lgi pl%gloclase | separates necessltatedi‘

wrigrrecalculat1ng the chem1cal data so that the 2 59 to 2 722d1t‘d

'“ifig/cc separfte couldt be expﬂessed solely ln terms oifNa Cahﬁf-‘””




»Descri_gt’io-_f‘_lml te1g . C |
A to C: M1crographs show1ng K- feldspar gra1ns dxsgnaylng’

Ty

s

‘.;dlfferent degrees of valterat1on )r1crograph A 1llustrates

' .the aappearance of ‘ relat;vely u altered feldspar graln

d:preservat1on vof sharp edges 1nd1cates ﬁq_nnaL phys1cal'

QAlthough some breakage N of the gra1ns has- Voccurred '

fﬂabras10n durwng transport Solut1on p1tt1ng and the round1ngt}‘;."

\

".7 occurred‘» In mlcrograph C, stacks of plate l1ke structures.

."09‘ the: surface of the feldspar grawn suggests the presence,

[s]

ik phys1cal and chem1cal alterat1on typ1cal of th1s festpari'

,,'

.'4&

; chem1cal act1on The presence of secondary m1nerals on the]

& et

numerous thln curled platy structures Fi 1“_;ff_ﬂ,r7ﬂ

of edges of. \some feldspar"gralns flas 1n mlcrograph B)iffif
— ,

1nd1cates both chemical !nd phys1cal weathervng} has-f

of phyllosll1cate mater1a1

o DA to E: Plag1oclase feldspar gra1ns' shoqug prenounced'i '

fract1on Plag1oclases ~always appeared more weathered than,jfff:_ﬁi

K- feldspars The SDONQY appearance of plagloclase feldspar‘?

L

(e g m1crograph El 1nd1cates extensive d1ssolut1on thrbugh:ggﬂgg_,

surface of the feldspar gra1n (m1crograph F) 1s ev1dent from I“tﬁ",

- _“.»4
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: "Plate 10 Sanning clcctron nicrographs of several 'typical L
-'sj.lt—s.tzed Feldspar ;ra.l.ns ﬂicrngraphs R tu C are for alki* o

feldspars (253 to 2.59s’g/t:c Separs ble D 0 F are Fur
,plagioclases (2.53 to 2.72 g/cc Sertors

-
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- Figure 41. X-ray diffractograms for the 2.59 to 2.72
. g/cc specific gravity separates from the
- ctoarse and medium silt fraction from the
major genetic horizons of a Dark Gray Luviso]
(site 3) and For one shale sample from an
-outcrgp in the sampling area (all indices
, excébt as noted are for albite.,
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"the fine _sand fraction. In a general sense, ‘composition of
siit frac%ions are similar for all soils in that quartz is
afways the domihant m1nera1 const1tuent with p]ag1oclases
next in abundance followed by K- feldspars and heavy m1nerals
» (Figures 42 to 47). Mineral compos1t1on of the coarse and
mediqm silt fract1ons from sites 1, 2, 3 and 5 appear quites
~similar to each other whén-comparing respeetive horizons
while all samplies from sites 4 and 6 contain higﬁer amounts

>

of quartz than ‘is present in samples from the other four

4t

sites. There is a concomitantly lower CQntent of feldspars
in silt \from sites 4 and 6 as ‘cohpared to amounts of
feldspars in samples from sites 1, 2, 3 and 5. Parent
maferials of profiles 1, 2, 3 and 5 contain an average of
11.7% K-fé]dspar and 18.6% Na-Ca feldspars versus 9.1%
.K-feldspar and 12.9% Na-Ca feldspars in parent materials at
sites 4 and 6. The variations inv amounts of miheral
constituents among the various sites could be due to
mineralogicé] dffferences of source rock material
(especially underlying shales), nearness to Shield rock and
differences in the amount of Shield rock ingorpofated into.

the till deposits.

d. Fine silt fraction

Fine silt constitutes 1.5 Eo 7.1% of the total soil by
weight! This fraction was characterized by X-ray diffraction
only (Figures 48 to 50) and -thus estimates of relative
mineral abundénce@ are semiquéntitative (Tables 13 and 14).

These estimates were determined (except for vermiculite)

o,
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using éorrected and normalized intensity ratios as descr?bed
by ‘Bayliss . et al. (1970). Thé reflections and factors used
to multip]y the1r 1ntens1t1es are 14 A for dhlorite by 17

10 A for mica by 70 8. 5 R for amphiboles by -84, 4.26 A for
quartz by 84, 3.24 A for potassium feldSpar by»45 and 3.18 A

“for plagioclase by 30 after which the sum of all factors_

multiplied by intensities is divided - into éach, factor
multiplied by its. intensity to arrive at the relative
quantities. "The following miné}al abundances were

détérmined: quartz (28 to 51%), mica (12 to 27%), Kaolinite

(9 to 21%), Na-Ca feldspar (4 to 11%), potassium feldspar A3

to 8%, amphiboles (1" to 18%), vermiculite (1 to 20%) and ’

- -chlorite (<1 to 2%).

Variation in mineral d1str1but1o_’/W1th1n profiles
appears small possibly due to the sem1quant1tat1ve nature of
the data. Variations betweeh profiles appear to be present

in content of amph1bo]esl K= feldspars and Na-Ca fe]dspars

'Using‘ this sequuantttat1ve data it seems that content of

amphiboles at site 4 is the lowest when compared to all

other profiles (1 to 3% at site 4 compared to 5 to 19% at

"sites- 1, 2, 3 and 5). Site 4 and 6 also have the lowest

content of -K-feldspar and Na-Ca /feldspér. These ‘ 1ts

agree with data obtained for the coarse and medium silt

‘where the lowest content of feldspar occurred at éiter4 and

6 (the two sites furthest away from the remaining four Sites

prv

and the shield). (}

.. N \
A
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Figure 48. X-ray diffractograms for the fine silt ‘
' fraction separated from the Re horizon from
an Orthic Gray Luvisol (site 1)
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Table 13. Relative proportions of various mlnerﬁiﬁ!}n‘ .

fine sil1t fractions-(sites 1 to 3). 13
ot Y
——————————————————————————————————————————————— R T I
. g . Relative conten&zz
Horizon Qtz " Na-CaF Mi.  KF Kaol,  Amph. Verm chl

Ae 34 9 18 . 8 .16 . 13 1 1
AB 32 € w7 <15 9 3 1
Bt 42 9 20 6 10 10 2 1
Cca 35 9 16 6 14 14 a 1- .
c 7 - - . SN
Dark Gray Luvisol (site ). -
Ahe 3 77 6 6 3. s ° 13 2. - @
‘Ae a1 7 174 . & 16 9 3 1
Bt 44 9 <14 6 13 8 5 1 .
Cca 37 10 . 12 6 “14 18 3 1
Dark Gray Luvisol (site 3)
Ahe ° 51 7 18 4 9 8. 6 <0.5
Ae 45 7 18 7 13 7 2 1
Bt 133 9 19 8 15 10 5 1
Cca 42 1. 15 73 8 3 1
* Values“recaléulated from those determined by KEC and CaEC -

for the total silt fraction since most vermicul.te occyrs
in the fine silt versus the coarse plus medium s11t

fraction as noted from XRD patterns.

NA-Ca feldspars,
kaolinite,
vermiculite,
mica

- Abbreviations: Qtz = quartz ., Na-CaF
i et Y KFE f_K-feldspars, Kaq1
Amph.= amphiboles.. Verm.
’ Chl. = chlori{te . M.

0o wu

-
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Tabla 14.:Re1at1ye proportions of various minerals in
"fine silt fractions (sites 4 to 6).
Relative content %
Horizon Qtz Na-CaF Mi KF Kaol Amph. verm. chl.

Ae 44 5 20 6 15 2 6+ 2
AB 4 5 22 5 14 3 8 2
. Bt 49 6 17 4 14 - 3 8 1
CcK 45 5 21 3 18 3 .6 1
Eluviated Black Chernozemic (site 5)
Ah 37 .8 13 6 11 5 20 . 2
Ae 3s 6 20 9 17 8 4 1
Bt " 38 7 19 8 16 8 3 1
Cca 28 8 21 6 20 14 2 1
Orthic Gray Luvisol gsité 6)
Ae 36 4 20 6 21 6 5 2
AB- 37 5 20 ] +19 6 6 1
Bt 39 5 19 5 20 5 6 1
Cca 40 6 21 6 20 7 1 1

. Va!ues,recalcufateq from those determined by KEC and CaEC
’ for the total sfit fraction since most vermiculite occurs -
in the fine.si1t versus the .coarse plus medium ‘silt-
fraction as noted from XRD patterns.
quartz ., 'Na-CaF

Abbreviations: Qtz Na-Ca feldspars., °

KF .; K-feldspars, Kaol = kaolinite, .
Amph:.=. amphiboles , Verm. = vermiculite,
. Chl. = chlorite . Mi, = mica,
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' e. Clay mineralogical charactefization '
The mineralogy  9¥ the clay fraction was studied in
detail Ey X-ray’ diffraction, total disso]ution,‘ cation
eXéhange capécity and surface area characteristics. These
heihods enable semi-quanﬁjtaﬁivé and gquantitative estimates
Ato be made of the different clay ‘mineral species which can

not be done from X-ray'diffraction data alone.

A minimum of six cation saturation/solvation/
Hydration/heat‘ treatments are - needed to ensure proper )
identificatioﬁ of clay minerals and clay mineral intergrédes
by X-ray diffraction techniques. Calcium ‘saturation and
solvation with glycerof for example, aids in ideﬁt{fication
of vermiculite (14.3 &) and smectite (16.6 to 17 Ei}(Harward
and Brindly, 1964). Chlorite and‘chloritic intergrades are
distinduiéhed by the 300° and 500" C heat treatments of
K—safurated specimens; ch]ofitic intergrades g%ye a
.. "shoulder"” or peak qt 10 to 13 A after the 300° C heat

‘treatment.. K-saturated clay samples aﬁa]yzed at Known
Vr%]ative humidities are necessary fo verify the presence of -
vermiculite which does not_.rehydraté whereas smecti;;Bk
species- do, producing a peaKﬁgbétween H2-13 A with
concomiiant, decrease in the 10 A péék (Sayegh et.a]i, 1965;

Harward et al., 1969).

The 'mica cohtent in the clay fraction was calculated
from the K20‘va1ues,obtgined by chemical analysis, assuming .

the micaceous minerals contained approximately 10% K20
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(Alexiades and Jackson, .1966). Where X-ray diffraction
patterns indicated the presence of feldspars, the amounts of
K-feldspars were eétimated from the intensity of it’'s -201
peak al about 3.24 & using the method of Bayliss et-al.
(1870). Determiqafign of the amounts of potassium feldspars

in the clay fractfon makes it posgibie to assign the

bt

remaining amount of K20 to mica.

Smectite was determined from cation exchange capacity
(Ca="EC) after deducting 159 me/100 g for the vermiculite
present ({Alexiades -and Jackson, 1965) and assuming an
average. cation exchange ‘capac{iy of 105 me/100 g fbr
smectite (Alexfades and Jackson, 1966). In the éalculation
of smectite, no direct correction was made for depotassified

mica because it is  included in the value reported as

“vermiculite". Surface ‘area measurements (after deducting

810 m2/g for vermiculite and 20 m2/g for mica) was used to
estimate smectite assuming ‘@ surface area of 810 m2/g for
smectite (Carter et é]f, 1965). Surface area of vermiculite
was considered to bé 810 m2/g rather than the 350 m2/g of
Carter et al. (1965) bécause ‘vermiculite present in the

soil, unlike geological ‘specimens of vermiculite, usually

-]

| expands: to 17 A when equilibrated with ethylene glycol.

Surface area of expanding - 2:1 layer silicates including

mbntmoril]onjte and vermiculite should be 808 m2/g for

~ particles .in the range of 2 .to 0.2 micrometer and 813'm2/g-
i ' : ‘

/  for particles:'in‘ the range of 0.2 to 0.08 micrometer

(Jackson, 1975) rather than the higher values sometimes -

-
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reported in - the Jliterature. In most insténces, content of
smectite basgd on theﬂ cation éxchange capacity method is
larger thén contents based™on surface area measurements. The
gieatesti descrepancy betweén the two methods of.dete ining
smectite occurs "for clays from surface A ho&izohs
“(particularly “for Ah and Ah&»samples). For clay separates
from B and C horizons, the content of smectite based on
- surface area method tends to be the same or slightly higher
than the content arrived at by cation exchangé capacity
measureméhts. Clay.fbactions frbm sur face A_hobizbns likely -
~ contain substantial amounts of ?rganic.sqpstances even after
peroxide treatment: as has been deﬁonstrated‘by Dudas and
Pawluk (1870). These unoxidized organic materials likely
contribute to the exchange capacity and result in ‘an
overestimation of smectite. As a conséquenCe, smectite
values based on the surface area technigue for clay
separafes  from. Ah and Ahe horizons are consideréd to
represent contents of smectife in these horizons. For oth%r
soil hbrjzons{ smec@ité -content; were based on the cation
“exchange fcapacity .method since it is genera]ly’cﬁnéidered
that the catidn exchange capafity method is' superior tbjthe

surface area method in meésuring the amount of smectite in

\
\

organic matter free clay samples (Bbrchardt, 1977). o ~

Vermicu}ite was determined from the difference between
calcium and (potassiym' exchange capacity and - an aSsGmédv.
vermiculite interlaygr exchénge capacity of 154 me/100 g

(Coffman and Fanning, 19
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Relative amounts of  Kaolinite, cHlorite, quartz,
potassium feldspars -~ and plagioclase feldspars were
seéi-quantitativelyﬂ estimated in the remainder of the clay
fraction [100% - (% mica '+ % vermiculite + % smectite)]
using corrected and normalﬁzed intensity ratibs of
"characteristicr X-ray diffraction peaks. The correction
factors uséd . to multiply the intensities of X-ray
diffraction reflections were 17 for chlorite, 70 for
.Kab]inite, 84 for quartz, 45 for potash feldspar and 30 for .
p]aéioc]ase _according to procedures outlined by Ba§1iss et

al. (1970)."

X-ray’ diffraction: data of random pbwder clay samples
. was used to determine wﬁether the clay' minerals were
dioctahedral or trioétahedra]. The ]ocatibﬁ of the 060 peaks'
of phyllosilicate .mineralé depends on thé amount of
octahedral substitution present. Diffraction peaks near
61.85 28 (1.500 A) are characteristic ‘of dioctahedral
s}rubtures while those near 60.2 to 61.0 "28 (1.537 to 1.519
A) are characteristic of trioctahedral structures (Douglas,
1967). bDiffraction peaks . from quartz were found not to
interfere with the identification of dioctahedrai - and
trioctahedral phyllosilicates when specimens were heated to
1 850°C (Figure 51). Also; heating specimens to 550°C
eliminated the possiblé interference fromuKaOTinite (Figure

51).

X-ray diffraction patterns of clay (<2 micrometgff from
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Unheatéd trioctahedral Mica & Vermiculite

Unheated Kaolinite

Unheated or heated Quartz

Heated trioctahedral Mica &
Vermiculite

Heated Kaolinite
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Figure Si. X—ray difﬁractograms showing-peak posip&éﬁs
S / for trioctahedral minerals, kaolinite| and
‘  quartz before and after heatingu........

