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AB5TR"A.CT

t"ÐRpHoLoGIC.qI,e CHEMTCAL AND Ì,rINERrtOi;rCAl, Cfi.{A,¿,tTm,rSrICS OF oREilC
ffiEr !fi)oDED AND DEffi'4,Dm B.'>Ot'ni þ,ÐCDm Si], PR0Ffi,ES Ð$rÐ"OPÐ 01{.

COÁ,RSE TMTWM PAEH{T MATERTåLs

Gondon F. MlLLg

In EasÈern $fanitoba, Orthi.c Grey trIooded and Ðegraded Brovel

Ì'looded soils are found on sand¡r textr¡red, outr¿aEh and eeolian nâ'terials.

Tneee tr'.'o soll typos occur r¡rder sln{]¿r drafurage, cLloatiea¡id bLoÈic

eondltj.ons. The nain dlfference fn nonpholory betrreen the b,,Ð øoil pro-

filo types ls essociated v¡'itl¡ the presence of l:l¡nestone cobhles 1n the

ts ho¡C.Eon of the Orthlc C'rey ?Íooded solL er¡d the degree of deveLopm.ent

of the B bcrLøonso ThE Orthlc Grey ttrocded, solls are charaeteråøed by a

falrly J.arge clay accumulatLon l¡ tùre B hcai zon v¡trereas the ÐegradeC Brorm

ltlooded sol-le have ver¡r Iltþle accr¡mt¡l¿tLon of ci.ay in bll.e B h.orisono

Tt¡e sola of ell proflles are medLun aeid to nou""ra1 1n reactiono

fho high degree of ur¡satr¡ratLon tÌ¡at Ls typJ.eal. of podzo3le soils is ¡roð

evident ln the tvo pnofile typeo f.nvestigated" Tne B !¡orf.roas of aII

soils ipve been enriched ín free Jron, organic natter and clay r,¡ith tbe

l-atter conponent belng dominant. fnEE i¡cn 1n the B horj.zos car¡ be

attrlbuted to i.n sltu reLease of ir.on fron iron bearing ¡${ns¡.a1s er¡d Èo

trar¡sLocatlon of iron f¡on tù¡e A hor{.ø,on" OrganS.c naÈter ê.ppears to bave

been translocated from the Á, to the B hori.zon. The clay tn the B høiøons

can be attrlbuted to 1n situ releaee fron t"he 1rr?3stÐne cobbLes as weII as

translocatlon of, clay fron the Å, hor{.Eons" fire mosÈ stronglþ pronorrnced

Bt horiøons oscì¡r Ln EoiJ.s that have a fair þ contJ.nraous Layer of fLaÈ

lyrng li-uestone cobbLeE Ln the E horizon.

I'il the flne sand fractfon, qr:arû2, potash feJ-dspars and soda-

calci,o feldspara occur 1n th¡e llêf¡t nl¡æral frae&lon, (sp.gr. {2"55), æd



honnblende, garneè and opaque ninerals ar@ doni¡ar¡t in t}re heavy nlner¿3

fractLon (sp,gr, )2,85). I$ tho coarse clay fracbJ.on, qt:artzs vernieul:!.te,

chlorS.to, íl.l.:lte, nontsprillonlte and randon nlxed.-layer nineralo v¡ere

ådentífied. ÅItera?Ion of i.Il:l.te End vermlculLte appears to have occurr@d

ån tbe coarse cley fraction of the A hcrlzon. In the fine clay fracLion

of the A horizon, ntxed-Iayer nlnerals ênd nontnorillonite have been forned

from the alteratlon of ll}Lte ar¡d from the breakd*m of coarse cJ-ey nixød-

Layer ninerals. $ome of the vernùcullte in tho coarse elay fractf.on nay

have been altered to montmor{.Ilonite of flne clay øiøe" ÅnaIysls of the

llnestone cobbles showed quartz, ll-llte and randon ni.xed-layer ninerals

to be present" T1llte and ml.xed-layer minerals released fron the If-mestcnre

cobbles probabþ also fuva been altered as outllned aboven
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INÎBODUCTTON

Eastern l"fanltoba 1s dlrrlded into tv¡o naln PhyalographJ.c D3.råaLoas

hovn as the Manitoba Lowlande and the Preca.abrlan Drlft Plain" fte I'{a¡rf-

toba Lor+lands ls thaÈ portlon of Manftoba forning thø I*zke A,gassf.ø BaEi.n

ar¡d as such tho surface depoelss ¿¡6 matnly gÌacLo-lacustrine and glaclo-

fluvial ln nature along røith æns reworked glåcLal tiIL. Tr¡e Precambrlan

Drift Plaln ls charasterized by acld J.gneous rock outcrop and associatød

organlc and mf¡eral deposlte.

The soÏLe l¡cluded Ln thls study occur wlthin the Wj.nnipeg LakB

Terrace and Ln tÌ¡e Sout!¡-Eastenir l¿ke lerrace eections of the Me¡¡itoba

lowl¿ndE. these two sectLons of the Mar¡itoba Lorsl¿nds have a eub-b,t¡Ed.d

ellmatE vrlth an excess of pnecLpitation over evaporation" This 1s refleet-

ed 1n the vegetatf.on, wtrtcr¡ Le clÅssed ae a S{fxed Boreal Forest. lhe

sofls ¡sere elaseifi,ed on the basiE of proflle typo lnto the Orthlc Grey

Wooded subgroup of the Podzollc Order and fnto bhe Degraded how¡r Þfood,ed

subgroup of tl¡e Brr¡¡lsoL:Lc Order, A total of six proflles were sa.mpled"

&e profllee eelected wore ef slrm{}6p te:rbwe a¡rd drairege and developed

rmder sinl.l,ar ctlnattc and btottc condl.tfcp¡e" frre obþctf.vee of the

p,resæt etudy røere to¡

Lo characterLze the two maLn prcfile typee foqd wder tåe

aforementÅoned condltlona 1n Easter:n Manitobe¡

2u øtudy the foruatlon of a B horfsots ln t!¡ese soils; end in

partd.cular to deterroLno the rElatlonship betvrea the clay

accr¡sulstlon and thø 1:l.æ stone cobblee ln somo of the B

horlzons.



Ir TTTERATIJRE BEVIEW

SOIL CI.ASSIFICATÐN

ftre Canadfan t¿xononla claselfleation of solle has ej.x categor{.ee;

typøu Eerfes, fanil,yo oubgroup, gr@at group and order (to5). The grou,pång of

soLLe at the hlghæ levels of ebstraction, loo. strbgroup, great group and

order, fs based on selected featrres of the EoLl pr^of1}e" th¡¡s the differ-

entiatlng crlter{.a for theee higlrer l-evels are large1,y the norpboLoglcal

features v¡h1ch reflect the effectg of cl'l'nate¡ vegetatioa, Iocal ruoiEtwe

relations and age on the parent ¡naterLal" In other words, although æJ.J-

cLasslficatLon in Canada, tg baEed on nephologlcal feaLwes, eoncep a of

soll genesl.s sffect the aelectlon of erLterta usd, for the blgber group-

fngs,

SotLs at the o¡rùer level are recognlzed on the naJor norpholog-

ical featuree of the entåre pr.ofll-e but not ueceesarlly ou tåo abser¡ce on

presence of any one hor{.zon. Eae}¡ sotL fn a¡ order 1s recognized by sev-

eral dls0tnctl,ve featuree eonmon to aIL eolLs ln the class.

Each order fe subdlvlded lnto tw or nore greaù groupo, the diff-

erqtlae usEd Ln thie caùegory vBry f¡.om one class to another" T¡ the case

of Podzollc a¡¡d Brunlsollc eolLs the crl.teria uEed are based on conpoEltf.on

and norphoLoryo

$oll,s at tho oubgroup level represent the ort!¡1Ê ånd lntergrade

nenbsrs of tbe gre¿t groups. I¡o tj¡s eubgroup the solls are cl¿sslflled on

aore speclffc characterletfcE and cons€q¡ronbly ere deflned more e:ractþ"

Separatione 1n thls catego¡Tr ar€ rnade on the pu.esæco or absenee e¡¡d ld.nd

(1,e, calcir¡n carbonate¡ clåX¡ free fron, gIrying, etc,) of borizo¡¡so



TIß PODZOLIC ORDffi OF STTS

According to the National Soil Survey Connittee Classifisation

for Ganadian Soils (N"-s.SoCo ) QrS) , soils i¡l the Podzolic Order are, [we]I

and i-r:perfectly draj-ned soj-ls developed under forest or heaùh having light

coloured eluviated horizons (le) an¿ iJ.luvial B horizons with accr¡mulaùion

of sesquioxides, organic mtter or clay or any combination of tåeseo They

may have organic (f-U) and mineral-organic (Ah) surface horizonsu[ 1?¡e

Podzolic Order is divided into the follow'ing Great Groups: Grey Brovm Pod*

zolÍc; Grey Wooded; Grey Foresùed; Huoie Podzol; and Podzol" The Grey

Woded Great Group is diseussed here as it pertains to some of the ssils

in this studyo

Grey Hooded Grga!_glot¡p

Grey lrfooded soils, according ùo the NoSoSoC. (45) are soils

rt¡¿:lth organic surface horizons (T,-H) with light coloured eluvial horizons

(Ae) and with illuvial horizons (et) j¡r which clay is the nain accumulation

productu An increase of free sesquioxides is usually associated with the

aocumrlation of clay, The solum general.ly has a medium to high degree of

base saturationorr

The best developed Grey hùooded soils are found under cool clim¡-

atic conditions r,uith nean annual temperature of {OoF or less, although

they also occur under warmer condj-ti-ons. The majority of Grey !{ooded soi}s

occur under boreal foresto Some Grey Wooded profiles also develop under

forest conditions in ùhe grassland*forest transition zoneo They generally

have developed on basic parent lpterialso

Orù hiq_ qley-yo o4gq_ ËgÞgf eup.

Orthic Grey lfooded soils are the we}l drai¡ed members of the

Grey Wooded GreaÈ Groupo They extribit the nodel concept i.rn that ùhey have



well developed .åe and Bt horizonso

ftIE BRUNISOLIC ORDffi, OF SO]LS

Tlre NoS.SuGu report (45) aef:nea the Brunisolic Order of soils

as ttwell to imperfectly drained soils developed under forest, mixed forest

and grass, or heath vegetation with brownish eolor¡red sola without marked

eluvial or iIluvia] horizonso T]rey may or ¡nay not k¡ave a *istinct' Âh hori-

zorlotf Bre BrunisolÍc Order is divided into the follow'ing Great Grcups:

Browr Forest; Brown Wooded; AcÍd Brovsn Wooded; .å,cid Brolsr¡ Forest; Concre*

tionary Broi^rn; and Subalpine Brown" 0n1y the Brown t{ooded Great Group is

dj.scussed here as it applies to so¡æ of the soi"ls in this study.

Bronn bloo4ed Great Grpup"

Brovrn }fooded soils, accordi:rg üo the NoSuSnCo (l*S)t are soils

r^¡iüh ]¡weakly acidic to nildly alkaline sola and v¡j-thout a distinct Atr hori=

zono An L-H hori-zon is usually present" The parent naterial is usualÌy

calcareousu Tire thickness of the solum is usually less than tr,r¡o feetorr

Brown klooded soils have a wide range of occurronce from dry

valleys in the Cordillera to upper river temaces in the forested region

of the Great Plainso In the Cor*il1era ùhey appear to be developing as

zonal- soils of the dry forest areas and also under sjmiler clim.tic and

biotic conditions as the Grey !{ooded soj.lso rtThe Brown Wooded soils appear

to represent a stage of soil development between a Regosol and a Grey

!{ooded soil" Their lack of distinct eluvial or illuvia} horizons appears

to be due to dry climate, youthfulness, high lime parent material or a

combination of aIL these factorsrt (¿n5).

De g raded .P_r_olfr_ I.fg gdgl jSr&_ero qp*

Degraded Brown lùooded soi-Is are the well drained degraded mem*

bers of the Brown Wooded Great Groupo ltre slight degree of degradation



is expressed i.¡r weakly developed ilfuviaf horiaons as shou¡n by some

clay accumul¿tiano

TIIE RELATIONSHTP BETWMN POÐZOLTC ÅNÐ BRI.]NIS].IC SOE,S

the National Soil Survey Comrittee (¿5) f¡as suggested a sequence

of developnent for Bro'¡¡n Wooded soils: Regosol-Orthie Brown Wooded+

Degraded Brown k{ooded-+Grey Moodedo As the Brou¡rr Wooded soi}s can be

found with varying degrees of development under simi-lar conditions as well

developed Grey lfooded profiles, the above sequence of developraeet seens

quite logicalo

Pawtuk and Lindsay (LO) in a study of Brunisolic soils of

Northe¡n Alberta found that with further developmenù of Orthic Brs¡¡n

-t{ooded soils¡ the degraded solum meets the norphological criteria suggest*

ed for the Ðegraded Å,cid Brov'¡n Ìüooded Subgroupo In some cases a Mir¡i"mal

Podzo1 profile had developed" They consider this soil to be an intergrade

toward the Degraded Bror,nr tfooded, represent,lrrg an internediary stage in

the development of Podzols from Orthic Bro',,¡n Flooded soilso

Wright g! aL.(ó5) ¿escrj-be three distinct profile types on

alluvial deposits in northern Canada which appeared to represent a chrono*

sequerrse in soiL formationo TLre sequence of soiJ-s studied r¡ras an Âlluvia}

soil on Lhe lowest terace of the ri-ver, a Brown Wooded soil on the raiddle

terrace, and a Grey Wooded soil on the highest terraces above the river.

It appeared that the degree of soil development was related to their

height above the river and so was a funcf;ion of the tiræ which the ve.rious

soil fornfug faetors had acted on the parent material"

Kelley and Hollana (28 ) state that Bror,m liüoodod soils are the

first in the development sequence of a Grey tüooded soilo Such profiles

shov¡ sone weathering but leaching and accumulation are not pronouncedo



6

As precipj-tation and eLuviation increase Grey Wooded soils develop"

¿4. review ofi the literature on riThe Concept of Braunerde (Broun'r

Forest Soil) in Europe and the United Statesrt by Tavernier and Smith (59)

indicates that some of these soils are int,razonal i¡ nature whereas others

are classified trith Podzolic soils. However, it appears that the narne

Bro"¡rn Forest has been used in the United Staùes to describe soils that

are eosrparable to the Brov¡-n Forest soils as defined by ühe NoSoSoGo fn

their rer¡iew they do not appear to describe a soi-I tlat is conparable to

the Brown ltlooded soiÌs as described in the Canadian Classification schemeo

TIÐOR]ES ON THE POÐ7ßLTZLTION PROCESS

PodzolÍc soils develop under clinatic and biologic conditions

that result i.rl the accr.¡nulation of an organic surface layer and the forma*

tion of acid decoroposi,tion products of organie rnatter. This occurs most

readily in moist cool climates under forest or heath vegetatÍono

Robinson (19 ) states that the do¡rinant facùor j-n the develop-

ment of a Podzol soil is the prevalense of intense leaching ouring to the

continual excees of rainfall over evaporationo

Lutz and Chandler ( e9) apply the ter:nr podzolization to ttthe

process or processes which lead to depletion of bases, development of

aci<iit¡r and formation of eluvial A horizons and illuvial B horizons.

