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fhe oecurrenee of areas ån Maaitoba where the pro-
ductivl-ty øl s<¡Íl- Ls fmpalred by the presenoe of exeessíve

nmountg of soluble salts has been heov¡n since the ttme of the
early settlers" The dlstrlbution and extent of these areas

Ïras been d.eter"mlned oven most of the agrieultural pontion of,

the pnovince through ühe operations of the Manlüobs soil-
survey" Ttre mapping of saline soils by thls survey has bCIerg

based, on morphologieal features expressed 1n the soÍI profflesu
suoh as pseudo-my'ce}Íum and erystatr låne gJrpsums together wåth

observatíons of natfve vegetation or orop gnowth" rnvesüiga*

Èíons to dotermlne the amount and. compositÍon of the soluble

salÈs have been lÍmited mainly to areas of speciar Ínterest
and to so1I samples submitted to the Solls Laboratorfes of free

Unfve¡rsity of Manitoba by farm operaters.

ïn onden to gain a more eompnehensive und.onstendfng

of halomorphlsm in Manitoba sol].s, the investlgatfons heneln

reconded were undertaken to ascertaån the naÈune of Èhe salte
ln diffenent parts of the pnovlnce and the eoncentrations aË

ryhLeh they oocux"e AnlsÍng fnom those stud.iesn solae theorioe

are advanced coneennlng the posslble origfn of, tb.ese selts
based on a eonsidenatlon of, their composit,ion and, of the

gealogy of the åpÊâso

-tr*
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&" Iüaturen _Oråg1n and Classlflgalion of Saline Sofls_

It Ï¿ae long been ksrown that the abflity of so&e soLls

to support the grewth of usefur vegetation was apprecrably

Lowered by the presence of exoessfve amounts of soluble substanees,

Ï{owever, a c}ear undenstandfng of, the origin and nature of so}uble

salts 1n solls was not attafned. until recent yearso One of the

flrst aeceptable scientlfle theoríee for ùhe formatlon of sa1lne

sof l"s Rras ad.vanced xn 191? by Hflgard (14). He separated the

eontlnental alkarl lands from those ln which the salts wetre

clearly d.orived front past or perÍodf c flooding by sea water, and

atËnlbuted tho saLlnlzatÍon of' these to the dry cllmato 1n whfch

they exlstn I[e eontended that the aceumulatÍon of sa]Ès 1n the

upper Ïrorluons of the soil was d.ue largely to the downward rtrovç-

ment of water being lnsufficlont to leach out those salts whieh

were contfnually belng formed" through the weathenlng of the soil
mfnerals"

De Slgnrond (6), of Hungary, nocognlzed the fmportance

of ÏIllgardts ws:rk but for¡nd that under the elfaatÍcal conditions
prevall-ing ín the reglon of the Eungarian Plaf.n, an lmpervious

subsoÍl wes a neeessary suppleìnent to the dry clfmate for ttre

fo::¡satlon of sall-no soil-s. He consldered that three faetons took

part in the evoluùl.on of szek (saline) soils; (f) the arld elimate,
(xr) the iunpermeable subsoll, and (f"1i) neËeoroLogical eondl-

tfons whlch birlng the soil periodfcally under ttre fnfruenee

of excesslve molstune" Ile statesn trlVhorever such eondltlons
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Ïrave existed or novr extst tkrere were and r¡¡111 be formed, sooner

or later szek soil"rl

In their recent publl-cation on sallne arid alkalf

sollsu the sÈaf,f members of the tall-for"nl"a Sa]lnlty Labor-

atory (15) substantially agree wlth decSÍgmondte eoneluslor¡se

They attribute the salinlzatfon of soils Èo one or a eombination

of three prineipal factons--arld e}ímaùe, poor drainage, and

lnnigation" They state that poor dralnage cond.itions are an

essentLal prenequislte to this process and that restnicÈed

dralnage of soils may be due to ttre pnesence of a hf.gh waten

table, to Low permeabillty of the so1I, or to a combínatlon of

both factors,

The elassiffcatlon sf alkal1 eolls has developed along

somewhat dlfferent llnes 1n dlfferent parts of the world" Hllgard

differentlated continental salfne solls into two groups on th@

basls of the chemleal composÍtÍon of the salts and the sunface

appeÊ.rence of tbe soi1. ,Sol}s contalning appreclable amounts of

sodlum carbonate were named |tbLack alkalí soitrslrn because of the

bnown or bla.ck crust on their surface forned througþ the dissol-

vlng.actlon of carbonate of soda on the soil humus, Opposed to

these were nwhlüe alkaU- soil,srt¡ so called beeause of the whlte

efflorescence of salts whlch appeared when the sunface of the

sofl d¡cied"

Tn Hungary and Russfa, the divislon of alkali soÍls has

been based. on thefu cherulcal and morphological nature. De Sigmond.

(6) separated- tho alkali sofls of ühe llungarlan PLaln lnto Èwo
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ehfef groupss (1) Szek solls; (lf) Sztk solls. Ttris elaegffå-

catÍon ls very sinllar to that set up by the Russfare scientiste
Siblntsev and. Gllnka. The Solonehak soils of Russia and. Szek

soils of Hungary are solls contaÍnlng âppreeÍable auounts of

soluble salts, particularly the carbonate and chlorld.e of soda,

and havlng no ckraractoristlc morphologyu other than th.e conuro¡l

oecì¡x?renco of salt effloreseenees on the surface" They ane fonmed

símply by the accumulatÍon of soluble salts ln the upper trorfzons

of poorly draf-ned soiIs. Tkre Szlk sofls of detsiggond and the

Solonetz. sofls of Gflnka are characterized. by a hlgla content of

exehangeable sodlum and a partlcular type of proflle, in rdrieh

a leached rrAlr honizon of O.1-2O"O cn or4 nore ls und.erlafn by a

Lreavy texturedn dark colored., eolunnar rfBlt frorl-zerLø

These two systems of classificatlorr result fn sone

lnstances 1n slmllar divfsi.onsn buË thene ane d.istinet dfffereneesÒ

Kelley of the Univensity of Callfonnia (1?) comparod the methods

by statingn rrblack alkali denotes soil whl.ch eontalns l{a200g

whlle solonetz has a twofold signiflea¡ree: namely, morphological

and chemical; that fs, lt nefers to certain norphological features

of the soll proflle and to the presence of absonbed sodiunu Slnce

soils which contain NapCOg probably always contaln more or less

absorbod (replaceable) sodiun, black a1kali ts eguivalent to

solonetz ín a cheurical sense but not necessarily so 1n a physieal

serlseô Solonahak denotes stnucturel-ees al-kali sofl containing a

hlgh coneentration of solubLe salts" lUhite alkall- (saline)soils

âre usually classified as solonchak but solonchaks someÈlnes
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contaln Na2OOg as well as neutrrel saltsîr u

In recenÈ yeans a sysÈem af classification has l¡ecn

døveloped 1n the Unfted StaÈee (15, F.?j based. on the eo¡reentr"ati.on

of soluble salts Ín the soil¡ âs d.otermined by eonductivÍÈy mêâsü.r3@-

ments on thei"r saturatlon extractso and Èhs pereentage of sodfum

on the exehange eomplex of the soiJ-u fn this systemu salLnfzed

and alkalinlzed solls are grouped under three headings: (1) Saline

soils; (lf) Saline--alkalí soils; (ffi) Nonsalåne--alkalf sofls"

The barm saline soå}s Ès used to denote so ils for whi-etr

the eond.uetfvity of the satr:rai;lon extract is more than 4

millimlra/ewx and the exehangeable sod.iun * percentage Xs ]ess

than 1ã. Ordínarily the pH 1s less than 8,5u These soils cor-

røspond to illlgardts trwhlte alkal-Ífr and to the rxsolonchaksrr of

the Russiane" Tkrey are often fd.entlf,ied by tkre preselxee of whåbe

erusts of saLt on the surface on by streaks of salt within the

so1l" They may develop fnon nonmal soj.ls having distinctly

d.eveloped profile characteristfcs or on und.lfferentiated soil

materíal such as alluvium, 1n which case soil horlzon and profilo

characteristics may be only feebly developed.

Mtllirnho/emu fs the
tivlty 1s er(pressed,

eonülon way 1n wirichl
Tt is equivalent

electrlcal, condue-
Eo ùto/era"XlOõ where

ñtø/ow, ls the recJ.pnocal of the resLsÈenee measure ohmt/cm*
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Sall.ne - alkalf solls are solls for winich the eonductLv-

ity of thein saturaÈion extnact Ís greatêr than 4 m1llfuaho/cw.

and the exchangeable sodium - percentage f-s groater than 16"

As long âB exeess salts are present the soilrs apÞearance and

propertfes are generally sfunilar to tÏ:.ose of saline soils, but

lf th.ese s.re leackred downward, tho propertles of these soils nay

change narkedly and. becone similar to those of nonsallne alkall
solls é

The tern nonsalíne alkali soils fs apprted to solls
for whlch the exchangeable sod.ium - percentage is greaten than

15 and the conductfvÍty of the saturatfon extract fs less tkran

4 ¡ailltnÏro/cw. The pH values generatrly range between 8o5 and lp"
The soitrs coruespond to Hllgardts frblack alkalÍir soi-ls and i.n

some cases to the solonetz solIs of the RussLans" They are

formod d:irectly fr.o¡n sal{ne-alkali soi}s througþ d.nainage and

.leaching ln the absence of g¡rpsum or other sour"ces of soluble

cal"clun.

The i.nvestlgations reported ln this thesis were eon-

ducted on solls contalning soluble salts and henco on those which

belong ùo the flrst two categories of thls classfflcation; namely

sall-ne and sallne alkaIl soils,

B" Review of Into:rnatlon_gn_Sal-in{ty ln Mani_toba Solls

The prlnclpal source of infonmation on the distributlon

of saline soils in Manltoba ls the naps of the Manitoba Soil
Surveyo These naps were mad.e during a reconnaf ssance survey of

Èhe soíls and cover a large portion of the agricultural area of
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the provÍr¡ce* Hllaereve:: salf.ne soils wero observed. in the field
ín the course of this survey thofr: occurrenee was necorde¿ on

the fiel-d maps and the extent of the larger areas shown by boun-

daries. "at the time the sol}s urere mapped ln the fÍel_d the

d"egree of salinity was esËlmated througþ observaÈlons on the

specles and" vigor of native plants and growing crops withÍn the
areåso and ttre nesults ïuere shona: by the use of syrnbols d.enoüing

slLghÈIy sarine, salÍne and strongly sallne solls" These maps

were studied. and used fn the seleetlng of sample areas fo¡ the

fnvestfgatfon neported in this thesÍs"

Quantitatl"ve analyses to deÈermine the klnd. of salte
presenÈ in the saline soils of the provfnce have been few ln
numbern Tkrose that have been conducted have l"ndieated that the

sulphates of calcÍum, Þagnesir¡m and to a losser extent sodíuua

are ttre chfef eonstituents of tho soluble salte Ín most arease

but that hi$ eonsentratíons of ohlor:ld.es oceur fn some regions,
This has been supported by the qualttative tests mad.e on a 1ange

nu¡uben of samples of salfne soll which farme:rs have sent to tho

Sofls Department of The tnlverslty of Manitoba over a penlod. of
twenty-íive yearso

The absence of appreciable amourrts of soluble canbonates

1n nearly al} of the sallne soils that have been tested. and. the

lack of signiflcant amounts of exchangeable sodl.um in t6e solon-
atzLc s oll-s of thê Rod Rivor val-ley, as d.eÈer"mined by Elff s end

Galdwell (8)o has Lead to the general conclusion thaÈ high co¡¡*

eenf¡ratlons of sodíu¡l earbonabe are not conmon fn Manitobao This
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has been sutr)porËod by the field observations of the Manitoba

soll surveSi', Tn thefr report o31 the solonetzLc sol.ls of the

Rod RÍver i/alley, Ell"is and Caldwe1l (B) suggested that tho

structure of tfnuse soils, whÍ"eh closely ¡resombles the solsnetø
solls d.eserlbed by Gllnka and d.er$lgraond (6)" has been formed

through the action of magneslum rather than sodium and. they
suggested that solonetz soils be consldered as a group which

should be subdivldod. tnto sodium-solonetz and magnesLwß-solonetzn

Thfs is ln aecordance with the vlews subseguently expressed by
other soÍ] scfentlsts and would explaln ühe occurrenca of large
åreas of, soils exhlbltfng the eharacterlstle stnuetunal profite
of Glinkats so-eaI}ed r!sodÍrr¡i solonetz eollsfr but containi.ng rxo

apprecfabLe amount of absorbed sod.lum on theLr exchnnge conplex,

G, åql:q.,Peposits_an4 Saling_Grqund Waters of M?qftoba

The soluble sarts in Ëhe soir.s of Manltoba appear to

have boen derlved nalnly from the decomposltlon of mlnenale orx

whlch the soils are doveloped" Tkrese mine¡.a1s origlnally eame

fnom the :roek formations, whlch now underlie the surface deposltsu

and were transported to Èheir present sites by glaclal and glaclo-
fluvlal aetlon. rhorefone a neview of the evid.ence sf salt
deposits and salfne waters 1n these rock formations is pertÍnenË

to a study of soil sallnÍtyo
Manufactune of sart by evaporation of brines issulng

as springs fn the area of Dawson Bay on Lake winnlpegosis, was

begun around 1820 by Jauaos Monkmanu These operations s¡er@

vÍsited fn 1889 by J,B, Tyrnell, whose descriptions a¡rd analytf.cal
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daba olr sallne springs found. scattered along Èhe west sho:re of

Lake Vflnnlpegosis wetpe publf.shed by Cole (4r. Tynrell thought

that these sprfngs arise ln the por"ous dolomltes of late

$Llurlan or early Devonian age and that th.e salts oniginate

through the leachlng of numerous salt crystals whi-ch vtrere observed,

to occur fn these formations" Cole also reponted the occurrence

of sallne we3-ls in the westbourne and winnlpog areas errd that
stnong flows of brlne were encountered at depths of 11225 and