59
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‘the main genetic horizons of two profiles (site 1 and 2) are

included in Figures 52 to 58 to illustrate diffraction
behaytor-randﬂaethod of ihterpretation. X-ray diffractograms'

for the major/ horizons of the remaining profileS'and‘ohe -
shale sampte' from the Sand River area can be found in the
Appendi x L;Figureé.19 to 33). Physical and chemicat analysts
of these clays together with their estimated or determined

amounts are presented in Tables 15 to 20.

s,

J

On X-ray diffractograms, the presence of smect1tes
and/or so0il vermiculite "is 1nd1cated by the occurrence of

peaks near 15 & for the Ca-satyrated specimen at 54%

relative humidity. A peak near 17 A forrthe ethylene glycol

solvated sample is indicative of smectites,.however some
soil verm1cul1tes may also expand with ethy]ene glycol The

occurrence of a we]l def1ned 14 A peak along w1th a 17 A

- peak for glycer01 treated samp]es 1nd19ates the presence of

both verm1cu11te (and/or chlorite) and montmor1llon1te The
glycerol molecule being less po]ar than the ethy]ene glycol
molecule does not - expand verm1cu]1te Jhe presence of

verm1cuﬂwte ~is  only conf1rmed by assessing tpe degree of

: rehydrat1on by exam1n1ng the 10 A and 14 A peak intensities

8
of K- saturated specimens when equ1l1brated at O% and at 54%

relat1ve hum1d1ty Dehydrated K- saturated verm1cu]1tes do

not rehydrate. The .identification of verm1cul1te using these -

criteria can be t111ustrated by cons1der1ng the ‘X-ray.

| diffractdgrams shown &th Figure 54. The strong d1ffractionl'”

" peak’ ‘near “ 17 A for the Ca-saturated glycerol and ethylene«

R
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Figure S2. X—r‘ay diFFraction patterns of total clay

separated from the Ae horizon of an Orthlc
Gray Luvisol (site ...,
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Figurc 53 X—r‘ay diffraction patterns of total clay
separated -from. the Bt2 horizon of an Orthic

Gray Luvisol (site 1
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FiQure 54, X-ray diFFracﬂon patterns of total clay
Ve separated from the Cca horizon of an Orthic
Gray lLuvisol (site 1..
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Figure 55. X-ray diFFraction_pattelrns of total clay .
separated from the Ahe horizon of 3 Dark .
~ Gray Luvisol (site 2) : ‘ v

L4
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Figure 586. X—'ray diffréction pa’tterﬁs of tot%l clay
separated from the Re horizon of a Dark Gray

\3 ‘ _ Luvisol (site 2)
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. ‘w

Figure 57. X-ray diffraction patter'ns of' total clay | _
separated f-'ram the Bt horiz\an of 'a Dark Gray
Luvisol (site 2) -

o)
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Figure 58 X—r:ay diffragtion patterns of total - clay : /\
separated from the Cca2 horizon\ of 3 Dark : o
Gray Luvisol (sitc 2.
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glycol solvated Samples confirm the presence of smectite.
The 14 A peak occurring as a shoulder for the glycerol
treated sample suggests verm1cul1te may be present chlorite
“could also account for the 14 A peak. For the.K saturated
specimen heated to 105°C and held at 0% rejative humidity
during the X-ray analysis, all "expanded peaks” cpliapse to
10 A and no 14 A peak is evident which suggests chlorite is
~not present in any substantial amounts. Thus, the 14 A for
the Ca-saturated, glycerol solvated sample is probabty due
to soil vermiculite rather than to chjorite. This is
confirmed by notjng the degree of rehydration For the
K-saturated specimen (prev1ous1y dess1cated by heating at
105°C) equilibratedd t 54% relative humidity, the 1htens1ty

of the 14 A is log and 1nd1cates that at least some of the

expanded cdmponents observed in ‘the Ca- saturated specimens

are not rehydrating. Under these controlied cond1t1ons, the
fa1]ure ‘of rehydratlon can only be attr1buted .to the
presence of verm1cu11te A slight variation of th1s 11ne of
reasoning is to compare the relative 1ntens1t1es of tHe 10

A:14-15 A peaks of both K- and <Ga saturated spec1mens

equilibrated at 54%‘ re]at1ve_ hum1d1ty Us1ng the -
'd1ffractograms displayed in F1gure 54 th1s ratio is- about t

for the Ca- saturated specimen. and about 6 for ’the

K-saturated spec1mens indicating rehydrat1on to the

Ca-saturated status has not taken place. The on1y criticism

~,

“of thisr later approach 1s that one is using the relat1ve”

.1ntens1ty of a broad peak (the 14 A peak for the.K- saturated.
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specimen) in theiwcompanison. To alleviate thisvpossible
criticism, one eould simply compare the relative intensities
"of the 10 A: 7 2 A peaks for Ca- and K-saturated samples
,Abplying this approach ,fQ, the example under d1scuss1on‘

(Figure 54), the intensity ratio would be 0.5 for the
Ca-saturafed specimen and 1.3 for the K-saturated specimen.
Obviously, the increased‘intensity of the 10 A peak relative
to the 7 A peak withAK—saturatidn is due to tne collapse and
Athe fnabi]ity of a clay mineral species to ‘rehydrate.
Vermiculite is the only species éccodntabﬂe for Vsuch :
behavior. Emphasis7on-accurate identificatjon of vermiculite
by both X-nay and chemica] metneds s included in this
fthes1s because many soil clay m1nera] investigators in past
studies have e1ther ignored considering the presence of

vermiculite or. have based their findings of vermiculite on

rather tenuous‘methods.

X-ray diffraction data, ‘such as the diffractograms

shown in figures 52 to 58, ‘was used primarily for

qualitative purposes to support the daﬁa'éndjthends’optainedli”

’By ’physicaJ- and chem1ca] methods of . quantitative clay

| “.f?mfhébaiogy‘** D1Ffract1on ana]ys1s showed that all clay

"separates contalned smect1te mlca and kaol1n1te ag dom1nant
c]ay m1nera1 spec1es _ Verm1cu11te was usual]y detected_1nv

all samples by X-ray methods, quartz was also present while
chlorite and chioritic 1ntergrades were observed»1n some

sampJes.
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Smectiie 'appeared depleted in clay separates from Ae
horizbns and high in relative abundance in’ B and C horizon
sampies as indicated by the intensity of 17 A peaks for
solvated specimens (Figures 52 to 54) which agrees with the
profile distribution of smectite as determined by surface
area and cation exchange capacity methods (Tables 15 to 20).
The‘ nature of smectite spectes was investigated using the
Greene-Kelly test designed to differentiate montmorilionite
from be1de111te (the two common smectite spec1es in soils)
on the basrs of d1ffract1on behav1or of Li-saturated and:
heated (220°C) specimens. A 001 spacing ' for specimens
solvated with glycerol = of  about 9.5 - A indicates
montmor1llon1te wh1]e a spacing of about 17}7 A’indicates
be1de1]1te (Brown 1961). X-ray {analysis‘ reveafed both
montmonillonite and'beidel]ite consiitute)the smectite phase
(Figure 59) with beidellite concentrated in the Fine c]ay‘
‘(<22 micrometer)rrfraction‘ Montmor1llon1te appeared to be

more dominant"than be1de111te onf the bas1s vof X- ray~

. d1ffract1on character1st1cs These f1nd1ngs concern1ng the'f:

“presence of both montmor.illonite and be1de]]1te agree with
thé” few: stud1es previously report1ng the occurrence of ‘some
!be1dell1te in bedrock formations (Byrne and Farvoldenj
1959);. Tills (PéquK " and - ‘Bayrock ’A1969)‘ énd- soils

(Greene4Kelly, 1959) of Alberta. S1nce be1del]1te is present"

in the clay fract1ons and s1nce it .can le pota§s1um Tike ..

vermicu]ite,A the‘ method used ,to;,determ1ne quant1ty of

J_vermiculite‘may_Jnclude.some_contributiqn of beidellite.
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Site |
Classification: Orthic Gray Luvisol

“AJPhysical and elemental analysis

Hori{zon C.E.C S.A Na20 k20 CAO MgO0 FE203
CAEC KEC
me/ 100g m2/g %
Ae 28.2 19.4 147 0.95 3.03 0.24 1.7 5.78
AB 40.1 26.7 323 0.53 3.07 0.1t 2.40 7.73
Bt1 50.7 35.9 370 0.59 3.23 "0.11 2.50 8.81
t2 St1.1 35.2 360 0.67 3.12 0.17 2.49 8.79
BCk 48.0 32.6 349 0.63 3.26° 0.80 2.55 9.11
Cca 41.4 32.7 328 0.71 3.11 2.59 2.97 8.72

‘0O.M. CARB. MICA VERM. SMEC. SMEC. KAOL. QTZ. CHL. FLDS.
Z .

C.E.C. S.A. PLG. KF
- %
Ae . ND 0.0 27 6 17 11 27 18 1 2
AB ND 0.0 29 9 25 30 26 8 1 1 1
Bt1 ND 0.0 31 10 34 35 18 5
' Bt2 ND 0.0 29 10 33 33 21 5
BCk ND 1.1 31 10 31 32 21 4 1 1 1
Cca ND 4.2 29 6 31 34 28 3 1 1 1

--Abbreviations: .

Cation exchange capacity ~, 'S.A.

- CaE.Cy o= = Surface area
"0.M. " = Organic matter . CARB.= Carbonates
VERM. . = Vermiculte . . SMEC.= Smectites
KADL. © = Kaolinite L ; . OTZ. = Quartz
CHL. = Chlori{te o o ‘ :
KEC . = Patassium exchange oapacity, CAEC = Ca exchange capacitty
CFLDS! =

Feldspars (PLG. for Plagioclasas and KF for K-feldspars)
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Table 16. Physical,elemental and mineralogical analysis of clay. P
4
Site 2

Classification: Dark Gray Luviso!l.

A)Physical and elemental analysis.

Horizon C.E.C. S.A. Na20 K20 CAGQ-.” MgOo FE203
CAEC KEC 4 _ .
me/ 100g m2/g %"
________________________________________________ NS e e
Ahe 44 .7 25.7 200 0.54 2.92 0.16 2.00 7+73
Ae 24.2 20.2 152 0.64 3.06 0.14 1.96 6.33
Bt 46.9 38.2 386 0.44 2.68 0.12 2.19 940
Ccat 43.2 32.4 304 0.63 2.90 4.68 3.58 8.59
Cca2 43.1 321 312 0.77 2.93 3.79 3.47 8.52

C.E.C. S.A "PLG.  KF
%
Ahe ND 0.0 24 12 24 12 29 19 >0.5 1 3
Ae  ND 0.0 28 3 19 15 35 1 1 1 2
Bt ND 0.0 26 & 36 41 26 4 f  >0.5 >0.5
Ccal ND 8.0 - 26 7 31 30 27 5 1 1 2
Cca2z ND 6.5 27 7 30 3t 26 5 2 1 2
---------------------------- < e el

Abbreviations:

C.E.C. = Cation exchange capacity . S.A. = Surface area
Y O.M. = Organic matter ) . CARB.= Carbonates
VERM. = Vermiculte . SMEC.=.Smectites
KAQOL. = Kaolinite . . QTZ. = Quartz
CHL . = Chlorite ]
KEC = Potassium exchange capacity. CAEC = Ca. exchange capacity
FLDS. = Feldspars (PLG. for Plagioclases and KF. for K-feldspars)
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; o
f 'Table 17. Physical,elemental and mineralogical analysis of clay
! .

Horizon  C.E.C S.A Na20 K20 CAD- Mg0  FE203
. CAEC KEC . |
me/ 100g m2/g % . \
Ahe 47.2 28°'9 187 0.59 3.72 0.17 1.20 7.0% .
. Ae 313 22.6 187 0.52 3.07 0.12 1.91 6.98
AB __ 50.537.1 403 0.28 2.89 0.07 2.22 9.39
Bt1 55.2 38.0 418 0.36 2.85 0.07 2.33 9.04
B2 52.0 36.9 398 0.79 2.82 0.16 2.51 9.40
8C 43.1 33.4 363 0.57 2.88 1.06 2.69 B8.92
Ck 43.2 31.2 324 0.72 3.03 .4.53 3.15 8.80

C.M. CARB. MICA VERM. SMEC. SMEC. KAOL. QTZ. CHL. FELDS.

C.E.C. S.A. PLG. KF
%
Ahe 21.8 0.0 32 12 27 10 23 18 >0.5 2 3
Ae ND 0.0 28 6 21 17 3t 10 1, 1 2
AB ND 0.0 27 9 35 40 22 5 >0:5 >0.5
Bt1 ND 0.0 27 11 36 40 20 4 1 1, 1
Bt2 NOD 0.0 26 10 35 39 24 3 1 R 1
BCk ND 1.9 27 6 22 38 27 5 1 i 1
Cca ND 7.8 29 8 29 32 28 . 4 1 1 1
. Abbreviations:
C.E.C.' = Cation exchange capacity . S.A. ='Surface area
L 0.M. *= Organic matter , CARB.= Carbonates
VERM. = Vermiculte c . SMEC.= Smectites
KAOL . = Kaolinite ) . QTZ. = Quartz
CHL . = Chlorite ) : :
KEC ¢ Potassium exchange capacity, CAEC = Ca exchange capacity
FLDS. =

Feldspars (RLG..for Plagioclases and KF for K-feldspars)
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Table 18. Phyé}cél;efemehtal-ahd mineralogical analysis of clay.
Site. . - .4,
Classification:- Orthic Gray Luvisol.

A)Physical and elementél analysis

Hortzon C.E.C. S.A. Na20 K20 CAD MgOo FE203
' CAEC KEC
e/ 100g m2/g %o, A "
"""“"'%‘-‘if‘“ﬁ"-"-""Tff“""'*“-ff‘---*5{}"° ------------ ]
Ae ©30.7 20.3 159 0.47+2:75.0.06.:1.70.75.70 _/'
AB ©55.7 35.8 379 0.36 2.50 0.02 2.20 7.78 . U
Bt1 ' - 58.3.39.8 426 0.37...3.17 " 0.05 " 4.52..8.85 j
8t2° 58.1 38.8 421 ~ 0.38 -3.41. 0.09 4.60 9.06 M
Ck 54.5 37.2 417 0.33 .2 8t 1.24 2.48 9.19 f
B)Mineralogical analysis. f
_________________________________________________ _\..__-..--_-___-_____ -
O.M. CARB. MICA VERM. SMEC. SMEC. KAOL. QTZ. CHL. FLDS ]
C.E.C. S.A. PLG. KF /
% !
Ae ND .0.0 24 7 19 12 30 16 1 1 2
AB ND O0.0 23 13 34 36 23 4 1 >0.5
Btt ND 0.0 30 t2 37 40 17 2 >0.% >0.5% 1
Bt2 ND 0.0 32 13 36 39 14 3 >0.5 >0.5 1
Cr ND  --~- 27 11 35 40 21 4 ] >0.5 |1
Abbreviations: '
C.EZC{ = Cation exchahge capacity =, S.A. = Surface area
O.M. = Drganic matter B . CARB.= Carbonates
VERM. = Vermiculte . SMEC.= Smectites
KAQL. = Kaolinite . QTZ. = Quartz
CHL . = Chlorite . X
KEC = Potassium exchange capacity, CAEC = Ca exchange capacity
FLOS. =

Feldspars (PLG. for Plagioclases and KF for K-feldspars)
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Table 19. Physical . elemental and mineraiogical anafysis of’clay.

Site

5

Classtification: Eluviéted Black Chernozeﬁic.

Horizon

"mme/1QQg m2/g

A)Physical and elemental

8.05 ./
19 ~7.17
41 8.82
60 8.81
22 8.29
32 8.

%
0.0 24 15 32 13
0.0 2% - 8 26 ¢ 23
0.0 26 8 37 43
0.0 28 77 34 a1
6.3 28 6 34 40
13.6 27 s 32 39

Abbreviations:

C.E.C.
o.M,
VERM.
KAOL .
CHL.
KEC
FLDS.

Cation exchange capacity
Organic matter
Vermiculte

Kaolinite

Chiortte

WonoH NN

.

S.A

. CARB.

SMEC.
QTZ.

Potassium exchange capacity, CAEC
Feldspars (PLG. for Plagioclases and KF for K-feldspars)

PLG. KF
13 1 2 C 2
8 1 1 1
4 >0.5 0O o
3 1 o] o]
5 1 1 1°
5 1 1 1

Surface area
Carbonates
Smectttes
Quartz

ca exchange capacity

/

=
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Table 20. Physical Elementa! and mineralogical analysis of clay
Site : - 6
" Classification: Orthic Gray Luvisol. -
X ”‘A)Pﬁyslcal and élemenfal analysis
horfzon C.E.C.. - 'S.A. Na20 K20 CAO . Mg0 ' FE203
) CAEC KEC - . R
me/100g m2/g. . %
Ae 35.5 24.7 7258 ‘. 0.58° 2.28 .0.08 1.72 .5.31
AB 52.2 37:5 406 0.27 2.05..0.05 2.18 _9.07
Bt .58.4 42.8 423 0.36 2.01 0.09° 2.33 "9.71
BCk S7.4 38.9 403 0.37 ' 2.09 1.64 . 2.62 9.78"
Cca 49.0 35.2 348 0.56 2.36 9 38 t.74 8.98
B)M1neralog1cal analysis
o.M, CARB. MICA VERM. SMEC. SMEC. KAOL QTZ. CHL. FLDS.
C.E.C. S.A. . ' PLtG.  'KF
oS . . §
Ae ND 0.0 22 7 23 24 35 12" 30.5 0.5 5>0.5
AB ND 0.0 21 10 35 40 29 4 1 0o (o}
Bt ND 0.0 20 10 40 42 25 4 -1 0 o
BCk ND 2.9 24 12 37 38 24 5 1 (o] [0}
Cca ND 16.7 24 9 33 33 26 7 1 (o] (o} 3 -
________________________________________ b_-_—_—__--—_..—_—_—-—_—_—————7:.
Abbreviations:
C.E.C. = Catfon exchange capacity .ﬁy'S.A;** Surface area-. .. .. -
O0.M. .= Organic matter . - 7", CARB.= Carbonates . :
VERM. = vermiculte ~ ’ .. ... 'SMEC.= Smectites
KAQOL. = Kaolinite ' . QTZ. = Quartz. .
CHL. = Chlorite - - :
KEC ‘= Potassium exchange capac'ty. CAEC = Ca exchange capacity
FLDS. = Feldspars (PLG. for Plagioclases and KF for K- feldspars)
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a)Li-saturated theh;”;¥'  - ‘vv.”ya) Ll Saturated then heated to
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.p)Li°saturated,heatedee ‘ . b), L«-saturated heated to 220° C-
T'fof220° C and then S _" A solvated with glycerol

solvated with glycerol.

- Degrees 2 Theta.

Figure 59 Reprcsen‘tative X-ray diffraction patterns
: ~ for Li—saturated clay a) for total clay and
b) for fine clay (Greene-Kelley test).........
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X ray d1ffract1on patterns also suggested Kaol1n1te was

in h1ghest proport1ons in leached A hor1zons, 1ts relat1ve .