Co}loids and iron and aluminum coapounds are re¡noved from ühe ¡1, horizons

and aceu¡n¡Iated, in the B horizonsorr

According to Stobbe, (55) before an appreciable translocation

of organic compounds and sesquioxides can take place (podzolization), a

considerable fraction of the exchangeable cations of the upper part of the
t;

F. Mills lflf 5 ,*pf"ced by H+ ions" The rapídity of this unsaturation@ Gordon
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process will vary vrith the type of parent ruterial. In calcareoug måt*

erialsu the carbonates ru.rst first be removed and some unsaturation must

occlrro Th-is is fo]l-owed by the dispersion and translocaüion of clay be-

fore any appreciable translocation of organic matter and sesquioxides

takes placeu

Stobbe suggests that the term rrdecalcificationtr be used to des-

cribe the genetic processes of ttpodzol-liker¡ soiLs in their pri-nary phase

of weathering" The process of decalcification is essentially a depletion

of bases in the so1um, developnent of acidity and the fori¡ation of, an

eluvial ¡rAn horiz,on and an illuvial rrB!1 hori.zono

Ehrlich ( til concurs r+rith Stobbe s s ideas and add.s that calciri¡¡

either dinectly or i¡directly plays a do¡rinant role in tl¡e profile forued"

He states that the [podzol-]ikerr profile wiLL rernain unti] most of the

caleiurn is replaced by h¡rdrogen. True podzoliøation then oecurs only in

that part of the solum low j-n bases iueu the Ae horizon" Idhere decaLci-

fication has been in effect long enough to produee a fairly deep Ae horizon,

podzolization r^ri]} take place in the Ae horizon to produce a PodzoJ- pro-

fileo Ehrlich concludes that because each profile is a separate entity

each must have been j-nfluenced by a different processo

Swi¡dale and Jackson (5S) use podzolizatlon as a collective ternr

for the large nur¡ber of chereical, ph¡rsical and biological process€s con*

tributing to the for¡nation of podzols" They propose two individual pro*

cesses to account for podzollzation¡ (l-) soluviatÍon, defined. as the de-

composition b¡r solution combined with eluviaüion to remove the dissolved

ions from thEir or5-ginal enviror¡nent and (2) che1uViglLioa lrrhich is defined

as the dissolution of a silicate m:i¡eral in æntact with a liquid con-

taining chelating agenüso
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Wright and Levick (óó) developed a podzolic profile by leaching a

eolurur of cafcareous sand, w'ith a che3-ating agent, ruTé. (eì;hylene*d.ia¡rine

tetraacetic acid)o Jd check was set up using hratero The colu¡rns tdere

leached for approxinateþ seventeen months. The results sholted that in

the ÐTÁ, coluron the carbonates r.rere removed to a greater depth, a larger

portion of the profile was made acid and iron and alun-inum were transfer*

red further dov¡n than i¡ the coh¡¡¡sr leached w'ith water. The auLhors

suggest the follorrring mechanism for the removal of iron and alu¡ninr"n;

It^As leaching progresses, carbonates are destroyed and calcium

and nmgnesium transported dorarnr¡ra¡d in both chelate and ionic formso As

the pH and concentration of alkaline earth metals in solution at the top

decrease, increased amounts of iron and aluminun are sesquestered and trans*

porbed dounr¡¡ard.r¡

Schnitzer and Delong (5I) in a rerriew of the podzotization process

state that Bloomfield found that aqueous extracts prepared, frorn tte leaves

and bark of the New Zealand Kauri tree and al-so from pine needles, di-ssolved

hydrous oxldes of iron and aluminum, reduced ferric iron and formed comp-

lexes with ferrous i-onso Bloonfield concluded that natural leachaùes

from undeconposed coniferous litter provided all- the conditions essential

for podzolic translocation of sesquiorideso

A Russian worker, Karpachevslçy (26) states that in the podzolíza*

tion proeess intensive decompositi-on of prinary rcinerals (feldspars and

accessory rninerals) ocsurs in the upper horizons. The deeomposition products

ühus formed, in particular the iron and silica coJ-loidal naterial i.s

moved down by water into the lor¡er horizons" These coLloids ¡nove as

h]rdrosolsn

Duchaufour ( 10) suggests that there are tt¡o different podzolization
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processeso He applied the word rtlessivager? to the processes of the move-

ment of the clay size aå.terial frc¡m the upper into the illuvia} horiaons

l¡ithout change in its conryosition (along with hydrated femie oxides).

He contrasts this process r'rlth podzolization proper during v¡hich he thinks

the clay in the upper horizons is decomposed and only its decomposition

prroducts move dov¡ru¡ard" Ðuchaufour concludes that lessivage eonditi-ons

the solum for the developnent of podzolizationo

Parfenova and Yarilova (l/) after reviev,ring Duchaufour¡s u¡ork con*

cluded that clay movement was evldent in the rnicro*morphology of aIL soils

in v¡irich the eluviation process is dominant, incJ-uding podzolic soi'l s and

podzols.

Fridland ( f¿J proposes the ter"nn |tillimerization¡r to take care of

the movenent of undifferentiated clay (clay rnigration) wittrout destrirction

of ühe clay nrineraLs.o The related process involving ühe destruction of

the clay rrfüth differential removal of the products of tåis destruction

is podzolization,

1?re Movement of GLqy -Min-etals."

Rcbinson (49) cfassi-fies the eluvial process into two nain types;

namely, (I) mecnanical eluvi-ation in whieh the fi¡rer fractions of the

mj¡era} portion of the soil are washed do-urn by tlæ action of percolating

water to lower levels an¿ (2) chemical eluviation j-n uhich decomposition

ocours and certain products thus liberated are translocated in true or

colLoidal solution to be deposited in other horizons" Eluviation as

Robinson describes can thus result in the development of a terbural pro-

file r,rith a light textured .å.e horizon and an wrderlying heavy te>rbured

Bt horizonn

Broum et alo( 5 ) and Jenny and Smith (ZO) 
"ueeest 

that the pro-
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cess of eluviation and subsequent fon:ation of a texLr¡ral B horizon in*

volves firstly the di-spersion of colloÍda} ¡æ.terial in the A,e and then its

depositlon in the B horizon. They suggest two types of deposition. One

method is a sieve action in which coagulation by electrol¡rbes plays a

part and a second uæthod inr¡olved attraction based on the adherance of

positive sols to quartz grainso

It is quite possible for clay partieles to ¡nove mechanically in

soils as the mineral size as shovrn in Grimts data i"s under one ruicrono

This is considerably less than the soil pores and cavitj-es wl'rich are in

the order of several hundred raicrons in size (lS)"

Gorbunov in 1961 (ft), in his sumnary on the move¡nent of colloidal

and clay particJ"es in soi-ls, states that the col-Loids in order to move in

the soj-l- rnust be in bhe form of a so1 or a highly swollen ge}" Highly

di-spersed hydrophylic mlnerals zuch as ¡nontmorillonite, allophane, hydro*

¡n:leas and organic matter move more rapidþ ùhan hydr.ophobic ninerals

under the same condj-tÍons" The latter t¡rpes of rú¡rerals usually move

under the probection of hydrrphylic rn-ineraIs, Gorbunov concludes that

colloids and clay move i.n the soil in the form of ni¡rerals¡ organoo

mineral and organi-c conopoundso

The@e-9.-

A charasteri.stic of nearly aII Podzolie soils is the movernent

of sesquioxides out of the eluvial horizons. and into the illuvial horizonso

However, very litt1e is lcnor,¡n about the processes and mechanis¡ns involved

in the movement of sesquioxideso

Aceording to Stobbe ( 55) tfre close connection betv¡een the move-

ment of the decomposition products of organic matter and the sesquior.ides

has long been recognized" Theories on the Podzoli-zation process also show
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thas befor@ an epprecLeble trar¡slocatlon of organ{ c @Er¡Þrryrd.e and eeaqal-

oxldes can takø pJ.ace, a coneLderable degroø of nneaturation of the upp€r

pnofllo nueè take placeu Early røork has Ehose the abilfty of e$anlc

material ar¡d ltg decøpoof.tlon pnodwte to mbll:lze 1ron. 0rganic acldø,

partlcularþ hydrorry aclde aro effectlve noblllsore of lron, with the lrca

belng aseocl.ated krlth tåe electronegative prt of tåo organle nol,eeule.

More recqrt mrk hae produced evldence to etrcs tbat the trane-

locatlon of organlc ¡netter a¡¡d Lron is brought about by the fo¡øatl,on of

noblle ægano-ninerel conplexøso Accordlng to Hloonfiefd (4) leaf ex-

tracte of conlfers eolub{]l2e lro'¡r by the reductlon of ferric lron folløed

by the for¡nation of etablo organlc compl,exee wlth fe¡rous lrono Schnltzer

and De3,ong $2) showsd tlrat elnost aLL the iron brorrght into æLutløT by

varLoue leaf Leachatee ie Ln the ferrlc fom. Their wcrk lndlcatea that

extractg frou qarc,ous tree leaves and forest }Ltt,er have tJ¡e capaclty Èo

reüaln fuon in Eolutlon and to solublllsE tho Lron of free!ù¡r preelpftated

fer¡{.c þdroxldeo The so¡¡nt of Lron brougbt lnto euepensLon depends oa tho

Eourcs of ths extract, the pH a¡d tbe nature of the doninant catü-on pesent

and on tbe pnoportfon of, 1rø to org¡n{c natter ln the syetø" Thls le ln
oppoeLtlo¡l to Bloonfleldo tbeory that f.mn m¡et be reduced befee 1t Ls

aobll:lzedn

&e work on lsef leachetoe ebows that exÈracts of organf.c }lÈter

and deeosposltl.on pnoducte of pJ.ant mterial ca¡r solu¡d.lLze iron eitåer by

popbfzatf.on or by the formatlon of organic complexes røhfcb are æIr¡ble"

So¡ns worke¡'B notú coneLder these conplexec to be cbel¿te conplexes. Sri¡dale

and Jackson (58) øuggeet ttrat the docompod.ng organic natter prroôrcee chel-

ating eubst¿nces th^at conblne with tho Lron and ahml¡¡æ l¡ thø æiL.

W¡'ågbt and schaltzer (6?) havo pnrodræed artffT.cJ,al Podsols in tåe laboreÈo¡Tr

rsltb h'¡om che)"etlng agenÈe suoh as EIllA.
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Oades (¡O) :-n his reviev¡ of i-ron mobilization and transportation

by organic mat,ter concl-udes that t,Lris process is due to two main classes

of conpounds: (a) polyphenols and (U) low molecular weight organic acidso

The Ðçposilion of Sesquioxl.dÊs"

The mechanism of the deposition of sesqrrioxides in soils is also

a controversial point. Some r,¡¡rkers have suggested that precipitation is

caused by an increase in pH down the profile io€o¡ Mattsonsslrisoelectric

theorytt(30). The isoelectric theory is based on the fact that hydro*

oxides of iron or ah¡:nÌnun must have a hydrogen-i.on concentration at whícl:

the hldroxldes have a ninimum solubility" The pH corresponding to this

minimun solubillty is called the isoelectric point. h.on, a}:¡rinum and

colloida1 organic ¡natter possess different isoeleetric points" Organic

colloids are precipitated in the upper part of the B horizon because their

isoelectric poi:rt is Lhe lor^¡est" ïron i-s precipitated lor'¡er in this hori*

zon and below this the alu¡ninum is found in larger quantities" The pos*

tions of ùhese three constituents corresponds r^¡ith the j-ncreasj¡g1y higher

isoelectric points" The new formation originates and accumulates j¡l ühe

B horizon because acid hydrolysis is subdued at thaù point i-n the profile

and the pH becomes basieo

klright and Schnitzer ( $7) erylaj-n the precipitation of sesqui-

oxides associ-ated with chelating agents in the following nâ.r¡¡s¡; ttWith

depth, inereasing compeüition frorn hydroryl ions with rising pH and greater

concentration of the alkaline earths caused d5-spla.cement of æme iron and

aluminum and. their precipitation as hyd,rated. oxidesor¡ They staùe that

exLremely smal.l amou¡ts of calcium andr/or magnesium can cause displaeenent

of the sesquioxideso

Adsorption of the iron*organic conplexes by iron oxides, alum*

inum oxides, and soil clays nay be an irç,ortant factorn Tttro articles are
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cited by Oades (l¿) ør:-cir show ttr.t a clay mineral such as kaolinite is

eapable of fi:<.ing 12 per cent iron oxid.e before the saturation point is

reached" Oarroll (S ) suggests that clay nrinerals have free iron associat-

ed r,{ith them in two ways: (1) as a rninor eonstituent r,,irere it is sub-

stituted isornorphously r,rithin the crysta1 lattice and (e) as iron oxide

coatilgs on the surface of the mineral platelets" Bloomfield ( 5 ) points

out that the adsorption of ferrous organic complexes by ferric oxides is

carried out j-n lou¡er soit horizorlso l{aurichev and Nozdrunova (e?) have

shown alum:inum oxlde to be a good sorbent for irron in descerding solutiono

ttre Synthesis of 01ay .

.å,ccording to Grim (fg) cfay size particles in æit include aII

naterials, both i-norganic and organic less than tr¡o ¡ticrons i¡r diametero

The inorganic component is nade up of clay ninerals as wel-I as various

amorphous and poorly crystalline @,terials and prinary rninerals such as

quartz, calci{"e, dolomit,e, nlca, feldspars and gibbsite" These primar¡r

mineral-s tend to be coneentrated in the coarse clay fraction. The organic

component of the clay size fraction may be present as discrete organio

particles or as organic molecules adsorbed on the surfaces of the elay

mineral particles" As uras previously noted the sesquioxj-des of ircn and

alunina are also associated hlith the clay ¡aineral zurfaceso

the clay mineral concept uù¡ich has evolved through the rn¡orks of

many people is sunmarized by Grim (fg) who states that |tclays generalþ

are essenùialIy composed of exbremely srnal-l cr¡rsl,¿111ne particles of one

or more members of a s¡nall group of rainerals known as the clay nineralsolo

The clay minerals are described by Grim as bejng hydrous alu¡ninu¡n sili-

cates with nagnesium or iron substitutilg isomorphously in whole or jn

part for the aluninum i¡ some mj¡reralso GIay minerals are classified into

various groups according to their basic structureo
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Miüchel1 (33) g*ups clay ninerals into three categories based

on their origin; (t) ttrose inheri-ted v¡ithout change frru¡r the parent rnt-

erial: (e) ¿frose de'rived from the alteration of raineral-s of sinifar struc-

ture; (3) tirose s¡mthesized from the dissolved amorphous proCucts of

weatheringu

One of the major sources of ¡naterial for Mitchellrs firsü two

groups is the clay milerals in sedjmentary rocks, This source is very

important i¡ li€ht of the fact that the area of e:cposure of sedinentary

rocks is approximately three-quarters of the total land area. These sedi*

mentary rocks conùain clay nr,inerals varyi-ng in quantity fncm major com*

ponents (shales) to minor impurities (sandstones) (lß)"

Grj¡r et al,(tó) working with the fine fraction of the insoluble

resj-dues of 35 I]-linois limestones and dolonriües found that i].lite was

present in all of the sanples. Moorhouse (3{) also found that iltite is

a colnmon clay ninera] found in sedimentary ]imestones whereas glauconite

is found i¡r some limestone and chlorite j.s uncorrmon excepÈ in argillaceous

limesüone.

Early workers showed that mrch of the clay mi-nerals in sedi*

-bùeaver ( e3) fra" shq'rnmentary rocks were authigenic in origil h6rq3l).

that i:r general clay nilerals do not originate in tobal in their de*

positional environment, and ttrat they are not strongly modified by this

environmento Weaver states that as little as I per cent of the clay nin-

erals j¡r sedimentary rocks are auühigenic in origin, the renaj¡der being

detriùal" The caùions may be authigenie i-f acquireC in the depositional

area or detrital if they are the original cations from tåe sou.rce åre&o

hreaver states that the detrital clay ninerals are relatively stable and

their original struoture does not materially change except under rela-
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ttvely fntenae vrcatJrerlng.

Partl.a} alteratlon of rninerale as Ln the caEe of Hltchelleø

second group fo probably nos0 lnportant for tf¡oee v¡Lth the baELc nd,ca

Etructr¡re, that !e llllte, vernlculíte, chlori.te end nonteeillouito, bu€

otÌær cLay rúnerale also nay bø partlally altered. Tbe weather{.ng of

layen-type -lneralE nay takø t}¡e forn of thE renoval of catlons or cb@-

f.cal groupe flon e paru.cular portd,on of thø nlneral Ìn¡t tbe ræatnder of

tbe crystal. nay renaln Largely r¡raLtered,

Jaekson É g}"(Ze) irave arange<i the ali;æaäon of tbø clay

¡rir¡erals lnto we¿tbertng sequ€nces, they propos@ the followi-ng weatbering

Bequence ln Bhlù potasaluna La abr¡rdant ln the syetør niçsFJlll{Nsrçi

Elntermeðtatesn6ve¡'sdlçu] 1feÈ¡aÕntnorins" Monborin, accotrùfng t'o thE

authore, le sn isonorphonE sed.es of æcpandlng 2:J. Jayer el}LcateE Lnch¡d-

lng eaponlte, beidelllt€, nont¡norlllonlte, nont¡onfte, etco Oû the baEls

of x-ray dLffractton, D.ToAne gþceratü.on and elenqtal ana\rsle tåry æn-

cl,uded that the Flnter¡aediateEn ln tho above seguence are essentlatty t¡te¡¡-

stratlfied x-anorphous zones ln 2¡L layer stLlcates" They suggest tbat as

a Èrue nl.ca rueatåera the lntenlayer K Ís depleted along Faefere¡rt{eÌ

woatåerlng planee, and ie replaced by otber @tione, Tbe loes of e@E of

the nLca charge (becauss of rooval of K) f.s conpenseted by hydro:çy1atJ.on

and deaLrn¡LnetÅon Ln tbe octsÌ¡edrel la¡rer' Wlth fncreastng nr¡ò ere of

seathered planee ln the m:lca sheEts varLous c@bLnatÍons of x-anorphous-

r-cryetel}lne øones ero forsedo

These autborE go on to sÈatø tJ¡at there ara four c!¡ælcaL resc-

tlone wt¡lch affect weatbErl,ng of layer d.lLcatea; depotaesú.catÅon,
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hydrorqylation, dealumi¡ation, and desì}i cationo Depotassi.cation, or the

renpval of interlayer K along preferential h¡eathering planes would. be the

initlal step" Balancing of the excess charges resultlng fron depot¿.ssi-

cation can be accountod for by hydro:ryJatlon and/or dealunination, the

latter taki,ng place especlalþ ur¡der acid conditi.one. Desilication re-

fers to sillca reaoval from 2¡1 layer silicates to forn kaolinite and

gibbsite.