Lr485 feot 1n a deep govennmenü well drilled at Neepawa for the

purpose of obtainlng gaso

Wallace (27t examlned some 8O saline spr"lngs ln

Manltoba and collected data on nr¡merous saline we}ls. On the

basís of ühis informatlon he d.escrlbed the brLne-containfng area

as being about 5O nlles wide (fnom the Manltoba escarpnent Ëo the

l$est shore of Lako Wlnnipeg) and. 400 mfles long (from ttre north

end of Lake Tflnnipegosis to Grand Forks in North Dakota)"

Conee¡rnlng the origln of these hrinos h.e stated (28) u nThe

evidenee points to their originating by the leachlng of isolated.

salt erystals 1n the Paleozoic stratalr, and also th.at,n lfwhenever

the Dakota sand.stone (Swan River formaÈfon) 1s tapped at any cofi-

sld,erable d.epth ln Manitoba a strong flow of brine is obtalned.rr"

He advanced the theony that t'kre voLume of flow of saline wate¡rs

origÍnates 1n the Dakota sand.stone but, due to the lmpenvious

shales capping thf s sandstoneo the water rryhlch enters by the

lateral- sêepage ponetrates downward lnto the Devonian li.mestone,

travels latoralLy through the flssures and openlngs whlch.
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eharacËerlze these formations ærd reaches the sulr.face whereven

outcrops oeeütto

. Wal].ace concluded that there are four salt water

b.onizons 1n Manltoba: (1) l-n tlre fillnnipeg sandstone; (1i) ln
Èhe Tfppen Mottled limestone (approximately)¡ (tfi) tn tire gypsum

uone of the silurian (approxfmately); and (rv) ln t}.e Devonl-an

strata, He believed that thene f-s no genetic rolationshÍp between

tbese salt brfnes and. the gpsuür d.eposits whlch occur in the rock

formatl-ons" I{e based this assumptlon on the presence of a fnesh

water honizon between the gIE sun bed.s and the bnines and the

absence of other salts in the sulphate waters of the gypsum zonee

,At tho Neepawa Salt Plantn how being operated by the

Canadfan Industries Llmlted, brine is belng pumped out of two

well,e fron the Silurian limestones frorn a depth of abouù le4OO

feeto This source of bnine has been eontfnuously tapped sinee

L933 and no approelable ehange h.as occur"red fn lts conpositlonu

The percontage of sodium chlorid.e in the brfne averåges around.

L5"4 a¡rd. smaller nmounts of calcium chlorlde, sulphate and. bfcan-

bonate; &agneslum, ¡rotassfun and lfthfum chloride; and. sod.lun

bromf de are also present (23) 
"

Gypsum deposits in the rock foræations of Manitoba

have been reported on by Vfallace (27, ?8) and by Cole (5),

lÅlallace noted tl.at the lmportant deposits lyfng at or near the

sunface oecur 1n three areas: Gypsunvlll-e area; Lelfur district;
Domlnl-on City, Arnau.d., St. Pierre d.f striet. He advaneed the

theory that these g¡rpsunx doposlts represenb precipitatíon of
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successive layers of gypsum and anhydrite La elosed or partially
closed fnland seas durÍng Silurtan tlmes, Cole d.eseribed the

surface deposifs at Gypsumvllle, where the roek has been quarrfed

si.ace 19O1r as comprising an area ol about 56 square miles, G¡¡psum

layens also leave been eneountered ia nock formations of Jurassfc

and. Devonian age in deep wells in the westenn part of the

provf.nee 
"

Examlnation of any d,ata on well water analysls revealg

that the ground. waters over a large pontion of Manitoba contain

high concentrations of soluble sal-ts (24, 16, LZ,), ThÍs is
' partlcularly the ease ln the wester.n pontion of the Red. Rive¡.

Va11ey, the lïestbourne-Gladstone area and, the VJhltewater La]g:e

area of south-western Manitoba" The composltion of these

salfne water:s varies somervleat 1n dfff,enent areas and. at d"ifferent
depths withÍntre sårie areasu Ttris v¡flf be df seussed in &ore

d.etat] in sr other pontion of thls thesis.
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A. Field- O'oservations and Collection of SampIes.

During the suÌTrmer and fall of 1950 the author made

a number of field trips covering, in ill, most of t he agricultunal

e;rea of &lanitobao The purpose of this vúas to obtain first hand

information on tkre intensity and. dist:ribution of halomorphism

in different parts of the provinceoano to make a collection of

saraples from representative âreâs for subseo,uent laboratory

ihvestigations. Prior to tkris, a set of Land Classifj-cation

maps of the areas which have been covered by the i{anitoba Soil
,Survey were marked wiùh all available information on the dis-
tribution of salinized and alkalinizeð- soils and these s¡ere

used as å. guid-e during the field trips"
The procedune foll-owed was to select areas of similan

soiL type and. examine thern ino-ividually. Th.e location of the

salinigeC. soils within each area was first determined from

the prepaned. maps. Fol-lovaÍng this, traverses vrere rcad.e through

the area by car to faciLitate observations on thre general

distribution of salinized soils vuith respect to the topography

and the apparent intensity of sal-t concentration as indicated.

by its effect on native vegetation and eultivated crops. The

location of areas in which the sal-ts appeared. to be ilost highty
concentrated ¡¡¡as noted. and- one or more of these sras finally
sel-ected for samplinge

A four-foot auger was used to obtain the sampres,

At each location composite sarnples from four or five points
vvithin a local areâ were taken frorn the following d.epths (in inches)
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6 to 66 6 to L2; L2 to 24i 24 to 36ç and 66 to 48, A detail.od

description of the sarnple site r$as recorded, with partåcular.

e.ttention paid to: texl;ural changes withín the soil, so1l mofsture

conditions and grround water leveI, and the topograpbrieal position

of the site sampled.. The native plants growlng on and around

the sample area were noted and speclmens of any ra.nfamiliar speeiee

were obtained. for future ldentiflcation" Tn some d.l-stricts the

samples were taken from bare spots in cultivated fields, ln whfeh

case observatÍons were made ont the conditfon of ttrre suruoundÍng

eropn the type of weeds presento and the vegetatlon on adJacent

road allowanees" PhotograpLr-s showing saline vegetatlon and. salt
efflonescences were taken at a nr:¡'rber of locatÍonsu

fn allu sfxty-one areas rtrere oaropled. in this mannero

The numben of sanrples taken from each general soil area was

based. on the extent of the area and thg degree of ealÍnization
of the solls withln it" These samples rfrrere transported to the

Êoils Le-boratonies ¡¡here thoy were aÍr drled and stored fon

subsequent stud.ies 
"

B. LaboratoLy_ Invostfgatlons

1o Chen:Lggl 4qalleis
After the samples had become air-dryu they $rere

gnound to pass tirrough a ? n,urtr. mesh sfeve" Composite sarnples

of the borJ-ngs fr"om eaeh sample site were prepared. by mlxlng
together 200 gr"ams of sieved soil from each of the flve sampled.

depths" The subsequont analyses were conducted on these eo&*

poslte samples rather th.an on the indivfdual depth samples
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because the time that coulcl be spent on analytieal wo:rk vras

llmited and the primary afm of the lnvestigation was b obtaån

lnformatlon on the ki.nd of sal-ts in these soils and not theår
d.lsÈrlbution wÍ- thi.n the soil proftles, which is subjeet to
variation wi th changes 1n sotl moÍsture conditionso Thfrty-slx
of ühese samples lvere analysed quantftatively fon solu-ble salÈs,

Thre analysÍ.s was done on water extracts made frora

the composiüe sanples by the fsllowing procedure¡

Equal parts of soll and water (by weight) v/erRe praced.

ln quart gealensn agftated. l-n a mechanical- shaker for
8o nf-nutes, a¡rd a]lowed. to stand over nfght. The salt
solutlon sras then extracted by suction ffltering througþ
Buchner funnels" pulpod ftlter paper was u,sed to speed

filtratlon of the fine textuned sampreso The moÍsture
content of t,he air*dry semples nas d,etermined by drytng
them at 105-l-O8oF and. this was used to calculate the exact
water to soil retio of the extracts.

Ilhese extracts v*'ene analysed fon: caJcíum, magnesrum,

sulphates, chlorides, carbonateso bicarbonates, nLtrates, ar¡d :,

total solldso The alkali cations were cleterrnined by dÍfference
and expressed as sod.Lunu The method.s usod for thls analysJ.s
rvere âs f ollows 3

çglc 1utr

Th.e carcÍum s¡as pr.ecipitated as ealeium oxalate and
titraÈed. against N/IO potassium permanganaÈe" The size of the
allquots of the exÈracts used in ùhe analyses was so co co

Magnesiun
*EËÉ

.analysls for nagnesir:n was conducted. on the flrÈrate
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from th¿e caleium determinations by preclpitatfon with sod.iu¡r

ammonåum phosphatoo The precipitate wâs dlssolved in a measured

quantity of W/LO sulphurlc acid and thÍs was tLtrated against

N/10 sod"ium hydroxideo Methyl orânge was used as the Índ.icator"

4tk311 cations (Na an¿ içL

The mlIl1-equivalents of alkali cations s/ere caleulated

by subtractLng the m"o" of calclum and magneslum from the total

ürnê" of the anÍons. fn the calculatlon of p,p.r11o the al-kall

cations were expr¡essed as sod.iun.

Sulph-ateg

The sulphates were deterruined gravimetrieally by pre-

clpitatlon wfth barium chlonlde. lhe size of the allquote used

ln the analysis ü¡as 25 cc"

Carbonates 
" _Eågarbonates and. Chloríd.es

The erralysls fon carbonatesn bíearbonates, and- chlorides

T,ras carried out on the sane allquots of the extracts by a nethod

outlined in the Unlted States RegÍonal Sallnlty taboratory

Publlcatlon (15) " First the carbonates and bicarbonates were

d.etenmined by titration with ,05 N sulphunic aeid., uslng pheno]-

phthaleln and methyl orange as indicatsrs. Then the ehlorides

were d.etermfned by tltration wiüh ,G5 N. silver nitraten r:.síng

potasslum. eh¡'omate as a second.ar¡i lnd,lcator"

l{ltrateF
The extracts ü¿ere analysed. for nitnates by Hanperr s

modfffcatlon of the eolorlmetrieu phenoldlsulphonlc acld. method..

Ttre sizo of the aliquots used in the analysis was lo ocø
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Total So1íds

The total solids rvere determlned by evaporation to dr¡rness

of 10 cc aliquots of the extr"acts at lOOoC,

.&,n estfnatlon of the relative amounts of sulphates and

chlorides ln the composlte saraples r¡rhich wore not analysed

quantitatively was obtaÍned througþ the use of tire qulck tests

outlined by Morgan (19)"

The reaction of al-L the eonrposiÈe samples was measured.

wf t'h a Coleman Mode} 5 pI{ E}ect:rometer. The neasurementg were

done on soil pastes, usfng a sÈand.ard glass electnode of the

penetration type,

2u tonductivlty, Tests

Conductivlty tests were carried out on the samples

with two obJectlves Ln mínd: (f) to obtaj.n a graph of the corl'*

ductivity of typical Manitoba sallne soils plotted. againsü thei-r
salt coneentratÍon, as ascertained by chenlcal analysls; (ff) to
estimate the Ëotal salt eoncentration in the samples whtch urere

not analysed ehemically. The conduetlvfty moasurements on the

thlrty-sfx eomposite samples whfch h.ad prevlously been analysed,

were made on the same extracts that had been used in the ana1ysls,

The tests of the other samples were eond.ucted on saturatlon
extracts in order to obtaln closer conrelatlon with so1l solutlon
concenÈratione as they exist ín the fÍo1d.

A RC-12e-1 model Cond.uctivlty Brldge was used for these

measurernents' Because of the diffieulty lnvolved. ln obtainir€
lange volumes of, saturation oxtracts and tb.e hlgh ooneentraÈlon,



of sâlts 1n most of the ex'ilracts to be testeð, a speefal conduc-

tlvlty cell vt¡ttbr a sraeLl volume and. a highr ce}l constanb was

roquÍred " Tl^ris was obtained by the construction of a pipette

type of ce1I as outllned" in the United, States Reglonal Sallnity

Laboratory PubLlcatlon (15)r*e

Plattnum electrodes, 0n5 cm' squarer were plaeed appnoX-

imately 0.5 cltrc apart in the bulb of the ceIl" These v/ere

subsequently platlnized, by the method outllned in the Openatlng

Manual for Type RoC" Conductivlty Bridge, Industrlal fnstruments

ftlco Thfs was necêssary to obtain sharp balance points with

hfgþIy concentrated extracts, without tkre use of external

condenserso ltrith thls colI, tests could be made on samples of

less than b ce and sharp þalanco ¡loints could be obtained' with

coneentratlons of oven 6OÞOOO parts per ualllior¡" The coll

constant was determined by obtainång tkre measured resistaneeo

in ohmsn of O"OI normal sol-ution of KC] and multiplying this

by the speclfic conductance of the solution, in m'r,.os/cm"t as

given ln the rrHandbook of ctremLstry and Physicsl It was

found. to be n 55.