-content seemed to d1m1nlsh in B and C horizons as ev1denced»

“small quant1t1es as ev1denced by the low 1ntens1ty of the1r

U
3

: to the\quant1ty of kaol1n1t

’ suggests the - 2: 1 type phyllgsi. cates are- predom1nantly ofKa—//,\;/
4 )}
'?20ctahedral " nature (Fvgure 60) Stncehthese patterns were

by the change in, the intensity of. thet 7.2 K- peak.
Diffraction,peaks.due:to;quartz and feldspar'were,always the-

most intense for clay separates from A horizons and -

'.1ndwcated they (espec1ally quartz) contr1buted substantially

to the compos1t1on of the clay fractwon
. A

=

Both chlorite_ and chloritic intergrades were detected

in about one-half of the samples They-occurred in very

vd1agnost1c X-ray’ d1ffract1on peaks The presence of a 14 Ad:
. peak and/or h1gher order reflect1ons for the 550 C heated“
specimens is - d1agnost1c for,~chlor1tes; wh1le chlor1t1c
<1ntergrades d1splay broad peaKs or . shoulders between 10 A
tand 14 A ifor. K saturated spec1mens analyzed under AO%

-*'relat1ve hum1dw§ The shoulder on the hlgh angle s1de ofp

the 10v;Av,peaK. for the K-saturated, 0% relat1ve hum1d1ty

_treatﬁent in Figure SEf_is 1nd1cat1ve of ﬁhe presence of
S

chloritic intergrades

chloritev'wereg always ve y low or ,not- detectable, _the '

¥ intensity of the 7 2 A was thought to be essent1ally related '

present 1n.the samplesr

X-ray dt?frac“1on pattern for the 59 to 62\\26 regtonﬂ

.o _ ) » ' L —

ince the 001 peak 1ntens1t1es ofg‘
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: Abbrevtat{ons oi.=

Dloctahedrul mlﬂerals, Tr! = Triocts hedral

Figure 60. X"'ray difFractian patterns of randomly
S oriented- clay separated Fr'om thc major

. genetic horizons.. .
- , ) .
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obtained by analysis. of previously heated and randomly

oriented powder clay specimens, contributions - of

. dioctahedral Kaolinite w111 not appear on diffractograms
since the Kaolinite structure is destroyed during tne

heating of specimens. The dominance of d1octahedral versus

~.

trioctahedral phyllos111cates is reflected by the h1gher"r'ﬂ

o~

intensity of the d1octahedral“ 060 spacings located near

61.3" 28 than the character1st1c 060 trioctahedral spacing
| in the  region of 60 toy 61 28. The minor tr1octahedra]
, component - ~Jprobab1y“mica ‘(b1ot1te) Sane tr1octahedra1

smectites .are of very rare occurrence in so11s (Borchardt

1977) ~The bulK of the clay separates, exclud1ng Kaol1n1te,

would cons1st of d1octahedra1 smect1tes (montmor11]on1te and

b1ede111te) and d1octahedra] ‘mica (musccv1te) -~ The

prevalence of d1octahedra1 m1ca»rather than tr1octahedrai'

';spec1es is also suggested . by - the relative intensify'of
:001EOO2 mica reflecfions for oriented clay specimens. This
ratio of ‘peak infensities waz about 3:1"for “all clay
separates using the diffractograms for Ca-saturated,

ethy]ene,>glyccl solvated specimens. . Dioctahedra] species

typically display. relatively strong 002 peak intensities:

while _trioctahedral  varieties have strong 001 . peak

intenSities and weak or absent 002 peaKslso that the ratio

of intensities of the 001:002 peaks are about 10:1 for .
. \ !

trioctanedral mica and about 3:1 for dioctahedra]}yarieties

(Brown,” 1961). These_results strongly suggest muscovite is

the- ‘dominant _mica’ mineral species in the clay-sized
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separates.

‘La Quantitative clay m1neral data, based largely on :

phys1cal and chemical methods of clay analyses, are shown in-

Tables 15 to 20 for the 6 soils of th1s study In"general.

the clay mineral essemblages~ are similar for the 6 sites

with parent ‘materials conta1n1ng 30 to 35% smectite, 24 fb
- 29% mica, 21 to 28% Kaolinite, 5 to "11% verm1cul1te 3 to 1%
quartz, up to 3% feldspars and 0 to 2% chlor1te Amounts of
quartz, feldspars and chJor1te may not be accurate since

"the1r adundances were determined us1ng peak 1ntens1t1es.from

~ X-ray djffractograms and the emp1r1calky der1ved 1ﬁtens1ty-"*

conyersion factors -of Bayl1ss et al (1870) . The amount off“

smectite reported in this study is generally lower than the

| amounts usually descr1bed for parent materlals 1n Alberta

The vdifference 1s probably due to 1nclus1on of v@rm1cul1te}

.with the smectite component in prev1ous ‘studies - thisf

writer knows of no attempts where prev1ous 1nvest1gators

<>

- working with Alberta soils have quant1f1ed with- accuracy the

verm1cul1te component

2y
Y‘Cv‘,

Quant1tat1ve d1fferences 'in clay mineral assemblages

are more pronounced w1th1n a given so1l rather than among'

so1ls Content of smectlte, in a1l so1ls, is h1ghest in B

horizons and: select1vely depleted from A horizons.,The',

prof1le d1str1but1on of smectIte closely resembles the

profile 81str1but10n of fine clay wherevthe ‘horizon with the

highest content of smectite is usually the sBme horizon with -

a?®
s !

o
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the highest proportion of fine clay (Table 21). Kaolinlte
appears to be negatively enrHched in A horizons (Tables 15
to 20). Profile distribution of mica and vermiculite do not
display obvious consisténf patterns. Prof1le distribution of
mica is more or less uniform with depth Ae hor1zons often‘
aopear' selectively depleted of mica relative to C hor1zons

Since smectite is obviously selectively removed from the
clay fraction of Ae hori;dns; Jit is surprising that the
proportion of mica is not ‘higher because of negatlve
"enrichment. It 'seems’that some mica must have weathereéd to
accountv for . tack of a relat1ve 1ncreas\\of mica in Ae
horizons as compared to C hor1zons The weathér1ng of mica
could account for the sl1ghtly elevated levels of
vermiculite in A ‘and B horizons. Profile distribution of
clay*s1zed primary .mlnerals (quartz . K- feldspar and
plag1oclase) 1llustrates the1r enrichment in Ae, Ahe, Ah and
some AB- horizons which could result through negative

enrichment whenv §mectite is preferent1ally translocated

h

downward orff through positive enr1cﬁ4 nt. by physical
'dshattering ‘pf} coarser-s1zed (sand and silt) part1cles to
"'clay 512ed material as has been suggested by St. Arnaud and
Mortland (1963) -The later p0551b1l1ty is quite valid s1ncef
thel content of quartz in clay separates from surface
horizons is about 2 to 6 times higher than amounts in Qlaf:
from C horizons. Negative enr1chment alone could not account

for ' such a large relat1ve 1ncrease in: quartz Enr1chment of

clay-sized quartz«nn éuM‘ace ﬁ1$\hor1zons has been™ i’uot)ed by '

g
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Table 21. Content of 'smectite and fine clay tn the total
: clay' (<2 um)® Sepaﬂhfe

»

Soil Hor tzon
Orthic Ae
Gray AB
Luvisol Bt1
site Bt2
(1) BCk

' Cca
Dark Ahe
Gray Ae
Luvisol ‘ Bt
(site 2) Ccal

< © Cca2
Dark Ahe

Gray Ae
Luvisotl AB
(site 3) Bt

Bt2
BCk
Cca

Orthic Ae
Gray AB
Ltuvisol . Bt1
(site 4) Bt2

Ck
Eluviated Ah

Black Ae
Chernozemic 8t1
(site 5) . Bt2

BCk
Cca
orthic Ae

Gray AB
Luvisol Bt
(site 6) BCk
. Cca

% of total clay

Fine clay Smectite‘
24 17
44 25 )
63 34
57 33
52 31
49 31

.31 12
32 19
73 36
64 . 31
65 30
20 10
31 21
62 35
58 36
61 35
62 32
58 29
24 19
56 34
61 37
58 36
56 35
a0 13
47 26
60 37
58 34
57 34
61 32
33 23
60 35
63 40
59 37
64 33

207
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other‘ investigators (Huapg and Lee, 1969; McKeague et al.,

1972).

f. Fine clay fraction

Fine  .clay - fractions. (<0.2 ‘Amicrometer) were
characterized by X-ray diffraction methods only; as a
coneequence. only qualitative and semi-quantitative
,jnformétion was obtajned for this size separate. Smeotitet
mica and Kaolinite appear. to be the sole crystalline
constituents of the fine clay fractions from all soils. On
the basis [of diffraction peak intensities, smectite
apparently domtnates the fine clay fraction in a]J soil
Hofizons (Figure 61). Diffraction peaks fof the_micaceous
mineral at 1b<_3 for the Ca-saturated specimens tend to be
broad and are indicative of some depotassificetion} Peak
. broadening is most conspicuous tor clays: ?rom' surface -
hobizoné 'suggesting weathering in the biologically active
‘zone has resulted in some degradation'of fine clay-sized
mica.” The relative prooortion of 'smectite appears to
increase with profi]e' depth : as suggested by the
’progressively higher intensity of the 17 A& peak proceeding
fnom the .A to the B to the C horlzons (Figure 61). ‘Content
of  X- ray amorphous mater1als, as 1nd1cated by the intensity
of  the slop1ng background (compared to the 1ntens1ty of the
10 A peak) from 3 to 8" 28 for the K- saturated specimens
appears h1ghest in A hor1zon clay separates and d1m1n1shes'
':w1th prof11e depth. Vermiculite was typically absent from

fine clay fractions which means its relative content in ‘the

F
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Figure 61 ‘X"ray“diffra‘ctograns of fine clay (<Oé Am)
from the A, B and C horizons of the Orth*c '
Gray Luvisal at site 1
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coarse cl S fraction (2 to 0.2 micrometer) would be much

higher than the émount determ1ned for.”th¢ {total clay
fraq}ion (Table 15 to 20) It seems vermzcu11te rs elther»
UnABTé@ to be s1st weather1ng when if occurs as fine
- clay-sized = par icles or its formation involves. the

development of elatively large sized crystals as would be

the case whe trioctahedral mica experiences

depotassification.

A summary of all mineral constituents in the six soils

of this st dy is presented in the lastheétion'6f this

thesis.

C. Parent Matérial Uniformity _
The -establishment of parent material uniformity in -
‘pedological studies is'a ne¢és$ary step in the evaluation of
. pedogenic changes within the soi 1 solum. When the parent
material of a ;oiT is established to belrelatiQely uniform,
the Changes inr the upper so]um can then be attr1buted to

pedogen1c processes.

o
3

G%acial till,"the parent ﬁatérial fdr the so;js’of this‘
study, ‘isv,a.complex and variable sediment (Flint, 1971 and -
Goldthwait, 1971). The Jageral'and Vehtica]hvariations in
- physical characteristics of glacial till deposits have been
ﬁrecogﬁized by many researchers in the field of Geology, .
Civil Engineering and So{l Sciehcé;‘the heterogeneoué ﬁature

of till s related to differences in type and structure of



211

the source bedrock, the_ initia] and eng]ac1a1 transport”

action of the ice; the local 1ncorporat1on of matertals fromf.

* . the bedrock: and - the mode of deposition of these materials.

-

from the ice sheet (Scott,. 1976).

.In a study Vof the character1stlcs of Alberta tills,

— .
e o 1

'PawTuK and Bayrock (1969) 'po1nted out the 1nherent andh*

variahle characteristics "of the t111 and demonstrated that -~ -

they largely reflect the nature of the under1y1ng bedrock '
Twardy - (1969) “in’ his  study 'of tills "in west -central.
hA]berta pointed out that the Cook1ng Lake till is d1fferent,n
in texture from Breton and Hubalta t1lls desp1te the fact
Q’that ball three t1lls occur 'in c]ose prox1m1ty and were
deposited by the'éontinental ice sheet Differences in mode.-
of depos1tlon was thought to be the reason for the textural
var1ab111ty ' Gravenor and -Bayrock (1965) earlier recogn1zede
“the regional variability in Alberta tills but they indicated
in some localities tills have a remarkably uniform.texture.
Particle size analysis of fifty tin samples from the
Wa1nwr1ght area in eastern Alberta revealed that 75 per cent
- were of silty c]ay loam texture while the rema1nder were
IOam to clay loam (Gravenor and Bayrock 1965). Poor sort1ng '
and lack of \strat1f1cat1on are w1de}y recognized as.v

important characteristics of tills but as Sudom and St

,c—J

Arnaud (1971) pointed out, some tills are foliated or even
‘.bedded vwater action may cause sorting and washing of f1ne
materials whereas eolian - depos1t1on may contribute f1ne
partlcles to the supraglacial dr1ft k

v,
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On  the  basis of the. previous discussion, it is
appropriate to cdnstder ‘and evaluate the possibility that
the - perent materials of 'the‘ so1ls s of - th1s> study are_>

vheterogeneous and conta1n lltholog1c d1scont1nu1t1es

The followin® f tion deals with the assessment of

parent material uni ?'mity for the six study sites using the
_metbods employed by Ppedologists- in previous studies._The
depth function of a certain parameter ‘(e.g. quartz to_
feldspar. ratw‘):7 cou’ld ‘indtcate the presence of a

11tholog1cal ‘d1scont1nu1ty"if the funct1on d1sp]ays a

- certain degree of’ departure from what would be acceptable

for a un1form mater1al Unfortunate]y, there is no genera]
~ agreement as to Awhat degree of variation defines e'
discontinuity (Evens! 1978). Drees and‘wi]dtng t1973)'in a
etudy of elemental vartetion within a sampling unit in
ttijs, loess and outwash sdggested that if e lithological
disc;bnt'inuit‘y is present between two hor1zons there should -
_be a significant d1fference between these two horizons which
exceeds the random var1atlons (e.g. lateral variations
*“Qithin veach hbrizon)\ by the value of t for . 5 given
probability level. Their study' suggeets‘ that a reletive
bdstandard ‘deviation tn tbe Ti: Zr rat1o between two ‘horizons
must exceed 28% to,_ indlcate a s1gn1f1cant 11tholog1ca] break”
between two hor1zons in a profile developed on glac1a] till.

A relative standard deviation in excess of 100% in the Ti: Zr

ratio’ for two hor1zons was requ1red to confirm 1ithologic

id1scont1nu1t1es in soils developed on sandstones, s11tstones



and cherty limestone (Chapman and Horn, 1968). Deviation

- from the mean of 4.8 tto 21% for Zr:Sr ratios and B.H to

17.6% for quartz: i]lite'ratiOS were considered to {ndtcate'
parent -material oniformity,;in' soils developed from scree

deposits of Lower Paleozoic mudstones (Evans and Adahs;
1975). From the widetdifferences in the level ofoartatioh J
accepted for a uniform material it would seem that the

nature - of thé deposit, the nature of the parameternused

(e.qg. quartz:feldsparf ratio “or Ti:Zr ratio, etc.) and the

accuracy of the determination for that parameter are

- important factors in determining the acceptable level of

variation for a uniform material.

'In this study, horizons within each profile were

considered as individual uniform units (thus, assuming a

-lateral and vertical. dniformity within each soil horizon)

and the possibility of discontinuities between these units

(soil horizons in each profile) waS'evaluated on the basis

of devtation from the mean (relative standard deviationvin

per cent) for a given parémeter as compared to generally
accepted deviation - for a unlform glac1al t1l1 published in

the 11terature

Depositional 'stratification was. not evident in the

field, and observed changes in color, téxture and structure

..w1th1n each prof1le were attrlbuted to pedolog1ca] processes

rather than - te - the. presence 7 of_ any lithological

discontinuity. Various methods ‘were used to further asses.

A
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the apparent['uniformity seen in the field. The(parameters
used include particle size data, content and distribution of

resistant minerals (e.g, quartz_and“feldsparS) and the depth

function of the content of tri-acid residue of the soil.

a. Particle Size Distribution

Data ondparticle'size'distribution has been empldyed*by"
many researchers . as avbasis for lnterpreting lithologlcal
disconfinuities 1n so1ls derived from loess or. glac1al t1ll
(St. Arnaud and Wh1tes1de, 1963 McKeague and Brydon, 1970;
Miller et alr,;1971; Sudom and St. Arnaud, 1971; Sneddon et
‘al., 1972; Evans and Adams, 1975; Price et al., 1975;
Rutledge et al.,'1975).