l{alker (6f) also described a progressive weatherj.ng l¡r soil

through mixbures of ¡atca and vernlculite to vemiculiteo

rr.n..ooon.leaching of K f¡.or¡ lnterlayer positions together uith

replacement of iron ln the interior of the si}lcate layers

by I'{g and other ions from percolating waters, reduce the

attractive lnterlayer forces and pernit the entry of double

layers of water molecules, This latter phenomen¡p spreads

thruugh the crystal layer by layer by giving at first a

mixed-layer structure i¡ r¡l¡ich increasing nurobers of layers

become ùhe vermiculite t¡peo

Rich ú+6 ) presents results wtrich show tLrat wt¡en ¡n'scovite-

t¡pe nÉca weathsrs there is Ìoss of potasslum and the fo¡r¡ation of ver-

micuU-teo Similarily De Mr¡nbrr¡n ( g ) in a laboratory erçeriment shows

that ¡tica weathsrs to vemricuJite. A possible path of weatherj.rg of

ilLite to verulculite is shown in Fi.gure 1"

. Brydot ( 7 ) reports a distinct difference j.:r the weathering of

chlorite wiühin the solum as opposed to the theoret,ical breakdownu OrLho-

chlorites in acid soluÈion should take up tgrdrogen ai, rel-ease nagnesium

untll all the nagnesir:n is released or unùil tLre pH rises to tl¡at uù¡ich

wouLd satisfy tho solubillty producte of nagrn sir:m hydrroxide" lhe i¡rn
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and. alu-ninum ions of the chlorite would be e4posed at the same tjme as the

rnagnesium but due to the low so1u.bj.lÍiy of the iron and aluminun hydro-

oxides the ircn a¡:d alurainum would preeipitate j¡ the pH range indicatedo

It is thorrght that the iron and alunrinum hydroxides fonû on the chlorite

surface, block the edges, Ímpede the entry of hydrogen and the exit of

magnesium thus decreasing the rate of degradation of the chl-orite. Brydon

then staües that rrthis bloekage could account for the persistence of

chlori'be in the highly acidic B or C horizons cf podzols and other soil-so

On ühe other hand the leaching universally associaüed with the podzoliza-

tion process j-n the .A,e horizon urould remove continually ar¡y protective

layer of hydroxide and aLlow degradation to go to ccnrpletion nþre rapidly"r¡

Pawluk (39) notes tlat Podz.ol soils of .âlberta Ìrave a &R

spaci-ng clay mineral i-n the B horizon vltrich is noü present in the parent

material. The data presented indicate t,hat ths weathering of less stable

feldspars to release hydrated alumi-na ions rotrich are absorbed on the

interlayer region of montmorillonite fine clay produce . Uå spacing clay

mineral of coerse c)-ay size in the B horizono

Ideaver (62) states that nrixed*layer clays i:r most cases are

derived from the degradation or aggradation of pre*existing clay mineralso

During weathering the rernoval of K fron some biotite layers with zubse-

quent depositi,on of Mg and H20 could lead to the foruation of a ¡n-ixed*

Iayer biotj.te-vermiculite, Sir¡ìfarj-Iy, in sea water the replacement of

Ca and H20 between sone montmorillonite layers by K wilJ- form rnixed*

layer illite*¡nontmorilloniteo tt€(OU)Z will also replace Ca and H20 to

form mi-xed*layer chlorite-ve¡rnicrrlit e o

Jackson et al.(ZZ) proposed thaL weathering of miaas geve

trinternedj.ate¡t minerals consisting of interstratified or mixed*Iayer
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2¡1 and 2:2 (chlorite) layer silicate serieso They sbate that inter*

stratification is of general occurrence in clays of soils and sediments

as a reflrltant of weatheri:ngo

Rich and. Obenshain (47) presented erridence to show that the

production of i:rterlayers containing nonexchangeable A1 was a pedogenie

processo The process is probably cont¡'o]led by the production of AI

ions in acid weathering. These j-ons are readil-y sorbed as exchangeable

cations or subjected to hydrolysis and the hydrorff* å'ì ions forned also

may be sorbed by the clay nrineralso h the weathering process rnore alun*

inum is released in the surface horizons as long as there is no shortage

of source materialo If ùhe organic natter content is low solæ of the

aluminr¡n may be fjxed on the clay rainerals. If organic natt,er is abrurdant

the alu¡ninum i s comple:ced and rqnovedo I:r this raray soils occur in whieh

the maxinun for¡ration of i¡rterlayer rninerals is found in the .å,e horizon

due to low organi-c natter content and in other soils r^rhere the rnaxi-rn¡m

fornaüion occurs in the B horizon due to higþ organic matter content of

the .{ horizono

Rieh and Thonas (4g) give a very good review of current v¡ork on

the s¡.nthesis of the various clay rri¡reralso They state that tho origin of

clay minerals in soils is usualþ associated with mjneral weathering and

weathering seeuenceso Kaolinite and halJ.oysi_te may be inherited in soils

or may form as a result of chenúcaI weathering of feldspars, silieation

of gibbsite or alteration of allophane" Trioctahedral chlorites are the

most' abundant variety i¡ basic igneous rocks and in sedimentary rockso

Such minerals are rare in acid soil-s because they weather easi-ly" Hovrever,

a group of nchlorife*fi¡stt ninerals are found in acid soils and are in

reality weathered and expanded rcicas which now contain interlayers of
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various completeness and GotrIpositionó These interlayers contai¡ .A.l-

as the principal- cation as opposed to Mg for the trioctahedral variety'

This inte¡]ayer varies from a eomplete gibbsite sheet to only a few

isfands of positively charge¿ ¿f(OH)ro particles" In the latter case

the mi¡rera1 resembles the inter-stratif,ied clay m:ineralso ÐioctahedreÈ

ill-ites are much nore conmon than trioctahedral mqnbers beoause of the

greater weathoring stabillty of the fonner" Mica-like ninerals may dis*

solve in soils or else alter to vermiculite and/or montmorilloniteo Ver*

micul-ite may vreather from iIIite, nicas or chlorite" Montmorillonite

rninerals are formed fro¡n soluble or armrphous material or are altered

from micas, chlorites or vernicul-ites, This alteration will depend not

only upon exchange of K or dissolution of hydroryl groups but also on

reducLion of negative chargeo Interstratified clay minerals in soil can

be inheriüed from the parent raterial as r¡rell as derived fnem rnicas,

illites, and ehloriteso



ïïï MÄ.ffi,rÂts Ál\lÐ }ffiTl{oDs

FTEI,D INVESTIGjTTTONS

Genera_I Descriqtion of_ Area

GlagþI__Geologtr_of Eastern l4anitoba A brief history of late

Pleistocene Gþciation and post-glacial activity in E¿stern Manitoba is

presented to facilitate an r:nderstanding of the physiography of the ârê&o

Such Isûoruledge helps in the description of the nrode of deposition and the

nature of the parent materials of ühe soils used j¡¡ this study.

As the result of several glaciations during the Pleistocene

Epoch the wirole area lcrorqr as the l4anitoba Lowlands rras covered by

glacial drift of varying kinds (tz). Á.ccording to E1son (U) tt¡e oldest

glacial deposit in this area i.s a grey till derived rnainly from calcareous

Palaeozoic rockg west of l¿ke Winnipeg. In the exireme eastern part of

the area this grey ti1l is overlain by red drift which was brrought 5n by

sou.th and southwest flor,ring ice from the Canadian Shie1do A second grey

calcareous till overlies both the older grey drift and the red Cary tiLL

in the eastern part of the area"

Johnson (25) also cj.tes evj-dence in support of the two Wis-

consin Stage til-l sheets" Firstly, there are two sets of glacial striae

trending in quite dj-fferent directions. One set, from the northeast is

probably the older with the yolmger being those trending from the north

and northwest. The lovrer, older part of the tiLL is mainly silicie in

nature whereas the upper sheet is calcareous and contai-ns an abundance

of limestone boulders. I\rther support for the two tiII sheets is ob*

tained from r,rell borings which shov¡ that the l-ower part of the drift

is quite different in character and origin from the upper part. These

borilgs also shot'¡ a substantial sheet of sand and gravel beneath the upper
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tiIl sheet such as might have been deposited by outrarash during a recession

of the iee (e5),

lhis ice sheet of the Mankato Substage of the Wisconsin Glacia-

tion formed the northern and eastern boundary of Lake .Agassiz I which in-

undated the whole of the Manitoba Lowlands (13), At this ti¡re ühe lake

discharged souühr.'rard into the Mississippi through a spillway at Lake

Traverse, Minnesota" Readvanci-ng ice of the Valderan Substage blocked

the eastern outlets and Lake Â,gassiz II r¡Ês forriedu d,s the lake waters

receded a series of more or less continuous boachee i,vere formed due to

water vorkirg of the higher sj-tes by scouring and r¡¡ave actj-on, Iater,

when the ice had retreated far enough to alIow nornal northurard drainage

to continue, several lower beaches were formed due to the lowering of

the waters and uplift of the land" A considerable portion of the uplift
of the land due to the removal of the great weight of the ice occumed

duri,ng the presence of the lake,

.S, series of terrrlnal moraines rise at various plaees in the

lake basin marking the stages of halt of the ice sheet durSng its retreato

the terrain formed by this osci-l-lation of the ice sheet is a complex of

superficial deposits consisting of tiIl, sub aquatic till, resorted and

water-worked tiIl, sand Ì,rith enorÍtous boulders, and. various lacustrine

deposi.tso As the lake reached its last stages there r*as ponding and

swanping of depressional sites along with an influx of alluvial sedimentso

Physiosraphl' of Landscape.Areas Tkre physiographic divisions

of Eastern }fanitoba are shor,¡n i-n Figure Z " The two nain divisions are

designated as the l4anitoba lcwlands and the Precambrian Drift Plain"

The l4anitoba Lowlands is that portion of lvlanitoba which forms the Lake

Agassiz basin, and is divided into secti-ons on the basis of the surface

depositso
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WINNIPEG

LE G E_N_D

Red River Ploin seclion of the Monitobo Lowlonds
Winnipeg Loke Terroce seclion of the Monilobo

Lowlonds
Soufh-Eoslern Loke Terrcce seclion of lhe

Monitobo Lowlonds
Precombrion Drift Ploin
Inlerloke Iill Ploin seclion of ihe

Somple Sites X

Figure 2. I'fap of Eastern Manitoba showing physiographic Aroas.
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Aocordfng to Ehrllchg.t3-1,(fâ) tne Red River Plaj¡ sectlon

is a fl-at e:çanse in the central and lov¡er \ylng part of the Lake å,gassia

basin" The uraJor portlon of tllis area consiete of l¿custrine clay and

alLuuial døposiüso IT¡1s area lies nalnþ belor+ the 8@ foot contouro

Tt¡e Wi¡nipeg l¿ke Terrace sections occur above the 800 foot
contour as pron5nent lmegular hills nising above the fl¿b erçanse of

the Red River Plalno Such Iocal hlJ-Le fornerþ outoropped ae ielands

in Iske Agassiz and ncnr stand out as r¡¡od.ed lslands 1n the lake plain.

the sr¡rface. deposits of ùþse areas ê16 lnåìnly gtacio-lacustríne depos-

its, glacio-flLuvia1. depoeits and glac5al tf11o

The South-Eastern Lake lerrace section 1s descri-bed as a tra¡xs-

itional area ocourrlrg between the Red River Plain ând the Precanbrian

Shie1d, and lying above the 8O0 foot contouro* According to Ehrlictr

-gt 3!,(fg) tt¡u terraÍn in this area ls a conrplex of land forms tLet re-

sulted from the deposition of tiIL and sub-aquatic tiìr þy tåe oscillat-
ing lce sheet of the Ma¡rkato subotage of the Wisoonsin Gl¿cjation,

Follow'ing the 3aying dor¡n of this tiIL there was rcdificatlon by other

geological agencieeo trJ.e Ínvolved the sorting and sizÍng of gÞcio-

fluvial deposits as tùrey wsre carried and deposited by the nelt waters

of the ice. This was in turn followed by inundation of the deposi,ts under

the l¿ke watere as the ioe retreatedo tr\rther retreat of the ice sheet

led to the lowering of the lake ¡¡aùers accompanied by scouring and *¡ave

aotion on the higher sites as they emerged.

The Precambrian Drift Plain lies to the nortbeast of the I'fa,ni-

toba Low1and,s, ft ig charaoterized by granitoid rcok outcrop ard, assoolat-

ed organic and nineral dri-ft depoaits. The nineraL deposits consist of

non-calcareoua sandy tiJ.l derived, from Precambri¿n rocks and local lac-

t s{ th¡ R.Eo tinpub}lehed lnforn¿tlon from Manltoba Soil Survey"
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ustrine deposits laid dor,¡n v¡hen the ice sheet was re't,reati-ng for the

].ast timeo

Clir,ete of Eqs-tern Manitpba The two landseape arêês prevÍ*

ously described lie v¡ithin the region designated by Kðppen as a Ðfb

(fru¡¡i¿ conüi¡srtal) climate" This area i-s sub*hurnid ïrith rr¡icle annual

extremes i-n temperature, and tras a definite snfiurer r¡axinnun of precipi*

tationo At Great Fal}s, the nearest clj:nå.tological station, the rnean

annuar precipiiati-on for the thir|y year period L92I 1o 1950 is 18"53

inchesn .å,pproxi.nateLy 70 per cent of the precipitation falls as raj:r

,luring the peri-od of April to October and about 30 per cent as snov¡ dur*

ing the fj.ve ¡nonths of November to March, The nean annual beryerature

resorded at Great FaILs for the thirty year period is 35"6oflo Winter ia

marked. by mean rncnthJ.y tanperatures below 32oF durirqg Novenber to March,

white rusan nonthly ternperatures are above 5OoF during the summer months

of l4ay to Septenber" The average January temperature is in the vicinity
of -01oF and the average July terioperature is about 68of (óO)"

Description of ËAnple Siteg

the location of the sanrple sites is shorun 1n Figure J " Bath

sample sj.tes are found within the Manitoba I-owlandso Profiles !r2r3 and

/a are sanpled fr"om Tora¡rship 11, Range J East in the Winnipeg T,ake Terace

section, arbitrarily designated as the Ðencross .å.reao Profiles 5 and 6

are sampled from Tovmships 12 and 11, Range 10 East in ühe South-Eastern

Lake Terrace sectiono fris sampl-e site is designabed as the Mil-ner Ridge

êfêåo

The parent naterial in the Ðencross Area is r¡ainly glacio*fluvial

i-n origin v¡iÈh some aeolian depositso nne surface textures are dominantly

fi¡e to meditun sando Evidence for the outrrash nature of the parent mat*

erial is the occurrence of flat limestone cobbles and layers of stratified
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sand and fine gravel" The duned topography and the absence of the li-me-

stone cobbles and stratified sand and gravel i-n portions of this area in*
dicate that, the outwash deposits have been modj-fj_ed by wind"

The topography is variable wii;hin the area ranging from nearly

level to gentþ undulaüing" The profiles u¡ere sampled from sites ruith

rnicro.-relief ranging from O to 5 per cent slope" Stoniness ranged from

stone-free duned areasto moderately stony areas occurui-ng on the sharper

slopes" the vegetation of the sample area, although fatling within the

Manitoba Lowlands Section of the Boreal Forest Region has T¡een designated

as having a Mixed Woods aspect because of the advenù of spruce and je.ck-

pine together ruíth deciduous speeieso

lhe parent material in the Mil.ner Ridge area appears to be mod-

erateJ-y coarse-texbured glacio-flurrj.al deposits. The surface tex¿ures

are dorrlnantly fine sando The outwash nature of the parent rnaùerial is
Índieaüed by the occurrence of lirnestone cobbles v¡ithin the profiles"

[he topography of the region varies from smooth flat areas to
gently nclli.lag undulating areaso The slope varies from about, o to 5 per

cento The stoniness r&Ìges from stightly stony to moderaüely stonyo Tt¡e

vegetation of this area has been classed as a Mil<ed Boreal Forest with jack

pine and birch predominating along with ninor stands of aspen. Figure d
illustrates t¡4pical vegetation on these sandy upland areaso

P ro {iLç- . Ðe s g¡:i.p_tiqn s,

SJ,x profiles were sanpled and described flrl}y in the fieldo
Pits were dug to facilitete the sampling and vi-sua1 exanination of the

profi-le characterj-stics. Both dry and moist colours were derÍ-red using

the M¡nsel1 color chart (35).

(1) Ðencrqss Area

Profil.e Noo 1

I-ocation

Orthic Grey Wooded.

8"8" + J:6*J:5*? East of the Principal Meridiano





$oll Condltlon

Farent !&tøriel

Elemtlon

BolLef

Drelnsge

Stæfaeee

Vegetatlæ

Senpled by

Ðeto

æ
'.". D¡? to noLstu

- The parent naterial at thlø s'ltø ls malal¡r

flne eandy or¡tr*aeb as lndlcated by a dlecoat-

Ínuor¡e lxyer of 11æ atonE cobbles et about 1?

lnchea balou the surface. tho depoaú.ts below

the cobble layer appeared to be qulte unlfots

to e depbh of 4 feet"

- Approxlnakfy 850 fee8 ÂoS.Ln

- hoflle rnea sanpld ln ea ares of eonplø,

topography, the slope verylng frø 0"5 tÐ 2"O

¡rer cent. be topograpSr wea lrregular¡ levol

to wrdulatlng.