The proeedure followed. ln the determination of

conductivity of the extracts was as follovqsl

Thre measured resåstanco of the extract was obtalned from

the conductivlty brldge and was converted. to specific

resistance by dividing it by the cel-I constant" The

* The cell was constnrcted by Mr" Jn Cirnni-nghara, Physicistn
Boand of Gnain Comnisslon.êrsø
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reciproca} of this gave the speelfåc eonductanee of the

solution, wlr.ich r.nras converted. to the stand.ard. tempen*

atu::e of 25ot" by multlplyÍng by the appropriate factor
as glven 1n the United- States Regional Salinity
Laboratory Fublicati-on (15) 

"
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TV- EIEID AI{D LABORATORY ÐATÁ ANÐ DTSCUSSTT}f OF RESIITTS

Åo Fleld Observatlons a:rd Che¡oica] &ralysis
For the purpose of this discusslon th.e agricultunal

pontion of ManÍtoba may be dÍvided. tnto four nain physiographie

areag t

!" lírfestern Upland areaó

2, (a) souris Basin and (b) Assfniboine Ðelta areaô

3o Agasslz Basln and LowLand areao

4o Eastern Upland area-o

The location of theee areas 1s shown on the accornparnying

map (in poeket)o together with some subd.ivisions based on dlff-
erences in the kind of soil parent materl-al and. the d^ominant

soil forming processes as reflected in th¿e vegetatÍon. Also
shown on this map are the field. loeations of the samples studled
in the labonator"y, and. the locatíon of a number of saline springs,
.4, cross seetion through the und.erlylng rock f,ormations of
blanitoba, together with a map'showing the areas of surface
contacts of these formationsu ls also includecl (in pocket) a¿d

w1ll be refenred to duri:eg the discussion of these physiographÍc
areas which folloç¡s,

lo Wesjlgsn UpIaEd Area

The lffestern Trpland ar,ea of Manltoba consisÈs 'of the
land lying Èo the west of the Manitoba escarpnent, excludíng
th.e r"lven channels, nlver and lake terraces, and the ]acustrine
and delta deposlts vdeÍch constltute the Souris Basin and AesLn-

lbolne Delta areae Over mosÈ of thls area the sol"}.q are developed
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on mixed boutrd.er tíll containlng a considere.ble amotrnt ot
ehaXe 1n sone parts" Sh-a1}ov¡ deposlts of lacustrfne aJ¿d

deltalc materl"al over the tf1l occur w¡ithin this area"e notably

ln ühe valley of the $wan Rlver" between tf¿e Poreupine ar¡d. Duek

Mountainsu the broad. valley between ühe Duck al:.d RÍd.íng Mountatns,

and, the frbaeLnalfr ares. to the north of Ëhe TurÈl"e Mo¡:.ntaå¡:.

As å coÌsseque&ce of elimaüfc and vegetatlonatr d.lffereneese

variatlons exist ln the d.oml-nant soll-*f,orming proc€sses operative

1n dlfferent parts of this areas Over a large part of the nonthrern

portlon and on the higher land of the Turtle Mountain and. Tigen

HiJ-ls ln the southern portlon, the cllmate l"s somewhat eoolen,

and the soil climato more humÍd than xn the rest of the areae

and the solLs have developed under wood.s" Grey*black and gney-

wooded soils are tkre dominant typeso a:rd. the associated. hyd.ro*

morphic sofls are usua.lly peaty meadov¡ or organic soåIe" fn the

less elevated. portlon of thre region, the conditåons under whleh

the soils have d.eveloped. are somewhat drier, due Èo a warner

cllmate, and gnassland solls are the doml.nant t¡pes"

Ïn the forest regions of this area, which are denoted,
r-las lfa(f lJ on the &eeompaìxyfng &ape sjaLÍne soils do not coinmonly

occlrt3o The solubl"e salts which result from the weathering of,

the so1l mÍnerals do not accumulate ln the upper portions of the
proffler but are leached downward and earrled away by the

draS-nage watens" The only sample taken in thls region was from
a very heavy shale elay soil ln the swan River valleyu south
of MlnitoÐasu where due Èo imped.ed drainage a small area of
salÍnlzed. a¡ed alkalinlzed. soíls oocrrro The solL here ls
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developed o¡n deeompoeed shale lshich appears to have been was6ed.

d.own tratu ti:.e aorth slope of the Duck }lountain" rts origån
is probably in the dark grey shale of the AshvilLe formation
*n @ich narrow bands of benùonlte have been noted. ùo oeeur (1g),
The soltr ls quite simll-ar to the Gretna eray sol_ls whfch. are

Cøveloped on shale outwash from the escarpuaent ln southern

Maniüoba, and the parent mat erials are pnobably fron t¡.e sa¡ß€

shale st¡retum, TÏ¡e nesults of the analysis of the sofl sample

($o' 36) are shon'n ln Tablos $Io, l and 2u along wfth the

samples from othe:: regions ln Ëhe ürestenn TTpland. area" The

lndteation 1s Èhat sulp}-ates of sodium, nagnesirem and ealcium

âre the dominant salte. 0nly a smalJ- amount of chlorides were

presento The sal-infzatlon of the soil appears to be due ts the
åncpermeable clay subsoil- and. the perÍodfc floodlng of the area

by runoff and seepage water from the mountain c

The boulder t111 area of tk¿e aspen grove and grassland
'11

neglon, denoted on the map âs Lru(zJJ, fs made up of foun mafn

soll zones ol3 sub-zones; (1) nonthern black-earth soils (Newd.ale

association), (2) blackearth sol.rs (CIxbow associationi; (õ) dark
brov¡n-blackearth soils (waskada association); arrd (4) blackeapth
soí}s of, th.e ManfÈou*Glea:rwate¡" pralrie area (narttngford.,

Iìr{anltou arid snowf,lake assoef ati-ons ) o These sol}s haye been

grouped together fon discuesion because, although tb.ere ar@

considerable d.lffenenees between the well d.raÍned. me¡nbers of
these assoe latl-ons, the appeararxce and dlstributton of their
hydromorpkria salinlzed associates sre quf_te símilar"
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lffESTERl{ UPL,q}lD AREÁ.
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RESüLTS-9F_ANALYSTS OF L:l EXTRACTS,_EXPRESSED IN P.F.1\[. OF OVEN DBLÐII,,

Sample:
: Noo !
aa
aa

r(a) Areas

o
a

a
o

a

Parent Mater"lal
of Soil

(1) Forest EeSLen36 I Shale Clay

:
of Mixed Boulder Till

*
o

a
a

a

a

¡
a

a

I

o
a

: (b)
a
o

t

È

(2) Aspen Gnove and"
'l¡

2:
3:
4ô
C.
6:
7:
8!
1¡
D.
3:
Sha]

Mixed Bould.er
ntl
tt tt

nlt
It lr
ii rr

a

c

aaalcalMe:
aaa

1
1
I

CATTONS

a
a

t Á-rlQ

Grassland Reglons
Til]r 362.?-69tt : 466 !1,5Bgtl ¡ 515 zlr?J-9

lt : 481 :1,840
1f : 472 31,295
tl : 443: 615
lf :1, 848 22, 4Ogt!: 460 ! 54o
ï: 375: 502

Tf1l:" 416: 660rt:59õt22l-
::

ClaY DePosit

a

a

a

¿ OArl

a

Shaly Bould.or
ilIt

].ow Lacustrine
a

O.

tO3

a

Na*
e

it A1kall catlons determi.ned. by difference and expressed. as sodium.

Lacustrine Clay
lllln

so+

aLe2',75

:
! 1, 852
22 r 487
:r1r 995
: 598
:2,061
:3,118
:1,896
:1, õ08
z2 r56L
".2o41,L
| 625
a

:

a
c

ca

:cl :
aa

I 4r656:
aa

::
: 5r5O?:
:11r 546:
I 8r825:
: 9 12352
e 9,168:
:9r583:
zL7 1765z
z 5r7O2t
:' 5, BO4 ¡
: 8r557:
; 2,'773e
aa

!3
oc

:19, 250 :
:16r 000:

ANIONS

flcoõ

a

115

2 e948
18õ
989
150
920
6L2

26
72
45
18
29

¡
6LZ : 670
476 I 958

a

¡,

a

a

a

a

a

a

cog

202

97
?-66
].73
336
185
259
1tr2.
J- .J rJ

2L7
256
262
210

Nog

a

a

a

o
a

a
a

a

7,472
5r647

a

Sum
of

Sal ùs
a

a

a
a

o

a

T

Total
Sol-1d.s

7 LOLT

10,9õ5
16,15?
l.3e736
L2 ,62A
14,099
14r150
24rO97
B,299
8r 525

12 r3g4
4,151

T

T

T

T

o

â

ô

l-47
óbó

'l,lg7

12r 858
18,94?
15,041
14!155
15,51O
14 r 4&9
26,469
I, O41
9,526

12r 8õ5
5,258

õ55
19?

a

o!
3N.s.t

ô

cT
28r 506
?3,-62l

29r 604
24,914
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TIIESTERN UPLAND AREA

cArror{ Am ArsrCIN MlLrr-PquII4L

-_._-'.--'-=--_ 

_ _---'=-'--..-._---

: (a)
a

. ¡/l

. \J

:õ
. lo

a

a
a

t

a

o

a
a
a

:l

Aneas of Mlxed. Boulder Till
a

) l-oregt Region ;
6 ; Shale Clay t 25 z 23

aaa
aaa

) Aspon Grove and Grassland Region
16
Q:ffllll .g¿47
3:rr l! T¡ 12 :48
4:tf rf !1 : 12 t T5
5;r-r n lt: 11 ¡ 49
6åfrlrtl .11 :84
73ttïtrz25:55
83fn ri r!¡ 1g z 66
1 I Shaly Bould.er Till : 15 ¿ 33
?¡ttllll .153õO
S:flltli.4822g

aoo
a-aa

Shallow Lacustrino Clay Deposit
o

: (b)
ô
a

TÏONS

a

a

3

a
a

a

a

a

a

a

a

a

a

9
10

r!
: Lacustrlne Clay :
..llttil.
a.a

aa
aa

'âl Alkali catlons determi-ned by difference and expressed as sod.ium"

$ totat cations expressed. as mill1-equlvalents per 1OOO grams of soil,

a

a
a

a

a
a

o

a

ô
a

a

6

a

a

a

54

75
44
40
13
4L
65
22
45
52
57
26

c1

A

a

a

a

a

a

a

a

a

a

c

a

a

a

i{I
H

g

c

NË

tg

B:
r-, .fa

C

a

a

e

a

a

a
a

a

a

a

42
2

1õ
2

12
4
0
2
2
1
I

coõ

L3
22

o

a

a

a
a
o

¡

a

I
2
I
az..J

I
2
1
2
6
ôÉ
b

79
7t

a

o

a

a

o

o

c

a

10õ"44 : 7.O5 B

aô
aô
ôo
Ôa

195.C8: B"6O:
245,64 3 8,25 3

214"õ6 38.60t r

201"õgsg,65"N)
2!9,'12 å 8"60 ; ?
208,õ1 3 8.75 3

372.96 : B*40 3

!24.26 i 7,95 3

126"60 ¡ B"2O 3

182"89 3 8.1O :
61"97 : B.fO :ôô

ao
¿o
ôe
oa
oe

410,58 : 8,55 3

546"45 å 8,65 3

1
6

L
1 Þ
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Characteristic of this region is the occurrence of

undralned depressional areas varying fron smarl potkroles and

sloughs in the undulating portions to large mea.dows and_

intennitient lakes in the smoother areas. These depressional

areas act as local catchbasins for runoff water and. subsurface

lateral- s eepage from the surroundlng higher 1e.nd. rn rvet

springs and periods of hearry rafnfaI1, they are flooded by

water and, because of a high water table or impeded lnternal
drainageo the percoration of thÍs water into the soil is re-
tard.ed and a large pontion of it evaporates, leaving behind.

the soluble salts it has derived. from the minerals in the
soils of the surrounding area" This concentration may be supplement-
ed in some cases by uprnrard. ürovement of ground. water in d.ry seasor¡so

It is in this manner that mosù of the saline soÍl-s of
this region have been formed. Their distribution thenefore is
of a scattened nature. rn the areas mtrere th.e rough topography
has nesulted in the formation of nu,oerous snalr sloughs and

potholes, the salÍnized- soils often occr.l.r as nercow bo¡.dens

around these hydr.omorphic areâs. fn tire portion of the region
where the topography is sornewhat smoother, sarinized soils
often occur over larger arease

Ttrese salinized soils usual 1y have the profile
characteristics of the hyd.romorphic mem-i:ers of the solr
associations in which they occur. The soIl¡*n generally consists
of a snallow A horizon of mucky clay loam whÍch grad.es into
tire houlder till parer:t material at froin 5 to LZ inches. The
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soils ate alkaline i-n reaction tiæoughout the profile and

usually effervesce str-ongty v,¡ith acid. ai the surface" l¡irite
enerustations of salts coltunonly oceur in patcÌres on the
surf ace ( see !-igure l{o. I ) " t¡¡here these eff lorescer.r.ees are
found the area Ís usualry ba*en of vegetation and is
surrounded by soil on wbich only the very sali tolerant plants,
sueh as Distichlis (a1ka1i grass) salicornia (glassrn¡ort) and
suaeda (sea b]Íte) grolv. l'.there the areas occur in eultivated
fields they appear as bare spots which rã/ere eiiher boo rn¡et

to be seeded in the sprÍng or the seeds failed to gerrninate
or were kil_led shortly after gernination,

Figure No. f. saline soir in the Oxbow association,south of El*hor*' (ph.oto by prof, J, H" riri*"¡
Ereven coroposite profile samples from tiris region

T'/ere analysed for solubl-e salts. The results of these analysis

' ritì.
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are glven fn Tables IIo. l arrd 2, From these results it woul-d

ßeem thap th.e d.ominant s.nåon fn the sallne soil solutions ln

this region 5.s í.nvariably the sulphate Lon" Chlorfd-es are

trsually present but, witii three exceptlonso are ln very low

eoncentr.ationso Canbonates or nitrates were not found. ln

ßeasur"able quantitios fn any of the samples tesied, BfcarbonaËes

usì¡a}ly made up 1 or Ê percent of the anions, being p:resent ln

amounte varylng fnom abouÈ 1CI0 to õ50 parte pei: mlllfotrã. $ome

vanlation existed tn the pnoportions of the eatÍons ¡rresent'

Magneslum was dominant ln slx of the sarrplee and the alkaIl

eatÍons fn the other flveo

ftre total salts present in these eomposite sarnples

rarrged up to P.41097 pnpor!x" Hígher eoneentrations would" havo

been found had the various sample depths been tested fuadividually"

The reaetion of the samples varÍed from 7"95 to 8"75"

A numben of other gnrxFles from this area wenê tested.

for toÈal salte, pH and quallÈatively fon sulphates and. chlsrldec.