Since part1cle size d1str1but1on within the so1l solum
“is affected by clay translocat1on, it is necessary to use
parameter values calculated on a non-clay bas1s even thdugh
such calculations may bias the data. S1lt distribufidn on a
clay-free basis within profiles (Figures 62 and 63)
indicates' (1) no apparent .change at s1te 6, (2) 14% less
silt in the Ae hor1zon than the average silt content of the
remain1ng horizons for s1te 1 (relative deviation of 37%)
(3) 10 to 12% more s1lt in the Ahe horizon of site 2, in the -
Ah and Ahe horizons of site 3, and in the Ah horizon of site
5 than the ‘average - content in the remaining hor izons of
.respectjve profiles, and-l4) at site 4; silt content'of-Ae,
AB and Bt1 horlzons are about 12% h1gher than the average

content in the Bt2 and Cca horIZons (a relat1ve dev1at1on of
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17%). The results of silt distribution in the non-clay

fraction indicate either there is a parent mater1a1

| d1cont1nu1ty at the above m#ntloned breaks in the content of
silt or that processes assoc1ated ‘with pedogenesis. may
explain the observed results The higher content of silt in
the upper 18 to 23 cm at s1tes 2, 3, 4 and 5 when’compared
to . the under]ying"hqrizons may have‘been‘caused.by simple
additions of silt-sized materials of eotian‘ortgin'and/or
due to phystca] disintegration of particles coarser than
stlt to s11t sized material (a pedogen1c cause) (St. Arnaud
and Wh1tes1de 1 1963). ,Mechan1ca1_ breakdown of~grave1.and
sand-sized materials has been attributed 6ain]y to frost
, action ‘jn_ surﬁacei horizons of Luvisolic and Chegnozemtc
freeze-thaw experiment (200'cyc1es) conducted by St. Arnaud
ano'*Whiteside (1963) on water-saturated sands and gravels
{>0.5 mm in size) separated from C horiaons of Luvisolic
sotls_ -1.2 to 3. 8% of fine part1cles were produced by frost

action in {.the1r laboratory expertments D1stnabut1on éf

silts (on :a clay free basis) in at least sites 2, 3 and 5'

indicate thé lowest amounts occur in B hor1zons wh1le

amounts in C hor1zons are closer to the mean content of silt
1n the apparently enr1ched surface hor1zons Th1s-suggests;

that -some silt in Bt hor1zons may have undergongbreakdOWn J

J

to clay-sized material" Hence, a pedogenic'rather than.a
. 'R
l1tholog1c cause may account for the observed d1fferences in

silt content betueen hor1zons,1n profiles 2,\3 and 5. The

\
N

L’

soils which. were periodically moisture-saturated. In a



';// : A i : \ 218
unifogm' silt distribution at site 6 is indicative of parent '
material uniformity. Although pedogenlc processes (e.g.

physica] weathering)i may have contr1buted td”the h1gh silt

content. (on clay free - bas1s) in the surface Ae hor1zon at
‘site 4, 1t wou]d not exp1a1n the higher content in AB. and Bt
horizo%s - when companed to the lower Bt and Ck. horizons.
However , variatien from the mean (the re]ative'standard
deviation of .content of.silt in the entire profile) in the

content of s11t "is about 17% which is.not large enough to

-
e

e

1nd1cate a 11tho]og1c discontinuity. The differences in s11t
content throughout the profile may -simply reflect m1nor
depositional vdariation in ‘till at'site 4. At site t, the
oontent of si]t' (on'clay-free'basis) in the Ae horizon is
14% less than the average content of silt 1n the rema1n1ng
;horizons. Th1s d1str1but1on ~is peculiar since the other
profiles do not display a s1mi1ah trend and may be a result
'ofg the pbesenCe ofysand pockets Whtoh were observed at.the
time of sampling. Additions of eolian sand or removal of
fine‘ parttcles :byv either wind or water action from the
surface of the till after deposition could also be a
" contrthuting _factor. The ontent of silt inqthe Ae hori;on
of hthts profile is'19.5%:?2540u1ated on a'ciay-free baSis)’
while the average content ’of ‘silt in all the underlying
~horizons is 333 * 3.6%. This'amounts'to,a relative'standard
deviation of 37% based on  the content of silt in the Ae -

horizonA and the average content ‘of silt 1n the remalnder of

‘the',prof1le. The 1mpl1cat1on of th1s relat1ve1y high value»-m

.8
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-(37%) for site 1, will be discussed at the end of this
section. - -

L

Ratios* for - fine to total sand, coarse and medium to
. ] ,/ N ‘
fine sand and fine ‘sand to total silt were also used as

‘criteria for establ1sh1ng parent material uniformity as has

. been done by others- (Barshad 1964; Evans and Adams, 1975)
The rat1os indicate small var1at10ns w1th1n each profile (1
to'.23% deviation from the means) except for sites 1 and 4

where the var1at1ons 1n some ratios are as hlgh as- 39 and

- 62% (Tables 22 and 23). These values 1nd1cate l1tholog1c

breaks do not occur in prof1les 2, 3,‘5wand 6. The ooarse‘

and medium sand to fine sand ratios at site 4'deviate

(relative standard deViationlﬁ'by '60% f.rom the mean and

suggest 'a poss1ble l1tholog1c ‘break between the AB and Bt

‘horizons.. - At s1te -1, t%? fine sand to total silt rat1o -

indicatesi some 'largexwxarﬁatgon present between the Ae
> “
horizon - and the L"‘“w”ii; of the prof1le (Table 22)
l.““&-ve‘i
1nd1cat1ve of a poss1ble l1%ﬁéﬂog1c d1scont1nuaty

- W

Y.

,The ‘parent 'materials of prof1les 2, 3 5 and 6 also

' appearx un1form on the ba51s of cumulat1ve frequency curves

for particle s1ze d1str1but1on for th= non- clay fract1on-

(Figure 64). Cumulat1ve curves for the upper most hor1zons

'_from s1tes‘2 3 and 5 show a sljgwuktﬁ??erence from those of

lower hor1zons in the size range 5 to 250 m1frometer whlch

may = be related to pedologwcal reagons (e.g. ;phy51cal K

d1s1ntegratlon of ~coarse part1cles) " and/or _some eoljan
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Table 22. Physical chanacterist!cs of soils retated to
partlcle size distr!bution (sVtes 1 to 3).

2 .
. . ' : : Par&icle sfze ratios ’
. * Fine sqnd-to CEM sand to vFine sand to
So i horizons‘ Total sand Fine sand Total silt
- Orthic Gray Luvisol (site- _l
Le .87 N 0.14 3.60
AB .87 0.15 2.21
Bt1 0.86 oY 0.17 " 1.85
8t2 0.85 0.7 1.52
BCk 0.88 0.14 1.75 ’
Cca 0.85 ) 0.18 . 1.42
Mean * S.p 0 86 + O [oh] 0546 * 0.02 2.06 * 0.80
%deviation’ a4 13 = 39
from the mean
T T T e e e e e e e e
Dark Gray Luvisol (site 2)
Ahe 0.93 .08 1.1%
Ae 0.88 0.16 1.71
Bt 0.86 0.16 1.87
Ccat 0.84¢° 0.12 1.55
Cca2 0.87 ' 0.15 1.44 !
_______ h—_—-—_—_-..H-_-_—-—_—_-_—-_._..-_'—-—__-—_—_—____—_—_-..—_-——...—_—-_ .
Mean + S.D 0.88 + 0.03 0.13 * 0.03 1.84 + 0.27
“%deviation "3 23, 18
from the mean /
Dark uray Luvisol (site 3) L
T Ahe 0.93 .08 1.01
Ae 0.86 0.16 Q.97 ~
"AB 0.87 0.15 1.67
Bti Q.88 0. 14 1.64
Bt2 0.87 0.15 1.74
‘BCk 0.89 0.12 1.63
Cca 0.89 0.12 1.50
Mean * S.D - 0.88 + 0.02 0.13 + 0.03 1745 % 0.32
: . )
‘%deviation o 2 23 22

from the mean
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Table 23. PhYysical characteristics of sol!s related to.
Particle stze distribution (sites 4 to 6).

Particle stze ratios

_ Fine sand to C&M sand to Fine sandto
Soi1l horizqns Total sand Fine sand Tota) silt

Orthic Gray Luvisol (site 4)

Ae 0.90 0.114 0.76

AB 0.91 w+ 0.10 0.69

Bttt - 0.71 ! L 0.42 L 0.60

Bt2 0.74 0.36 0.92

Ck 0.68 0.47 0.87
Mean * S.D 0.79 + 0. 11 0.29 % 0.18 0.77 * 0.13
%deviation 14 62 17
from the mean

Eluviated Black Chernozemic (site 5)

Ah 0.61 0.64 0.82

Ae 0.63 0.60 1.36

Bt1 0.63 0.59 " 1.85

Bt2 0.64 0.56 1.38

BCk 0.61 0.64 1.24

Cca 0.68 0.47 1.24
Mean * S.D 0.63 * 0.03 0.58 £ 0.06 1.27 * 0.25
%deviation 4 10 - ' 20
from the mean )

Orthic Gray Luvisol’ 1site 6)

Ae © 0.82 - 0.63 1.32

AB 0.62 - 0.60 1.28 .

Bt 0.64 0.58 1.43 ﬁ;

BCk 0.65 . Q.55 1.40 f

Cca . 0.63 0.60 1.24 :
Mean '+ S.D 0.63 + 0.01 0.59 * 0.03 1.33 + 0.08
%deviation 2 ‘ 5 6
from the mean

N .
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additions of particles in this size range into the surface.
At site 1 and 4, cumulative-frequency curves for the Ae
hor izon (sife 1) ahd-}the Ae and AB horizons (site 4) are
‘:unlike fhbse for underlying horizons and suggests some |
modification of tne materials_ at  these two sites.
Cgmulative-frequency curves reflect sorting (the extent to
which particle sizes are -c]usteréd ‘about the mean grain
" size) and "distribution of‘the initial particle‘sizes of the
#earent material- which the sort1ng process. affected” -

(Friedman .and Sanders,' 1978) . Several apprdx{mate
statistical parameters .are used to evaluate the
frequency- d1str1but1on curves sueh as grapnic mean,
“inclusive graph1c standard dev1at1on and graphic Kurtosis.
Lately, these‘ parameters were used to indicate the
occurrence of lithologic discontinuities (Stewart et al.,
1977). Distribution of these parameters’(meansz, sdrting;OI
and Kurtosis-KG) with depth COnffrm‘earliersuggestions of
un1form ‘parent materials for soils at sitesn2"3 5and 6
(Table-'24) Var1at1ons of dp to 0.46 ph1 un1tsl1n the
jmean Mz 0. 26 ph1 un1ts in sorting DI and 0.21 ph1 units in
Kurtos1s ‘KG  were observed for so11s at s1tes 2, 3, 5 and 6-
The h1ghest variations occur w1th1n sites 1 and 4 wﬁth_'
variations qf 0.73 to 0 86 phi units‘in‘tne mean 0r56 phie
units in sorting and - 0,72 to 0. 11 phi units in Kurtos1s
Var1at1ons of up to about 1 6 phi un1ts for the mean and 1
ph1 unit, for sortlng and- kurt051s were necessary to indicate

bt
the presence of two 11thologlc unlts of loess and andes1t1c



..

Table 24. Approximate grain slie parameters (values in phi units).

Statistical parameters=* Statistical parameters*
<
Horizon MZ ol KG Horizon MZ oI KG

Q. 0.G Luvisol (site _l 0.G Luvisol (site 4)

Ae J.48 1.46 1.60 Ae 4.84 1L85_ 0.81
AB 3.90 1.66 1.24 : ) AB 4.96 1.86 0.84
Bt1. 4.04 1.86 1.16 Bt1 4.58 2.28 0.90
Bt2 ~4.18 - 1.91 1.07 Bt2 4.37 2.28 0.78
BCk 4.34 2.01 0.88 Ck 4.23  2.41 0.82
Cca 4.33 2.02 0.91 - ' .
D.G Luvisol (site 2) E.BLK.' Chernozemic (site 5)
Ahe  4.53 1.76 0.93 Ah 3.95 2.51 0.89
Ae . 4.09 1.84 1.11 Ae 3.55 2.33 1.04
Bt 4.07 1.86 1.14 Bt1 3.60 - 2.30 1.06
Ccat 4.31 1.87 0.99 Bt2 3.64 2.25 1.08
Cca2 4.27 1.89- 1.00 . BCk 3.62 2.49 0.98
: . Cca 3.86 2.319 1.04
D.G Luvisol (site 3) . . 0.6 Luviﬁol (site 6)

Ahe . 4.60 1.74 ‘0.1 Ae 3.48 2.38  1.09
Ae - 4.45 1.859 0.92 AB 3.52 2.32 1.03
AB : 4.25 1.89 0.9t Bt 3.55 2.32 1.08
Bti/f- 4.23 1.85 0.98 BCk 3.69 2.37 1.00
Bt2, 4.14 1.86 1.08 ) Cca 3.64 2.33 1.02
BCk!\ 4.27 1.85 0.95

Ctat 4.31 1.86 0.98

* Parameters are: MZ=Mean:; OI=Sorting: KG=Kurtosis
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tephr& (Stewart et al., 1977). In profile 1,-variations in

/
»‘the graxn size parameters with depth suggests uniformity 1n

k!

the prof1]e, if the Ae horizon is excluded. In the Ae

‘horizon, the mean and sort1ng values are less while Kurtos1s

is hlgher when compared to under lying horizons. The decrease
ﬁ? the mean value is a result of an abundance of coarse
particles while the decrease in’the sorting value indicates.
improvement of sorting, Glacial till deposits arerusually
poorly sorted, thus 1mprovement of sort1ng in the Ae hor1zon'
of site 1 may have occurred as a result of f1ne part1cles/
being stripped from the dep051t by either wind and/or water
action. In profi\e 4, the mean grain size of Ae and AB
horizons is lower than that of the rema1nder of the prof11e .
and _is 1nd1cat1ve of an abundance of f1ne particles. The
value for sort1ng(01) are lower in A horizons and suggests
Some vsorting of mater{als in Ae and AB horizons (additions
' l

of fine size materials and/or depositional variations

between the upper and lower solum).

The cumulat1ve frequency .curves .for ’the non- clay.
fractvon for the surface and Cc ‘horizons of. prof1les 1 and 4.
are compared,~ tdgetherv with the curves of North Amer ican
loess '(Shith, 1942), 1acustrine silts, glacial tin and for
a surficial depostt over till. The surf1c1a1 deposit(overi
till)  was thought to be a m1xture of t111 and eol1an s1lts
of glacial origin (Arnold and. Cline, 1961) (Fighre 65).
_There is 1ittlé or- no s1milarity in size d1str1but1on'

between surface horizons of soils of th1s study and loess"



Y/

CUMULATIVE FREGUENCY

226

lopr-
80
604
Ae and Cca horizons (site 1)
.4 Ae- " . .
20 e and Ck horizons (site )
’ -, 6 Surficial deposit and till
Lacustrine silt
20 North American Loess
0 o1 2 Y J
0 1 6 7 8 9 O(Pnl enits)
v !oz loos l.ooz mm .

PRRTICLE SIZE

Figure 6S. Cumulative—frequency curves for surface
R horizans and C horizons from sites 1 and 4,
a surficial deposit (thought to approximate
3 3:1 mixture of till and lacustrine silt,
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materialifor particle sizes larger than 0.1 mm. The shapé of
the curvé for the one Ae horizon (site 4) is simiTar to that

of lacustrine silts and loess for the particle size range of

less than 3 phi units (0.125mm). Material in this size

range is readily wind- borne Glacial t111, un11ke lagustrine

silts, contains particles in- the range of 250 to 2000

micrometer and thus cumulative curves of mixtures of silts

and glacfal till will tend to be dispiaced upwards from the

curve for silt albne,(cUrVe 7, Figure 65), On this basis, it
appears -that the surface horizon of profile 4 probably

contains some eollan material dep051ted on the

the profile (compare the curve for the C hor1zonﬁf?
of the Ae horizon) (4 versus 3, Figure 65). The curve for
' SUbficiai material (5) overlyihg fi]l (6) (Arno]d and Cline,

1861) shows the same downward shift from t111 as observed

. for the surface horizons of site 4 The cumulat1ve frequency'

curve for the Céa horizon from site 1 (2) is similar to that
for . the Ck horizon of of site 4 (4). However, the curve for
 £he Ae .horizon of site 1 (1) is diSplacedIUpwans unlike
" that of the Ae hofizon of site 4 (4). This upWard
displacemenf‘ 5uggest§4a different pﬁbcess éf site 1 such as
~ depletion of fine éabt{cles,by wind and/or watgzxédtion.
b. Resistant mineFél-distﬁibutibn‘ - .