- WoIL to repidly dralned lÉemsfþ¡ elor ¡qnoff

and repid lnflltratJ.on"

- Varlee ulthln the area tnt ususlly e eJ.lgË]y

atony guface"

- Jack plne are donlrent¡ beerber*7 and bluebæ¡r

ErE abr¡ndent¡ chokeùerleo, easkstoq¡e ead

roses ars anong ths t¿Ller ehruba¡ Cladonls

colonlee ar€ Fes€ot; varloue dr¡r grcesee aad.

foEeueg"

- GuFu l{lLlo end H"A" Zwsrlcb

* October 5, 1961..

:

DeEcd. ptl.on

An orgaalc layor cøpoaed of pf.ne neødtreø,

hrlgo end greesee wlth ev{døces of eonø

b-iflceülon tattng plece"' tho ldl b¡:l,eoo

llo¡{,zoa

L-H
Depth(lnchee)

0"5-0
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Horizon P#bß4cheil

.å,he O*2

/.*O

6*L5

Bf T5.T9

3o

DesqLiptign

grades abruptly w-ith a clear smooth

bou.ndary ir¡to o o. o o

A grey (fO m 5/I dry,1o TR 4/Z rrroía1.)

sand; structureless; loose when moist; nod*

iu¡rr acid i¡ reaction; pH 6o0o Grades wiÈh

a gradual s¡nooth boundary into o o o o o

å pale brown (fO Xn 6þ dry, LO YR 5/3

noist) sand; strucùureless; loose when ¡¡oist

and dry; nedium acid j¡r reaction; pH 5"8;

grading v¡iÈh a gradual smooth boundary intooouo

A light yeJ.lowlsh brown (fO n 6/4 ary,

10 fR 6/6 noist) sand; structuroless¡ loose

when moist and dry; medium acid in reaction;

pH 5"9; grading v¡ith a clear irregular bound*

ary into ocooo

A light yellor"rish brown (fO n 6/\ dry, 10 IR

5/8 rrcist) toaqy sand to sandy loam containing

a disconùinuous layer of linestone cobbleso

It¡is horizon appears to be an internixture of

BA and Bt associated with the broken layer

of cobbles. Tk¡e strongest clay accuru¡lation

occurs around the llrnestoneso !üeak fine granu*

Jar structure; fÍrm when moist; weakl¡r cemented;

medium acid to neutral in reactj-on; pll varj-es

fran 5"6 bet¡¡een the limesüone cobbles to ?o2

in the sandy loam maüerial adjaeent to the

cobbles; grades with a clear irregular bound-

BA
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HoËlzon Dentlr(lncheeì Degcrtptlon

ary tnto ocoo.

BC lg - Zj Â llehü yeltowlsb brorsn (f0 rB, 6/h W, I0 IB

6/8 øoL,øE) aad¡ atnctureleea¡ loose whø

nolst and dry¡ aHgbtJy acfd ln roacülon¡

Ê{ 6.1¡ gradea wttÀ a gradel øotå boundary

tnto cr.oo

Cl 23 - 18 A ver.;¡ pale brorm (fO :n, Tfi+ dryo rc In

6/3 moLsþ) sand; etmctweleas¡ looEe dren

noløt¡ nedlnm acid ln reactlon; É ó.0;
' gt*dtrng rutth a gradraL mooth boundar;¡ L¡¡ùo.n.,

CZ 4€i -LlO: A very pate brom (fO n 'l/j d¡1'r lO IB

6/3 rroLeþ) f"Ut Etn¡ctureloee¡ loøe vt¡ea

nol.at and dry¡ noutr¿I fn reectlon; S 6"6¡

Prof;lle Noo 2 - Orthlo Ccey Wooded"

trpcatton - SnE" à LÇLj-? Eaat of tbe Prt¡dp¡l HErldl,ea"

$otl Coadl,tfon - Dry"

Perøt Hetertal - Tl¡6 Þrsrt uate¡.l,eil at thle d.te le Eatnly flne

ssndy outwash es Lndlcsted by a contlnuoue layer

of wElJ. ¡ror¡ded Llneetones oecurring at about 12

lncho e belûr the gurface. he aend ¡ras celcareous

lneedf.ately beLow the layer of Unestonsg. lbe

perent naterlel seensd to be -nlfo¡m to a depth

of 7 feet rd.th no frrther eobblo layere occurrlago

El,eyation - Apfoxlnstofy 8J0 f,eeè AuS.Le

Bo}lef - hoflle vea oaryled on I 0 - 0"5 p€r cat alo¡reo

Topogrep[y wao lovel to allgþtly unòrletl,ng"





Dralnaga

Stonl¡ess

Vegetation

SampJ.ed by

Dato
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- !üe11 to rapidþ drained internally, ?,erc nrnoff,

and rapid lr¡filtrationo

- Stightly atony lando

- Jack pine are donlnant; bearberry and blueberry

are abund.ant; chokecherriee and saslcatoone are

anong the tal-ler shnrbs; 0ladonia col,onlea are

present¡ aleo varìloua dry t¡pe grass€e ar¡d

fescuego

- GoEo MiILe and MoAo ZrrarLch'

- Ocùober 6, ].:96].,"

Descriptlon

Fartlalþ to weLL decomp_osed noedles, trriga,

bark and grasseso lower boundary ls olear

and sncotho

A dark gr€y (10 w. h"j/L d.ry, I0 w. 3/L

noist) sand¡ stnrctì¡reless; loose when nolst;

slightþ aoid in reaction; pH 6.1¡ grades

wiüh a gradual sooth boundary lnto n., o.

A pale brorm (fO fA 6þ dzV, LO W 5/6

rciet) sar¡di etructureless; looae wie n

nolst; nedium aoid 1n reaction; pH 5.7;

grades urith a gradrral mooth boundary i¡to"","

A ttght yellowlsh b¡rown (fO n 6/4 dry,

I0 TB 5/8 wi.sb) toary sand¡ weak fine grêrur*

Lar eün¡oture¡ frlable ¡rhen noist,; nedlura

aoid ln r.eaotion; ÉI 5.9; an abn¡pt æooüh

Lower boundary"

Horfzon

L.IT

Ahe

Ae

B¿1

0.5-0

O-2

2-5

5-T

Depth(lnohes
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HoriAon qæthf,lncþå) Ðescription

Bt2 ? * Lt A dark brown (fo n h/3 dryu 10 yR l+/h r.roist)

sandy l-oam to sandy clay loam containing a cont*

inuous layer of weIL rounded li-rnestonesn The

strongest clay accunul¿tion occurs around the

Iirnestoneso Weak fi-ne granular structure;

friable ¡¡hen moist; neutral in reacüion; pH 7.3;

effervesces r'¡ith dilute HCl; grad,es with an

abrupt smooth boundary into u... o

Bc lil * 15 .a light yerlor,.rish br.or¿n (ro rn 6/h dry, to IR

5/h ¡tøLsL) sand; structu¡eIess; loose when

moist; nild1y alkaline in reaction; pH J"f;
effervesces with diLute H01; a gradual snooth

lor¡er boundary grading into , o o. o

Cl 15 * 2I A pale brown (fO yn 6þ aryr lO yR 6/4 ¡noist)

sand; structureless; loose wten moist,; mildly

alkaline j-n reaction; pH 7,8; effer-üesces

with dilute HCl¡ grades w-ith an abrupt smooth

lower boundary into o"ooo

Cz Ð + .A very pate brom (rO :n 7ß dry, Io rR

f /l¡ rwist) sand; structureless; Ioose wbn

noist; moderately alkaline in reaction;

pH 7.9; effervesces with diJute HCI"



Profile No. 3

Location

Soil Condi'Lion

Parent l4aterial

E]-evation

Relief

Ðrainage

Stoniness

35
- Degrade,l Brown T,{ooded,

* SoEo f, 1:6*15*7 East of the Principal Meridiano

- Dry.

- Parent material at the site seemed to be

mainly aeolian at the surfaee w'ith outwash

materj-al occuri-ng at the lov¡er depthso

There also seemed to be several old erosion

surfaces at the lovrer depths r,riùh eonsiderabfe

variation in grade of the sando the sequence

of strata occurring r¡¡ithin the parent material

was a layer of sand and fine gravel; a layer

of fine sand; a layer of pebbles; probably an

erosion surface; a layer of sand; then a flat
cobi:Ied linestone lens just belor¡¡ I feet" This

was followed by another layer of fine sando Roots

were found on the surface of the limestoneso

- Approximateþ 810 feet .Ao5ol,o

* The profile was sampled from what appeared to be

a duned area, the slopes varying from 0,5 to

5"0 per cent. lopography r,vas undulating to

gently roll5-ng"

- WeIl to rapidly drained internally, zeto Lo

sloiai runoff and rapid infiltration.

- Quite variable within the area, stone*free on

the duned areas to moderately stony areas occltr-

ring off the slopeso

- Jack pine are donr-i-nant; bearberry and reindeerVegetation





37

moss occurg

Sarrylecl by - GoFo Mills and. MoÂo Zt¡atich.

Date * 0ctober 5, Ig6J-,

Horizon Ðeglbfrgqheg) Ðescriptiq_n

L - H 0"5 - 0 An organic layer comprised of undecomposed

and partially to luel-l decomposed needles, twigs,

bark and grasses, grading with a clear smooth

boundary inüo ooooo

Ahe O * Z .å greyish bro¡¿: (fO n 5/Z dry, 10 TR 4/1

noist) sand; stnrctureless; loose r,rten roist;
Slighùly acid in reactÍ-on; pH 6"3; grading with

a diffuse smooth boundary i_nto o o o o o

Aej z - 5 .å, pate brown (fo n 6þ aryr lo IR 5/3 o.oj.st)

. sand; structureless; Ioose when ræj-st; nediunn

acid in reaction; pH ó"0; Ít has a gradual

smooth Ioi,¡er boundary gradi_ng into o o o o o

BÅ 5 - g A light yellowish brown (fO yn 6/4 dry, IO TR

5/6 noist) sand; struetureless; Ioose when

moist; medium acid i¡ reactíon; pll 6.0¡ grading

with a gradual smooth boundary into oooo,

Bti 9 * 15 ^ê, yellowish bror,rn (fo W 5/h dryr lO TR

5/8 ¡noist,) sand; structureless; loose v¡hen

aroist; slightly acid in reaction; pH 6"2;

grading with a gradual smooth boundary

j-nto noooo

Bc 15 - 19 å light yellowish bronrn (ro m 6/4 aryr t0 rR

5/h rrroíst,,) sand; structureless; loose when



c1

Horizon Depth(inctres)

t9-37

F. 37*53

53-66

AL 66+

38
Ðescri-ption

nroist; neutral in reaction; pH 7"0; effer*

vesces with dilute HC1; has an abrupt wavy

lower boundary.

.å. white (fo yn 8/Z d.ry, 10 l[t 7/Z rfloj..sL)

sand and fine gravel; structureless; Ioose

when moist; raildly alkaline in reaction;

pH 7.8; effervesces strongly with ùilute HGl;

has a clear smooth lor¡¡er boundary.

^A rut'rite (fO W' 8/2 dry, tO TR 7/2 nøíst)

fine sand; structureless; loose when moist;

nrildly alkaline j¡r reaction; pH f .8;

-effervesces w'ith dilute HCl; grades r,rith a

clear smooth lou¡er boundary at the contact

of a pebble layer into ooooo

A very pale brown (fO Yn 7ß dr'¡r 10 TR

6/J noíst ) sand; structureless; loose l,¡hen

moist; nildly a1ka1j.ne in reaction; pH f.8;
effervesces strongly with ùilute HC1; has a

clear smooth louier boundar-¡r at the contact of

a flat l-imestone cobble layero

A very pale brorrin (fO :n 8ß dry, 10 lR

l/L¡ noíst) f:-ne sand; structureless; Ioose

when moist; núld1y alkaline in reaction;

pH ?o8; effervesces urith dilute HCl,

ca



n
Proffle Noo & - Degreded Browr Wooded.

Location é"g" å LÇLfu| Eaet of tJre Prá.nclpal Herld{a¡"

$otl CondLtlø - Dryo

Pere¡¡t Meteriel - the parent neterlal at the eanple erlte see@d

to be n¡ûn1y of san{y or¡tnasb. t¡e esnd b@-

coraea flner as tùe depth Læreeaea¡ belng møde

" Lr¡n send dotn to ebo¡rt 22 lncl¡eE, nedlun to

flne eand trcp 22 - ft lnchea and fÍ¡€ ss¡d

be.Low thlen

&lsvatlon - Approdrnately 850 feet AoS.Lo

BeËef - Pnoflle obtef¡ed from a slte wtüh onì,y a elt6þt

slope varyLng f¡op 0 to 2"0 ¡rr cotu Sopo-

grsphy le generelly oooth lewl to eügþtly u¡r

dulatlng"

Dretnage - I{Ell to napldly drelned J,ntemal,lyi EÊro ruroff¡

rapld lnfl].tratfon; water table for¡nd at ? feet"

Stonl,ness - P¡"oflle oLto wae eaeentLålþ etone freeu

Vegetatton ô Jack plne are &p:lnant¡ eone aspen end bl.rch are

pnesent. Bearberry ls abudant¡ aoæ bl-ueberr7,

chokecherry, eaekatoon and ros6a are anong tåc

t¿Llor $nrba¡ Cl¡donle colonlee 8r@ peaeDto

Sanpled by - O.F" l{lulgo

Date - 0otober 13, 19ó1.



Horizon

L-H

Ðepth(inches)

0.5-o

40

DescriFtiog

An organie layer composed of partially to
well deconaposed leaf, herb and grass 1it-
tero Undecomposed needles, tr*-j_gs and bark

were present; grades w-ith a gradual smooth

loi,,rer boundary irto " o o. o

.4, greyish brown (fO fn 5/Z dry, IO W" 3/3

moist) sand,; structureless; loose when moist;

medium acj.d in reaction; pH 5"6i grades with

a gradual snooth boundary i_nto o o o o o

A pale brown (fO fA 6/j dry, rc H, 5/6 wi.,st)

sand; structureless; loose when noist; slighüly

acid in reaction; pH 6,Zi grades with an

abrupt smooth lower boundary into oo..o

A very pale bronn (fO n 7/hdryr lO E, 6/6 rlroirsþ)

sand; structureless; loose when moist; slightly

acid in reaction; pH 6"4; it has an abrupt

smooth lower bundary o o. e o

A light yellowish bro¡rn 10 H, 6/h dryr lO yR

5/8 moist) sand; structureless; Loose when

moist; medium acid in reaction; pH 5,6¡

This horizon contains smal_I granitic stones;

no limestones hovrever; grades with an abrupt :

sniooth boundary jtrto o"ooo

A light yellowish browr (fO yn 6/h dryr lO TR

ó/8 noist) sand; structureless; loose ,,rhen

moisù; mediurn acid in reaction; pH 6,0;

Ahe o*2

^å,eh 2*4

Âoj h*7

Brj 7-U

BC l,4*22



GI 22*54

5t¡ * 78

7B * 8t+

84+

41

grades with an abrupt smooth lower

boundary i-nto ooouo

.å very pale brovm (fO m, 7/3 dry, LO Yn 6/6

rnoist) sand; structureless; Ioose wlen moist;

neutral in reaction; pH 7,3; a gradual smooth

lower boundary grading into o"o.o

.å r"¡hite (fO yn 8/2 dryr lO lf 8/2 moist)

sand; structureless; loose wl'ren moist;

neutral j-n reaction; pH 7.3; ít has an

abrupt smooth lor¡er boundaryo

.& very pale brown (tO n S/U dry, I0 IR

li)a rrroíst) f:rie sand; structureless; Ioose

when moist; sliglrtly acid in reaetion;

pt1 6,5; grades r,¡ith a gradual snooth 3-olser

boundary into oèooe

A very pale brorun (fO Yn ?/)+ dryr IO n
6//a moist) fUe sand; structureless; loose

hrhen moist; neutral in reaction; pH ? oZ.