These results are glven fn Table No" õe and aro ín aecorclance

with the nesults obtaf¡¡ed. from. the samples that urere analysod

quentltstlvely"

As was stated earlier (on page ?41, the general souree

of the soluble salts v¡hlch occur Ín the poorly d.rained soils Ín
this negion is the soi] mfnerals in the surroundlng htgher land."

.& possÍble exception to this fs the sallnfzed soÍls whteh

occutr in the long, contlnuous, shal]ow dnaws running south*

wesËen1y ln the Newdale soil area.c These draws ïvere form.ed
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Tahle iilo " 3

Tota1 Sa1ts, pH, and Re1at-,ve Amourrts of Sulphates
and Chlorides in Su-pplementary Soil Samples from

iViixed. Boulder TilI Area,

Sampl.e
Non

'lota]. :
Salts-x' :

aa

pH ¡ Sulphates : Chlorides
aaao

:õBå
r37!
. Å-'l .a ¿+
. Á-Á-a¿

343:
aa
aa

LL,2I4
B,lzY
L1620

I3,845
600

¡

:
B,25: High
B;25: I/ery High
7.75: rt

8.05 ¡
7,BO:

Low
Very Low

It
fl
ll

+r Total- sa,lts expressed in p.pnllt" of saturation
extract s ,

by the runoff waters fr.orn the south slope of the Riding
iriountain and tTre salts in the salÍnized soils which ane often
found in these channels may have been carried, in by this run-
off water. l'[ore detai]-ed work in bhis area is required. before
any definite staternent can "oe made in this regard.

'Jkre area of shall-ow lacustrine clay deposit surround.ing
"f'trítev¡ater Lake, whicir lies to the north of Turtl-e i\towrtain, is
denoted on the map as r*""[r{o)]. This area ïvas once covered by
a lange lake which extended from Township g, Range zo to Town-

slrfp 2, Range 24" rn this lake, sediments wer.e d.eposited over
the glacial till. As the lake r.eceded to the boundaries of the
present intenmÍttent 'li'jhitewater Lake, soils $/ere develope¿ on these
lacust¡-ine and slluvial d-eposits v¡hicLr Ìrave been designated as
the tr'i,hiter¡r¡ater soil association. The .íirhitewater soils are a
complex of i¡i:i.nature soi-l-s showÍng varying degrees of profile
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d.evelopment in the process of transition from k:.ydromorpiric

through salinized to well drained soils G

This area a cts å.s a catch basin for the r unoff water

from the Turtle l',{ountain" fbre internal drainage of the soils

is very slow and large areas of str"ongly salinízed soils rrere

observect to occur (see Figure lJo" 2).

Figure No. 2. scene showing patchy growth of vegetation
due to salfnization of ri,,rnitewater clay soirsn eãst ofDeLonaine. (?hoto by pnof, J. rlo El1is")

Two samplos from ihis region vrere analysed for the
cations and anions in their water extracts and. the results
are given 1n Tables l[o" 1 and. 2. These analyses indicate
that sodlum sulphate for¡rs a larg;e part of the soluble salts
in the soil of this area. chlorid.es and bicarbonates were
prosent in smal-l ainounts, The sampres did" not contain any
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carbonates or nitrates. T'he cations eoasisted- of about 70 to

80 percent rrsodiumtr and small- amounts of magnesium and. calcium.

The total salts ranged- from about 2s to 28 thousand parts per

million and. the soil- reaction v¡as 8.65 with boto corrrlrosite

sa¡oples" One other saraple v,ras tested. for total sa,lts, reaction
and qualitatively for sulphates and chl-orides and tne results
correlated closely with those of tire other tv,io sanpl-es. The

saml¡Ie was ver)¡ hfgh in surpLrates and row in chlorides. The

total- salt content was z6rggo pop"mo of the saturati-on extract
and the reaction was B.50

The high conceniration of salts in tirese impervious
clay soi-Is is easily wrd,erstandable. The area is the catch-
baÈÍn for sur"face r"unoff and lateral seepage frorn the Tuntle
Mountain and the g:ound water in the boul_der tilr ancl r ock
formations of that ârea is known to be high in soluble se.lt
content" rhis l-s shown by bhe following te.bLe taken from tire
Geological survey rJlÞter supply papen for that aréa (tz¡.

Table 1$o. 4

Analysls of -l'iiater-samples fi:om various Aquifers ín the Turtlellountain Area. (All_ figures in Þ.Þ.n" j

urtl-e liitn" ot_s seva :Riding lHtn.
: Til1Forriration Sandstone : Shal e : Gravel

Tot " SoLids
\Jd,

Ilig
Na
c1
so+
rJCOg

l ro42
t43

70

11
306
459

I,YLg
220
85

208
J_b

eP,4
427

o azn
7L
ÉÕ

öô+
995
47l-
606

:'l ¿-^D
: 167
. c)l-
: 169
t45
¡ 606
: 405



_30

Froni this information it is clea-r ùh,at the salini zation
of the'F'tritewater cla-y soils is d.ue to the periodj.c surface flow
and- undergnound' seepage of wators high in solui:l-e selts into this
al'eà and ùhe capillary rise and surface evaporation of water
resulùing fror¡i the imper*eabIe nature of the soÍl, The pre_
ponderance of sulphates over chrorides Ín the soil samples
analysed is i-n accordance v,.j-th their proportions in the water"s
fronr the Turtle iviountain shale and Boissevain sand.stone, w.hich
are the under:lying rock f ormatÍons of ttre Turtre Ìr,ïountain ( see
chart Ín pocket) 

"

2" Souris Basin and- .ê.ssiniboine De1ta Area
As the contine*tar ice sheet, which at one time had.

covered the entine area of i\'lanitobao r"etreated.tovuard the nortlr-
east, gra-cia1 r-akes rrrere formed- by the melting waters from the
ice and the dra'inage watens from the west and. south. Enorinous
amounts of sediments were car"ried into these r-akes by the
draÍnage waters flowing i;nto them from the west and southo
1r:'ese sedlments w ere laid down as delta and racustrine deposits
anc formed the par"ént materials on which the soils were developed
after the r,¿ater had reced.ed_" The sandy ano medium textured.
la-custrine d-eposits of the so-called Lake souris merge in the
north-east with the sandy deftaic deposits of the western portion
of Lake /rgassiz and theseot ogether r¡¡ith the eroded channels and.
river t er"races of the 4,ssiniboÍne River and Lake SourÍs autlet,
comprise the erea shown on the accompanying rnap as the souris
Basin and Assj-niboine Ðelta areao
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:Sample
3 No.
a

!4" Lacustrllg_g.rq Delta Deposits :r;
s 18 r Sl1ty Deltalc Material : õBb:
Ëå::
iBu Rj-ver and Lake Terraces : 3
a..:!
? L4 3 Gravelly Modified Till 3 462z
å 17 : Shale Clay : 136¡
OCoõ3:
iC o Erod.e9 River Channels : 3
aO
o.::

s 15 : Shale Clay : 481:
s 16 ¡ Skrale Clay ¡ ATp:

oô a

Par"ent lViat erlal
of So11

Table No.5
SOURTS BÀËTN AND ASSTNTBO]NE DELTA AREA

¡
a

T A1kali cations dotermined by difference and expr.essed as sodium,

t
Ca

CATIONS

" fflg
a

c

2962

a
a

637 t
10õ:

a

a

263t
556 I

Na* so+

a
a

a

a

o

a
a

a
a

o
a

2 rQ46z
a
a

a

a
a

4 AOÁ-.
-tvvL.

892:
a
a

a
c

a
a

õr 766:
7 nO26t

69

c1

615
2L7

ANIONS

a

a
a

a
a

A7t¿v a

a
a

a
a

Õ
a

69:
A-A- .¿¡a

a

a

a
a

LLt¿ra

2nL26t

I Hcos

OF OVEI\T DRY S0TL

886
3,25?.

cog

a

â171

Nog :

a
e

a

155
2A4

Sum
of

a

c

ø

Salts

28O
zBO

;

Total-

3 1026
o

olids
Ò
a

a
o

c

5r 459:
c
a

o
o
6
c

7 u2242
1r 7553

3

c
o
o

6 rO42:
14, O1O:

6,629
le 690

5r72O
I3 e7l2

¡
or
H
I



aa
aO¡ô
Ca

sSampl-e !

CATION AND ANTON I(ITLLT.E

.a3
3A' Lacustrine and Delta Deposits
GO
aa

å 18 å Silty Deltaic l{aterial
aa
O¡

3Bo River and La.ke Tennaces-
ga
ao

r 14 : Gravelly Modlfied T11]
3 17 : Shalo Clay
aa
aa

!C, Eroded River Channels

Parent Materlal
of Soil

Table No. 6

SOURTS-BASTN AND ASSTNTBOTNE DELTA AREÂ

a

¡
15
16

Shale Clay
Shale Clay

Alkali cations determined.

TotaL cations expressod. as#

CAT]ONS

!

ô
a

a

a
a

a
ô

a

4L 52

23
27

29
11

soa

51
õ5

7

by dffference and erçressed.

ni111-equivalents pet" 1OOO

c1

26
38

91

ANTONS

26
22

: HCos

96
76

3

46
6'.l

cos

2
6

95
70

rNos;

2
18

2
28

Total ff
Catlons

ag so dlum,

grams of soil"

T

5
2

46" 59

o

a

a

a

0lo2,l4
24"95

7, BO

84.22
210" 70

0

u.l
Ì'3
Ë

8"25
7"95

'l "26
8" OO



Total Salts, pH,
and Chlorides ín

SourÍs Basin

qz
- rJ¿J

Table ldo, 7

and Rela.tive Amounts of Sulphates
Supplementary Soil Samples from
and. Assiniboine Delta Area"

ldo" : Sa1tsx : pH ! s04

Lacusbrine and. Delta De+posits
aca
aaa

47 ¡ fr359 ¡ B.2O : Very high
45 z4rB75 :8.15: rl

aao
aaa

Ril'er and Lake Tenraces

Very low
'l

\¡ery low
n
n

| 46 t22r6OA : B,BO I Very hÍgh
; 59 tl7r466 : B.7O : tt

i 40 :191000 : 8"35 ¡ It

å!3!

* Total salts expressed, in popnttr. of saturationexiracts.
\rvith the exception of some areas of mixed woods, the

soirs of this region have been d.evelopec und_er grassla.nd and

aspen grove vegetati-on and ihe well drained, rnembers of the soil-
associations exhibit blackearth profile characteristics. For
thre nurpose of a discussion of the salinizec soils, this area
has been subdividec into three sections on the rcasis of the
general parent materials of i;he soils" These are!

(1). Lacustrine and. detta deposits(2). River and lake terraces
(3) " Eroded river channels

Considerable variations exists in ùhe soils developed.
on the l-acustrine anc" delta deposits of this erea. This variatjon/tois due'cifferences in the texture and, depth of the surface deposits,
to the height at which the ground. water normalry occurs, and to
the action of sater and wind subsequent to the deposition of the
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materfels. Clver a considerable portÍon of this area the soíls
have been deweloped on light textured- sand.y deposits and, everl

though tLre vgater tabl-e Ls withfn a few feet of the surface Ín
many regions, these solls are almost invarlably free of hÍgh
coaeentrations of soluble saltso The high permoabitfty of these
sofls fe undoubtedly an inportant facton contributing to thls
absence of salfnizatfon, but aIso, a stud.y of we1]. rocords rev'eals
that the vraten fn these sandy deposits fs normally very Low Ín
soluble sarts (,24, 16, 12), As a good d.eal of seepage waten

enters thf s area froru the suruounding bould.er til} regionsn there
must be a eontinuous movement of water 1n the substratao othen-
wlse salts would aceumuLate"

Only one sample was üaken fro¡n the sandy soils of this
reglon" This was from a poorly dral_ned ares. in the ArmasÍppi
soi.] north--east of MacGnegor" Ttrf s area f s shou¡n as being
slightly salÍne on the soirs flap¡ but there was only 1g6 pop,rlo

of soluble salts Ín the composite proflle sample so ¡.o further
analysls was attempted,.

SallnfzatÍon has occurred. over smal-I acreages ln the
medium textured soils of the Souris BasÍn. Tkrese solls, whÍcb.

have been designated as the carcoll Assoeiation (to¡, are black_
eanüh sofls deveroped on very fine sandy loam to elay loaø
laeustr"lne sediments and are normally well- dnained, but sma}I
local areas of saline and alkalfnized soÍIs do occuru wherever
such a.reas were examined in the field Ít was found that ühe

internal drainage was being fmpeded by a heavie¡, textured sub_
stratum of treavy clay loam or silty clay lacustrine materia]
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#r fleavy loan boulder ti}l. Samples $¡ere taken fro¡n three of

theee åre&su one eomposÍte profile sa.mpfs *r** analysed for
soluble salts and the other two were tested for total sart

contentu pEp and type of salËs present, The results of these

analyses are given in Tabres No. 5, 6 and ?. Tlrese resultsu

co¡nbiæd wfth the fleld. observations, ind.ieate that alÈhougLr

salinÍzation hras oceurred. 1n some areas of the Car:roll soils,
the coneentration of solubl-e salts fs row compared with that
found ln the sallne sofl-s of th.e surror.¡-ndlng boulder. til] &reao

The. salts seemed. Èo consist mainly of calciurn and aagnesium

sulphate" The pI{ of the sofls ranged fnom ?"go to g"2o and

the total salt content from about lrooo to Srooo Þ,porlre

The soLuble salts of thfs area are probably ]oca1

trn orfgin and accumulate only in those depreesional areâs

vshere the fnternal dralnage 1s imped,ed by a heavie¡r textured

sub-soil. The well record.s that were examíned. j.nd.icate thrat,

although water is usually difflcult to obtain in thfs area

because of the deep lacustrlne cJ-ay substratum, wherever j_t

fs found it is of low salt content"

On the terracas v,¡nich oeeur in the bnoad valleys
of the souris and Assintboine rivens, ln the wid.e channol of

the Lake souris outLet and. along the north side of the Tiger
and Pembina Hi11s, the soils have beCIn developed on â3? assort-
ment of mater-ia1s. These temaees were orÍginally eut in the
naixed boulder till, and stony water-worlced. ti1l forms the parent

materfals of the soils in some places, Elsewhere, the soils r¡ere
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developed on thån dep*sfts at overwash gravel a¡rd sÐnd and outwaeh

*hale elay' whleh were laid ,Lov¡,"t ovetr tlte water-workerC. till'

The bopography of these terraees is usually flat to depressional

and- salinl"zed, soils are found in the lower posåtions where the

tnternal drainage Ís impeded by a change in the textunal pro.file"

FÍve samples were taken from widely scaitered sÍfes

on these terrac@s. Samples f,rom the Heaslíp soil sf the T-,døê

Souris oublet (No" 14) and Oll"ver soil of th.e lake terraee north

of the Tiger fi1lls (No" 17) were analysed. for solu-ble salts

and, the r"esults are given fn Tables No. 5 and 6" Samples

from ttre Heela sofl of the lake terraee (No, 46) and fnom tÏ¡e

stony phase Oxbow (No. 59) and tenore soils (Nos 40) of the

Assl"nåbolne rl"vor teruace were tested for total salts, Pfl

and. qualiÈaÈively for sulphates and. ehlorides. These resulfs

a.re shown irl Table No, 7 u

As might be expectodn theée saruples shovred a wide

variation in their total salt content, but sj-mllarity does

åppear ln the klnd of salts pnesent, In each of the Èwo samples

analysed quantÍtaùfvely, the anions were found to be largely

sulphates and. this eorrelated with the qualÍ.tative tests of
the oüher samples, Calei-umu magnesium and alkall cations were

all present in substantial a¡nounts 1n the Oliver and lïeaslip

samples. Traco arnounts of carbonates ìrvere found. in the samples

of the 01íver and {lxbow soils, whf}e all soils qavo negatlve
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tesNs for nitrates.