Quarfz has been used as a stable.réference mineral by

numerous ‘reséarcher§ - {Cann and Whiteside; 1955; St. Arnéﬂd

_and Whiteside, 1963; Al-Janabi and Drew, 1967; Redmond and -

‘Whiteside, 19i;> Smeck et 'al., 1968; Sudom and St. Arhaud,
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1871;" Evans, 1978). Its high resistance to weathering make .-~
it a suitable 1nd1cator mlneral for studies of weathering
_and parent mater1af» eqﬂjformlty The reiat:vely h1gh{/
' '“‘. -47:%* :

:,.. e

advantageous since errors 1ntroduced -From determnnat1onf';7\

and/or sampling will be relatwvely small. Other m1nerals
sdch' as 'K-teldspars could’ also be used to 1ndicate parent
matérial un1form1ty espec1a1ly in re]ativelyifbdng soils
ﬁwhere they are expected to d1sp1ay 11ttle or no weathering.
Barshad {1964) suggested the ratio of resistant. mlnerals is
more rel1ab1e than percentages in eva]uat1ng the un1form1ty-

within soil proflles . ' ¢ ¢

Amounts of both quartz and K- feldspars and the1r rat1os
for the 5 to 250 m1crometer size range were calculated for .
.,the total non-clay fract1on The d1str19pt1on of quartz
~ within all proflles shows a small but gradual decrease with
1ncreas1ng prof1le depth for the coarse and medium silt;
this trend ,i§ ~also apparent for-duartz in the fine sand
fraction (Tables 7 to 12, Appendix A). K-feldspars generally
d%splay a: reverse trend. - Variations (relative standard
deviaticns in “per cent) in contents of quartz, K- feldspars‘
and their ratios within prof1les and for varlous size
fractions suggests mater1als are uniform in all sites except
for site 4 wh1ch displays the hlghest dev1at10n from the
means in all variables ' (Table 25). Size d1str1button of
' quartz .Within 1nd1v1dua1 prof1les 1n the various non- clay

fract1ons are qu1te 51m11ar for soils from sites 2, 3 5 and

~
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Table 25. vartfations in content of quartz, K-feldspar,
K-feldspar: quartz ratios and tri-acid residues
within profiles. - . '

variable Size site 1 site 2 site 3 site 4 site5 site 6
Quartz fine sand 2 2 2 3. 2 7
C&M si1t ! L4 4 5 4 2
Nonclay#** ‘ 6 - 4 11 3 1
K-feldspar  fine sand 5 5 4 4 7 -1
o C&M silt . 8 6 . 17 1 11
’ Nonciay»+* 6 6 2 9 7" 8
K-feldspar  find sand 6 6 4 6 8 = 8
-to. -~ B Gl it
,Quartz C&M silt 9 12 10 20 3 13
“Ratio . R . o
Nonclay»** ',) 9 7 2 14, 6 9
Tri-acid <2 mm 5 4 4 5 2 4
residue

* relative standard deviation in per cent
** nonclay refers to the size fraction 2-0.002 mm.
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6, as shown in the bar graphs and the ternary diagrams
(thures 66 and. 67). The size distribution of ‘quartz 1n
soils 'from__sites 1 and 4 is qu1te unlike d1str1butlon of
quartz in a]l other prof11es (F1gure 66). At site 1,'content,
ot coarse and medium sand sized quartz . appears un1foauv
throuéhout the prof1le "(Figure 66). Coarse’ and med ium
s11t s1zed quartz decreases with profile depth while the
reverse trend occurs foh fine sand-sized Qquartz, An'
anomolous quartz distribution pattern is also ev1dent for
site 4 where content of coarse and medium sand-sized quartz.
is low 'in the Ae 'and AB horizons and much h1gheri1n the
underlying horizonsv (F1gure 66) Physyﬁgl shattering of
coarse and med1um sand-sized quartz to fine sand-sized
vquartz may possibly account for the results.~ However ,
Rhysical breakdown of coarse sand-sized quartz to fine

sandfsiZed ‘quartz appears to occur only in‘the surface

horizons of two. other profiles (sites 2:and 3). Physical =

disintegration of"large pabticles to small partwcles is
mainly attributed to frost action in- -surface so11 hor120ns

Climatic conditions at all s1te locations are s1m1lar thus
the \ extent of phys1ca] disintegration should be similar. at
all six sites. S ace not all prof1]es d1splayed ev1dence for |
physica] d151ntegrat10n of coarse sand- sized quartz to fine.
- sand sized ouartz the{ importance of this process' 1s?n
questipnab‘c.‘ Minor eolian additions and depos1tional-
variat1ons could ‘account fqr the variations in quartz

distribution with profile depth
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. Figure 66. Bar graphs showing distribution of quagtz in
. the various non—clay fractioms...............
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c. Iri-acid residue

Confent of tri-acid (a mixture_of HC1, HNO3 and H2S04)

- residue was found to-be-.a more suitable intefnalAstandard

than contents of quartz, Zr02 or Ti02 (Evans and Adams

1875). Thus, d1str1but1on of tri-acid residue should:be -

un1form for a un1form mater1al

The per cent dev1at1on from the mean (relat1ve standard_
_dev1at1on) of contents of acid reswdues for hor izons w1th1n_
.each - 5011 are shan in Table 25 Prof1le d1str1but1on

patterns of tr1 ac1d residue were un1form within prof1les

The  rather smal] var1at1ons suggest,parent materials of all

v prof1les are un1form and do not contako d1scont1nu1t1es The

1nterpretat1on concern1ng parent mater1al un1form1ty based

on the var1at1ons of - tr1-ac1d residue does not agree

ent{;ely w1th the 1nterpretat1ons based on the other. J
"parameters~1used in1 this study which showed that some';t5
~1rregularities occur at 's1te 1 and site 4. The reason for,_g_o

'~thi5"difference jn” results could be due to the relat1vely:,{»

1nsens1t1ve nature of the tri- ac1d residue test wh1ch is

Jbased on the var1at1on of all re51stant" mater1al in ther

,total <2 mm size fractlon

o In. conclusion, both textural  and mlneralog1cal

information indicates lvtho]og1c breaks do not occur in

proﬁ1les 2, 3 5 and 6 wh1le some mod1ficat1on of the parent-
1_',mater1al is ev1dent for surface horlzons at sttes 1 and 4.

- The- s1m1lar1ty in the qua11tative nature of feldspars from
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. upper . and lower solum secfions at sites 1 and 4 suggests

there is no apparent m1neralog1ca1 d1scont1nu1ty At site 1,

some  loss of f1ne partmcles, possibly through wind and/or
water action‘ has _affected. the particle size dlstribut1on
wQere upper horizons (Ae andgto,a lesser extent’ AB hor1zons)

are slightly depleted of fine particle sizes. At site 4, the

data suggests upper horizons have received some eovlian

fadditions of fine materials Small quantities of eolﬁan

mater1al having m1neralog1cal characteristics s1m11ar to the

g]ac1al t1]l mater1a1 of equ1va1ent part1cle s1ze »could

5. Since mineralogical d1scont1nu1t1es were not detected in |
any of the soils, the general trends in m1nera1 d1str1but1on

- within prof11es could be 1nterpreted qua]1tat1ve]y in terms _

of pedogenic effects. However quant1tat1ve evaluat1on of -

pedogenic ‘effects within soils from sites 1 and 4 are not

valid due to non pedogenic modificatfons of their surface

horizons. - B \ o n L )

D. Mineralelteration During Pedogensis

f-Preyious studiés of soiis from the Plains region.of”

Western Canada suggest mineral weathering accompanying -

- upedogenesis 1s not pronounced Some of the characterxzat1on [

data obta1ned in th1s study revealed that minor m1nera1,
a]terat1on has occurred in response to so1l development For

example, content of heayy m1nerals w1th1n a g1ven size

fract1on typlcally decneased proceeding down the - s0i1 |

Al

“

[
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profile. This section deals briefly with further

quantitatiye evaluation -of mineral weather1ng us1ng bulk

chemical analysis ° of total sand and s11t fract1ons and

mineral ratios.
-~

n general, contents of elemental oxides in the sand |

Cand silt 'fractions are quite similar among the six soil

prof11es (Tables 26 and 27) Amounts of K20 and Na2D are one
and half times greater in the silt as compared to thev
respect1ve sand fractlons while amounts of Ca0 are general]y, 
equal to or' sllghtly more in the. s1lt as compared to the
sand fraction. These d1fferences in e]ementa] contents are a
reflection of the differences in mtneralogy of theseLtWO

size fractions. Silt fractions contain one to one and half

‘times as much notaSSium'and sodium feldspaq and two to three

times as much heavy minerats as does the sand fraction. The

" largest SrelatiVei-difference in elemental oxide content

‘within a.given profile ocaurs for Ca0 and Na20.

.

Weather1ng -effects, . as nefleqteq by elemental

d1str1but1on w1thin a'pbofile"ane‘more‘prOnOunced‘for silt

_ fract1ons than  for sands (Flgure 68). Th1s f1gure is qu1te.

typibaJ of the elemental d1str1but1on patterns d1sp1ayed by
all six so1ls Sand fract1ons did not d1splay con51stent
patterns wh1ch may suggest that weathervng effects in. sands
aré'not large and may have been masked by 1nherent elemental"

drstQIbut1on in tills,
\ ) 2 .
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Ae .

Bt1
Bt2
BCk
Cca
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Bulk Chémical analysis for totatl $ands and silts B
(sites 1 to 3). . '
______________________________________ Ry
. . N
Sand (2-0.02 mm) Si1t (0,02-0.002 mm) *
K20 Na20 Ca0 MgO Fe203 K20 Na20 CSO MgO0 Fe203
% v
Orthic:Gray Luvisol !site'll !
1.28 1.02 0.69 0©.15 0.67 2.09 1.43 71.03 0.52 1.60
1.27 1.0t 0.72 0.19 o0.72 2.27 1.40 *1.04 " 0.53 1.66
1.36 1.14 0.73 0.15 0.71 2.25 1.52 1.16 0.58 1.79
1.33 1.15 0.80 0.15 0.76 2.24 1.55 1.20 0.60 1{88
1.37 1.05 0.72 0.12 0.61 2.48 1.62 1.36 0.61 1.92
1.43 1.10 0.83 0.1s 0.70 2.38 1.56 1.31 0.:59 2.00
Dark Gray Luvisol (site 2)
1.33 1.06 0.70 0.1s 0258 2.07 1.26 0.78 0.54 1.84
"1.24 1.01_.0.70 0.17 0.59 2.08 1.28 0.85 0.62 '1.95
1.27 1.01 1.04 0.36 ., 0 .91 2.17 1.42 1.10 0.78 2.34
1.50 1.18 1.05 0.31 ¢ 7% 2.06 1.49 1.24 0.56  1.58
1.43 t1.16 1.01 0.27 ¢ 73 2.46° 1.57 1:27 0.55 "1.51
Dark Gray Luvisol (site 3)
1.31 1.20 0.85 0.19 o0.a5 2.01 1.30 0.86 "0.51 1.57
1.48 1,17 0.84 0.24. 0.89 2.06 1.29 0.87 0.55 1.73
1.48 1.16 0.93 0.14 0.81 12.32 1.39 0.97 0.64 2.14
1.36 1.21 0.78 0.13 0.58  2.23 1.46 1.03 0.64 1.94
1.42 1.11 0.80 0 15 0.85 2.23 1.53 1.17 0.65 2.04
1.49 1.23 0.82 0.17 0.80 - 2.21 *t.55 1.20 0.61 1.78
t.41 t.14 0.97 0.27 0.79 2.2 1.64 1.22 0.65 1.7



(sites 4 to

Table 27. Bulk Chemicaé§analysis fo;”total sands and

silts

S11t (0.02-0.002 mm)

Horizon K20 Na20 CaO0 MgO Fe203 K20 Na20 ° Ca0 MgO Fe203
%.
© Orthic Gray Luviso) (site 4)
Ae 1.1 0.68 0.44 0.14 1.50 1.8t 1.09 0.43 0 52 2.14
AB 1.14 0.92 0.54 0.19 0.73 1.80 1.07 0.29 0.66 '3.14
Bt1 1.05 0.78 0.46 0.07 O0.62 1.88 1.15 0.46 0.71 2.72
Bt2 1.09 0.8t 0.54 0.14 0.63 1.86 1.33 0.68 0.61 2.33
Ck 1.13 0.83 0.85 0.22 0.76 2.02 1.32 0.62 0.60 2.09
Eluviated Black Chernozemic (site 5)
Ah 1.18 0.90 0.62 0.16 0.63 1.89 2.09- 1.24 0.81 1.714
. Ae 1.04 0.74 0:S3 0.15 0.58 1.93 1.27 0.86 0.50 1 64
Bt v 1.05 '0.79 0:54 0.13 0.46 1.1 1.34 0.93 0.52 1.70
Be2 | 1.02 0.84 0.59 0.12 0.45 1.91 _t.43 1.01 0.59 1.72
BCk | '1.16 . 0.91 1.07 0.235 0.48 1.95 1.43 1.12 0.58 1.56
Cca } 1.18.° 1.05 1.093 0.67 0.60 1.98 1.49 1.16 0.59 t.e64
‘ i Orthtc Gray tuvisol (site 8)
| : 4
Ae | 0:74 0.55 0.34 "D.05 0.42 1.78 1.02 0.50 0.50 1.88
AB " 1.0.83 0.54 0.31 0.07 AL 0.56 1.75 1.19 0.65 0.56 1.86
Bt 0.68 0.43 0.30 0.07 0.45 1.72 1.15"0.75 0.57 1t:84
BCk 0.68 0.47 0.39 0.12 0:44 - 1.69 1.16 0.7 0.53 1.78
0.70° 0.60 0.64 0.19 0.58 1.67 1.25 0O 0.53 1.74
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28. Ratios of po(éssiuﬁ feldspars, plagtoclases and
heavy minerals to quartz in the sand (2-0.02 mm)
and siTt (0.02-0.002 mm) fractions. .

________________________________________ T T T TN

- Mineral ratios x100
— _

Sand* . Sitte
Horizon | KF Na-CafF HM KF Na-CaF HM ‘
Orthic Gray Luvisol (site 1) .

Ae 9.0 13.7 . 2.6 17.7 3t.2 16.9

AB 9.3 14.3 2.0 17.3 28.6 11.3 . .
.Bt1 9.1 16.2 2.7 16.5 25.2 16.5 !
Bt2 9.4 15.4 2.7 17.0 126.9 19.2

BCk 9.9 ‘t6.6 * 3.5 19.6 30.3 23.2

Cca 10.4 16.6 3.7 19.0 30.5 23.8

Dark Gray Luvisol (site 2) S _‘ -

Ahe 8.6 14.7 2.8  15.7 21.0 16.6

Ae 8.4 13.5 2.2 14.5 24.4 15.6

Bt 8.7 14.3 3.4 16.7 24 .4 18.4

Ccat 10.5 16.2 3.3 16.0 26.8 22.7

Cca2 10.2 15.9 -3.0 t9.2 28.8 20.5

‘ Dark Gray tuvisol (site 3)

Ahe 9.9 15.6 3.1 14.6 20.6 124

Ae 10.4 16.2 3.1 15.7 1 21.5 12.8

AB 10.8 16.6 2.6 17.5 251 7.0

Bt1 10.6 18.0 3.2 18.1 24.5 17.6 .

Bt2 10.5 15.5 3.0 20.4 28.4 19.8

BCk 10. 1 15.9 3.2 19.3 28.4 19.8

Cca 10.0 16.7 3.7 18.0 29.2 ° 18.5

* Summation of minerals in the various sand or silt . .
‘fractions were used to obtain the ratio. ° : : Lo

Abbreviations:

CKF =

HM =

K-feldspars, Na-CaF = Na-Calctium féldspars
Heavy minerals . .

5 . . . . B
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Table 29. Ratios of potassium feldspars, plagioclases and
b heavy minerals to quartz tn the sand (2-0.02 mm)
and silt (0.02-0.002 mm) fractions.

Mineral ratios x100

Stite

N 2 Sénd' o
Hor 1zon KF Na-CaF HM KF Na-CaF HM
: Orthic Gray Luvisol (site 4)
Ae 1.4 9.4 2% 12.2 151 12
AB " 7.5 9.9 1.9 9.0 12.9 15
Bt1 7.4 12.0 1.7 13.7 14.8 15
8t2 7.7 13.6 2.0 13.7 16.8 20
Ck 7.4 14.5 2.9 13.2 17.9 20
. ; :
- Eluviated Black Chernozemic (site 5
PR . 5 i . L —)'
Ah. 8.1. 13.3 2.5 14.9 19.4 16
Ae 7.4 11.2 1.7 15.8 19.0 13
Bt 7.3 12.2 2.2 15.7 20.7 15
Bt2 6.8 12.3 2.3 16.2 22.7 17
BCk 7.9 12.4 2.3 16.7 24.8 © 20
Cca 8.2 145 2.7 6.4 27.6 21
Dark Gray Luvisol (site §)
Ae 4.9 8.5 1.4 9.5 17.1 11
AB 5.4 8.2 1.4 12.8 18.5 13
Bt- 4.8 7.3 1.4 11.5" 16.5 13
BCk . 4.8 8.5 1.6 12.7 16.7 14
Cca 4.7 7.7 2.1 12.7 17.3 14

* Sumhation of minerals 1n'the var fous sand or

fractions were used to obtain the ratio.

'Abbreviat4ons}

KF = X-feldspars, Na-CaF = Na-Ca feldspars

HM = Heavy minerals

3

abnm
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Content of K20 in siilt separates invariably increased--
with profile depth wh1le no regular trends were observed for
_K2D d1str1but1on in sand. separates (Figure 68 and Tables 26
and 27). The chemical results agree with the 1nterpretat1on
of mineral rat1os where the K- feldspar to quartz ratio for
“sands show no consistent pattern while the ratio for s1lts
increases with. profile depth (Tables 28 and- 29) 1nd1cat1ve
of weather1ng of K-feldspar in upper solum portions. Svnce
"mica also contains potass1um part of the K20 dlstr1but1on
pattern for silts may also’ refect depotass1f1catlon of
silt-sized‘mica. The average content of K20 in sand and s1ltf
fractions are remarkably s1m1lar among so1ls from s1tes 1, 2
and 3 and between soils' from s1tes 4 and 5 while content of’
K20 for the soil from site 6 is almost half the amount found-'
}j71n sand and s1lt separates from the other 5 soils (Tables 26}
and. 27). The low K20 content for sands and silts. from site 6
-soil is matched by a low K- feldspar content (Tables 30 and
31). '

Content of Na20 in sand and more commonly in silt
separates display- a gradual lncrease w1th prof1le depth‘

,(Figure‘ 68) -which':suggests some weather1ng of Na bear1ng

- minerals in surface hor1zons ‘Values for. the ratio of

_,plagloclase to quartz (Tables 28 and 29) def1n1tely 1nd1cate
Na- Ca feldspars in the. upper solum have weathered and the
| pPOfl]e d1str1butlon pattern of Na20 is largely a reflectlon,
.of abundance of plag1oclase feldspar Trends displayed in f
'rthe Na20 contents with prof1le depth are usually matched by

>
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~a similar trend in the respeetive feldspar: quartz ratio.
Values for both the ratio and Na20 cdntents for a given

profile areé@}either aniform or slightly:»erratic for

sand-sized fractions while ’silt sized fractions usually B

d1splay a progress1ve increase in both the rat1o and content X
of Na20 w1th prof1]e depth (exciuding the upper horizons of
sites 1 and 4 which are now known to be slightly modified or "

contaminated with eol1an material).