G2

ca

ah

i iDDIiJVr_iiJ¡idti¡

8Ë ¡¡i¡¡¡1geA



42(2) Mll¡er Rldee ^Area

Profile Noo 5 - Orthic Grey Woded"

Locatlon - south å 4-13-Io East of the Prlnclpal Merd.dlåno

Soll Conditlon - Moist to dryo

Parent !ûateriaL - the parent naterial at thls eite seemed to

bo nainly fl-ne sandy outuash" lhe ouüraeh

nature of thls deposlt ís lndleated by a

¡ ' Jayer of limestone and grenltic pebbles at

about l4 inches below the surfaceo 1here was

no further change in the character of the

parenü ¡aterÍaI to a depüh of 7 teet,o

Elevaüion - Appro:dnateþ 925 feet AoSoLo

Relief, - lhis profile r+as sampled fron a nearþ level

site, ühe olope varylng fron 0 to 0"j per cent.

the topography lrras nainþ snooth ard, flLat ryith

a few long low slopes belng present"

Ðreinage - WeLL to excesslveþ drained, lnternalþ., zero

, n¡noff and rapld infiltration.
:

Stonlness - Sllghtly to lrcderately stony lando

Vegetaülon - Jack pine and birch occur l¡ùernixed; bearberry, :,ì

saskatoons and rosee; hæsetail; eladonia

oolonies are presento

Sarnpled by - GoF, MiLIsu

Date @ October L6, 19ó1"



Hori_zog

T-H

.å^he

Ael

^ð,e2

Depth(+ncheq)

0'5*0

0-1

1-4

b-]-2

T2.L3BA

t+j

Description

Ån organic layer conprised of needles, twigs,

bark and grasses, with evidence of some humi-

fication having taken p1ace. It grades ab-

ruptly with a clear smooth boundary into oooo

A greyish brourn (fO :n 5/2 dtV, LO tR 4/z

moist) fj¡e sand; structureloss; loose wlien

noist; slightly acid in reaction; pH 6o2,,

grades with a gradual smooth boundary ir¡.too.n

A pale brown (fO n 6/j dry, IO R 5/6 rroi,st)

fine sand; structureless; loose vrhen moist;

mediun acid in reacùion; pH 5.7; it has a diff-
use smooth lower boundaryo

A very paJ-e brovm (fO lì 7þ dryr lO IR

6/) moLs1.) f:ne sand; structureless; loose

when moist; nediun acid j-n reaction; pH 5"8;

grading with a diffuse smooth boundary into

the horizon belowo

A light yellowish brown (fO yA 6/4 drVr lO TR

h/3 rwist) foanryr fine sand; weak; medium granu-

lar; firm when moist; slightly acid i¡r reaction;

pH 6"2i grading with a diffuse smooth boundary

into oouoo

Â broi,rm. (?"5 n 5/4 dry, 7 "5 W.lr/4 moist,)

fine sandy loam to sandy clay loam containing

U¡iestone and granitic pebbles. The strongest

clay accumulation occurs adjacent to ùhe lire-

Bü 13*1ó



DepthIinchesHorizon
l+l+

Descriptiqn_

stoneso These stones are close enough to-

gether to cause formation of a continuous Bù

horizono Strong fine granular; very firm when

moist; neutral j¡r reacti-on, pH 6o9. It has en

abrupt snrooth lower boundaryo

fr sürong brown (?,5 B, J/6 dryu 7"5 te L/u

moist) loarny fine sand; weak rcdirun granular;

loose when moist; neutral in reacüi-on;

pH 6"7 i i-t has an abrupt warry lovrer boundaryo

A rvhite (ro yn 8/2 dry,Io ]R 8/3 noíst)

fine sand; strucüureless; looge when moist;

moderateþ alkaline in reaction; pH 8"4;

effervesces with dilute HCl; grades r¿ith a

clear smooth lower boundarX" i¡to ooooo

A white (fO vn 8/2 dryo 10 n 6/3 noj:st)

fine sand; structu"reless; loose r,uhen moist;

noderately alkaline in reaction; pH 8"2;

effervesces strongly with dilute HCl;

grades with a diffuse smooth l-ower bound*

ary into ocooo

.A white (fO n 8/2 dry, 10 YR 6/J moisrt)

fine sand; structureless; loose when moist;

moderately alkaline in reaction; pH 8.4i

effervesces with dil-ute HGl.

BC t6*L7

17 *36

36-66

66*

c1

v¿

ca



l+5

Profile No" ó * Ðegraded Bror¡¡n Wooded

Location * N.Wo * llo-tp-lO East of the Prineipat Merid.ian.

$oi-l Gondition * Ðry to moisb.

Parent Materiar * Ttre parent rreterial at, this site is mainl-y

fine sandy outwash. 4, discont,inuous layer

of limestone cobbles occurring at about 13

inches and a layer of ¡nedium sand at about 14

to 19 inches indicate ùhe ouüwash naüure of

this deposit"

Blevation * ApproximabeLy 925 feet AoSoLo

Belief - This profile uras sampled on a O.5 per cent

slope" The topography was undulating to gently

rolling, the range being from about Oo5 to 5,O

per centu

Drainage - ldell drained internaLl-yi zera to slorç runoff

and rapid infiltration.
Stoniness * Slightly stony üo moderately stony"

vegetation - Jack pine predonrinates; roses and. saskatoons

are the main shrubs; bearberry, reindeer moss

and some sedges oecuro

Sampled by - G.Fo Mills

Ðaùe - October ]-.6, L96I"

Ðepth(inches)Hori-zon

L*H
Ðesc_ri"ption

0"5 - 0 An organic layer comprised of undecompos-

ed and partially to well decoruposed needles,

twlgs, bark and grassesi grades with a clear

smooüh boundary intoo o o u o





Horizon

Ah

Ahe

Aej

Btj

Pepth(inches)

o*2

2*l+

4-Lt

1r-14

14-19BC

47
Ðescription

A greyish brov¡n (fO TB 5/Z dry, tO TR J/2 noilst)

fine sand; structureless; loose røhen moist;

neutral in reaction; pH 6.6; grades r¡rith a

gradual smooth lov¡er boundary i:tto o o o . o

.å. bror¡rn (fO yn 5ß dr,¡r 10 TR j/14 noí'st) tine

sand; stmctureless; loose when moist; neutral

j-n reaction; pH 6"6; grades with diffuse smooth

lower boundary into o. o o "

Å pate brown (fO n, 6/j d.ryo IO TR 5/8 noísl-)

fine sand; structureless; loose when moist;

slightly acid in reaction; pH ó.5; grades with

a diffuse smooth lower boundary j¡to the

horizon below"

å, light yellowish brou¡n (fO fn 6/L ary, 7.5

'fn L/4 noist) loanry fine sand containing a dis*

continuous layer of linestone cobbles" A con-

siderable portion of this horizon appears to

poesess properties transj_tional to A, and B vr-ith

the main clay accumulaüion occurring around the

Limestone cobbles" Stru-ctureless; loose when

moi-st; neutral in reaction¡ pH 6o6; íL has a

diffuse smooth lower boundary.

A light yellowish brown (fO ye 6/L dryo IO fR

ó/6 moist) medium sand; structureJ-ess; loose

þ¡herr moist; neuùraL in reaction; pH ó.?; grades

with a diffuse smooth lower boundary into o, o,
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c2

Hoqizqq Ð"p!hligsþg-") Descriptíon

c1 19 * 36 ,t very pate brown (fO fn 7/3 dryo LO f:T" 6/3

moist) fine sand; structureless; loose v¡ìren

moist; moderately alkaline in reaetion; pH 8.2;

effervesces wiLh dilute HCl. It has an

abrupt wav¡. lower boundary.

36 - 66 A light grey (to w 7/z dry, 10 w 5/j
inoist) fine sand; structureless; Ioose r,rhen

nroist; moderately alkaline i¡ reaction;

pH 8"1; effervesces r,rrith d:i]ute HCl; grades

with a diffuse smooth louer bounCary intoo. ".
66 * th A white (ro ye 8/z dry, 10 n, 6/3 lrtoj.:çt)

fine sand; stn:ctureless; loose when moist;

moderately alkaline i¡r reaction; pH 8.3 t

effervesces with dilute HCl"

LABORATCIRY PROOEDURE

lanp1e P_reparatiog

i¡Jhen field sanpling was compleüed, the sanples i¡rere brought

into the laboratory and spread out to air dry, These sarnples were then

c::ushed with a wooden rolling pin, passed through a 2 mm sieve, and placed

in covered cylindrical carbons, The material coarser than 2 rrn was weigh-

ed and kept separateo ALI laboratory analysis were done on the(2 mm mat-

erialo

Representative sar+ples of llmestone cob!:Ies found in the pro-

fi-les were ground in a morÈar and pèst1e to pass a 60 nresh sieve. Part-

icle size distribution, extractable i-ron, calcir:-m carbonate ec¿uivalent

and per cent calcite and dolonite were deüernined on the bulk saraple.

a3



l+9

l*ray diffractograms were obtained fro¡n the clay fraction (<eu)"

I{ethods

pH_Ðet,ernj-nation. The pH values were doùennined on saturated

soil pastes using a l4odel 22 lrRadiometer¡r pH reter. The wetted soil was

allowed to equilibriate for one hour before ùhe pH neazurement was made.

Tota1 Carbon. Tne total carbon content was deternlned in this

study using a wet combustion method as modi-fied by Ehrlich (1Ð"

Inorganic Çqfþgg, For this determination the apparaÈus and

method used was a nrodified form of the Total Carbon apparatus as d.es-

eribed by Ehrlictr (U)" Resulta are calculated as per cent calcium

carbonate equj-valent o

Or.gåpic Carbon and Or.gqnic tr4etÞg" The amount of organic

carbon ruas calsulated by subtracting the fnorganic Garbon from the amognt

of Tota1 Carbono The organj-c matter content was obtained by multiplying

the organic carbon per cent by a factor of IaTZt+.

Calcit'e agd P.glg+it'e" Oalcite and dolomite were deternined by

the manometric ¡nethod as outlined by Skj_nner et alo(fi),
Total Nitrogg}. Total Nitrogen was deLer¡nined by the rnacro*

kjeldahl nethod (Z),

Cation E¡elqaneq Capaci_ÞÏ" The caÈion exchange measurement

was deternined by a method outlined by Atkinson et 4.(Z )o One nrodifisa-

tion was found necessaryo Due to the low exchange capacity of coarse

texLured soils the sanple weight was increased to 50 gn,

Exchanee?þle 91tions-e- Exchangeable calcium, magnesiurn,

sodium, potassium and hydrogen were deternined by procedures outlined

by *tkinson 4 gI"( e ),

ExttgqlAble frqnc The procedure for the deternination of free
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lron oxÍdes wea carrfed out dr¡rLng the preperatlon of ttre aoIL for x-ra,y

dlffractlon ana\yefa" Ît¡e nethod for Lron oxide rsoval tE tbst, of Agutlera

and tackaon (r) Ee mdl.fted by Mehra e¡d JackEør (¡r) o rhE iroa weE

determined by the potasoinn thlocyanats red colour nEthod.

Particlo SLze Dlsùd.butd.on, The partlcle Elze dtstrlbu.tÅasl

uree deteld.aed on tåe (2 m eoLL msterlal by ühe nlnerel, fractloaatioa
procednre out}lred by Jackson (e3) 

"

fre Else fractÍone oployed for tåe prticl.o elEe dtetrlbutton
analyats ln tble study arc as follons¡

Ver'¡r coereo aend '2000 - 1000 F

10æ - 500 p

no- zSoy

25O - 100 ¡
1@- 50¡
,O- Ðy
Ð- 5y
5 - 2p

Z-OoZ y
(0.2 ¡

n lbe entire
flne eand fbacùlon obtal¡ed fron the segregatlon prnoceduro was eeparetæd

lnto l¡.gbt and heavy nlns¡&I frectlone accordfng to e br,onofora eepare-

tlon degcrtbed by !{l}ner (32). A fìFüen eeparation of tÀe hgery ml¡srals
reae eâde on tho baeLE of thefr magnetle propertles (32)"

Ïn order to factlltetE the countlng of tåe ltght ar{rErale tbe

u{nerar grainø were et¡ulned aeoordtng to e pooedure by Beedbr arrd

HcAlltotør (Il4) " One nodlfloatf on vaa fænd Bocossar¡¡. hs hydrof,luorl,c

CoarEe eand

MedLr¡n eand

llnø sand

Very flne sand

Coaree sllt
Mediw eilt
Flnø eILt

0oaroo clay

rlne clay (medfum and flne cf¿y)
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asid tr€atment was reduced to I ¡nlnute as lt was found that some of the

grains w,ere belng greatly reduced ln size or dlssolved conpletely,

Follorring staining the light rnineral grains !{er€ rþr¡¡1ted in Caedex on

nicr.oscope slides. A cover slip was placed over them and the slides were

heaúed for I hour at 65oC, The temperature and tine were critical in

order to harden ühe Caedex rrithout it becomi-ng foo brlttle and crackÍngn

These slides had to be left IÊng fl¿t becauso even after the I hour oook-

ing period the Caedex did not lnrden enough to prevent the gralne from

aII fi-o¡uing to one side of the sllde

The heavy minerals were mounted in Anoclor (R.I, - 1"ó6), A

smal1 chip of Aroclor was placed on the rnicroscopic slide on a hot platen

Ttre heaqr minerals r^rere s,prinkled orrer an area equivalent to the surface

of a cover slip" The cover slip was then lowerod slow\r oner the ninerals

fr.om one side, care being taken not to oause bubbles under the cover slip

by dnopping iü too fasto

Bepresentative slides were rnade of the nagnetic ni¡erals.

Slides were not nade for each horizon as ühe najority of these ninerale

were opaqueo

For the light ¡nineral analysis about 300 ninerals wsre counted on

each of dupU-cate slides undsr a petrographic nicroscope. About I8O to 220

healq¡ ninerals from each horizon were counted and identified under the

rnicroecopeo These slides were not duplicated. the represeatative slides

of the nagnetlc ninerals nere sù¡dled under refleoted light to determine

wi'¡ich minerals were presento These ninerals were not countedo

X-ray-Diffracüion Analysisu Sarples for x-ray diffraction of

the fine Biltr co&rse clay and flne clay fractions were prepared as des-

cribed by Jaoksos (23). onþ the naJor hor:lzons of each profire were
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exaninedo

T'u¿o sets of slides for each horizon r,\rere prepared for diffrac*

tion analysis; the first being magnesium-saturated and the second pot-

assium*satu"ratedo Both sets of slides were solvated i^rith glycerolo

Three sets of diffractograms were oblained frorn each horizon;

the magnesium*safurated material, potassium-saturated. material- and one

fron the potassiri:n-saturated material after it had been heated at 55Aoç

for tvro hourso The goniometer hras run frorn a 2 O of f to approxinetely

32o o

The x*ray analysis Ïrere carried out with a Philips x*rav diffrac-

tometer (ltoaet 1051)" All diffraction patterns were rnade with a cobalt

tube and. an iron filter at 36 K"V" and 9 m"a, All slides were x=rayed. on

the sanre scale and rate; counter: j2, rate meter: 4e tirne constant, (Sec"):

16, and nniltiplier: 1, so that valid comparisons could be uad.eo



TV RESULTS åND D]SCUS$]CI}¡

Soil R_gac'"ion

The pH values for the si:.. profiles are shoh'n in Table 1, In

general the A. horizons are medium to slightly acido The B horizons arc med-

ium acid to neutral in reactiono The high pH in the B horizons of Profiles

2 and 5 can be attributed to the presence of particles of limestone" The

0 horizons show a r*ride variation i¡ pH depending on whether or not the

parent rraterial is calcareous or non*calcar€oìfso

0 alciuB _CCIþq ng. te_Equ il/a len t-

lhe GaC$ data presented in Tabl-e 1, luith the exception of

Profile 2, show lor¡I values in the Ae and B horizons" The CaC$ content

is generatly higþer in the parent material, this being parti-cula:'1y so

in Profiles 2, J, J and 6. In Prçfiles I, 21 3, and 4 (Dencrrcss area)

the GaC03 content i¡r the 0 horizons varies from 0"09 f.o 8.63 per cent

whereas in Profiles 5 and ó (ptitner Bidge area) it is in the order of

23 per cento These data suggest two distinct levels of calciuu carbon-

ate in the parent naterialso

The depth at which free CaC$ occurs ur-ithin the Dencross area

is quit'e variableo It is noted in the section on Profile Descriptions

(p"ZT) that free CaCO3 was not d.eüected. at 110 inches in Profile L

whereas ín Profile { free GaC03 v¡as found at 84 incheso Profil.es 2 and

3 however, contained free line at Cepths of 11 and 15 j¡ches.respecùivelyu

These differences can not be aecounted for by leaching processes aloneo

.å,ccording to Jackson et alo (Zt) , CaC$ is one of the first constituents

to be removed in the development of a soilo 0n pornus welr drained

sandy sites, Lhe Cac03 r¿ould be leached frrom the soj] fairiy rapidþo
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TåBI& 1

pH VÁIUES, PERCEIIT CåLCIUIVI
ÏRON IN THE MÂJOR HORIZONS

CARBO}IATS åND EIÍN,ÂCTÁ3TE
OF THE Sn( S]T PROFIIES

Profile No,
and SoiI
Subgroup Horizon

Depth
ino pH

Calcir:¡n
Carbonate
Equivalent

dp

E:cbractable
,"rþ

1" Orthic Grey
Wooded

2" Orthic Grey
Wooded

Ðegraded
Brown
Íüooded

Ðegraded
Brown
Þfooded

OrÈhlc Grey
hlooded

6o Ðegraded
Broun
ïfooded

2*6
]5*t9
23,* t+8

48 * 110

2*5
7-3r

T5*2L
2L*-

Àe
BI
g1
c2

Ae
BT
c1
C,2

Aej
BtJ
c1
clþ

Aej
BUj
c1
cl+

&e2
Bt
c1
C,3

Aej
Brj
ct
C,3

508
5"6
ó"0
6"6

5.7
7,3
7"8
7.9

ó"0
6.2
7"8
7.8

6,4
5"6
7,3
( o/.