Tnese river and. lake terraces a.re sornewhat d.epressed,

in nelation to the surrounding lands and bh.erefore receive the

runoff waters from them, so that in areas vrhere the ínternal

dralnage ie lmperled by a heavy textured or impervious su-ostrata,

ti.l.e accurnul-ation of excessive amounts of soluble salts is

likely to occur. Thlis accumulation hras been so severe in sonre

placesr ås was lndicated by the samples analysed, that extensive

tracts of land are of very little agricultunal valueo

Subsequent to the f ormation of i;he river t erraces

d.ealt with a"þove, deep river channels were cut through the

boulder til1 and into the underlying shal-e. In the central
and western channels of the Souris River south of lVlelita and-

1n the broad- valIey of the Lake Souris outlet, soils have been

d.eveloped on clay deposits from weathered shale. These soils
are highly ímperrrior" to water ando because of their 1ow

posj-tion, a.re subject to swarnpi-ngn Consequently they havo

been salÍnized or alkallnized throughout ùheir extentn on

these areas the native vegetation consists almost entirely of
salt tolerant species of plants and the land is useful only

for grazing purposes (See Figure l{ou 3),

Ttlo samples were taken to represent these soj_]s.

The first (No. 15) was obtained from the chester.field soÍl in
tne central blind channel of the Souris river; the seconô (No, 16)

ï/as Ùaken in the Lake Souris outlet at the vuesi end of Eone Lake.

At each sample sit,e ån impervious c]-ay pan vuås encountered at
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Figure lrio" 3n View of central blind cna¡-rnel of the
Sour.is River, shorui_ng native vegetation on Chesten-
field sallnized and alkalinized clay soí1,

(Photo by Prof " J, I{. E11is, )

about 40 inches -oelolv the surface" The results of the analysis

of ihese samples are given in Tabl-es i\To. 5 and 6. From these

results it would appear that although the dominant salts in
both cases are the sulphates of sodium, magnesiu¡n and carcium,

a high concentration of sodium chloride is present in the soils
surrouitding Bone Lake" This difference in the kind of salts
present in these two similar soils is a reflection of the

difference in thelr drainage conditions, particularry of -r,he

very sluggisir rnovement of water in the valley which formed the
outret of gracial Lake souris. The average fall_ here is only 

^
about one foot pen mile (11) and there is no perennial stream

drainÍng thís valley. 't-]rree more-or-less stagnant lakes, which

:ilr1\rìi¡s:i\..-.
¡ir$\ì,¡ti:t!.r:ìtèì



-59

receive theÍr water from surface runoff fro¡n lhe surrounding

areas¡ occur and in dry seasons the leve1 of these lakes is

lowered by evaporatÍon and extensj-ve areas of saline flats
appear. Tt:.ese conditions âre ioeal for ti':.e accurnulation of

even the rnost soluble salts and afford an explanati on for the

high concentration of ehlorides found. in the sarnple from this
area.

3u .ê,g_qqqiz_Basin qnd Lowland Area

The area cornmonly neferued to as the Manítoba Low-

lands is the broad extent of land between Ì;he Manltol¡a Escarp-

ment on the west and tkre Eastern Upland. årea of Precambrian

rock outcrop" This is the area that fonned the basin of glacial
Laice Agassiz during the recession of the continental ice sheet.

The surface dei:osits on wi:ich the soils Ïrave been d,eveloped vary

considerably ând for tiris roason the area has been divided. into
a number of sec.Èions as sholvn on the accompanying map. TLrese

a?e 2

(i) V,iest Lake Section

(ti) Interlake Section

(iii) Transitional Section

(iv) Red River Plain
(v) South-East Lowland Section

(i) l/ï/est Lake Section

Tkre parent material of the soÍIs within the Agassiz

Basin in the areas west of lakes l,yinnipegosis errd ilTanitoba

consists mai-nly of high-l-Íme boulder ti1l :¡¡hich rryas subjected.
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to severe rvave action in Nhe shallow waters of Lake Agassiz

and is consequently somewhat modífied and r.ery stonyu Tnis

boulder till vras deposited by the continental ice shreet before

it reacheo the surface contact areas of the Cretaceous shales

and therefore consÍsts mainly of material derived from ihe

Ðevonian, Silurian and- trdovician limestone formations. (See

chart sirowÍ-ng surf ace contacts of rock formations ) " The re-
working of this till Ì:y the waters of Lake Agassiz resulted

in the ridge and. swail topography which is chanacteristic of

this and the Interlake area" Shal-low deposlts of lacustrine

sediments âre often found to cover the tiIl in the depressional

areas. The high line content of these parent rnaterials has

resulted. in the soil-s of tiris area being generally of the

reudzina type. Adjacent to the ftlanitoba escarpment the boulder

till is often covered by deltaic and }acustrine d-eposits w-hÍch

were caruied in by the strea¡rs from the higher land to the

west and in many areas alluvial material has been superimposed

over these deposits in more recent times.

fn the northern portion of this areâ, vr¡hrere the

cl-irnate is somewhat cooler, the soils have been developed under

woods and some degnadation has occumed" In this region, v¡nich
r1is denoted asfA(l)j on the map, the well draj.ned. soils are

degnaded. renozj-nas and their ooonly dnained associates are

mainly organic or peaty ¡neadov¡ soils. sarine soils are not
of general occurcence here, because sol-ubIe salts d.o not tend.

to accurnurate in the upper horizons of the soils developed.
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under these cond -ns;-iÐ;\\In the portion of this regÍon
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Rel-ative ^A.mounts of Sul;ohates
Sa.cples from Agassiz Basin and

and. Cirlorid.es
Lowland- Area"

Sample
No'

Total
Saltsx Sulphates

Very hfgh
Hieh
Hlsh

Chlorides

Low
Very low

Very low
Low
Low

a
ETÔ¡¿a

aaa
aaa

tion : :SecTransitional

a

a Red

g,4oo
1,570

PL ain

6

6

aaa
aaa

: 7,85 : High :
: ?.3O ; Very high ¡
aaa
aa
aoô
aao
Ôa
aaaver

o

ñt-

51
52

a

ó

t,

t

ô

a

¡,

a

a

a

a

a

a

..

(1) Central Clay Basin
aa
aa

5õ 3 Ir944 !
54s890;
55s856t

aa
aÂ

7 "55
7 "',707.95

(2) Clay Outwash from Cretaceous Shales
!

50 : 51184

â_ÐÐ

796

: Very hlgh

High
Very high

¡ I/ery low

Low
Very 1ow

aaa_ô
aaaa

(5) Lacustqiner-Ðelta æd Recent lå.I1uviat Deposits

56
57

3 7"80

7" 55
8.10

"* Total salts expressed in p.p,n, of saturation extracÈgu
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ad.*f acent to Lake tJJfn:ripegosis and Swan Lako nui?ierous small

åreas of very strongly safínized soils do occur as a r"esult

of sal1ne s,orings" These springs, whfch orlglnate 1n the

Ðevonian limestone r-urderlying the till, are thought by rüallace

(28) to have obtained. their htgir salt content through the leaehing

of isolated salt crystals fn these strata.

The land 1s generally f]-at or genÈly sloping towards

the lake Ín these arûas and Ls contÍnually being swamped by the

salty water lssulng from the springs" The soir Ls usualty ba:re

of vegetation except for a patchy growth of sal-ícornj.a spn and

white incrustatfons of safts a.re often found around tlle edges of
the areas (see Ffgune No. 4)"

The location of a rrumber of these salÍne springs fs
shov¡n on th.o accompanying inap (in pocket), l'Irese locati.ons

ïuere obtained from colors publlcation (14) aad repnesent only

a few of the sprli:gs which are knor¡rn to occur. A soil sample

r/as taken from the land surrounding one of these spriags on the

wsst shore of Dawson Bay et tfre point whono the Red Ðeer Rlver

enters the lake, This. ís the genor"al area in whlch salt ftât3.tr-

facture frorn the water of these springs has been eonducted

peniodically sínce LB?O, FÍgune No, 5 shows brine bubbling fron
a pipe whÍch krad been sunk 30 feet Ínto the ground at ,the

sfte of one of these sprÍngs, Recovery of sod"lum ehlorid.e fnom

this bnine by evaporatÍon 1n open vats had. contlnued until recent
yearsð
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Figure No. 4o View of saline spring area on the
shore of Dawson Bay, Lake 'f,Iinnipegosis, showing
sparse gnowth of Salicorrria spp, and salt incrust-
ati-ons "
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Figure I'io. 5. salt brine flovring from a pipe sunk at thesite of a saline spring in the Dáwson Bay- area"

The results of the analysis of the soil sampre

(No. 2J.) are given in Tables No" B *.å g and lndicate that the
princlpal salt hore is sodium chloride r¡yith nlinor amounts of
calcium and magnesium sulphates ancl bicarbonates" These resul_ts
are in accord.anee with the results of the analysÍs of bnines
issuing from the saline springs in this area as re;oortec_ by

cole (4 ). The salinization of these soils is of Littte
aericul-ti;ral- significance beeause even tÌre non-saline soils
in this area are srr-b-marginai due to stoniness and low fertility"

saLine soils are }rnown to oecur over an extensive
tract of land in The Pas area between the Caruot and. the pasquia

Rir¡ers. The author was not able to visit this area'but Ellis et al
(9) r"eport that bare spoÈs up to an aere in s-îze are cornmon ¡Lere"
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å. set of d.epth samples taken from one of these areas showed

a cor¿centratÍon of over ?or0oo poporro of total salts in the

sUrface s j.x Ínehos, The concentration d-ecreased with depth"

Both sulphates and chlor"ídes wêre found to occu.r Ín high
eoncentrations and nÍtrates were also present, Thj"s area is
subjeet to perfodic flooding by overflow waters fnont the nivers
and 1t would apþear that the sarts are belng carcj-ed in by

these waters and aceumurating l-n the soil as a result of the

poor dralnage of the areao No tndieation of the source of the

nÍtrates Ís given fn the report"

ïn the southern ponbion of the ritrest Lake sectlon,
where the cllmate is someï'ihat warinere the better dralned. sofls
âre rendzinas and usually effervesee with acid at the surface"

rl
Tn this reglon, denoted. as LgA(zU on Èh.e måÞr the poorly d::alnod

sol1s are often found to be sallnfzed to some degree; this ls
partlculanly true in the area bondening the south shore of Lake

Dauphin where sl.allow deposits of silty lacusùrlne materÍal eovêr

the heavior textr¡red. boulder t111, and Ín the Big Grass Marslr

area north of Gladstone. Here runoff waters from the Riding

Mountain âre ponded and the salts camj.ed in by these watens

d.ccumulate through evaporatfon, saIÍne springs oecur fn the

Winnipegosis area and cause local areas of strongly sallnized

soll-s,

Four sets of samples were taken ln this region:
No" 2õ from the hlgh lime -ooulder tilr soÍ} 1n the Big Grass

Marsh area; No" 2o fro¡* reeenb alluvial soil north-east of
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Ðauphin; So" 19 from. a so1I developed on lacustrine sedfuaente

north of 0,eh::e Rlver; and. No" 22 ftam a saline spr"ing area

south. of the town of llflnnlpegosis, Tkre eomposite profile

samples from all these locatlons were analysed for soluble

salts and the resuJts of ùhe analysis are given ín Tabløs No" B

and 9. From üh.ese results Ít appears that the saline soils

bordering the south edge of Lake Dauphln are high in boùh

sulphate and chlorlde salÈs, whfle the salts in the boulder

tfl} sofl of the BÍg Gnass marsh area are largely sulphates,

The sample fnom the sallne spring areâ at Winnfpegosls showed

about th.e satne high propontl,on of chlorides to sulphates &s

was found 1n the soi-l from a similar area on tÏre shore of

Dawson Bayo None of the sampJ"es contained measurable aruounts

of carbonateso A trace of nÍtnates was found ln the Winnipegosis

sa.raple 
"

Tho water" obtalned fnom the boulder till in the

Ðauphin distrlct ls conmonly hi-gh fn soluble salts, This is
shou¡n Ín Table No. 11, whlch glves the analysis of a number of

well water samples from thls area obtained from the records of

the Department of Health and Fublfe Welfarso#

These analyses show that the ground water Ín tii-ris

area is htgh Ín sulphates and. chlorldes, fn the lew lying land

bonderlng Lake Dauphin this ground water ls usually very near

the sunface and tho aecumulation of soluble salts 1n Ëireee

# Goi¿rtesy of IVTr" fv,Mo

of HeaLth a¡rd publlc
lilardo Ohfef Chemlst, Manltoba Ðopanüment

1/lie1f arço
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Table 1'ìo" 11

Analysis of T/eII fuater Sarnples from
Ârea, (Á11 figures in pop,rrlo

Daupirin
)

Location
: Depth : :
¡ of fiie[: SO4 :

!3!
C1 : Ca: Ivig:

Total ¡
SoLid s :

ir *ir" s.Eo
3of Dauphin
2l-2-2A-19
¡29-28-19
:Sifton
¡Dauphin
: Crearnery
åSte " Rose

t¡
aa

; 662:
. oìo.
a g¿tuc

: 2580:
¡, 346 t
aa

: l-64:
t, 726¿

.l r)

.9Q
¡Oô

?20

Feet
lt
n
tl

n

aÕ

27A: 91: 951 2010
3L7: Bg: 69: 2O3O
L65:470:406 : 52bO
232:143:140: 2250

::3
150¡2L2t 68¡ 1190

14OO:157: 55: õ69O
3t:

soil-s can occun through the capillary rise and evaponation of
tnis v,¡ater. An additional source of salts is the runoff water
from the Rid.ing Mountain which is earuied. into this aroa by

nurnerous s¡aall rivæs fl0wing from the mountains into Lake

Ðauphin' During the spring ihaw these rfvers often overfrow
their banks and. flood tlie surrourrding Iand. In the area whene

the internal drainage ÍÈ slou¡ due to a heavy textured subsoi.l,
this water does not percolate through the soÍl but evaporates
leavíng behind its soluble salts.