A

Content of CaO generally lncreases with prof1le depth
'fpr both sand and silt separates (Figure 68 and Tables 26J
and 27). The prof1le d1str1but1on pattern of Ca0 for}
sand sxzed separates depicted in Figure 68 is not typical of
the progress1ve increase w1th depth d1splayed by the other
five profiles. Like Na20, the ‘deplet]on of calcium from
_upper seii horizons is most pronounced for the more reactive
silt-sized fraction-and is the result of feldspar weathering
as tllustratedt*by the feldspar quartz ratlos For a g1ven'
profile, the relat1ve dep]et1on of calc1um is greater than
the relative depletion of . sod1um For the sand s1zed] |
fractions, most prof11es display progress1ve and substant1a1

‘increase in Ca0  (Tab

. 26 and 27). w1th prof1le depth
however, respective' eldspar: quartz ratios are generally
erratic and do ‘no‘ match the trend in Ca0 d1str1but1on'
" These two features suggest that weather1ng of other mineral
| cOnstituents, ]1Ke €a- bear1ng pyroxenes and amphiboles may
,contr1bute, to the profile. patterns of CaQ Mineralogica]3h

data presented earlier showed that content of amph1boles wasv
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lowest in sands and ‘silts from soils at sites.4 and 6. The'
chemical data for elemental. content (Tables 26 and 27) also
shows that the lowest conigit of Ca0 occurs in sand and silt
fractions from soils .from sites 4 and 6. M1nera1 rat1os
(Tables 28 "and 29) def1n1te1y 1nd1cate heavy m1nerals have

- experienced weather1ng 1n upper solum "horizons. In al)
.l1kel1hoodfg the Ca0 distribution patterns for*protiles is a
reflectlon of both plag1oclase and heavy m1nera1 weather1ng,

in surface hor1zons

Contents of MgO and Fe203 in sand and s1lt fractions do
°not show consistant trends 1nd1cat1ve of elemental deplet1on<
- or red1str1but10n desp1te the fact that heavy mineral:
quartz ratios strong]y suggest weather1ng of heavy m1nerals
has occurred in urface and some B 'horgzons Profile
'distr1but1on patterns of VMgD in siit separates tend to.
/ parallelf the d1str1but1on of verm1cu11te and chlor1te
(Tables - "30 and 31) whlle for ‘sand fract1ons, content of MgO
is often’ ‘lower in the solum compared to o hor1zons The
rather irregular distr1but1on of total iron in sand and silt
- fractions w1th1n profiles suggests that as heavy mlnerals
| weather, the released }1ron rema1ns as a constituent of ax
silt or ‘sand-sized pseudomorph or that the released iron
forms coatings on sand .and silt-sized ‘primary mineral
'grains. Heavy m1neral quartz rat1os clearly 1nd1cate that
weathering of _sand and -s1lt s1zed heavy m1nerals in the A

»

solum has occurred in response to pedogene51s



V. SUMMARY\?ND'CONCLUSIONS

The m1neralog1ca1 nature of the so1ls of this study are
general]y similar. . Minerals present in all:SIZe fractions .
are qual1tat1vely similar throughout all sites. The order of
abundance of‘pr1mary m1nerals 1n/sand and s11t fractions 1s
quartz, plag1oc1ase and potassnum- feldspars. With the
exception of substantial anounts of quartz in clay fractions
'from surface-horizons, these primary minera]s‘arelpresenpgin4
only mtnor amounts in the clay fraction. Aﬁphibotes.are
presentlen only the sand and silt fractions and.conoentra e
: specifioally 'in the coarse and . med1um s11t fracttons
Trioctahedral' nioa is 'an 1mportant component in sand and
silt fractions; dioctahedral m1ca is most abundant in the
qjay fraction ingadditionvto appearing in th ilt fraotjon.j' .
}Vermiouiite~:was 'identified in the silt an:j:;a;\fractions
and is primarily of inherited origin. Smectite;>dioctahedral
mica and Kaolinite were the * three ﬁain minera1bspecies"
present in the total clay fraotion-(<2'0 micrometer):while |
smectite with. subord1nate amounts of both hydrous mica and .
kaolinite were present -inr‘the: fine clay fract1on (<0.2

microheter) Kaol1n1te was also present 1n the fine silt

fract1on while chlorite was present in the sandr\sr+~ and »
| lay fraot1ons. M)nerals present 1n the clay tra\tqo;\;r;\\\\\\\f
:Qib1y dioctahedraj} with 'm1nor ‘amounts of trloctahedtaﬁ\ |

f;im?nerals interpreted tog be biotite and7or\1r1octahedral :f\\\g\
vtyermjculite;v Smectite fpeciesp'present in’ the £i .clay

-



245

P

1

-

fractions . are beidellite and.'mbhtmorillonjte‘ as was
“éuggested by the Greene-Kelly test.
The 'natqre of"potassium ‘feldepars inAthe diffe;eﬁt‘J
soils and size fraettohs are remarkably similar. Potassium
-feldsﬁars bresentf in Lthe soils of this study are
characterized by: | | ‘ | . |
1. the presence of both triclinic and monocl1n1c poﬂymorphS‘
| with average relat1ve proport1ons of orthoc1ase equal to A
32 6% in the 'sand fract1on‘and-45 * 10% in the s1lt

]

frect1on; ’

o 2. avere;e relative propdrtion; -of  83% KATSi308, 16%

 NaA1Si308 and 1% CaA125i208 in the sand fraction and 85%
KA1Si308, 13%  NaA1Si308 and-9% CaA125i208 in the silt
fraction; . ' ?//g - ' -

3.. a perthitic nature: Perthitie ihtehgrowtheyof albite in
potass1um feldspars_ webe vahiabie'in_si;e and could be
cla§s1f1ed as . macroperth1tes R ﬁicroperthttes ﬂand.
possibly X- ray perth1tes N - | |

4-~'a_ high deghee of exsolut1dn_(phase separatiob}fbetﬁeeﬁ,

‘the  two - feldsbare' phases iﬁ-Lperthjtic potassium
;feldspars, | ] L "‘v

. 5. a high degree of order1ng of the chroc11ne polymorph

5approach1ng that of max1mum m1crocllne as 1nd1cated by‘t

. ob11qu1ty va]ues of more than 0.9 A
. ? -

jPlagieclaSe -feldspare were,elso similar between soils
and theetindividual'Hsizeb fractions. Plegioclasé‘ species

o
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present were dominated'by albite or albitic feldspar admixed

with lesser amounts of oligoclase and more ca101c feldspars.

Chemical analysis of plagioclase indicates that on. the -
average it contains 79% &aél5i308 and‘21% CaAlZSiOB in.the‘
sand fraction and 82% NaA1Si308 and 18% CaA12Si208 in the

silt fraction. Characterization of the soil plagioclase

mixturesv by X-ray diffractidn methods _gave results

:ucomparable to. those obtained by wet chemical analySis X-ray
‘diffraction proved _'to " be useful '1n determining the
Acomp031tion "of soil plagioclase mixtures 1n this study’and‘“
with. few further refinements, _it‘ could be an excellent

\method: for qualitative and quantitative ~analysis of

.

Zplagioclase species in 501ls espcvally for 51ze fractions’i

rangingv beyond that 'which is su1table for petrographicrl.}

examination (e g., silt- Sized material).

Surface morphology of feldspar minerals as . seen under
the scanning electron mtcroscope 1nd1cate alteration has

occurred and was evidert from solution p1tting¢ alteration-

to secondary phyl1051l1cate minerals and other unidentified

: °m1neral materials The extent of alteration as ev1denced by

surface morphological features appears mOre pronounced in

plagioclase v-feldspars than , inu pota551um feldsgans.

Differential weathering of feldspar phases in ‘potasiuhf‘a'

feldspar crystals was ev1dent in both petrographic and

velectron microscopic examinations X-ray'and bulk chemical.

“data support the conclusion that the albite phase " in

" perthitic K-feldspars ‘has . been" differentially weathered;u
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A1though ,ueathering features observed for potassiuh and

“plag1oclase feldspars were not. conf1ned to the b1ologtca]ly

active zone of the soil solum (e-gt,lsurface hor1zons) he

overall change in feldspar dlstrtbut1on w1th depth 1nd1cates
.weather1ng ~during pedogenes1s had occurred Neatherwng ,

trends in K-feldspars are not well def1ned wh1le those of',

-

p]agloclase feldspars 1nd1cate their weathering 1n response ’

to pedogenesis in surface hor1zons‘ Other

eXperjenctng a def1n1te weather1ng trend causing

dep]etion_“in”~surface hor1zons are: sand and swlt s1zed ‘
_amphibo)es. biotite, and chlor1te No def1n1te weather1ng

B trends, were. observed or clay-s1zed secondary mlnerals

So11s 1nc1uded 1n th1s study are re]at1ve1y young so1ls

Z}developed in a subhumxd cool cl1mate)and the changes and/or

w)

weather1ng ‘trends are (as * expected) smal] The task of

’obta1n1ng .chemical and/or m1neralog1ca1 weather1ng trends is

also comp11cated by the fact that the parent mater1a1 f the

'characteristics of ti?]s has probably obscured the‘picture.

P .

Parent»'material -uniformity“ was eonfirmed for four.of .
the six sites (s1tes 2, 3,5 and 6). Some modmfxcatlon of

the surface materlals through eo]1an add1t10ns was concluded

~ soil  profiles s ‘9]30131' i1l where the,‘1nherent)gu

for s1te 4, however, at site 1 the surface horizons appear f-

o to be depteted ofvflne part1cles through w1nd and/or water

'act1on The estab11Fhed 1nformat1on about parent material

c

:un1form1ty was :egyent 1 for  the 1nterpretat1on of some )

| amblgu1ty 1n mzneralogrcal data

Y n

/ 0 . °
- . .~ bl

e T o

e
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Quaht1tat1ve mineralog1ca1 data are establlshed for the
whole so1l and }presented in Tables- 30 : and 31 The data .
’ tndjcate 'that‘~quartz_ is the most abundant mlneral in - the’

1’soi] followed by heavy minerals (including ,mica) and
’fjplagioclase feldspars. Smectite, Kaolinite and_petassium
,feldspars areﬂ thfrd_ in '~ abundance. CTay tranalocation
(fspec1ally smect1te) is ev1dent from the data, causing. a
'negative enr1chment of quartz‘ and feldspars in surface
hor1zons Kao]1n1te‘ , d1str1but1on indicates —_some
translocation to Bt horizons wh1le peavy minerals (m1nerals
w1th spec1f1c grav1ty greater ﬂthan 2.72 -g/cc) 1ndicate
def1nite weather1ng 1n surface horlzons desp1te the negat1ve
- eanchment whlch shouid occur 1n‘surface hor1zons due to .

clay translocat1on

Lo~
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Well drained Orthic Gray Luvisol ééve]oped on strongly

. Lcalcareous clay loam glacial till; contains some stones up ..
to 20 cm in diameter and rounded pebbles of igneous and -
.metamorphic origin; also contains soft yellowish siltstones.
and reddish iron concretions. The topography is moderately

rolling and the site is located oma north facing slope of-a
hummocky morainal .plain. This land unit covers 25 per cent

of the area and is mainly located in the northwestern . and

westcentral portions of the Sand River Map Sheet (73-1)

(Kocaoglu and Brunelle, 1875). The native ve?etation'

consists predominantly of a well established aspen (Populus
tremuloides), wild rose (Rosa acicularis), green. alder
(Alnus crispa), grasses and mosses. A description of Lbe

»
Q€ .

Aorizoﬁ ' ‘ ‘ Descriﬁtioh,
LFH - t8-0 cm; . black (10YR 2/1 m.)‘seﬁi and highly
: - decomposed organic matter! -abundant fine
continuous vertical and plentiful medium and
coarse roots; abrupt smooth boundary; 13-19 cm

*hick. '
Re 0-25 ‘cm; " light gray (10YR 7/2 m.): weak fine

s/ platy; loamy sand, 1loosé to very friable; few

/ very fine and fine vertical and plentiful medium

( oblique roots; some stones and pebbles; gradual
wary boundary; 22-28 cm thick. - N :
AB 25-37 cm; fight brownish gray (10YR 6/2 m.):

weak medium blocKy; sandy clay loam: friable;
few medium  oblique and few fine ~vertical
continuous roots; few thin clay skins on ped
surfaces; -some stones and gravels; gradual wavy
boundary; 10-14 cm thick. ,

Bt1 + 37-62 cm; light gray to gray (10YR 6/1 m.):
- strong coarse blocky; sandy clay loam, firm, few
- fine vertical inped and very few medium oblique
roots;” many moderate thick clay skins in pore
and ped surfaces;. some stones and pebbles;
« . diffuse wavy boundary; 21-28 cm think. ‘

Bt2 62-87 cm; light brownish gray (10YR 6/2 m.):
moderate medium blocky; clay loam: s}ight]y

Site:1 (Series:La Corey) Legal location:NE 14, R g;;Tgl'BS;»*

T
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TEEL S firm: few fine 1nped random roots; common th1n

University of Alberta

clay skKins on ped surfaces; some stones and .-
pebbles; clear wavy_boundary; 22- 30 cm thick.
- ) J )

BCK 87-98 cm; brown to dark brown (10YR 4/3 m.);

' . very weak fine blocky; clay loam; slightly firm;
few thin clay skins,on ped surfaces; few sand
pooKets, few common rounded red iron

. concretions; moderately calcareous’ f1ne spots of
carbonate accumulat1on
L

Cca . 98-125 cm; Kmass'we. weakly calcareous common
' fine spots of carbonate acumuPat1on :
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' Site:2 (Series:Spedden) Legal location:SE 22, Tp. 62, R 3, W
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)

"

4 L ~ B
| Well drained Dark Gray Luvisol developed on strong to
moderately calcareous clay loam glacial till; stones and

.gravel of igneous origin and soft siltstones are common. The
- topography of the site is gently upndulating and the landform =

s morainal plain. This land unit covers 23 per cent.of the

-areal (73-L map- sheet) extending from the Beaver River

Crossing in "the east to the ridged morainal plain in the
west (Kacoaglu and ‘Brunelle; 1975). The native vegetation
consists ° predominantly of aspen, wild  rose, snowberry .
(SymphoPicarpos albus), and grasses. A description of. the
profile follows: g : ' ‘

Hor izon . . S - Description-
Ahe ' 0-2Q cm} gradual change of color from very dark

gray brown (10YR 3/2 m.) on top to very dark .
gray (10YR 3/1 m.) at the bottom; moderate
medium granular; loam; very friable: plentiful -
fine and very fine vertical and abundant coarse -
and medium oblique .and vertical roots; clear
wavy boundary; 18 to 22 cm thick.

’

- _. L \/ .
Ae 20-28 cm; gray (10YR 5/1 m.), light gray (10YR
- 7/2 d.); moderate .medium platy; sandy loam:

friable;” few fine random and plentiful medium
andw coarse oblique roots; clear wavy boundary;

5-20 cm thick.

Bt. '28-52 cm; dark grayish brown (10 YR4/2 m.), very
. dark ayish brown (10YR 3/2) staining on ped
surfaces; clay loam; compound moderatg medium

prismatic and strong medium blocky; few medium
and coarse inped verticat roots; many\moderateiy
thick clay skins on péd and pore surfaces;
gradual wavy boundary: 20-28 cm thick.

led

Cca  52-87 cm; brown to dark brown (10YR, 1/3 m.),
massive, carbonates dessiminated throughout the
matrix, few medium and coarse vertical roots.

Cca? .87 - 125 cm: massive, carbonate accumulation in
coarse viens and medium and fine spots,

a

~_/

2
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Site:3 (Series;Spedden) Legal location:SE 27, Tp. 61, R

///‘f T R o 268

—

-

{

2, M

Z .

Well drained Dark Gray Luvisol developed on moderately

- calcareous clay loam .till;: has - s%pﬁes and gravels of

granitic origin. The. topography of ‘the site is undulating
and the " landform, is morainal plain. The native vegetation

‘consists ‘predominantly of aspen, wild rose, red alder,

strawberry, - some willow (Salix spp) and grasses. . A
description of.thg profile fQ]Jows: ;

Horizon | “ S Description
LFH  15-0 om; black (10YR 2/f m.) semi and highly

; decomposed orgariic matter; abundant fine ahd
very fine continuous random roots: abrupt smooth
boundary; 13 to .17 cm thick. o ;

Ahe 0-8 cm; dark gray (10YR 4/1 m.): weak fine
N platy; loam; very friable; abundant fine and
very fine random and plentiful medium oblique

roots; clear wavy boundary; 6-10 cm thick.

i

’ - &
AS . . .8-18 cm; 1ightw§ray (10YR 7/2 m.); strong medium
v platy; Jloam; “friable; plentiful fine vertical
and® abundant coarse: and medium oblique roots;
gradual wavy boundary; 7-12 cm thick.:

AB " I8-31 cm; grayish brpwn (10YR 5/2 m.): strong
- fine blocky; clay loam;{slightly firm: plentiful
fine random inped and abundant medium random
exped roots; common moderately thick clay skKins
on ped surfaces; gradual wavy boundary: 10-14 cm
thick. : '

Bt 1 31-53 cm; very dark grayish brown (10YR 3/2 m.):
- compound moderate medium prismatic and strong
coarse blocky; clay loam; firm; plentiful fine
-and -medium random ftnped and exped roots; and
many moderately thick and thick clay skins on
. ped surfaces; diffuse wavy boundary; 20-24 cm
. thick. -~ - ‘

& |
Bt2 ' 53-78 bm; brown to dark brown (10YR 4/3 m.):
strong coarse blocky; clay loam; slightly firm;

many moderately thick clay- skins on pore and ped
surfaces; gradual wavy boundary; 24-26 cm thick.