5,8
6"9
go4
óo4

6"5
6"6
8,2
9.3

0012
0"39
0013
o.23

4,45
3,68
o"77
5 "28

o"33
0"49
9,63
3"00

0"ó8
ao25
O'l+7
o.0g

0012
0"73

18"08
23"65

0.18
0"10

L9"7?
24"79

o"24
0"51
0"14

a"2u
0"89
0"r8

0.21
0,25
O.LL

Q"27
o.35
o.2g

0"31
0.78
0.13

o"33
o"3g
0.15

2-5
9-l-5

t9*37
644

h-7
7 ^1h

22-5h
84+

4-t2
L3 -L6
t7 -36
66+

4.IL
11*14
L9*36
66 - 8t+

3n

4'

5"
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Jenny (r9) states that under hunid conditions 5 to ro per cent of the

GaG$ had }eachod from a dune sand duríng the course of z5e to 3oo years'

&.5 this area u-kely has been subjected to some duning action, ühe maü-

erial tls.t is moved by the wind r,¡oul_d be frr¡m the surface of adjacent

areae and as such woul-d be leached of considerabLe amounts of CaCO3"

The lotuer QaQQ3 contenÈs i¡r Pr.ofiles 1 and 4 can be attrihuted. to some

duning acüion in addi-tion to the leaching processo

Exüractable lrgn ( ¡tFree Ironn )

The data for extractable iron i¡ Tab1e I show that i¡rcn has

accurtulated in the sola of these soils, with ùhe highest quantity occtlr-

ríng i¡ the B horizons and lo¡¡er amounts in the parent nB,terials and

surface horizons" TLre increase in free i-ron oxid.e content in the Å horí-

zon as ccmpared to the parenf, rnaterial suggesLs rtin siturt release of

i-ron fron iron bearing nrineralsu The higher quantity of free iron in
the B as corpared to the A horizons suggesüs that soræ translocation of

iron has occr¡rred as v¡eII as the release of iron from iron beari-ng nrin*

eral-so

The values for free irnn in the C horizons of all profiles with

the exception of Profile d are lowo ttre higher free iron content in the

G]- horiøon of Profile 4 can be attributed to a possible iron accumulation

üransitional layer between the Btj horizon and the unaltered parent mat*

erialo th¿e colour notations for the GI horizon i¡ the section on Profile

Descriptions (p"Z?) indicate ühat the unaltered parent material is first
reached in the 02 horizono

The accumulation of iron i-n the B horizons of pruf j.les 2, J,
J and ó *ay be due, in parü, to the mildIy to moderatery alkali¡e pH

values of the c horizons, wrigþt and r,evicv (oo) elçlain the precipita-
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tion of ir-on associated w-ith chelating agents at thj-s alkaline material

as being due to increasing competition from hydroxyl ions wj-th rising

pH and increased concentration of the al-kaline earths. They state that

small amounts of calciun and/or magnesium car¡ cause displacement of iron

and it,s precipitalion as the hydrated oxj-deu

Larger iron acsumulations in the B horizons of Profiles l, 2,

and 5 can be attributed to organ-ic matter and clay accumulations in ühese

horizonso Results have been reported by Carroll ( 6 ) and by St. .å,rnaud

and Whiteside ( 5?) showing the close assoeiation between clay and free

irono

Organic Carbon. Orlianie g+tter _a.nll Tota1 Nitrogelr

The results for organic carbon, organic matter, nitrrcgen and

the G¡N ratios are presented in Table 2" Very few conclusions car¡ be

drar¡n from these data. It is noted that there is very J-ittle variation

in the organic carbon content anþng the profileso lìlithin profiles, the

organie carbon content decreases wÍth depth.

The data for total nÍtrogen shov¡ ttat in every profile the total

nitrogen content is quite variableo Ïhe increase in nitrogen content

in ùhe B horizons of Profiles 2, d and 6 *y be due to sligþü accum¡la*

tions of organic mtter and to an increase i¡r a¡a¡nonia*N fixed by the clay

rnlneralso In general the C:N ratios decrease from the Å to the B to the

C horizonso

Caüion Exchq{¡.&e Capacity a+9 Exchanseable Cations

The results for ühe cation exchange capacity and the exclrange-

able cation ana\rsis are presented in Table J, Exchangeable cations

and base saturation percentagee trrere not calculated for the calcareous
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TABT.E 2

otìÊANIC CAnBON9 oRGANIC
åNÐ CARBON*NITROGEN RATIOS

ivÍlT1ER, TOTÁ]- N]'1I30æN
OF TTM Sn( SOü PROFILES

Profile Noo
and Soi-I
Subgroup Horizon

Depth
ino

Organic
Carbon

dþ

Organic
Matter

þ

Total
Nitrogen G:N

% Ratio

Ae
BI
cl_

Âe
Br,2
c1

Aej
Brj
c1

Aej
Btj
ct

Aa2
Bt
c1

Äej
Brj
c1

1o

2o

3"

5'

6o

Orthie
Grey
Hooded

Orthic
Grey
Wooded

Degraded
Brovn:
Ê{ooded

Degraded
Brown
Idooded

Orth:ic
Grey
ÞIooded

Degraded
Brov¡n
Wooded

2- 6
t5-rg
23 * t+8

2- 5
7-ll-

L5 * ?-L

2-5
9-15

19*37

4-7
7'Ir+

22 * 5l+

0.83
0028
000o

0,81
O"l+7
0.41

o,g7
o.55
0028

a"55
0"41
o.04

o"rg
0.14
0002

0021
0"19
0,04

L"Lr3
0.49
0.00

1".39
0081_
0"7r

L.67
o"95
0"49

a,g5
0"71
ouoT

o"33
o"29
0"03

o,36
Q"32
0"07

0"02
0.02
0.02

0002
0o07
0002

0002
0u01
0,04

0002
0"16
0"00

o,o5
0.04
0003

o"o2
0,05
0"00

l+]-n50
14"00

0000

l+0"00
6"77.

20.50

48.50
55"00
7000

27 "502:56

3.80
3.5O
0"ó6

10050
3:80

4-12
13-16
r7 *36

4-rtïr-14
ltg*36
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C horLsone as the æthod used dld not dtfførenttate between ca,lcf.u¡a a¡d

negneeiun obtalned fron the exchange coaplex and celcfrn and nagneeirø

obtalned fron Èhe relatively tneolnblø carbonatee"

&o values for toteL catlon exchange capaclty.ere cloEeþ re-

lated t'o tåE anounta of cray and organf.e aatter preaætn ALL eo11o,

trlth tåe exceptf.on of Prcftle 3r shos e¡r lrpreaee ln total cetlone Lû

the B ho¡{.zona. thla lncreeso 1n cetion exohange capaclty can bs attrlbut¡
ed te tbe accruulatl.on of orgenlc Batter end clay.

Cel,clt¡¡l end nagneeluß are tJre donlnant catlons on the exchonge

cøplex of ell tåe aofle. Exchangeabt e hydrogen ia peeot f¡ tù¡e A hori.-

son of arl proflleg and la the B horLson of Prof!.l,es I, 3 aad l¡. he degree

of unssturatl.on is bfgþ€st fn P¡'ofllee I and lr Eü¡ich have excl¡angeable h¡rdro-

8en ln tåe C ho¡{.zon" Tbe percæt beeo Eaturetton values rang€ fre óO.9

to l0O per cenù ln tho ef.r pnoflleao hcee mlues are }ou eE coepared to

valuoE roported f,on Podzoll.c solrs by other rorkers (g rÍ,l.) "
F,artLcle Siøe ÐLstrLbutlon

The parttcle el.se dlEtributi.on data ar€ pr@sent€d t¡ lables l+

ed 5o &E data preseuted fn Table 4 ehqr that ctay has eccr¡nuleted ln
the B ho¡'l'sone of tbe el.x prof;llos. fhte hlgþ€r clay contant rsae detected

fn hoftlee 1, 2s 5 and ó fn tbe fteld by hurd texturtngo trs clay acanul"a-

tlons ln the B horfsonE of hofll-eo 1,, 2s 5 and 6 flt !þs l{n{!e of a trgB

horlson as suggeated by the Eetlor¡el Sofl Survey Comfttee of CaDs,da

QÐ. PnofÌilrea 3 End /o ehow onþ a al,lgbt l¡areeEe fa crry eont¡nt l¡
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TOTAI
MAJOR

TÁBTE 4

s.ÀND, srLT .aND cr,.å.y coiuTurrÉor me
HORIZONS OF TIffi Sü( sOIL PEOFTTF"S.

Profile Noo
and Soil
Subgroup

Depth
Horizon ino

ú
!þ

lota1
Sand

dþ
Total
Clay

þ
Toüal
sí1t

ln Ortld.c
Grey
!üooded

2o Orthie
Grey
Hooded

3" Degraded
Brown
hloocied

do Degraded
Brown
Wooded

5o Orbhic
Grey
Tüooded

6o Degraded
Brot¡gn
Woocled

2-6
L5-T9
23 * lt$

2*5
7-rt

L5*2L
ôtr

I *L5
L9-37

4-7
7 *rh

22-5h

l+*12
13*16
t7 ^36

4-11
LL*14
Lg*36

Ae
Bt
G1

A,e

Bt2
c1

Aej
Erj
c1

Åej
BtJ
c1

Ae2
Bt
c1

Aej
Brj
c}

96'-5
90"8
98"1

92,6
83"5
98.7

94'8
9l+.7
98"3

g6,o
95"7
98"6

89"0
s007
95'9

9L"5
gg"7
95.7

5"7
5.,!+
008

2.1+
2,1+
0.ó

2o5
202
009

7o3
5'7
3.1+

5"5
507
3"6

o.5
4.5
009

L,7
LLOl
0.5

2"8
2"9
101

105
2,'L
0.5

3"7
l.3"6

oo7

3.0
b"7
fo0

3.0
516
007

& - CaLculated on basis of recoverod wei.ght
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tåe B horLzon. Tbeee mna'l] anormöe were not deteeted fn tbe fíerd,

thc hlgher olay content fn the B horisons can be attråbuted

èo tranelocatfon and to ln eltu releaeø of clay 4þ6¡¡le frcs LLseetonE

eobbleg 1¡ the B ho¡'LsonE. The B horlsons of aII profllec rrltb thø e¡a-

ceptlon of Proflles 3 and 4e contaùæd fragnent,e of l4naetone (profffe

Doecr{.ptj.ous, p./f). fire profllecontalning ltnestone cobblee ln tbe B

horl.gona dro* tåe largeet clay accuauJ:,Ëon, ¡redon{na¡¡tdy flne elay.

The totel Eand, end stlt contote for the C horlzone 1rr fablE &

ehow tåsè Profllee J. to t¡, fron the Dencross area hsve 98.1 to 99.? per

cmt tot¿I sånd and 0.6 to I"O per cenü etlt 1n the parenù n¿terLaln

Fnoflles 5 end ó fron the Mllner Bldge aree have 95.9 and 95.? psr cent

Eaûd and 3.& and 3"6 Per cent el.lt ln tåo parørt neterLal. thle suggests

t'bt tåers ar€ differences between the pareat u¡te¡{.a}a of the treo arees

and that wlthln aB êree the parent mEterr-el ia falrþ sLnllarn

Tbere le a elfght increaee tn the coarse, nedlr'm and, ff¡e ellt
e'ontmt's fn the A and B ho¡{.zone rel¿tJ.ve to tùe c ho¡{zon (Table i).
Sfnllarfly, the total eande decreaee tn the À and B ho¡{.øor¡ relatlve to the
C ho¡{.zon (fa¡t" 4) " lhl.s redistrlbutlæ Ln partl,cle ELze can pnobably bo

attributed to phyatceL geethoring. $b. Arneud and Whltesfae (ã.) r*orking

wlth Eotls rang{qg fron Qrerroo&etsa to Grey Wdda f¡ SaekEtd¡eeran found

tbat p}ryaiea} breEkdowr of tho coarger partlclee occumed in tho A ar¡d B

horløon reLettve to the pere*rt nEterfar" hoy ettntbutd thto $yelcal
bre¿kdorrn {n large part to frost action"

Lldrt Ml¡era1 Ëractton" fire

felrfy eonetant f¡ "'t L ho¡{.sone of 'the

percmtage of, ll.gbtr, nìne¡s1e {s
ølx ¡roflLee conEtLt,uting ftw
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r¿slÆ 6

PRCENT T0TAI LIGHT MrNmÀLS, írND Pffi,CENT¡,GES 0F QUjISTZ,
K-FELDSPÀR AND PIåGI0CIÂSE 0F TÍlE FII\E SAI{D FR/I0TTON

OF THE STJ( ÐIL PROFTIES

Profile Noo
and Soil
Subgroup Horizon

Ðepth
i¡lt o

tight&
Mi.nerals @

% Quartz

ffi
:ed P1agio-

K Feldspar cLase

Io Orthie
Grey
Wooded

2o Orthic
Grey
!{ooded

3u Degraded
Brovrn
Wooded

4, Degraded
Broi,¡n
L{ooded

5" 0rthic
Grey
üfooded

óo Ðegraded
Brcr¿n
l{ooded

L2
7
5

L5
L7
L9

18
5
7

25
2L
2J

23
20
27

20
Ib
25

I
I
10

7
3
2

2-5
7*rt

L5-21:

Ae
BT
c1

Ae
B+,2
c1

Aej
Brj
CI

Aej
Btj
0t

AeZ
BT
c1

aej
Btj
c1

2-6
15*19
23 - l+8

2-5
9 *t5

v9*37

h*7
7 -U

22*5b

4-:.:
13-16
17 *36

/r*IL
11-14
Lg*36

99"1
gg"7
99 "l+

99.O
gg"6
98.8

99"O
gg"g
gg"g

gg"7
gg"5
gg.ó

98,3
9ï,,9
gg"3

97 "6g8"o
97 "8

86
89
9z

7B
77
7h

8r
9lv
9o

7J.
73
73

6û
72
63

73
81
73

2
l+

3

7
6
7

I
I
3

l+

6
6

&

M

Based on per cenü of total fine sand fractlon"

Based on n¡-ineral eounts of 30O grains.



&
97 to 99 per eent of the total S[ne eånd, fractlon (faUte 6). ITre

analysts Ehowa qrrartø to be the doninent mfneral end. that plagloclase

feldepara predonfnate over thø potaeh fcldepara, l{hen tbø u.ght nlri-

eralE were bel.ng cornted it wag apparent that tt¡e sodle saøbers of tbe

plagtoclaee EerloE were norø abundant than the cs,lcfc m@bergo AE the

calclc plagloclasea Êre low 1n thE C l¡onfzon lt fa posalble tbat thø

parent naterlal wae low ln tàoee nlneraLe to eüatt td.th. Thl¡ ca¡r be

attrl'buted to etrong weather:1ng of the eource n¡terlal before døpoeltf.on

or Elae to the sotc€ naterial cqrtelnLng low e¡nounte of ealcls plaglo-

cLageg.

Hearnr Mlneral Fractlon. I¡r goeraL there fa o hlgþer percent-

age of heavy nfneral.g t¡¡ Profllos 5 and 6 ttran Ln proffl,eE I to l+

(faute ?)" A hlgher percentage of, nagnetLc nlnerele (pnf¡arl]'y nagnetite)

can aLso bo noted fn ProftLes L to l+ than ln Prcfl}ee J end 6" heee t¡o
dLfferencea Ln the heavy nlneral fractlon of the trco ereaa øuggeeÈ sæe

dffferencoa l¡¡ the orfgin of tl¡e parent naterlel,en

Tho data for the heavy nineral conpoelü.on of tbe sla profllee

are Fesented fn lable 6. The &ninant ænbera of tJ¡e heavy nlneral elrtté

fn aI[ pr.ofÏlas ara t]rE o'riF,}rlbolee wl.th greon bqrnblende being tbe doe-

lnant mineral" The hornblende gralns are reLettrvely unweatb red. The

ebundance of horablende ¡ninerela hsE been noted prevloualy ln nrneraloglcel

studies of othæ Manltoba eofls (Ur¿e). Mlnor amounte of trenollte er¡d

actlnoll,te lrer€ also noted.

&n¡et 1ø next 1n ebur¡dance and occurs fn a,ll p,rofllee. Thie

serl'Ea of, nlnerale fe quf.te resletsnt to both nesh¡n{ss} and chenlcal

breakdom aad øo do not åøe d.gng.of weetherfng. rbø gamets consûEÈ
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T/{BIB 7

PEBç$\ÏTAGB OF HE¿,VT A]ùÐ T4¿,GNETIC

IN TI]E FINE SAND FRACTION OF TTIE STX
MINER-.Uó
ÐIL PRCIFILES

Profil-e No"
and $oi}
Subgroup Horizon

Heaqy
Minerals

d
lo

Magnetic*
Ivlinera]-s6

dþ

Depth
ino

L4,5
26"3
5"5

1306
L6"4
13 "7

10"8
L2"7
7"2

18"1
20"7
15,0

Orthic
Grey
I{ooded

Orthic
Grey
WooCeC

Begraded
Bro¡¡n
's{oded

Ðegraded
Sirown
i{ooded,

Orbl'ric
Grey
Wocded

Degraded
Brovm
Wooded

* ûiagnetie Mj-nerals caleulated as per cent of heavy
nineral fraction"

0.9
't 

o3
0"6

100
!o4
lo2

1o0
101
1u1

L"3
Lo5
1"4

1o?
2"L
1"7

2,4
200
200

2-6
T5-L9
23 * t+8

2-5
7-rt

t5*2r
2*5
9*L5

19*37

h*7
7 -r4

22*54

4-tz
L3 *T6
t7 *36

4-11
11*14
t9 *36

.å,e

Bt
01

Ae
Bù2
c1

Å.e j
Btj
c1

Aej
Btj
01

Ae2
Bt
c¡_

Aej
Btj
c1

1o

2o

3.