The Big Gnass Ïr,rarsh area north of Gladstone is the
catcn basin for a large portion of the runoff r¡¡aten from the
west slope of the Riding ïi{ountaih " This water has been
continually ponded. here by the higher land. bord.ering Lake

lvlanitoba and Ì;he soirs in this area a'.e rargely peaty meadow
soils' r' recent times a number of o-pen d.itches have been
installed here a.nd the water tabl-e has been lowered_. fn areÐ_s
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nhere the peat was subsequ.ently burnt off, white incrus'bations

of lime carbonate and soluble salts cover the surface. The

lot¡¡ clilonide content of the sample from ihis aree.¡ â.s comoared

witkr those from the DaupLrin area, might be due to this improved_

drainage. fio well recori-s are avaÍrable for the açea.,

(ii) fnterJake Section

The surface deposits in the a-rea betv¡een the lower
portion of Lake v'fÍnnipeg and Lake l,Ianitoba consist mainly
of a tLrin d.eptir of highl)r calcareous, lake-lnrash.ed. boulder tilf ,

In some areas the Paleozoic limestones outCrop at the surface,
while in others only a fev¡ feet of till- cover the i:eclroek. The

ridge and swail topography vrh.ich is chanacteristic of this la-nd.

was formed as a result of wave action d-uring the tÍrne r,vhen

glacial Lake Agassiz extended over tiris entÍre area ar.io shallow
deposits of lacustrine sed-iments are often found. in the depress-
ional areas. A narrorjy strip of heavy lacu-strine d.eposits occurs
al-ong ihe west side of Lake ïuinnipeg below the BSO foot contour,
as far nortkr as the Icel-and.ic River and extend.s along the banks
of t¡¡is river to its head_.

As in the frlest Lake sectior:, this section can be
divided into tlvo regions on the basis of the dorninant soil
forniing processes operative in these regions. Tiris divÍsion
j-s shown on the accompanying mâp, Tn itre norther¡ portiorrrþntf f,
the soils have been developed- under woods and degnadation has
occu-rued i-n the v¡el] drained sítes, !"Jhile in the soutrrernt- -l

portion'f:e(e)j, the natlve vegetation is tall-prairie-grasses
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and aspen-groves and the v¡ell- drained soils are rendzinasu

- As v¡as found in the otlier areas v¿here tire soils vúere

developed und-er r''ioods, salts do not generall)r accunrulate in the

soils in the northern portion of this area, The areà has not

been covered b)' t|,.e ll{anitoÌ¡a Soil Surve;r and therefore detaÍled

information is not availa.ble, but a¡r extensive field trip was

nade through the region in the course of this investigation and.o

witi: the exception of the Gypsumville districtn no large tracts
of salinized soils were observed. A sample (,\o. 49) taken

from a meador,v soil at Arborg at a site w-here a high sol-uble

selt concentration inight be exÐecteo to oceur, gave onl-y 732

p.p.rßÒ of total s¿ilts on analysis" Qualitative tests on this
sample shor¡¿ed- that chlorides ïvere the dominant salts arid. a

tre,ce of carbonates n¡as present,

At Gy¡lsumvílleu where an exiensive surface d.eposit

of gyþsum and al$ydrite covers about b6 square mi1es,

ån areå of soÍIs developed on lacustrine deposits is being

farmed" ¡'t several places in this area the soils in the

slightly depressed. posltions ì¡rere o'oserved to be ¡nore or less
safinized. ll sample (No" 24) was taken from one of these

areas and the results of the analysis are given in Tables

ilo" B and gu These results indicate that the dominant salts
in this soi] are sulphates of calciwn anct magnesium. The reason

for the accumulation of these sal-ts is undoubtedly the ca-p-

illary rise of ground v¿ater v¡hich is high in sulphates d-ue

to the gypsum deposits of i;his region.
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ïn the aspen*grove and. pçr'assla.::d region of tl:e
r1Tnter.lake areae denoted as LõB(aU en tile vxap* the well d.rained

soils are rendzinas snd the poonly drained solls in the depr:es-

sional areas are of ten sligþtly salinf zed" saflne mils are

particularly comìïoTt along the east shore of Lake Manitoba

where the topography is flat and the ground water close to the

surf,ace, Samples of the hlgh line boulder tiIl soils (Tüo,rs 8b

and 26) were taken from two sites Ín this region and. the ::esults

of theln analysis are given ln Tabres I{o. I and g. fhese

rosults indicate that the salinized soils 1n this region are

htgh in both sulphates and chlorides. Some var"iation exfsts

1n the propontfon of the cations 1n th.ese samples; magnesfun

being dorulnant l-n one and nsodiunrt ln th.o other, A corxeespondtng

d.lffenence fn the pH of the solls l,i¡âs found; the one which was

hfgh- in alkalL catÍons has a more alkaltne reacùion than the

othenu carbonates and nftrates vrene absent tn both samples.

The nature of the occurrence of salinized solls ln

this region lndleates that the salts orlgÍnate from the

weather:ing of the soil ninerals of the sunrounding higþer land"

The parent materi-a] of tLrese soils is boul-Cer tilI derived from

the Devonian, Sllurian and Grdovlcian llmestone form.atíons"

Nurnerous layers of gypsum and anhydnlte are knourn to occLtr in
these formations (18, 1, 2) as well- as salt water horlzonsø

Thorefore it ls not surprÍsing if the soils d.eveloped on this

m.aterÍa} should be salinized 1n areas where the

lnternal d,rai.nage is ímpeded by an lmpervlous subsotl or
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high

( r-r_r_ )

water table,

Transitional Section

itiorth of tkre Åssiníboine River the heavy clay deposits

of the Red River P1a-in form a shal]ow eovering over the high

lime boulder till of the ïnterlake a.nd rili'est Lake areas" Thls
j-s a transitional belt between these two ty¡pes of surface

deposits and is distinguished fnom the main portion of the

Red River Plain in this study because it receives drainage 
.

waters f rom the north as wel] as frorri the v,'est and. south" rn
parts of this aree, partÍcu1arl¡r in the d.istrici knovyn as the

Portage Plains, a shal-Iow depth of lighter textured lacustrine
and. d-eltaic materials kras ireen deposited- over the heavy qlay
and- the soÍl- developed on thern. These soils are highflr fertil-e
and are usually free of salinization because of their good

internal d::a.inage. but over inost of the area ihe soils are

developed on the lr.eavy clay d-eposits and salinization is very

corntnon in the depressional areâ.sc

The topograpiiy of this area is generally flat with.
some nicro-rêl-ief . Because of the very slov{ internal draifrage,
the soils in the lov,r lying areas are frequently covened i¡;ith
vrater for rong period.s Ín the spring and after heavy rai.ns. A

large volu¡re of the water does not percol-ate into the soil
but evaporates from the surface Xeaving behind. its soluble salts.
Tkris accurnulation of soruble salts in i;he sright,Iy depressed-

porti-on of the }and câuses the ciraracteristic unevenness of the
crops in this areâ" Thfs is especially rroii.ceable in drier seâsons
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when the salÈs ar@ concentrated. near ùhe surfa.ce tkrrough the

hfgh capfllary rlse of ground" water in these elay soils,

Sarnples were taken from six locations in this seetÍon"

These sample sites $r-ere selected to be representatÍve of th.e most

sallne proportiotrs of the section and. four of them were analysed

for soluble salts (No"ts 27r 2go õ0 and 51)" The other two

samples (No. ts 5I and 52) E'ere tested for total saltso pHr

and. type of salts" The resuLts of these analyses are given l"n
Tables No" 8, I and 10.

Fnom ùhe analyses of these samples lt vsould appear

th"at tire sarlne soils fn thís area are high Ln both sulphates

and chlorides. A partfcularly hlgh coÌlcentnation of chlorid.es

was found in the sample from the v{estbourne s.rea (No. zTlr in
:øhrich" they made up 96 pen cenÈ of the total anÍons, calcium,

magnesÍum and alkal1 cations $rere found 1n htgh concentrations

in a}l the s¡mples, Traee amounts of carbonaies were present

in two samples and one gave a slight positive test for nltrateso
The total salt content varied fnom about 11500 to 15r?oo p.p.r!.,

The pIf determLnatlons indfeated. that the salfne soils in this
area ai:e not as alkallne ln reaction as those fn the western

part of the provinceo

The high salt content of the ground water in thís area

is shown by the analysis of vuell water snmples from numerous wel1s,

given Ín Table No, l2" T}:.ese analyses were obtained from the
reeords of the Ðepartment of Hearth and Public 1i!-elfare,*s

* Courtesy of Mr, WuMu 1l/and, Chlef Chernist"
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Table No. 12

'f,le11 ffater Samples fron¿ Northern Portion
River Plaj.n. (nff figures in p,p.m. )

Location

Lockport
Selkirk
Olo Kild.onan
St" Charles
St. Vita]
Trans cona
Rosser
I\[,\4r. õ6-11-g
Newton

Deptfi.
of ]lr/e11

200 feet
250 fl

65 rr

145 1r

60 rr

72 rr

39n

:-Total I
Mg : SolÍds !so+

356
198
l-94
952

15]-0
616
-86

2100
1510

511
398
254

1050
450
165

1ö
5BO

1140

:1r590
I 1rõ80
: 1,140
: õr96O
t 4 rO4O
: 1r 550
¿ 72O
:1I, 4OO
2 4,7OA

116
B7
B6

296
746
140

74
BO0
430

155
B8
7L

150
232
L29

78
920
L7s

Althougþ these vsel-ls are all deep and. the water is often obtained
from strata befow the cì-ay on which the so1l is d.eveloped, the
presence of high coneentrations of chlorides and sulphates in
this ground water índicates that the. water entering this area
ís commonly salfne. This water is der"ived_ malnly from the
high-Iime boulden till d.eposits and the rimestone ::ock form-
ations of the rnterlake and- v-'fést Lake arease Tiris may be the
reason for the d-i.fference between the kíncl of sa-lts in the sal-ine
soll-s of this area and of the clay basin area south of the
Assiniboine River,
(tv) Red River plain

The area of i\{anitoba common}y referued to as the Red
River \ralrey or plain is the broad l_eveI plain east of the
I\'ianitoba Escarpment on which blackearth soils are d.eveloped
on the clay, silt and sand d.eposits of glacial Lake Agassiz"
The heavy clay soiLs of the Red River Associatlon cover the
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eajor portion of this region and. the area whÍch they oecupy

1s d.enoted on lhe map as [atlr¡]" The solls on a narrow strip
of land adJaeent to the esearpment ane d.eveloped on elay out-

wash from th.e Oi:etaceous shares of the Pemblna HiIIs, and thls
srea has been separated on the map and d.esignated [fOta)J, East

ol these shaLe clay soLrs there 1s a broad extent of 1and. on

tt¡hich the laeusÈrlne clay d.eposlts of Lake Agassiz are covered

by a variable d.epth of eoarser textu-ned lacustrine, delta and

recent alluvial o.eposíts wLrich were carried in from the west

subsequent to the deposition of the cIa-v" ThÍs aï'ea Ís denoted
rl

as [5D(õL,
Over a large portion of the clay basin area in the

Red River Plainu the soils were d.eveloped under conditions

of poor crainage and accumulation of soluble salts in the

surface horízons was bor.ind. to occur. I{owevero sinee ths days of
early settlement the dnai-nage of these soils has been greatly
fmproved through the lnstallation of an extensive system of

artÍficial drains. As a consequerlce of this lmprovement in
dnalnage, the soils ovêr a large part of the area have becone

deealÍnizedn alkallnized, and 1n some places solodiuedn liowever,

stÍghtIy salinized hydromorphtc soils still occur in the depresslonaL

areas' The nature of tkle alkalinized and sol-odized- soils has

been fnvestigated by E1lÍs and. cal-dwell (B), cald.well (õ), and

Poyser (21) and they'have found that the domÍnar¡.t cation on

the exchânge semFlex 1s magnesiurn rather than sodiumo
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F'åve areas of salinized sofls at wld.ely scattered-
pofnts in this section Hrere sampled <].u-ring the investigation
boing reported Ín this thesis. Two of these samples (No"ts õP

and 3õ) were analysed for soruble salts and the other th::ee

(No. I s 5õ, 54 and 55) wene tested quarÍtativelyo The results
lndicate that the mai.n constituents of the salino soils in
thls areå. are sulphates of ruagnesium and calcium" chlorides
wçi:e not found 1n hlgh eoncentrations in any of the sarnples.