~
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78-93 cm; very dark grayish browh (10YR 3/2 m.);

"strong medium subangular blocky; sandy clay.

loam; friable; common thin _clay sKins on ped.
surfaces; many pebbles; few (10-15 mm) rounded
red iron concretions; 12-17 cm thick.

93-120 cm;. dark yellowish brown (10YR 474 m.).
massive; weakly calcareous; carbonate
accumuliated in viensa many pebbles.

v
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Site:4 (Series:AthabasKa) Legal llocation:§! 27, Tp. 64, R
13, W 4

[

“Well drained Orthic Gray ' Luvisol developed on
moderately calcareols clay loam glacial till; dark gray in
color and contains few stones. The topography of 'th site is
moderately rolling portion of ridged moraimal plain. This
land unit covers approximately 5 per cent of the area in a
narrow strip in the western part of the map sheet( 73L)
extending from  northwest to southeast (Kocaoglu and
Brunelle, 1875) . .The  native vegetation consistedy
predominantly of aspen, wild rose and some understory

grasses. A description ofﬂthe profiye follows:

7

Hor i zon : SR o Description
CLFH 8-0 cm; very dark grayish brown (10YR 3/1 m.):

semi-and highly decomposed organic matter:
abundant fine continuous random.roots; abrupt
smooth boundary;. 6-10 cm thick.

Ae 0-15 cm; 1light gray (10YR 7/2 m.); strong coarse
- platy; loam; friable; abundant fine and medium
continuous vertical and plentiful coarse oblique

- . roots; diffuse\wavy'boundary; 1-3 cm thick.

AB 15-30 cm; dark grayish brown "~ (10YR 4/2 m.);

: strong fine subangular blocky; ~clay Tloam;

~.slightly firm; abundant fine and medium vertical

and plentiful coarse oblique.roots; many thick

©~ clay sKins -on ped and pore surfaces; gradual
irregular boundary; ‘13-17 cm thick.

Bt1 ‘ 30-71 ‘*ecm; very dark brown (10YR '3/2 m.):
compound moderate medium prismatic and strong
fine .blocky; clay loam; firm: abundant medium
and , fine . exped and inped roots and-few coarse
oblique exped roots; continuous very thick clay
skins on ped surfaces; diffuse wavy boundary;
.39-43 cm thick. ,

Bt2 71-98 cm; veny dark grayish brown (10YR 3/2 m.);
compound weﬂk medium prismatic and. moderate
medium blochy; clay loam; firm; abundant medium
ard fine vertical exped and inped roots; many
thick clay skins on ped surfaces; common (5-20
.mm)  rounded red iron concretions; diffuse wavy
_boundary; 25-30 cm thick. "
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-

98-124 cm; dark grayish brown (10YR 4/2 m.):
compact; massive; few-common (5-20 mm) rounded
red iron concretions; few so#t vyellow silt
stones; ‘weakKly calcareous. ' :

¢
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contains some stones of granite and highly weathered mica
schist and few yellowish siltstones. The topography of the
site is gently- undulating and the landform is morainal
plain. This Jland unit covers approximately 37 per cent of
the map area( 73L) located in the north of Beaver river and
east of the Sand river as well as an area south of Wolf Lake

- (Kacaoglu and Brunelle, 1975). The native vegetation

consisted of brome grass, chokecherry (Prunus virginia),
wild " rose and small shrubs and aspen trees. The description
of the profile follows: .

Hbriion R ' Description
Ah | 0-23 cm; black (10YR 2/1 m.): strong fine gr

abundant very fine and fine random roots; abrupt:

wavy boundary; 21-25 cm thick.

re - .23-32 cm; light gray (10YR 7/2 m.): weak fiine
> , platy; sandy loam; friable; ‘abundant very fine .

and fine random roots: clear wavy boundary; 6-10

cm thick.

Bt1 - 31-59 cm; brown to dark brown (10YR 4/3 m.);
weak medium and fine blocky; sandy clay loam;
slightly firm; plentiful fine random and

vertical inped roots: few thin clay skins on ped
surfaces; gradual diffuse boundary; ' 26-31 cm
thick. ' :

Bt2 59-83 cm; brown. (10YR 5/3 m.); dark,Ye]Jowish '
‘brown (10YR 3/4 m.) on ped surfaces; compound

- moderate coarse prismatic and moderate medium
sub angular blocky; sandy clay Jloam; firm;
common fine random inped roots: few very thin
clay sKins on ped surfaces: clear wavy boundary;
12-16 cm thick. . o o

BCk 83-100 cm; vyellowish brown (10YR 5/4 m.); weak
- fine subangular blocky sandy clay loam; friable:
few fine random roots; few stones 5-10 cm in
diameter; few (5-15 mm)  rounded red iron
concretions; weakly calcareous; clear wavy

boundary; 15-20 cm thick. :

4
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S | |
100-125 cm; dark -grayish brown (10YR 4/2 m. )
strongly to moderately ca]careous, sp]otched
with white carbonate accumulitions: few stones

~of granite and. mica schist; few (5-20 mm)

rounded red iron concretions.
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Site:B (Series:Cooking Lake Loam) Legal 1 ién:ﬂ! Sec 14,
Ip. 52, R23, W 41 ’ ‘ , I '

Welldrained Orthic Gray ‘Luvisol developed on moderately

o

calcareous sandy clay loam glacial till; contains stones of

granitic origin. The topography of the site is moderarely
rolling and is located on ~hummocky moraine. The native
vegetation consists of aspen, wild rose hazéel and grasses.

The description of the profile follows: -

Horizon . S - . . Description

LF r.' 2-0 cm; semidecomposed oﬁgahﬁc matter;.abrupt
smooth boundary; 6-9 cm thick. o

Ae 0-15 cm; " light gray {10YR 7/1 d.) sandy loam:

strong coarse and medium platy; soft; few coarse
horizontal exped  and plentiful fine vertical
inped roots; clear smooth " boundary- - 10-16 cm
thick. ’ ' , ‘ '

AB - - 15-27 ‘cm; brown (10YR 4/3 m.) sandy clay loam;
‘ strong; fine and medium subangular blocky; firm;
few  medium random exped and few vertical inped
and exped roots; few very fine clay sKins; clear
smooth boundary; 10-15 cm thick’

Bt1 » 27-40 cm; dark brown (10YR 3/3 m.) sandy clay
loam; weakly prismatie—and strong fine to medium '’
subangular blocky; very firm; few coarse lateral
and few fine vertical * inped and exped roots;
continuous moderately - thick clay skins; clear
smooth boundary; 10-16 em thick. C

40-65 cm; dark grayish brown (10YR 4/2v§C;i.
sandy - clay loam; - strong. fine to medium
subangular blocky; . firm; few medium random and
few fire vertical inped and exped roots; few
fine clay skins; gradual” smooth boundary; 23-28
cm thick. @\\ : S '

L

A /-
BC . - 6575 cmi/ﬁgreyish brown (1QYR 5/2 to /573 m.)

Bt

}Q” b

f

. sandy clay /loam: fragmental and  strong fine,
_subangular/ ltocky; firm; few fine vertidal exped

4 and inped roots: few fing clay skins; clear wavy -
= . boundary; 7-10 cm thick. ‘
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75+ .cm; dark greyish brown (10YR 4/2 cm) sandy
clay loam; friable; moderately calcareous till.

%

VA
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Figure 1. Particle size cumulative—frequency curves
representing horizons at site l..eeeeen.
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Figure 2. Partitlc size cumulative—frequency curves

representing horizons at site 2..eee. .
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SUMMHTIO{\I CURVES - 0.6 LUVISOL (SITE:y).
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Figure 3.  Particle size cunulative=frequency curves
Representing horizons at site 4..............
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SUMMATION CURVES - E.B8 CHERNOZEM (SITE:S) .
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Figure 4,

representing- horizons at site S......



Classification
Hor izon
Horizon depth

pPH in distilled H20:

pH in 0O.01 N CaC12
Organic matter 9%
CaC03 equivalent

Exchangeabie » Na:
cations K:
Ca:
Mg:
C.E.C. me/100g :

Particle size analysis‘

C.&m sand %

F. sand = 9

C. silt %

M. silte %

F. silt %

C. clay % g

€. clay % :
F.sand:T. sand/ratio

Silt:Clay ratic

F.clay:C.clay ratio:

AT&H* :

Orthic Gray Luvisol

Ae AB Bt1
0-25 -37 -62
6.60 - 5.80 5.60
5.70 5.10 4.90
.47 0.65, 0.78
0.00 0.00 0.00
0.72 1.94 3.90
0. 11 0.10 0.02
0.16 0.45 0.59
1.44 5.78 3.16
0.27 2.03 7.45
2.70 10.30 15.20
9.80 7.00 .9
68.00 47.10 40.8
8.10 8.00 8.7
7.60 11.80 9.1
3.2 1.5 4.3
2.5 13.8 11.3
0.8 10.8 18.9
0.87 0.87 0.86
5.72 0.87 0.73
0.32 0.78 “1.67

* Calculated by difference

** Mean of two replicates while, others are mean of .three
B \’

s

‘

Bt2 BCk Cca
-87 -98 -125
5.980 6.30 7.80
5.00 5.50 7.50
0.95 0.96 0.96
0.00 0.10 5.80
4.10 ND ND
0.03 0.04 0.04
0.59 0.59 Q.41
8.25 ND ND
3.53 ND ND
16.50 17.70 15.70
6.50 5.30 6.1
37.90 38.20 34.4
10.80 5.10 7.8
8.40 10.70 , 10.3
5.7 6.0 6.1
13.3 16.7 18.4
17.4 18.0 16.9
0.85 0.88 0.85
0.8t 0.63 0.€69
1.31 1.08 0.92

replicates

280
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Table 2. : " Chemical .and physical soil properties.
Site : 2 )
Classification : Dark G®ay Luvisol
Hor izon : . Ahe Ae B8t Ccai Cca2
Hor izon depth : 0-20 -28 -52 -87 -125
pPH in distilled H20: 6.30 6.30 7.20 8.40 8.40
pPH in O0.01 N CaC12 5.60 5.30 6.20 8.00 8.00 ~
. Organic matter % 9.28 1.119 1.29 0.714 0.81
- ‘CaC03 equivalent : Q.00 0.00 Q.00 0.00 0.40
& : 18H*: 5,42 2.03 2.22 ND . ND
Exchangeablie Na: O0.11 0.10 0. 11 0.21 0.13
cations K: 0.26 0.10 0.67 0.19 0.17
Ca: 9.29 1.89 4.23 ND ND
Mg:  6.22 2.48 12.87 ND ND
C.E.C. me/100g . 21.30. 6.60 20.10 15.70° 15.00 ~
Particle size analysis**
. C.&m sand % : 3.10 8.00 6.5 4.70 5.50
; F.sand" % : 41.50 S50.90 39.8 38.70 - 37.90
C. silt % : 15.20 12.20 " 8.1 9.20 10.60 N
M. silt % o 15.30 12.30 8.6 10.50 10.60
F. silt  .% Co 5.7 5.3 4.8 5.2 .51
C. clay % : 1304 7.7 8.8 11.4. 10.7
F. clay % : 6.1 3.6 23.6 20.3 19.6 ! :
F.sand:T.sand ratio: Q.83 0.86 Q.86 0.89 &.87
Stlt:Ctay ratio T -1.89 2.64 0.66 .79 0.87
F.clay:c..cla“y\ ratio: 0.47 0.47 2.68 1.78 1.83
_____________ N = = m mm m m o e e e e e
Calculated by difference )
** Mean of two replicates while others are mean of three replicates
> r 10
v - v
o e .
. .
.
- ”~
‘,‘
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Table 3. Chemical and physical soil properties.
Site® . . 3 )
Classification - : Dark Gray Luvijsol .
Horizon : Ahe Ae - AB, Bti B8t2 BCk Cca -
Hor izon depth i ©0-8 - -187 -3 .53 -78 -93 -120
pH in distilled H20: 7.10 7.10 6.90 6.80 6£.80 7.20 8.10
pH in 0.01 N CaC12 6.50 6.40 6.30 6.30 6.00 %£.70 7.50
Organic matter % : 6.23 t.20 1.53 1.29 1.15 .0.88 0.74
CaC03 equivalent : 0.00" 0.00 0,00 0.00 0,00 0.70 6.80
AT&H*: 1.92 1.48 3.30 1.84 1.81 ND ' MD
Exchangeabtle Na: 0.01 0.01 ,0.01t 0.02 0.03 0.05 0.05
cations . K: 0.64 0.36 '0.60 0.37 0.32 0.314 0.34
) CA: 11.195 4.13 12.13 11.73 9.42- ND ND
Mg: 1.68 0.91 506 .54 5.32 ND ND
C.E.C. me/100g : 15.40 6.80 21.10 19.50 16.90 14.80 13.50

Particle size analysis**

C.&m sand % r— 3.20 6.40 5.4 5.20 5.60 5.1 4.8
" F. sand % : 42.39Q 40.30 37.0 37.50 39.00 4111 40. 1
C.rsiit % 17.60 17.60 6.6 * 7.80 B8.40 7.7 10. 1
.M. osilt % 18.50 19.00 11.8 ‘11.30 9.30 12.7 _ 11.5
“F.osilt % 5.7 .0 3.8 ‘3.8 4.7 4.8 .35.2
C. clay . % 10.2 8.1 13.4 14.5 12.8 10.8B-. ¥\.8
F. clay % : 2.5 3.6 22.0 19.9 20.2 178 16,5
F.sand:T.sand ratio: 0.93 0.86 0.87 0.88 - 0.87 0.89 089
Silt:Clay ratio 3.29 3.6 1.02 0.67 0.68 0.88 0.85
F.clay:C.clay ratio: 0.25 0.44 1.64 1.37 1.58 1.65 1.40

Calculated by difference
** Mean of two replicates while others are mean of three replicates
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Table 4
Site 4
Classification Orthic Gray Luvisol’
Horizon Ae AB
Hor izon depth : 0-15 “30
pPH in distilled H20: 6.10 5.20
PH in 0.01 N CcaC12 5.20 4.0
Organic matter 1.91 1.86
CaC03 equivalent 0.00 0.00
! A1&H*: 0.47 3.25
Exchangeabte Na» 0.03 0.08
cations : 0.27 0.29
CA: 4.77 10.92
' Mg: 1.56 - 6.26
C.E.C. me/100g : 7.10 20.80
Particle size analysis*«
.&m sand % : 3.80 2.40
sand % s : 34.00 25.00
.osilt % # 15.40  14.90
silt % 22.30 14 .60
silt % 7.1 6.9
clay % 13.2 15.8
. clay % : 4.2 20.4
.sand:T.sand ratio! 0.90 0.91
S{l1t:Clay ratio 2.58 "0.65
F.clay:C.clay ratio: 0.32 1.29

Calculated by difference ’ o e
** Mean of two replicates while othegs are mean of three replicates

8

(SN :<3C)h10 - & s

t1
=71,
.80
.30
.75

Ck
-124

1.29

ND
0.13
0.30
ND
ND
21.30
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£ . E.C. me/100g
Particle size analysis**

-5 - .
Eluviated Black Chernozemic

Classification
Hor izon
Horizon depth :
pH tn distilled H20:
pPH in 0.0t N CaC12
Organic matter %
CaC03 equivalent:

AT&H* .

Exchangeable | Na:
cations K
CA:

Mg:

C.&m sand %

F. sand %

C. silt % ek
M. silt .. ‘% &
F. silt % ..“}
C. clay %

F. clay A :
F.sand:T . sand ratio:

Stit:Clay ratio
F.clay:C.c!ay ratio:

AH’

0-23
6.90
6..40
16 .86

27.60

18.20

28.40°

12.90

15.20
6.5

13.2
5.6
0.61
1.84

Ae
=31
10
.50
.50
.00
62
.03
.18
.21
.96
.00

ONUOOOO «~d~

21.10
35.10
10.30
11.40

N

Bt
-59
.50

284

BCk Cca

-100 -125
8.10 8. 30
7.60 7 .60 —
0:81 0.77
6.10  8.60
ND ND
0.12 0.12
0.29° ¢.29
ND ND
ND ND
11.90 13.30
19.40 1514
30.20 ' 31.9
8.90 9.3
10.00 10.9
5.4 5.5
11.3 10.7.
14.8 16.6
0.6 0.68
0.93 0.94
1.31 1.55

replicates.

.i‘

r’n



Site
Classification
Horizon
‘Horizon depth

pH in distilled H20:

. PH in 0.0t N CaC12

Organic matter %
CaC03 equivalent

AV&H*

Exchangeable Na:
cations K:
. CA:
Mg:

C.E.C. me/100g :

Chemical and physical soil properties.

Partjcle size analysis**

"C.&m sand %
F. sand %
C. silt %
M. silt %
-F. o silt * %
C. clay %
F. clay %
F.sand:T.sand ratio

Sitt:Clay ratio |
F.clay:C.clay ratio

6
Orthic. Gray Luvisol
Ae AB, 8t
0-15 -27 -65
5.70 - 5.50 6.50
5.00 5.00 6.00
0.95 0.95 0.96
0.00 "~ 0.00 0.00
2.17 2.73 1.43
0.02 0.06 =~ 0.09
0.24 0.35 0.2t
3.25 9.41 13.51
1.32" 4.35 6.36
7.00 16.90 21.60
23.00 18.60 16.8
36.80 30.80 29.2
12.00 . 10.70 8.3
11.60 9.7 8.7
4.3 3.7 . 3.4
8.2 10.7 "12.4
44~ 15.8 21.2
0.62 0.62 0.64
2.27 0.88 0.61
050 1.48 1.71

* - Calculated by difference

’

BCk

I

~** Mean of two replicates while others are mean of thre replicates
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DEGREES 2 THETA.
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>

X-ray diffraction patterns for the 2.53 -

- 258 g/cc specific gravity separate from the
fine sand fraction of the major genetic
horizans from an Orthic Gray Luvisol (site
1) (for peak indices refer to the textl......
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Shale
32 28 2 20
' | . __
DEGREES 2 THETA
' ' v . 50
7 . . . i . m\
Figure 6. X-ray diffraction patterns forthe 253 - at

259 g/cc specific gravity separate from the
fine sand fraction of the major genetic
horizans from a Dark Gray Luvisol (site 2)
(for peak indices refer to the text).....