4o

5o

6o

802
908
l+'3

g"ó
7,7
5"8
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prinarity of the pale pi:rk to colourless varielies ]cro¡nr as grossulariÈe"

Sore of the colourless garnet ninerals exhÍbited zoningo

The opaque ninerals consisi predorninantly of hematj-te v¡ith mi¡or

arnounts of limoniLe and ilmenite" I-n general, the opaqtre nrineral cont,ent

fol-lows the pattern of the rngnetic rú-rrerals in rel-ative abundanceo

Tire orthopyroxenes identified are n"ainly tqrpersthene u¡ith traces

enstatiteo The rnajor clinopyroxene noted is augite with ninor a¡nowrÈs

diopsicie in some of the horizons"

Ghlorite and stauroLite occur in all profiles in moderate

amountso }fi¡ror amounLs of rutile and chrouLlte are found in the six pro*

fÍles" Both núnerals are well rounded suggesting a detrj-tal origin"

Other rú-nerals noted were epidote, olivina, biotite, muscoviùe,

quartz, perLhito, tournaline and leucoxênso

The minerals not identÍfied v¡ere quite numerous in all profiles"

The najority of these grains could not be identified because of severe

woathering of the nineral surfaceso These ¡ninerals were generalþ colour-

Iess and ¡en*pleochroic and are probably extremely well weathered amphi*

boles and pyroxenes"

X-ray Ðif f r¿-eti on Analys-ig

Mineralogical analysis of the fine si1t, coarse clay anC fine

clay' fractions v¡ere d.eterrrined. by x-ray diffraction on each of tlre major

horizons of the sir, profiJ-eso The diffractograms of these fractj-ons are

shol'nr in Figures I to 25" The diffraction patterns obtained from the non*

heated K*saturated saraples ürere omiÈted as bhey did not materiall-y aÍ-d in

identificationo

Fi¡re Silt, Fraction (¡ - eu). The x-ra¡r dÍffractograms for ùhe

presented in Figures I to 13.fine silt fraction of the six profiles are



't/1-tu

K+ 6ã00 0

ANqSTROM UN¡r9

Profile L. X-ray diffraction paLterns for the fine sil,t

fractions.

Figure 8.



K+ 950"C

K+ ú50"t

K+ ütûu Ç

1.?5 4:0 5,o 7:t to.,o t+.2 t

ANq$TROM UNJTS

Profile 2. X-ray diffracbion paiterns for the fine silt

fractions"

Figure 9"



Ã*J

ME

Õt;
'2-it )

frirq

i{+ gãtoc

5.o 7.1 z t1.o

55Õo Ç

ANGSTROM U N ITS

Profi.l-e 3" X-ray diffracLicn patterns for the fine silt

fractionso

Fj.gure 10.



f",(J \

'wf g

K+ 5ü8o Ç

Ivtw¡

V- r, bbû'Ç

Figure 11" Profile 4"

f:.actionso

+,o

WL}

ANqSTR0M uNfls
X-raX diff¡.action patterns for the fine silt

10, 07,t5.o

t4'+ þ5a o t



/i' ^/Å,4 Z

Mg

l4 + 55euû

L7 t;)a

111" 5úO* Ç

ANGSÎROM UN ITS

Figure 12o Profile 5" X-ray diffraction patterns for tie fine sÍIt

fractionso



l( + 55Q" Ç,

tt. eemAat(f p9u (-,

ANGSTROM UNITS

Figure 13" Profile ó" X-ray diffraciion palterns for the fine silt,

fractionsn

w't)
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The diffractograms for one or tup horizons in Profiles 1, 3 s 5 €'rñ 6 are

absent as there was not ørough fine silt to m¿ke a sl-ideo

The m.ost pronrinent reflections on the diffractograms of all

horizons of fhe six profiles are those for quartz in lhe t+.2 and. 3'JÃ

posJ.tionso The intensity of these reflections varj-es very little a,mong

profiles, indicating approxine.tely ec¡ual amounùs of quartz in the firre

silt fraction of the soilso

å,IL profiles contain some venniculite as is indicated by the

t{R spacings on the d.iffractograms of the Mg*saturated samples, and the

partial eollapse of these spacings when the sarples were heated to

55AcC" The weak U¡-8. peaks which remain after the heat treatrnent indicate

traces of chlorite in some of the profiles (Figures 8r10r11 and, 13)"

The weak 10 and. 5R reflections on the diffractograms of the

I4g-satnrated sanples in sone profiles are indicative of illibe and/ox

micaso The relatively broad na'bure of some of the 108 peaks is i:rclica*

tive of a fine grained poorþ developed illite rather than a fine grained

muscoviùe, which has a relatively narrorn¡ sharp peak (63)" In general,

illite appears to be more abundant j¡r the B and C horizons, than in the

.4. horizonso The characteristic 1?"?g reflection of the montmorillonite

n-inerals does not appear j.n the diffractograms of ùhe fine silt fractions"

There is evidenee for nixed-layer rninerals in the I0 to &B

and 14 to l8g regions on the diffraciograms of the l4g*saturated sanplesç

The d:iffractograms of ühe heated K*saturated sanaples shol¡ weak non diff*

tion

tern

erentiated. peaks between f0 and, U-R ,*tri*t suggesü random interstr¿tifica*

illite, vermiculite and chlorite. This kind of diffraction pat-

the result of a randon interstratification, in which the nunber

of d.iffracting planes of ¡ninerals with 10 and :-i+å spac:-ngs occurrÍng in

of

is

each uni¡temupted zone, is approaching the rai¡linum number for x-crystaLf*



()

inity (Zz). Such x*ar¡arphous zones are i¡rterstratified. too eoarsely to

show i¡rLenqedi¿te Hendricks*Tel_ler spacings (Ð).

Ðue to lack of diffractograms for the Á, and C horizons of

some profiles it i-s only possible to compare the profiles on the basi-s of

the diffractograms of the B horizonso Qualitativelyo w'ith the exception

of Profile /¡, the diffractograms are quite similar as to clay nineral

compositiono Quantitative\r, verniculite varies from trace amount,s i¡
Profile 4 to noderate to large amounts in the obher five profileso

flIite accurs in moderate ar¡ounts in Profiles 2, 3 2 5 and ó and in trace

amounts in Profiles I and 4o Mixed*layer rninerals appear to be present

il equal amounts in all horizons"

Coarse Clav Fractions (2"O - 0"ãt)" the diffractograms for

are presented i¡ Figures ldthe.coarse clay fracti-on of the six profiles

to 19u rn each of the six profiles the strong peaks al huz and 3.38

are indicaüive of quart,zo However, the peaks are less pronounced than

those of the fine silt fraction, indicating tlnt quart,z is present in

smaller amountso

tfre U.8 peaks on the d.iffractogra^rrs of the Mg-saturated, samples

are more pronounced in all profiles than on the diffractograms of the fine

si-It fractions. This can be attrÍbuted to an increase in the verrniculite

contenf as well as to the presence of chloriteo The partial collapse of

the &8 spacing to lOR and. the dj.sappearance of the ?8 second. ord.er ver*

¡niculite reflectj-on on the diffractograns of the heated K*saturated

samples confirms the presence of vermiculite. In general, the peak j¡¡*

tensiùies for vermj-culite increase progressively from the A to the B to

the C horizons in aLL profiles. The r¿eak US. refl-ections on the diff*
ractograms of the heated K*saturated samples are indicative of chloriteo
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Profile 1o X-ray diffracLion patterns of the coarse

clay fräctions.

ê/ , een0 a
i4- f ,J'JLJ u

Figu:'e l4o



14 + 55A' Ç
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Øvz

l(ur 55ç" ç

OI

14 + b5*' t

?'l

ANqSTROM U N ITS

Profile 2. X-ray diffractjon patterns of lhe coarse

clay fractionso

Figure



lL+ bggo Ç

K+ þþ0"c

î,
çrå

59tn0

A NqST PO M UN ITS

Profile J " I"-ray diffraction patterns of llp coarse

clay fractionso

Figure 16"
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Ea¡'n
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l(+ 55Õo Ç
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Figure l-7" Profile 4" X-ray diffraction patLerns of tle coarse

clay fractions*
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Çt

lub5ouc
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ANqSTROM UNIT9

F'igure rB" Profi]e 5. x-ray diffraction patterns of tlæ coarse

clay fract¡-onso
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Profile ó. X-ray diffraction patterns of the coarse

cla¡' ¡"u"Lions,

Figure lt,
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Thls U+R peak ln eome lnetances ÍE part of tho plateau-llke rellectlon

exbending frcn 10 to 141"

The dlffractograms of the !{g-saturated eanples ehow dietinot

10Â reflections indlcative of illíteo Ttrese refleotlons appear on\r

in tha dlffracùograns of the B and c horizone, beÍng nrore pronounced

ln the C than in the B horizonso Minor amounte of il}Lte occur in the

^Â horizon of Prroflle 5 and trace a¡nounüs are found, in the A horizone

of the other profiles. As ln the fine silt fractions, the rel¿tive\r

broad I08 reflectLons indicate a fine grained poorly- developed, lILLte

rather than a nica (53). ttre l?.d nontmorilJ-oniüe refl,ection is neak

on the Mg-diffractograms of all horÍzons of tlæ sfx profiles nith the

exception of the Bt2 horlzon of Proflle 2 end the BtJ horizon of

Frcfile ó"

lko platear:x :n iire tO to UÎ, an¿ l4 to IB1, regions on the

dlffractograns of üho l{g-saturated sarnples euggest ühe presenco of

random nixed-layer nineralso Tt¡ese plateaux consist of weak non-d,lff-

erentlated peake ard l¡dicate that a portion of tåe i¡terstratified
nateriaL le of anct¡ a coqrse natr¡re that the rrarious 1ryer silicates

are toolreúeasive in one sequence (fewer tten IO to 30 layere) to re-
sult in an x-ray dlffractlon peak (4) " Ttre diffractograms of the

heated K-saturated ealryles shor¡ a series of weak non-differentlated

peake fn the 10 to 141 reglon wiTlch euggest random interstratlflcatlon
of iI]jte, vermicuJ,ite and chlorlte (ZZ)" The randon nlxed-layer min-

erars occur ln all horizons of the sfx profiJ'es Ln appro:d,.nate\r equal

amountgo

The I'fg-diffrqctograms of the C horizons of all profiles r+ith

the exceptlon of, Prpfile lç show refLections f,or discrete.layer sl}loatð



s)

mlneralg ae u¡eLL ae randomly lnterstratlfied ¡nineralso Tl¡e diffrac-

tion patterns of the heated l(-saturated sanples of tho C horizons of

aIL profiles àhow a large IOR peak whloh is duo to the collapse of ex-

panded layer sil:lcates to a comon spåcingo Howev€r, the diffractj"on

pattern obtained fro¡io the heated K-saturated oample of the C horizon

of Profile 4 is attributed ohly to the preeence of random ternary or

more compþx ni:stureEo Sonewhat si¡uilar resuJ"te have been obtained by

HÌrittlg and Jackson (64)o The occurrence of a blnary interetratified
nl:<ture is precluded, by the tack of average spacings noted for such aix-
tures before heating. Jackson (e3) states ùhaü ternary or more conplex

intsrsùratified nixtures appær not to give the internediate Hend,ricks-

TeILer spacings noted for'binary mixtureso lf z-axls l{nitation was in-
volved, broadened peaks and plateaux wor¡-ld havo appeared, rather than the

low background fowtd. I¡r the absqrce of discreüe mont¡nprillonlte and ver-

niculite thls kj¡d of response to heatÍng ir¡dicates quaternary l¡ter-
stratlfication as nontmoriJ-loniteo vermloulite, iJ.lite, chlorite se-

quqlco9o

In general; all profilos contaln quartz, ve¡nlcullte, chlorite,
Írllter nontnorl-rlonite and nixed-layer ninerarso profile 4 contai¡rs

onþ eloall to trace arnounüs of ùiscreüe clay nineralso Quanüitati,vely¡

the dlffraotograms sho¡{ that the lntenslty of the characteristÍc peak

f,or verniculite lncreases fron the .å, to the B to ttre C horizons i¡ aIL

proflleso This can be attributed to beÈter crystalLinlty of y6¡.4iç,,1i!¿

due to lesg intense weathering¡ and to a Larger amount of this ni¡era1"

Ïn genoral, the a¡oount of l.ì'[{ te ln relatåon ts venricu}Lte i.s ].easè in
the A horizon and increasea wlth deptho This probabþ lndicatea that

sore rlllte h¿e weathered to vernicuüte. Xhe alteration of the bagis
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mi"ca strueture to vermiculite has been reported by several workers

( 9 ,zzrt+6) "

Fi¡e 01av Fraction ((.0,2u-)-. The x-ray diffraetograms for
the fine clay fraction of the six profiles are presented. in Figures 20

t'o 25" Tkre diffractograms show that quartø is absent in the fine clay

fractionso Heak ilrE rertections on the d.iffractograms of the l4g*

saturated samples and the partial col].apse of these peaks on heating

to 55000 indi-cate ühat some versr:icu1i.te is forrnd in mos t of the hori zons

of ühe six profileso

Tl:e diffractograms of the Itþ-saturated sarnples shohr tirat the

108' reflection characteristic of illite is present in all horizons of the

si-x profi-Ies' "Ihe relatively broad peaks indicate that the illi-üe is a

fine grained poorly developed crystal" In general, the illite peaks are

besò defined in the G hori-zonso fhis can be attri.buted to the presenee

of well crysùalline illite and also to less interstratification of other

minerals with iIlite.

The l-?"0 and 1?"78, peaks on the d.iffractograms of the Mg*

saturated sanrples indicate that montmorilLonite j-s present in all profileso

the I"þ*diffractograms of the A and. B horizons of Profiles 1, 2 and. 3 sho¡s

strong lines for nont¡norilloniüe whereas in Profile 4 nontn¡orillonite is
present only in the A horj-zon" rn general, the 1?"?R reflection is ab-

sent in the x-ray patterns of the G horizons of these profiles" The diff-
racüograms for Profiles I ancl ó shov¡ that nontmorillonite is present in
all horizonso

Traces of chlorite arE indicated in al-l prcfiSes b;r the aGCür*

rence of weak 7.2R reflections on the diffractograms of ühe l4g-saturaèed

samples together with a weat !+å reflection whÍch remaj-ns on the diff*



M
g

A
ø

4.
O

9.
o

A
N

çS
T

R
O

M

F
ig

ur
e 

20
"

K
 +

 5
5O

' C
,

br

U
N

 I
T

S

P
ro

fif
e 

1.
 X

-r
ay

 d
jff

ra
cl

io
rr

 p
a¿

te
rn

s 
of

 t
he

fin
e 

cl
ay

 f
ra

ct
io

rr
o

l+
.L

 t
7'

o.

C
t

A
N

qS
T

 R
.O

M

t+
.2

 t7
.o

cq



A
ø

A
N

qS
T

R
O

M
 U

N
IT

s

F
ig

ur
e 

21
" 

P
ro

fjJ
,e

 2
"

fin
e 

cJ
-a

y

K
+

 n
5O

"C

Ø
t'z

X
-r

ay
 d

iff
r¿

ct
io

n

f 
i'a

ct
io

n.

C
t

pa
Ll

er
ns

 c
f 

th
e

A
N

G
S

T
R

0M
 U

N
tl5

00 c^



A
N

qS
IR

O
M

 U
N

 I
T

S

F
ig

ur
e 

22
" 

P
ro

fil
e 

3.
 

X
-r

ay
 d

iff
ra

ct
io

rr
 p

at
te

rÌ
1s

 o
f 

th
e

fin
e 

cl
ay

 fr
ec

tio
no

55
0"

 C

C
L

A
N

G
S

T
R

O
M

 U
N

IT
S

G
)

-_
l



A
"j

A
N

q9
T

 R
O

M

F
ig

ur
e 

23
.

K
 +

 5
5J

',C

B
L)

P
ro

fjJ
-e

 4
" 

X
*r

aY
 d

iff
ra

ct
io

n 
pa

tte
rn

s 
of

 t
he

fin
e 

cl
ay

 f
ra

ct
io

no

C
t

A
N

qS
T

R
O

M

ro
.o

 l
+

.2
 1

1Ð

co æ



M
9

A
N

G
S

T
R

,O
M

 U
N

IT
S

F
ig

ur
e 

2/
ao

 P
ro

f 
ile

 
5 

"

fin
e 

cl
ay

tà
.z

 t?
.o

C
t

X
-r

ay
 d

iff
ra

ct
io

n 
pa

tte
rn

s 
of

 th
e

fr
ac

Li
on

 "

A
N

qg
T

R
O

M
 U

N
IT

S

@ \c



A
r)

A
N

G
S

T
R

O
M

F
ig

ur
e

K
+

n5
oo

C

B
tj

25
. 