The alkall cations ïvere low ín both analysed samples and. the

relatively low pI{ of ttre other samples ind.fcated a simj-}ar

condf tion. Thfs Ís fn agreexoent with Èhe flndings of the

previous lnvestígations on the alkalinized soils of thls areaè

A trace amount of carbonates was pnesent in two of the sampleg"

The highesÈ eoncentnati-on of soluble salts fn the composlte

proflle sanrples tested was "7se46 p.p"m..

The low concentration of chlorídes fn this area as

compared with the salinlzed soils 1n the regÍon north of the

Åssinibolne RÍver may be due to the lmproved drainage fn thís
area which arlows the very solubre chlonid.es to be leached

out of these soils, Another possibllity fs the difference in t6e
source of the drainage waters whÍch flow ånto tl:.ese areaso More

detailed study i"s necessar'y before any definíte eonclusions can

be reached 1n ühfs regard." ,

.A.n examine.tion of v¡el] v¡ater recor"ds for this s.rea

shows that the gnound water" 1s fnvariably quíte hígh in soluble

salt contentu Thts is often due to the wells belng bored into
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the under.lying Jurasslc skra-les vrhicir contain num.erous layers

of gypsuill and arþydrite and salt water horizorLs (27u"Zg),

This nigh salÈ content of the ground v¡ater is a source of great

inconvenienee to the farmer.s of this areau because it is usually

iatpossible for them to obtain domestic supplies of good quality

water, Saline ground water Ïras also created a problem in the

past by attacking the concrete aqueduct of the Greater lTinnipeg

lVater District in an area east of the city of lofinnipeg" In ord.er

to prevent the sulphates in the ground water from causing a rapid.

d.eterioratíon of this aqued.uct, it was necessary to install sub-

surface drainage along the pipeline to l-ower the sal-t content

of the ground. water in its vicinity"

Most of the soils which have been developed on the

clay outwash from the Cretaceous shales of the escarpment are

salinized or alkalinized, depenciing oia their drainage cond.itÍons.

These soiLs which were mapped. as the Gretna and tsenton associa-

tions (11) contain a hfgh percentage of bentoniùe clay, d"e-

rived from the bentonite layers in the shale formatÍons, and

are therefore very imperrrious to rvater" As they occur in an

area which is continually subject to seepage v'rater from the

adjacent higher 1and, the accumuratÍon of salts in the depres-

siona] areas 1s easlly understandablen T1.,.¡o sarnples v!¡ere taken

from these soÍls. A sample from the Gretna cIa¡r (No. zg) wâ.s

analysed for soluble salts and the results, given in Tables Nou

I and- 9, indicate that the salts in this soll are high in troth

sulphates and chlorides, Itsodfumtr was the d.orninant cation;
calc'r-um and magnesium rvere present in relatively small amountsu
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The nesults of ùhe tests eondr¿eted on the other sanple (No" 50)

are gfven ln Table No, 10 and indicate a sornewhat lower content

of ehlorÍdes than was found in the analysed- sanpre" Neither
samples contained. carbonaùes nor nitrates"

The high salt content of the drafnage water"s from the

Pen¿blna Hl1ls 1s fr¡rther shown by the salinlty of the water fn
shallow welLs and dugouts in this arean Department of Health
analysls of well waten and water from the Prairie Farm Reh.abil-
itatlon dam at Morden show appreciable amounts of botL¡. sulphates
and chlorides, The sulphates are usually Ín mueh higher cope€rl-

trations" Thls water comes from seepage out of the acid. shales

of tkre Morden member of the Vermflion River forr¡.ation and i-s of,ten

very acid in reaction"
Ïn the area wher"e the soi-ls are developed on lacustnlne,

delta and r.ecent aLLuvial d.eposlÈs over the Red Rlven elay,
salÍnized soils are found where the internal d.rainage ls fnpeded

by a heavy textured subsoÍl" This cornmonly occurs fn tkre Schoen-

wiese Associatlon and ln the heavy textured phase of the Emenson

S"ssoeiat'Íon (,7). In the neeL of the area the soils are generally
we}l dralned and soluble salts have not accumulaüed. in the upper

honizons of the profilesu

Four locatÍons were sempled 1n thÍs area; thnee samples

wêre taken from the Emenson so1l and one fnom the ,sehoenwiese@

Th"e Sehoenwfese sariple (¡['o, õ5] and. one of the Emerson sanrples

(Ìdo" 34', vrere anal-ysed fon soluble salts and the results are
gfven in Tables J{o* I and g. r[er6 agaln the soi]s were found
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ta eontaln high cor¡centrations of botþ sulphates and chlorides"

The cations vfere dominantly magnesiu.a and ealclum; the alkall

cations ¡ivere present fn relatively süa}1 amounts' The tests

on the ot}.en two samples of Ëmerson soil (NO. t s 56 and- 5?)

showed only low eot:centrations of salts which appeared to be

mainly sulPhates"

These analyses, combined wlth observatlons made fn

the field, ind.lcate that wherever conditisns of lmpeded lnternal

d.rainage exist 1n these sandy and silty d-eltaÍc deposits both

sulphates and chioride saJts will accumulate ln the upper

horizons of the soÍIsn The possibitlty exists that the ground'

srater [n thLs area f s f.nflu-enced by sali.ne flowÍng wells

r¡vhiel:. are known to occur pætlcularly in the Emerson distrieto

Thre well r:ecords for the aree show higfr chlorldes as well as

sulpkrateso and. a sharp increase fn the chlorfde oontent of the

Red River at Enersonn as compared vuith the ehloride content of,

the river further southo ls reportod by lvallace (29).

(v) South-East Lo$rland qgglig

The solls ln this area have been genera}}y developed.

under forest vegetatlon âs a result of a somewhat cooler and'

more humld cllnate ttran exists in tho lower portions of the

Agassiz Basin and, as $Ias found under similar conditfoas In

çther areas, tb.e poorly drained. so1ls ane not often sa]Ínlzedê

årtesian water which occurs 1n thls arear particularly 1n the

Spragu.e-Plney district, was tested for soluble salts and found'

to be free of signiflcant eoncentrationsu ThÍs antesian

üråter cones from the Wtnnipog sandstone which und-erlies Èbe
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surface deposits in i'nosi of thrÍs region.

4u Eqstenn Upland Area"

The Eastern {J;oland area of liartitoba represents a

portion of the Laurentian Shiel-d and is characterized by

large areas of gra.nitoiC rock outcrop. l"ltrere g1acia.l matenial

and lacustrine sed-iments occu-r over the rocles, pod.zolic soil-s

have been d.eveloped under an acid, leaching process¿ ghese

soils are 'Lhe result of a more hunid climate than t hat which

is responsibl-e for the formation of grey-woodeC soil-s in other.

parts of the provj-neeu aird the mature soils lack the lime

carbonate horizon v'¡hich occurs in tire lower part of t ne grey-
wooded soil profiles. Therefore it is reasor¡able to expect

that sal-ine soil-s v¿ilL not be found under these conditi.onsn
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B" Cqn4ueLlv:Lty_Mgasg ements I

The results of the conductivii;y tests made on the 1:1

extracts whlch had previously been cliemically analysed for so1-

uble saIts, are sirourn in lable No. !3" In expressÍng these

results use is made of the method ad-vanced by V,trittles and

Schofield-Palmer (50), In an attempt to gai-n uníformity in the

method of elcpressing electrical conductivity of saline soils
they suggested that the term pC be used. for the corúmon co-

logarithm of the speciflc conductiv'ity of extracts or süspen*

sions of soils, They also proposecl that the term ps be used for

the contmon co-logarithm of tlie salt concentration expressed as

grams vueight per miIlilÍter or pnp,l?ro x 10*6.*- This, rnhen con-

vented into a grå.m-equivalent concentration as grâm-eo.uivalents

per liter, pz'oduees a third term, pNs for the coÌnmon co--logarithm

of the normality as usually understood" ft vùas found that this
method of expression has the distinci advantage over the usual

metbods in that by using these terms the reLationship betrveen

the conductivity of the extracts and their total salt content,

à¿ The fol-lowing is a-n example of the calculation of pC
frorn the sþecific conductÍvity of a solution. $ssume that the
solution has a conductivity of õO mho/cm. xl0-." Then its spec-
ific conductivity Ís .OOO5O uú: to/cm" or 5 x tO-4 mlto/cm. and. tl.e
pC or corimon co-logarithm of the speclfic conductivity is cal--
culated as follows!

5 x 1O-4 ; 1O*" 48 * l_O-4

= 10-3.52
o', pc = 3,52

The pS values are sÍmilarj-Iy' obte.ined froni the salt concentra-
tion in p.p.lr.. x 10-6. It llill be noted that these calcula-
tions are analogous with the calculation of pH values from'bhe
Ïryd.rogen ion concentration in moLs, per lite::.
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Table No. 15

RELATIOI{SHTP BET}ïEEN CONOENTRATIOITJ OF SALTS ANÐ CONDUCTTV]TY

OF 1:1 ETTRACTS, EXPRESSED BY ir[EANS OF pS AND pC VALIIES.

San'iple
Non ¡

Conductivity in
Millimhots/cw @ 25o

ao
ôa
aa
aÔ

C: pC ¡

i
Concentration :

in p,p.Er. of Soils pS i

1
é
3
4
5
6
7
I
o

10
11
l2
15
T4
15
16
17
18
19
20
2t
Ð7

24
25
26
27
óó
29
30
51
32
53
34
35
56

]-?"9
14" 5
.ìE EItJe U

12, o
Tõ" 6
15.9
19. 6
8,2

14" 5
28.4
10. o
1õ.6
5.8
7.L
J't a
l.g

19" 3
otr
4.0

15,6
15. I
60. o
l-0"4
2.8
5.1

lq o

21"4
21.7

4n6
4"6
9,5

L7 .6
6.9
4"9
2"5

10. o
r7^

L"76
l" 84
1. gl_

1" 92
1"87
l_, Eo
L"'7I
2. Og
1. 84
1.55
2. 0o
l-, 87
2.2+
a 1tr

2.aL
1" 71
2,60
2.4 0
l.87
1" 88
Lø44
1" 98
2.55
2,51
1.96
L.6',1
1,66
2"34
2.34
á oUé
1,75
2.16
2.31
2,60
2.00
2 "L3

10,9õ5
16,l-õ?
L3 1736
12 ,620
14,099
]'4,L7O
24eO97.

B r29g
28,506
23,62l.

:U-r523
12 1384
4,151
6 1628
5 r72Q

l3,7l'2
1r 690
3,Q26
9 r334

20 ,4?-l-
40 ,52l.
5,A94
2 1232
2, 006

10, 5õ5
18, õ67
15,489

6 rgo4
3r79L
7,095

].2,669
'/ ,843
4, O11
I ,54j.
7,362
7,Ol-7

ae

i 1096 :
. 'l 17Ð
a LO t þ a
o'lQ^a ¿CVV
.1On.a ¿a r'V

!r 1,85:
: 1"85 :
:1.62:
? 2"O4 3
.1Ã?
a LCVV a

: 1"6õ :
a 2.O7 3

: 1"91 ;
2 2,58 :
: 2.18 :
.9QL
a pa e 1 a

:1"86:
, 2"',17 ¡.e^Ð
. pa ¿s

a 2"O3 :
! I.69 :
.-lqoa ¿ouu
.ooa
. þaþ!

a 2,65 :
i 2.67 :
3 1.98 :
: 1.69 I
¡ 'ì !ar/
a lOV ¡ a

3 2.16 !.a¿-1
. p o ¿À

.t)lh. þtLV
o-lOfì.. ¿Ð r'v a

z 2.OZ !
ì 2"40 :
.Of7A.
. þa I ! .
ô O 1< .. þo Lv a

. f)'1 tr
a pa¿V

3:

o

a
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Fågure ÞIsu

Concentrotion of 36 l:l extrocls rn pS volues os reloted 10

conduçf ivity in PC volues.

( Apprcximote overoge line drown in f or ref er en c e )

-,
.t
.,

PS ¡

.t .z .t -$ .5 .Í 6-7-o-9t

pc
-t -z -5 .t .z -5 -ç
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as d.etermined by analysise ean be shov¡n graphical}y wÍthout

the rase of log*log paper. The reletionshåp ls shovrn ån

FÍgune lTo" 6"

From these results it 1s ap¡:arent that there fs a

dLrect relatÍonshfp between the eonductivity of extraets from

sallne solls fn Manltoba and their total salt contento also that
thf s relationsh,lp varies, within ce:rtaln limlts, with ,C.lffenent

solls, This variation Ís to be e:qreeted because the soils
vary considorabry ln the kÍnd of salts presentn particularly
1n their pnoportions of sulphates and e}.lorldes, andu as ts
pofnted out ln, tlre publlcatlon of the United States Regiorral

Salfnlty Laboratony (15)o the conductivity of solutions of

chlorid.e salts ls hlgher than that of solutlons eontaining equal

anounts of sulphate saltso T?rerefore ln onder to obtain a

relååble estimation of the tota] salt eontenÈ of soils from the

measurement of the electrieal conductivity of their extractsu

lt 1s necessary to use a graph based on repnosentative sarryles

from the are& being stud.led..