_Figure, 7.
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-

X-ray diffraction patterns. for the 2.53 - )
2.53 g/cc specific gravity separate from mL\
. fine sand fraction of the major genetic

horizans from an. Or‘_chic’_ Gray Luvisol (site ~
4) (for peak indices refer to.the textl....
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32 - 24 24 20 7
DEGREES 2”THETR-A

Figure 8. _ X-ray diFf"ractinn patterns fFor the . 253 ~
S - 258 :g/cc specific gravity sepanate from the ..
v Fine sand fraction of the major 'gepetic . v
. horizons from the Eluviated ‘Black Chernozemic
(site 5). (For peak indices refer to- rhe
text) N s

-
X
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S

. DEGREES 2 THETA

Figure S. X—-ray diffractibn patterns for the 253 —
- 2.59 g/cc specific gravity separate from the
.fine sand fraction of the major genetic
- harizans. from an.Orthic Gray Luvisol (site
© B) (For peak indices refer to the texth.....
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32 | 28 24‘

20
DEGREES 2 THETA :

Figure 10.. X-ray diffraction patterns for the' 259 -~
02,72 g/cc specific gravity separate from the
Fine sand fraction of the major ‘genetic

horizons from an Orthic Gray Luvisol (site
0.
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32 28

 DEGREES 2 THETA

Figure M. X-ray diffractograms for the 2,53 - 2.59

g/cc specific gravity separates from the
coarse and medium silt fractions of the
major genetic horizons of an Or'thic Gray
Luvisol (site 1),
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32 28 24 20
OEGREES 2 THETA
Figure 12. X—ray diffractograms for the 253 - 259
g/cc specific gravity separates from t\he
coarse and medium silt fractions of the

major genetic horizons of a Dark Gray =
Luvisol (site 2,
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-Figure 13; ~X—ray Eiiffractogr‘ams For the 253 - 258
: .. g/ccspecific gravity separates. from the
.J'coarse and medium silt fractions of-‘ ‘the

'major genetic hot“izons of an Orthic Gray

Luvisol (site 4) ' :




- DEOREES 2 mem

- Figure '14 X—ray diff-'ractngrams For the 253 - 259
_‘}g/cc specific gravity- separates  from the
- coarse and ‘medium silt fractions of the .
~ major. genetic ‘Horizons of the. Eluviated
~ Black Chernazen. fsite S)....................,._

285



32 28 - 24 22

L m DEGREES 2 THEIFI “ o

- Flgure 15 - X-ray. diFFractograms for the 253 - 2.59 RS
-, .g/cc specific ‘gravity separates from the - '

coarse and medium silt Fractions of the

... major genetic horizons of -an. Orthic Gray

' 'Luvisol (site Bl . ' '




32 28 24 20

~ DEGREES 2 THETR

Figure 18 X“'r‘ay diFFractograms For ‘che 2.58 = 272

- g/cc specific gravity separates from the

~‘coarse” and_ medium silt fractions of the
maJar genetic horizons of an Orthic Gray
Luvisol (site n . osaasa ¢
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32 . 28 24
o DEGREES 2 THETA

Figure 17 X-ray diffractograms for the 2,59 - 2.72
' ~ g/cc specific gravity separates from the

coarse and. medium silt fractions of the .

" major -genetic hor'izons of a Dark Gray
Luvisal (site 2)..
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Figure 18. X-ray diffractograms for the 2.59 — 2.72

&
g/cc specific gravity separates from . the .. -
coarse ang medium silt fractions of ‘the
major gepetic horizons of ‘an Orthic Gray
Luvisol (site B) reanes
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Table 7L.‘Miheralogi¢a1 combosition‘of the fine sand and
coarse and medium silt fractions of the Orthic
Gray Luvisol &t site 1.
_____________________________ R SRR
% (weight basis)

\ Alkali- Plagioclase | Heavy
Horizon feldspars feldspars Quartz Carbonates minerals
-"'fft—7ffi:f’ff7féiéé';;éé7?é%?ééé'AE;Eé;éiééi """"""""
e fetsd o 10.9 .  80.04 Cnil 2020
AB 7.04 11.41 _  79.83 = 1.60

,_Btj.~*l‘6.21ffit.* 12;63’: R 2.11
B2 6.35 - 1185 79.05 e 2.18
BTS  6.88  12.72 77,06 0.4 _ 2.76

CCea 7.1 ' f12{S7 - 76.97 1.8 273

 Coarse’ and medium silt L§-5§-micﬁomefer) :

Ae 10.66 19.66 64.76 il 4.92
AB 11,22 18.94 65,17 - = 4.67
Bt1 1119 17.23 66.80 = " 4.78
Bt2  11.5 S 18.23 8511 = 5.16
BCk 1279 - 1993 siles = &3
Cca  12.05 19.56  69.32 12.3 6.07

_...._—‘__.._.-_—__—_-_—__—”q—____---___.._-._-_——---——_..-_..__—.._——-
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Table 8.

M1nera1og1ca] composition of the fine sand and
coarse and medium silt fract1ons of the Dark
Gray Luvisol at site 2.

Ahe
Ae.

Bt

Ccal

:Cca2’

Shale

Alkali-
Hor1zon feldspars

.38
59
.53
18
.84

46

P]agioc]ase
. feldspars

K (weight basis)

Heavy
‘Quartz Carbonates m1nera]s

Fine sand (50-250 m1crometer)

11,
10
RERS

12

12.
14,

Coarse and

65
.82 _‘
34
42
15
18

77,

medium silt

48 . nil 2.7

.80
.01
.33

14.
5.
.28
.23
.30

57
10

79, 04 .
79.84 = iy
78.89 | = 2.87
- 76.77 8.  2.55 .
48 49 2.08 '
61.28 ND ~11.95/////
(SJEO microﬁeter) |
68.70 nil 5.93
69.10 z 5.79
65.62 S 6.77
64.73 14.3 7.79
62.68 13.0 6.71
62.81 ND 8.35
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Table 9. Mineralogical composition of the fine sand and
actions of the Dark

coarse and medium silt fr

Gray Luvisol at site 3.

_—_—__...-_.-.._-_-___-.._____-__..-—-—_—_.._____.____.....'-_-_—_.

Alkali-
Hor izon fe]dspar§

-
N

Plagioclase ?
feldspars -

% (weight basis)

12.
12.
12.
13.
1.
12.
.65

12

13

43

66
85
98
12

17

75

76

83
61

67

.70
' 76.

42

3

nil

0.
.3

1

4

-— e o wm

3

" Heavy

Quahtz Carbonates'minerals
“Fine sand (50-250 micrometery
| 72 F
6.
76.
.88
77.

80
47
.08
.53
.30
.30
.75

NN NN NN

‘Ahe 7.52
e . 7.85
AB 8.09
Bt1 - 7.81

7..89

BCk 7.18

" Cca 7.20

Ahe 10.73
Ae - 10.82

AB - 11.39
Bt1  11.65

Bt2  12.61

BCk  12.06

B
___—_-.._-—_—_.-_--_—_——--—__--_-._--__—_.-.__-.._-_—_—__—_

‘\15
16

83
11

Coarse and medium silf
s,
15,
186_
.02
18
17.

69.
- 88.
66.

66

.

62.

LS-SO micrometer)

62

36

09

.29
63.

73

nil

.
I« H

&
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AN b
‘\‘Table 10. M{neralog1ca1 composition of the‘f1ne sand and
' coarse and medium silt fract1ons of the Orhic
Gray Luv1sol at s1te 4,
Hor.izon - /{7*‘\\\ x ‘.% (weighf basis).
ATkali- P]égioc];se | o Heavy
Hor izon fe]dspars feldspars Quartz Carbonates minerals:
"""""""""" Fine sand (50-250 micromster) @
Ae 5.91 - 7.93 83.96  (_nil - 1.59
AB 6.07 8.2 83.87 = 1.54
Bt1  6.46 9.89 81.55 - = 1,55
Bt2 6.51  11.02 80.02 = 18
Ck 6.13 11.46 78.81 1.8 2.56
Coarse and medium silt j5-50fmicrometér) 
e 8:97 .. 11.59 %4.7é  o nil 5.12
AB 6.69 - - 10.05. 7775 = 5.51
Bt1 - 16.56 11.00 71.97 . = s.er.
Bt2 . 10.21 . 12.18 . 89.05 . s §.56
Ck 9.28 -~ 13.08 69.49 = 8.15
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~ Table 11. anéra]ogica] composition of the fine sand and
coarse and medium silt fractions of the
Eluviated Black Chernozemic at site 5.

T T T T T e e e e r e e e e e e e e e e e e .- - —————— - . = - . - — -

% (weight basis)

" Alkali- Plagioclase Heavy
Horizon feldspars feldspars Quartz Carbonates minesals

Fine sand (50-250 micrometer) -

Ahe 6.31 710,71 79.97 nil ~ 2.38
he 5.87 .  9.34 82.65 . = 1.93
Bt 1 '5.95 ° 10.02 81.17 - 2.36
Bt2 5.33 10.12 81.89 = 2.7
BCk . 6.44  10.09  80.86 1.6 2.16
Cca 6.26  11.45 . 79.08 2.2 2.34
» Coarse and medium silt (S;SOhmicrometer)

Ahe 10.58 14.09 71.47 nil 3.86
Ae 10.66 13.70 71.74 . 3.90
Bt1 1048 14.62 © 6e.77 . = 5.13
Bt2  10.49 15.89  67.85 = 5.77
BCk  10.74 ' 16.63 66.74 12.8 5.89
Cea 10.41 18.11 65.98  14.9 5.50
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Table 12. M1neralog1ca1 composition of the fine sand and
coarse and medium silt fractions of the Orthic P

Gray Luvisol at site 6.

% (weight basis)

Alkali- Plagioclase Heavy
Hor1zon feldspars feldspars Quartz Carbonates minerals
""""""""" Fine sand (50-250 micrometer)
he 4.38  7.36 86463 nil  1.23
AB 4.76 7.11 86.22 - = 1.55
Bt 3.95 6.41 ~ 87.65 = 1.37
BCK 4.40 7.36  , 86.42 1.0 -~ 1.32
Cca 4.21  6.85  87.31 2.7 1.56
Coarse and medium siit (5-50 micrometer)
Ae 6.85  13.39 76.51 nil  3.25
AB 9.09 13.86 © 72.82 = 4.43
Bt 8.53 12.46 74.54 = 4.47
Bk 9.06 . 12.35 73.64 2.8 4.95°
Cca 8.97 12.73 . 73.45 156 4.1
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Table ,13. Relative feldspar composimion of the 2.53 to 2.59 g/cc and
) 2.59 to 2.72 g/cc sand-sigpd specific gravity separates as
determined from bulk chemical composition.

. Relative feldspar composition (Mole%)

Soil : Hor izon 2.53 to 2 53 g/ec 2.59 to 2.72 g/cc
"Determinad Recaiculated*
Ab. Or. An. Ab. Or. An. Ab. An.

] . Ae 15 84 1 67 13 20 77 23
Orthic Gray AB 14 85 1 68 12 20 77 23
Luvisol Bt1 17 82, 1 66 14 20 77 23
(Site 1) Bt2 19 797 2 63 17 20 76 24

BCk 18 81 1 67 14 19 78 27
Cca 18 81 1 65 14 21 76 24
Ahe 17 82 1 61 \23 16 79 21
Dark Gray Ae 16 83 1 63 20 17 79 21
Luvisot Bt 14 85 1 62 17 21 75 25
(Site 2) Ccat 18 81 1 68 13 19 78 22
Cca2 19 79 2 68 13 19 78 22
Ahe 14 85 1 62 24 14 82 18
Ae 15 84 1 59 25 16 79 21
Dark Gray AB 14 85 1 58 26 16 78 22
Luvisol Bti 15 84 1 62 22 16 80 20
(Site 3) Bt2 16 83 1 58 25 17 77 23 °
' BCk 21 78 1 65 15 20 77 23
Cca 17 82 1 67 14 19 80 20
Ae 15 84 1 58 30 12 B3, 17 .
Orthic Gray AB 14 85 1 58 32 10 85 15
Luvisol Bt1 15 83 2 59 27 14 81 19
(Site 4) Bt2 20 77 3 61 23 16 79 21
Ck 18 80 2 63 18 18 78 22
Ah 13 86 1 61 22 17 78 22
Eluviated Ae 12 87 1 59 25 16 79 21
Black Bt1 13 86 1 60 22 18 77 23
Chernozemic Bt2 13 86 1 63 19 18 78 22
(site 5) . BCk 13 86 1 58 25 17 77 23
Cca . 15 84 1 - 62 20 18 76 24
__________________ o e e e e e e e e e e e e R e e e e e e e e e e e
Ae 14. 85 1 64 25 11 85 14
Orthic Gray—; AB 16 82 2 57 34 9’ 86 14
Luvisol . Bt 14 85 1 59 25 16 79 . 21
(Site 6) . BCk 15 84 1 © 59 25 16 79 21

’ : Cca 15 84 1 58 26 16 78 22
___________________________________________ e e e
Shale 17 80 3 59 19 22 73 27

*recalculated to an orthoclase free basis
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Table 14.

2.59 to 2.7
determined

Orthic Gr
Luvisal
(Sitte 1)

Dart. Gray
Luvisotl
(Site 27

composition.

Relative feldspar composition of the 2.53 to 2.59 g/cc and
g/cc silt-sized specific gravity separates as
rom bulk chemical

2.53 to 2.59 g/cc

Qetermined

An. 26,

or.,

An.

Relative feldspar compositicon (Mole%)
2.59 to 2.72 g/cc
Recalculated*
An -

Dark Gray
Luvisol
(Site 3)

Orthic Gray

Luvisol

(Site 4)

Eluviated -
Black
Chernozemic
(site 5)

Orthic Gray
LUvisol
(Site 6)

Ab .

15

11

Bt 1S
Bt2 14
BCk 15
Cca 15
Ahe 13
Ae 13
Bt 11
Ccat 14
CcaZ2 14
Ahe 13
Ae 13
AB 12
Bt1 14
Bt2 13
BCk 12
Cca 12
Ae 10
AB 19
Bt1 11
Bt2 12
+ Ck 15
Ae 11
Bt1 10
Bt2 15
BCk 20
Cea 16
Ae 14
AB 12
Bt 12
BCk 12
Cca 12
12

to an orthoclése-free‘basis

N

*recalculated
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Figure 19, X-ray diffraction patterns of total clay

- " separated from the Rhe horizon of a3 Dark
Gray Luvisol (site 3)._.
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Figure 20. X-ray diffraction patterns of total clay
separated from the Ae horizon of a Dark Gray

~ Luvisol (site 3)
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Figure 21 vX-'ray‘ diffraction patterns of total clay

separated from the Bt2 horizon of a Dark
" Gray Luvisol (site 3).
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Figure 22, X-ray diffraction patterns of total clay" |
separated from the Cca horizon of a Dark
Gray lLuvisol (site 3)
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Figure 24, X- ray diffraction patterns of total clay
‘ separated from the Bt2 horizon 0F an Orthic
Gray Luvisol (site L) USRS
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X-ray diffraction patterns of total clay
- from the Ck horizon of an Orthic Gray
Luvisol (site 4) ‘
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Figure 26. X-réy diFFraction’patterns of total clay
from the Ah horizoh of the Eluviated Black
Chernozem (site S).......
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Figure 27. X-ray diffraction patterns of total clay »
from the Re horizon of thé Eluviated Black
Chernozemn (SL1e Slueeciesreeeessoes cone
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Figure 28. X-ray diffraction patterns of total clay
from the Bt horizon of the Eluv.i.ated Black
Chernozen (site Sh..... ‘
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Figure 29. X-ray diffraction pat'tér‘ns;of' total clay .
from the Cca horizon of the Eluviated Black
. Ch_;rnozem (site 5)
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Figure 30, X-ray diffraction patterns of total clay
from the Re horizon of an Orthic Gray

‘Luvisol (site 6)




320

Kvsat -~ ") caltsat

i")
" ] 7
i
. fv
: : : / gt /-
l ] ’vf\lyl(',l-
. BT YAN( |
: 0%RH
A S, | Wy o .
A fhah At ‘-,k'n// ife Py ’
30 25 4 s . ) A
—;1‘11_4;1211111_1101.411!51111 L“{)IAl;LlL_?._J?_U‘__1[J11[°ll4._1h?.‘79

. . o 1 '
Figure 31. X-ray diffractin patterns of total clay from
the Bt horizon of an Orthic Gray Luvisol
(site B)
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Figure 32. X-ray diffraction patterns of total clay -
‘ from the Cca horizon of an Orthic Gray
Luvisol (site 6.....
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Figure 33, X-ray’ diﬁfracﬂon pétter“ns of total clay
from a shale sample collected from an
outcrop in the Sand River area .............
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