P
ro

fiL
e 

6.
 

X
-r

ay
 d

iff
ra

ct
io

n 
pa

tle
rn

s 
of

 ù
hr

e

fj-
ne

 c
la

y 
fr

ac
Lj

.o
n"

C
t

A
N

qS
T

 R
O

M
 U

N
IT

S

t0
.0

 
t+

,?
. 

t7
.0

\o o



9L

raotograms of the heated K-saturated sarnples6

Randon ntxed-layer clay ninsrals are present in all slx pro-

fj-leso lhe diffractograms of tho Mg-saturated sanples indicate that

the nixed-layer nlnerals occur fn laçger aroounts in the .å, and B than

in Ùhe C horizonso Thie high background Ín the 1ow angle reglon of most

d'iffractograns and a broåd peak at 3.5R ie lndicatlve of ¡ninerals wÍth

l¡tsrmediate spacing in the to to 188 region(g)o The presence of a

large 10R peak on thE dtffractograms of the heated K-saturated sanples

togother wlth ti¡e absenco of, distÍnct Hendricks-Te]-ler spacings on the

dlffractograms of, tl¡e l"fg-saturated sanples fu¡dicate ttst tbe i,nter-

stratification is a ternary or nþre complox ni:cLure of mlneralg (64).

Tl¡e idenùlflcation of smalL amounts of di-ecrete i'ìlite, vermlcullte,

chlorite and montmorJllonite suggests that nost of tÌ¡e Ínterstratlfied,

rdxed-Jayer m:inerals coneist of these components.

The nixed-layer ninerals occur in larger amounts in the A and,

B horizons than in the C hori-zonso The presence of nixed-Iayer ninerala

in nuch greater arnountg in the eola than Ín the parent nateriale sug-

gests that they are of authigenlc origin. Simil¡r reeulte have been ob-

tained by Paw1uk (3g)" A,uühlgenlc fo¡nation of nÍx€d-l^ayer ¡ainerals ca¡r

be attributed to alteration of i]-llte (4ó).

ALL profiles contain vennicullto, irlite, nontmorirlonite,

chlorite and randon mlxed-layer ninerals, but quantitativeþ tlpre ie
somo variation r+ithln profiles. In general the nontmrìlloni.te and

nixed-layer ¡tlnerale occur 1n the A and B horizons and are absent in the

C horlzono Tlllte is nore abu¡¡danü In the C horLzon than in the A, and B

horlzono tho anounts of chlorLùe and ver¡nisulite do not shø arqr ob-

seryable trer¡dso
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Iir¡estoqe Êg.rap1eg. It is noted in the Profile Descriptions,

(p"e?) that the B horizons of Prnfiles 1, 2, J and, 6 contain Lj-mestone

cobbles" As the B horizon of Profile 3 did nol contain any cobbles, a

l-imestone fragment from the C horizon was analyzed" Limestones were not

encountered i¡r Profile 4. Scme chenical, physical and raineralogical

data for the Li¡aestone samples are presented in Table 9rp"I@ in the

-â,ppendix"

The x-ray d.i-ffraotograms of the

five profiles are presented in Fi-gures 2ó

anaþzed was l-ess than 2 mi cronso

limestone sarnples from the

and 27o The size fraction

The most prorninent reflections i-n the diffractograms of the

limestones are those for quartz aü the 4,2 and 3"3L spacings" There j.s

very liftle variation in the int,ensity of these reflectj-ons beti¡reen

sanples indieating approxinately equal amounts of quartzn

IILite is present in all the Ii¡restones as indicated by the

108 reflection in the di-ffraciograms of the Mg-saturated sanpleso The

broad natr¡re of this peak i,ndicates a fine grained poorly developed illite
crystal sinrilar to that identified in the x*raÍ diffractograms of the

soil profiles" The occurrence of a weak !rÎ, refleetion on the diffracto*

g"t*" of the heaüed K*saturaüed samples provides erridence that chlorite

is presento Montnorlllonite and vermi.culite as discrete rninerals are

absent j¡ aLJ- limestone samples" Iin the diffractograns of the Mg*

saturated. samples tkrere are plateaux j-n the 10 to I8R regi.on consist-

ing of smalI non-differentiated peaks which can be attributed to random

id"erstratification of chlorite, vernieuljte and il_}ile" As in the

coarse clay saniples this interstratificaüion is of such a coarse nature

ùhat there are no disüinct x*ray diffraction peaks formedo



Br 1-{orizon Profilø No. L

BL z Horlzon Prof ilø No " Z

K+ 55oo c

C Hortzon & Profllø No.3

11+ 55OoO

K+ bba" c

ANq9TROM UN IT5
Figure 2ó. x-ray diffraction patterns of the li¡nestone samples

of P¡rfiles I, Z and lo



bt f-Jor\ron - P rof ilø No, 5

v*+ 55O 
o 0

l-lorlzon Prof ilø No " 6

l{+ 66an a

3,3b 4.û 5,o 1.¡ ro.o l+,.L 11.o

/lNqST R0M UNIlS

Figure 27o X-ray diffraction patterns of the linestone samples

of Profiles 5 and óo
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.å. strong 10R peak is evident on the diffractograms of the

heated K*saturated samples of all the limestoneso .å. sir¿ilar reflection

was obtained frcn bhe diffractogram of the heated K*saturated sample of

the coarse clay fraction in Profile 4 (Fig" 17 ñ.79 ) and also on all the

heated K*dj.ffractograms of the fine clay fractiono This peak confirms

the presence of the terrrary interslratified nÍneral identified in tkre

Mg-saturated samples (ó4),

AII Linrestone sanpl-es contain quarta, i}}i-te, chlorite, and

nixed.-layer ni¡eralso Ghl-orite is present in only trace amountso



SI'M4ABT

Orthla Grey Wod,ed and Degraded Brøn Wooded ælls devøloped

on gf.aclo-fluvlal s¡d aeollan døposl.te in Eastera Manltoba were etudled

botÀ tn tho fleld and laboretæy to: (f) *¡aracterize end classt fy tbe

two n¡ln proflle t¡peo, an¿ (e) sùrdy tÀe fo¡m,tlon of a B horir,on Ln

tåeee eolla, and ln partLcular to dEtermlne the rel.etLonehlp betweø thc

olay accunulatlon and the }l.negtone cobhlss ln aø,e cû the B horfzone.

1\øo proflles of each tJæ€ trere aanpled fron tbe Ds¡croaa area

(nrp" l5e Bge. ? ß.) and one proflle of each t¡pe wae sanpted f,rø tha

H{Lnør Bldge aree (nrp. 12 and $, Bge. tO E.)o ß.Ll p¡ofiles were of

øL¡sLtar terbure and dreinege and develloped mder Etnnl'l¡r clleatJ'c snd

bfotLc condftl.onso

l" ftre naln difference ln næpürologr botween the tr*o eoIL proflle

t¡qpes le seeocl,eted ¡d,tå tåe degree of developnert of the B

åælzone" lbe fomatlon of the Bt borlgon êpp€ars to bo related

direcôþ !o tho tr€Bence of }lmeetone cobhleg" In the OrthLc

Grey Wooded proftle tl¡e lùnestone cobbLee fo¡E epprod.nately e

continuoua leger and 1n thls proflle t¡pe a weII devd.oped Bt

occure aror¡nd, end between tåe cobblesn lrr the Degraded B¡"qø¡

Wooded proflle tJ¡e }f.æstøe eobbl,es ere dleoonttnr¡oue æ absent

and hence the textura,L B ho¡{.uon ls weakly devatoped or lac}cing.

2n All pnoftlos ùow tåe effects of varytng degreee of Ìeach5-ug as

the dI rnelues of, tJ¡e aola range fron ned,l¡m said to ner¡bral ln
react'Lono In general tåe Cao3 cont@ts are clooely reratod tô
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the Ét valuee"

Accr¡mulatlqr of @xtrac&a,bLs Íron fe evldent 1n the EoLa of a'l I
proflles. Anounts of free fron are greater fn the B than ln thE

A and C heLøons, Eugg€stlng botå l.n altu releaee of lron and

some tranel-ocstlon of fnon" f¡e tranElocatlon of Lron fn al,I

solJ'E appearo to be aEsoclsted wlth cJ.ay and eganlc natler Blcyø-

neat,

Sü,fghù accrn¡¡Iatlone of egar¡1c naütEr occra f¡ tåe B bor{.zons.

In gææal the CIN ratloe decre¿eo ftm the A,to tÀe B to the 0

ho¡d sons u

Ihe catÍon exchange capacJ.ty Ís oJ,ose1y rolated to the a¡qounte of

clay and organf.c natter peeerû " CelcLræ and mgneelte arø the

¿ot1nent, catl.ons on tåe exclange conpld of aLL the eolIs. f!¡e

higb degree of unsaturatton typf.cel of Podzoüe aolle Le not evt-

doÈ Ln these proflLee"

Accunulatdoa of ctray has occwrd ln the B bsrlsons of Fl'l pr.oflJlesu

the J.argeet lncr€ase a,pp€ars to be Ln tbe fine clay frecülon" tbe

B hor{.zons wtth tåe J,arger cJ.ey coEUsr¡ÈB ere d¡aracterlged by the

presence of Linestone cobbl,es frcn ¡*rtch the Ln eltu reLease of

clay nlnerel-E hae occrrredo fhæE 1s evldenco cf ¡ed{-atributfon 1n

partj.clø slse of the total send glrd the eLlt f,racüLon8 fn tho sola

relative to the parent naterlalEo Tl¡la redlet¡C.butlon Íe ettrlbut€d

to physlcal weatberlng"

he ulne¡raloglcal ana\yals of the fhe Ea¡rd fraction LndiceteE

tht quarts 1E tàe domlnant, pLneral 1n the llghg nlneral fractÍon.

b"

5u

6,

?.
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fre plagtoel.aee feJ.dspars predom{nate ovør the potasùr fe}doparo 1n

aLL the pr.offJ'eo. I¡n tåe heavy r¡lneral euite, hcemblende j.e thø

doninant nineral¡ wlth garnet and the opaque .{neralg being rexè 1n

abunda¡æe. VariouE obhEr minerale &re pree€nt fn ¡olnor a.notnten

Sono of tl¡e nore resd.etant nf.neralE are well, rouded vblch suggeate

tbat, they a¡e of det¡{.tal or{.gf.n.

8. (e) The fine allb fractlon ontalna qrrartz, vernlculite, chlor{to,

llll.te and nÍxed-layer clay nlneralg. nllte appsers to þe

more ebundant ln the B ar¡d C thån fn tbe A horC.son. Xhe m{xed-

layer ntnerals are randonþ Lntoretratlftd"
(U) The coarse clay frscü1on of all proff.les contatns quartz, ver-

nloullteo chlorf.te, trILite, ¡nontnor{llonlte and randon nlxed-

Iayer olay ntnerale, IlllÈe srd ver¡d.cr¡[te conterÈe lncr€ase

rd.th depttr, dü ve¡ulcullte ehoÌrlng a groatsr lncreaEo t]r¿n

f]*Llte.

(c) In gøreral., the reflectlone on thE dlffractograms of ttre Ìfu-

eaturatd emplee of tl¡e flne clay fractton ere ].egg dlstf¡ct

or ara Don-€d.etent sE compared to the dlffractogreme of tbE

c€rs€ cLay fractlon. tre fLæ cla¡r fractlon of all pnofllea

contalqs gore verd.cullte, ÍIllte, nontnorl]lontte and chlonlte,

wlüh randon nfxed-Iayer clay nlneralg pnedonlnating. the reflec-

tlons for moat¡orlllonite and nlxed-layer ninerals are nost pro-

nouncad ln tbe A, and B horLzons. Ae 1n the oÈber fractlone, tbe

flL:lte content appea¡s to f¡creaEe wltb døpth"

9' fire }l¡neetone aøplee contaln quartø, J,l}lte, tracee d chlorlte and

randcmly lnteretrettff.ed clay ntnerals n

10" In generel, tho parmt n¿terf¡Ie of the two ereas appoar to be ei-ellar

es lndlceted byr
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(") Elrllar fbee 1¡on contents,

(U) s{mtlarity ln the hearry nlnerel zutte.

(c) gi¡r,ll,ar clay nineral conposition'

II. Sone dlff@rences 1n origtn of the paronÞ nate¡{-el of t}¡e two areaE

arø Índ,cated by:

(a) ù¡ro dletd.nct levels of Ca@3r mrying fron 0.O9 to 8"63 per csrt

ln tåe Dencross areê, md fn tbe order of 23 per cent in the X11-

nor Ridge 8,rea,

(U) the hlgþer el.lt oontent and lower esnd cc/irtent ln tåe parøTt n¿tp

erlail of, the M{lns¡ Bfdge area as opposed to the parent neter¿al

of the Dencrose 8r€âo

(c) the hlgher heaqy nlneral contsrt ar¡d lorser nagnetLc nlræra]

conte¡tt,, 1n the parent n¿terl¿I of the Dencroes area a5 con-

pared to tåe paront naterfal of the Hllner Bldge 8r€8o

Lzo Mlneraloglcel a¡¡d chenical d^ata lndlcate a certaln degree of uni-

formlþ of parent naterla.l ln e¿ch areeo Sæe dlffer€nceo bowever,

do appear ln the pertJ.cLe eLse dlEtrlbutl.on wlthtn the eand sJ,se

fractl,on.

13o Tbe x-F8t analyd.e of tr¡E coars€ ar¡d fins clay fractlone of the

A¡ B, and C ho¡dzone of tbe two proflle types srrggests sæ weatlpr-

lng seçences anong the varloue clay nlneraLg" T'be absence of lIL:lte

1n the co&rse ctr^ey of tåe A horLzone euggesta tåag 1ù wae flret alter-

ed, to nlxed-J,ayer nlnerale and ttren to vernls¡Ilto, or elee d,irectly

to vernlc¡¡.ILto. I¡ tbe flne clay fractl.on lJ*l:lte ts more abrndÂnt in

the C hcrl.zon then ln ttre A and B ho¡{.aon, thls lndlceteE tbt ll.lttÆ

hae bøsl altored, ln tho l¿tùer trlo bo¡C.zong to rendon nfxed-layer

nlnerals and nontnorllLonite" lbe lwreaee ln ra¡don ¡d.xed-Iryer
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ntnerale f¡ ttre flne clay fractlon of the A and B horizona can be

att¡{.buted also to reductlon in el.øe of ELx@d-Iêyer rn{Yrerals of tLs

coarse clay fractLon" Tt¡e lncreaEo Ln nontmorlllonlte La the flna

clay fractf.on of theEc horl.øono can be att'rl.buted to rductlon ln

slze of ve¡mleul!8e with alterati,on to montnq'lLlonite, together wltb

alteratl.on of nixed-layer nlnoralE of the fine clay fraction'

WestherLng of tbe ll¡neetcne cobbles rEsultg Ln the releaeø of l'tlltø

and randos nlxed-Layer nlnerals khl¡h c¿n enter tbe above ¡nentloned

ve¿tt¡arÍ.ug eequenee. A scl¡enstLc df.agran ebod.ng poesd.ble pbha of

woet!¡erLng, eluvietlon of, the cJ.ay nlneraLs, and tJre effect on the

Bt ho¡'lzon of tt¡e releaee of clay nj.næals fros the Ll¡oetone

cobbl.es Ls shorû ln ELgure 28u
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I"

coNctusmNs

Chenfcat and pùryslcal data lndlcate that deca.lciflcatlon hae b€s¡

the donl¡ant p¡"oc6sg Ln tl¡o foruation of tbs 0rtå1c Gney Wooded anê

Degraded Brorø¡ Wooded profl¡.Ie t¡pes' fre n¿ln cha¡¡g€a havø been¡

(e) remoyå.l of freE Ca@3 fnon the sola¡

(U) partlal depletf.on of baEes fron tàe aola wlth the degree of

unsaturation ln tbe eola being epprod.øto1y 25 tlo 30 p€r eenti

(c) eccrßt¡latfon of s'oâIl anounte of organlc raatter aud seequfod.dss

1n the B høl?,o\s',

(C) aecu¡nr¡I¿tú.oa of elay¡ (partLcul.arly flf.ne a]ay) has occî¡IT€d 1n

o11 profllee, being nost pronounced ln the Bt horl.zon of tåe

0rthlc Grey lüooded pr"oflleso

Itn general the maln norphologlcal, chenlcal and pb¡relca3. dlffereæeg

between tåe t¡so profllle t¡rpea car¡ be ettrlbuted to t'hø li-æetone

cobbles. In the Orthlc Grey Wooded proflle there b¿s been i¡ el'tu

releese of elay nlneraLe frcm tÀe ll,mestone cobbLEg aE ¡cEIL aE

proclpl.tatlon of downsra¡d movlng clay around and between tbe cobbleeo

I¡¡ ühe Degraded Browr lfooded oolle, !ðtcb lack tbe l-LeEstone æbbløet

&w¡vrard noving clay ls dfff,r¡sod thnougb a larger sone and so ls

not detected as & atn horLzon, Sucb BtJ horf.zoas aLeo Lack the

cJ.ay nlnerela ¡€ileased 1n eftu froe the deconpoaing lf-aestoneu

2u
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