The resuJts of the eonductlvity tests made on the

saturatlon extracts of the samples whictr wene not analysed

chemically are given in Table No. 14" In thl"s tabIe, tho

speclffc conductivity of the sample extracts are gltren in m1111-

nrtro¡s/en and ln thelr pC values. The pS values *rourn ïrere ob-

tained by means of the graph presented in Fígure IIo. 6, and. the

eoncentration of salts ln pop.rxo of the saturation extracts were

calculated fron theso pS valuesn The eoncenüratlons were used.
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RESÜLTS OF

Table No. 14

COI\DUCTTVTTY TESTS O}I SATURATTON
EXTRACTS OF A NUI'dBER OF MANITOBA S¿,LTNE SOTLS

:ps
;

Sample : Conductivity
No. :ftli]limhot s/cm

'a

Ín!
@ 25oC: pC

: Concentration 1n :
:p.p "m, of Sat. Extract :

aa
a4

lã',l;
:õB:
¡õ9:
:40:
.41 ô

.¿-D.
a LH a

243:
¡44.
t ¿¡ a

?45 I
t+6:
r473
.¿Q..
ô ¿v

tâ-O .
a ¿v

:50:
¡ E.l.v¡

2523
¡ Ãr( .a vv a

t54:
:55t
:56:
e E,fla u, a

:583
aa

9,8
24"2
17" 5
1?.5
2"6

lg "21.1
15.9

tro
11.2
14.5

1rE

1.0
Ê,a

12. O
lo
2.4
L"2
0.8
0.5
2"2
9.6

,z"ot
2l."62
¡1,76
2l-"76
oO qO

¡1"72
32"96
:1. BO
:.2"28
:1" 95
:1. 84
.z qrl

:5, O0
:2"25
.l oD

i2"72
t2,62
?2.92
s5.10
:5. õ0
¡2.66
s2,A2

iz "tz:1" 70
! 1.86
:1" 86
i2"78
:1. 82
!õ" l-5
.1 ô^

i2 "40
:2" O5
¡'ì OÃ

:5. 50
?3.20
¡2"40
.Ð ñQ

:2.90
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as estimations of the iotal salt content of tl:e samples in the

proceeding discussion of sallne soils by physiographic areaso

Saturation extracts of the samples ürere used_ in the d.etermin-

ations because they are more representatir¡e of f iel¿ rnoisture

conditions and -bear a closer relationship to the water holding
capacity of the soils than do the r¡1 extracts, ThÍs Ís par-
ticularly significant in I'faniùoba because of the coÍrnon occur-

rence of the relatively insoluble salt calcium sulphate.

Although it 1s very difficult to o'otain suffícient extract from

a satu::ated soil sample on drich to cond.uct ehemical anarysis,

wlthout the use of special equÍpment, the small amount requlred.

by the soecially constructed eonductÍvity cell may be easily
obtained with the use of a Buchner suction fun¡rel"

Cn Veget_at,len_ es_ an Indicator of Halomorphism:

The native plants found growing on saline soils in

l,{ani-toba ar.e glven in the follorving List.* T}re re}ative tol-
erance of tkrese plants, âs indÍcated by their grouping in the

list, is based on ùhe observations mad.e in the field. and tho

subsequent total salt analysis of the soil samples taken from

the areas on whlch they vüere growing. ï!Íthin the thr"ee groups,

the plants are listed approximately accord.ing to their -toleranceo

r,s Plant identification through the courtesy of the Botany Ðepton

University of Manitoba"



Sal-icornia sÞÞ,

Suaeda erecta

Distichlis spicata

GrindeLia perennis

ïIordeum jubatr.m

Á,ster eri coides

-

Aster laevis

Brachyactis aneusta

Cirsiurn arvense

Bechmannia Syzi Each¡re

Atripl-eë spp.

Agropyr"on repens

Chenopodiu,m 1ep toptryllum

Carex Bebbii

Achillea spp.

Artemesia Elauca

Artemesia biennis

Poa spp.

Salsola pestÍfer

Poly'gonum neElectum

-68*

Salt Tglerant i'lative plants in Liani toba:

HíghLy Tolerant

sea blite
salt grass

Moderately Tolerant

perennial gumweed

wilcl barley

rrâny flor¡¿ered aster
snrooth blue aster

rayless aster

sow thistle
slough grass

western couch grass

namow-leaved goosefoot

Bebbs sedge

yarrolr/

snoo tli-l-eaved wormwood

biennial wormwood.

blue grass

Russian thistl_e

Slightly Tolerant

ffi-ËRÈi
V'. r:Ê€

't*""''*åu*o

narrov¿-leavod kno tweed_



Symphcricarpos spp"

Monarda fistulosa

ElaeagLus argentea

Sporobolus heterolepsis

Phacelia Frankllnii

Agrostis alba
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blue gran'¿a

golden rod

comrûon spear grass

corïnon beggar tieks
slender agallnus

snow berry

conmlon bergamot

silver berry
prairie dropseed

Franklinr s Phacelia

red top

Bouteloua gre-cilis

Solidago sÞp"

Stipa comata

Bidens frondosa

.A.galinis tenuifolia

The plants l-isted as highly tolerant were found

only on strongly sali¡¡1zed soiLs. fhose shounr. as being mod-

erately tolerant were often observed on the l-and. siærounding

th.ese åreas of strongty salinized soil and in other areas where
the total salt content of the composite prcflle samples was less
than nine to ten thousand. parts per milIion. The slightly toL-
erant species listed above usually occurred on the outer edges

of the saline areas or in areas rvhere the total salt content TÍas

less than two to three thousand parts per millíonn
No regionality was noted with respect to the occurrence

of different specÍes of plants throughout the province and, the
total salt content of the soiL seems to be thre main factor
determining the vegetation that v¿i}r grow on the saline s.oils"
The restricted. growtli of salicornia sÞp, ¡ sea brlte, salt grass
and. gumweed to soils that are high in soluble salts makes them
useful as lndicators of saline sciLs in fieLd. investigationsu
but more detailed r¡vork is required before the presence or absence
of these planÈs can be used for estimations of salt concenbratj-on"
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vu suti{l,{ARY;

This inr¡estigation Eras undertaken to gather infor-
mation on the nature oÍ ihe sarinlzed soíls in Manitoba and.

to try to ascertain the origin of the salts and_ ùhe reasoïr.

for their accumuLation in toxic amounts in certain areas"

Field trips covering most of the agricultural area of the pro-
vince were mad.e for the purpose of maklng observati.ons on the
knovr:n saline areas and. corlecting representative sarnples for
laboratory studies. rnformation on soil_ conditions, topograpn-
ical rel-ationships and native saline vegetation was obtained ln
the fieId" rn the labor"atory, 1¡1 extracts of thirty-six
eomposite profile sainples vJere analysed- for: cal-ciu-ru, magnesiumn

sulphates, chlorides, bicar'bonates, carbonateso nitrates, total
solids ar1d neaction" Tkre alkali cations were estimated by dif-
ference and expressed. as lrsodiumrto A m.l¡nber of other samples

yrere tested for reaction and qualÍtatively for sulpkrates and.

chlorides" Their total saLt content was estimated.from fleasür€-
ments of the eLectrical conductivity of tneir satura-r,ion extracts
by means of a graph set up on the basis of conductivity tests
on the 111 extracts for v¡niclr the total salt content was deter-
mined by chemical analysÍ_s"

To facilitate the presentation and discussion of
the results of these field and laboratory investigatiotlse the
province was divided into four main physiographÍe areas, whi.ch

r1¡ere further subdivided on the basis of differences in soil
parent material arrd soil forining processes. The locatlon of
th-ese areas and. sub areas Ís shovm on a map v¡lr.ich accompani.es

thÍs thesis" A cross section through Manitoba showing the
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underlying geological formations, r,vith a mao showing tlr-e sul3-

fa-ce eontacts of ihese formations, was mad.e up from information
obtained froin the Manítoba Departnent of ivlines and Ìdatural

Bescurces and included. for reference purjloses as these forrna-

tions are referued to in the discussion of the posslble origin
of tne salts.

The results of thls investigation indicate that the

principal salts responsible for the salinization of soils in
Manitoba are surphates and chlorides of aagnesium, caLcium and.

the a1ka1l catlons. The analysis of the sarnples from the dif-
fenent areas suggest that a regionality exists in the propor-

tions of sulphates and ch-lorides present in the saline soils"
rn both the boulder tiIl and the lacustrine clay soils of the

Western Upland areae sulphates of nagnesium and sodÍum are the

d.orninant soluble salts and chlcrides åre usually present in rel-
atively smal 1 amounts. A few srnal-I areas of black alkali soÍls
have been observed- in the field, but none of the samples analysed

in this investigation contained measurå.bte amounts of sodium

carbonate. The salts in the salínized soils developed. on the

l-acustrine d.eposits and th.e river and lake terraces of the

Souris Basln and" Assiniboine Delta area also seemed to be chiefly
sulphates of cal-cium, magnesium and the alkali cationsu rn.
one of the samples fr"om theer.oded rlver channels, where the

soils are developed on shale clay, a hlgh coïl.centration of
chlorides nias presento In the lllest Lake ând Interlake regions

of the Agassl-z Basin and Lol¡land area, the co$rpositi-on of the

salts was found to vary somewhat lr¡1th the source. rn the

no:'thern portionsof these regions most of the salinized soils



are for'¡'ned because of salt water stlrings and. these soils are

very high in sodium chloride; while in ùhe southern portion
the salinízed soil-s contaln both chlorides and. sulphates in
varylng proportionso The samples taken from the va-rÍous soil
areas in the Red River Plain indicatecr that hÍgla concentratione
of chlor"Ídesr âs well as sulphates, are present in tlre salin-
ized soils in the clay-boulder tiII transitional areâ north of
th-e Á.ssiniboine Ríver and in the lacustrine and- d.elta.ic deposlts
adjacont to the united states borcler; while sulphates âre the

dominant salts in tire central clay basin.

soils containing appreciable amounts of soluble
carbonates Tuere encountered during tLris investigationo and.

nitrates were found in only trace amounts in a fevu of the samples

analysed" Bicarbonates were present ln relaiively small cou.-

cenirations in all- of the samples tested. fhe pH of the saL-

inized soils ranged from slightly over ?"0 to 9,6s, indicating
a lack of alkaline salts such as sodiun carbonate.

No direct relationshrip was established between the

gypsìlm deposits and. saline water horizons in the underlying
rock formations and the soluble salt accumulations in the sal-
inized, solls, except in the case of the soils surrounding salt
water springs in the northern portion of trre trtiest Lake areao

flne field, and laboratory investigations indicated. that in
most areas the salinization of scils has occurred in the fow-

lying portions v¡hrere .the percolation of water through the soil
lfras not sufflcient to leach out the soluble salts which had

been released by the weathering of soil minerals in the higher
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land and- caruÍed Ín by the drainage waters" However a knov¿*

ledge of tne presence of glrpsum strata and saline i¡¡ater hori zorrs

1n the rock forrnations is important 't,o this investigatíon because

these rocks are the source of the materials on which the soils

lrave been d.evelcped and from whieh the soluble salts irave been

derived thr"ough the decomposition of the minerals by weathering

processeso

Conductivity measurements u¡ere conducted on extracts

from the soÍI sa'nFles and a graph showing the rerationship

between conductfvity and salt coneentration from thie samples

which had been analysed chemically was made up aird" used for the

estÍmatlon of total salt content of the other samples, This

graph illustrates the variability of the electrical conductÍvtty
of solutions containing sulphates and ch.loride salts and poÍnte

to the need for a graph based on representative samples from the

area being investigated if aceurate estimations of total salt

content are to be obtained from conduci;ivity measurementso

The native plant species found growing on salÍne soils

throughout the province ïvere listed Ín order of their apparent

toLerance to salts" Fro¡n observations mad.e in the field and.

subsequent total salt analysis of soil samples it was found that

salicornia sÞpu e sea brite, salt grass and gumweed. are good.

indicatons of hislaly sal-ine soils and therefone useful- for
recognitlon of saline soil in fiel_<i. investigatÍons"

Although this investieation did not include arry saline
soil improve:nent or reclamatlon studies, the information obtained^
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olt the kind- of salts present in the soils and the reasons îor
theÍr aecu-rou-lation Ín ceriain areas is funcLamental for thls
purpose and, shou-ld be of value for such studies in th.e futureo

The main pnoblem. in reclamation of sal-ine soils in l¡ianitoba Ís
fhat the salinized. soils generally occur in small undrained

depressional- areås v¡here improveroent Ín drainage is not usually
feasibleo An exception to this is the l-acustrine deposits of
the Red River Plaln where desalinization of large aneas has

been brought about through the installation of an extensive

system of artificial d,raÍns" This rnethod of iruprovement might

be useful ín otkre:'parts of the provÍncer such as the saline
area at the south end of Lake Dauphin and j-n the Big Grass Marsh

årêa north of Gladstone, where the topography is relatively
flat and a system of open ditches would iropr"ove the surfaee.

d.rainage and lower the ground water tabte u In the small de-

pressional areasn rrltere improvement ln surface drainage is not

feasible, internal d.rainage may be improved. j.n some places by

the use of deep weLls bored down to a porous substrata, such as

a lens of gravel between t}-e .boulo.er tilI and the r-inderlying

rock or a shale strata contaÍning numerous cracks and fissuresê
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VI CONCL-USIqUËå

(1) Small scattered- areas of salinized soils occur

over most of the non-forested region of ftianitoba, and.

occasionally in the forested reglon wkrere special conditions

such as saline springs or surface gJrpslim deposits exist.
(2) The principal soluble salts in these soils are sul-

phates and ckrlorldes of magnesium, calcium and the alkali

cat ions,

(5) The proportion of sulphates to chlorides in the

salinized soits varies with different areas.

(4) Most of the saline soils in the province are high

in sulphates, while high concentrations of chlorides seem

to be restricted to:
(a) The sal-Íne spring areas Ín the northern

part of the 1,4Jest Lake regÍon.

(b) The shale clay soils in tlre glacial
Lake Souris outlet,

(c) The transitional area between the heavy
clay soils of the Red- River PlaÍn and.
the calcareous boulder till soils of the
Interlake and i¡'Jest Lake regions.

(d) The delta and lacustrine deposits in the
souther"n portion of the Red, Riven Plain"

(5) rrBlack al-kalirr soilsr oF soils containing appreciable

amounts of sodium carbonate, are not conmonly found. Ín
Manitoba 

"

(6) The general source of the sa} ts, which accumulate

ln the upper brorizons of the soils where the j-nternal d.rain*

age is lmpeded by an lnpervious subsoil or a high u¡ater tab1e,

is the weathering of ùhe soil minerals in the surface d.eposits
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of the surrou-nding area or the areas from vr'hich drainage

waters originate"
(?) E:ccept where halomorphÍsm is clearly due to the

occurrence of saline springs or surface gypsu.ri deposits,

no direct relationships were established between the

gypsum strata and. saline water horizons Ín ttre underlying

roek formations and the saline soils of Manitobau
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