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PART I 

INTRODUCTION 

The present r eport i s an a ttempt to o.ssembl e the data on ground­
wntor r esou.rc es in · a. form that will be us eful to well drillers , f armers, 
municipal authqriti es, and others interested in obtaining o.dequo.te wa.ter 
supplies • 

Publication of Results 

The essentia l i nformation pertaini ng to gr ound-wo.ter conditions 
is bei ng issued in r eports tho.t ; in Mo.nitobo. , cover o. squo.rc block of 
s ixteen townshi ps lying between the corroction lines and begi nni ng o.t the 
Saskatchewn.n boundary . The r eports on the most southerly strip of the 
p~ovince i nclude i n addit ion the two townships l ying north of the 
I nter,no.tional Boundary . T~e secretar y- treasurer of eo. c~ municipality 
will be suppiied with the . i n.fo rmation covering t ho.t ml,\hicipo.lity, and 
copies of the r eports will o. l so bo o.vaila.bl e f or study o.t offices of 

. t he Provincio.l and Fedeto.l Depo.rtments . Furthe,r ass i~to.nc e in i nter­
preting t .he reports mn.y be obto.ined by o.ppl ying t o the Chief Geologist , 
.Geolo gica l Survey of -.Canada, Otto:wu . 

How to Use the Report 

Anyone desiring ~nformo.tion concer ning ground- wute r i n a.ny 
po.":"ticulo.r loco.Ii ty wi ll f .ind t he avo.i l able data. listed in the well 
r ecords, o.nd other pertinent infor~o.tion on the mo.ps of the ~rea. , For 
those unfami liar with these reports it is , perhaps , ndviso.ble th~t thnt 
part den.ling with the o. r eo. as a who l e be read first , so o.s to be in a. 
better position t o understa.nd the more pur ti cul ar des criptions of each 
township tho.t follow. Also , the map a ccompo.nying the r epor t should 
pr ove a us eful source of r efer ence when r eo.ding the text . 

The map consists of two figur es . Fi gure I shows bedrock and 
surface geo logy . The wa.ter-bec.ring pr operti es. of ~he bedrock ch::i.nge 
from formation to formo.tion, o.nd ~r e r eferred to iri subs equent pages . 
The.type of gl acio. l deposi~ o.t the sur fo. ce may be qetermi nod f r om the 
mo.p , o.nd i ts poss i bili ties o.s o.n o. quifer c. r e also dis.cussed iYl this 
r eport. 

Figure 2 shows the l occ..tion o.nd types of, we lls in the o.r ea. 
the lo.nd r elief (topogr aphy ), and the dr ainage po.t t er n . Not ever y well 
is plo tted on the map, but most of those giving pertinent infor:mn.tion 
o.re shown, o.nd probabl y inc l ude 90 per cent of the we lls in the o.r ea . 
Where ~ground wa.t er i s not r eo.dily avo.ilo.b l o, or carri es too much dissolved 
~o.lts to be us ed, dugouts often form the onl y means of suppl y . The 
t opogr o.phy is shown by contours, or lines of equal e l evution, s paced a t 
vertical intervals of 50 feet. 

The well r ecords o.r e compi l ed f r om data obt a i ned by i nterviewing 
farmers, o.nd in many co.se s their a ccuracy depends upon the farmer ' s 
memory. Wherever poss ible data were checked by plumb-line measurement 
to the nearest f oot. The wells a r e tabul c..ted by townships and sections , 
and the tota l depth of the well, depths to the water l eve l at hi gh and low 
stages, o.nd, where possibl e , the depth at which the we.ter-beo.ring 
horizon occurs , a r e a ll listed . The gener a l char acter of the water 
i;:i stated , arid the us e to whi ch i t can be put . We lls from whi ch 
samples were t o.ken for anal ysis are. i ndi cated 0n the we ll-reco:r-d sheets . 
An i dea of how much wuter c.. well can be expected to yi el d is suggested 
by the number of stock (cat t l e and hors es onl y ) t hat can be 
wat er ed at it. One head is a ssumed to consume between 8 o.nd 
µ;~~. of wnter a day. Unl ess _ f'.o.1..1.o'l'f'Od-by-t~1L. 
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the figure for the number of stock watered is not necessarily the 
maximum yield of the well, but simply the greatest amount that the present 
user has requiredo The word 11 only 11 indicates tho.t the figure given is the 
maximum yield of the well. ~o obto.in the position of o.n aquifer at any 
given point 0 the elevation of the point should be determined from the 
contours on Figure 2 of the map . ElEivations of adjacent wells may be 
found in the well records and the depth to the aquifer can usually be 
determined from theno By comparing elevations the depth of the aquifer 
below the unknown point may be estimated. This method is particularly 
applicable to bedrock wells , but may not be successful where information 
is too limited, or where the glacial drift is thick and of an irregular 
character. In such instances a. person searching for water should refer to 
the text for inf ormation on ·cho nature of the deposits in that area . 

GLOSSARY OF TERMS USED 

Alkaline 0 The term 1a lkaline ' o~ 'alkali' water has been 
applied rather loosely to waters having o. peculiar and disagreeable taste, 
and commonly a laxative effect. The water s so described in the Prairie 
Provinces are those heavily charged with sulphates of magnesium and sodium 
(respectively Epsom salts and Glauber 1 s salts) and arc more correctly 
termed sulphate water-s, Truly 'alkaline ' waters avve that property to the 

presence of calcium ca~bonate and ca.lci~m bicarbonateo In this r eport an 
attempt to adhere to local terminology is made by referring t o sulphate 
waters as 'alkali' in the we ll records: and the term 'alkaline' is avoided. 

Alluvium. Deposits of clay , silts sand , gravel, and other 
material in lake beds o.nd in flood plains of modern streams . The term 
also includes the ;;io.terial in river terraces :, which once formed part of the 
flood plain but are now a.bove it,, 

Aquiferc A porous bed, lens, pocket, or deposit of material that 
transmits water in sufficient quantity to satisfy pumping we lls and springs. 

Bedrock. Bedrock: as here used, refers to partly or wholly 
consolidated deposits of gravel~ sand, silt, clay, and marl that are older 
than the glacial drifto 

Bentonite.and bentonitic clays have the property of swelling when 
water is added t o them, They occur as white beds aSJ much as 2 feet thick,, 
but usually much thinner, and are probably formed by the weathering of 
volcanic asho 

Buried pre-Glacial Stream Channel 0 A channel eroded into the 
surface of the bedrock by a stream befor o the advance of the continental 
ice-sheet, and subsequently either partly or wholly filled in by sands ,, 

. gravel~, and boulder clay deposited by the ice-sheet or later agencies. 

Coal Seamo The same as a co~l bed 0 It is a deposit of carbona.c-eoro.s 
material formed from the remains of plants by partial decomposition and 
burialo 

Contour. A line on ~ ronp joining points that have the same 
elevation above sea-levelo. 

Continental Ice-sheeto The great ice-sheet that covered most of 
the surface of Canada rrany thousands of years ago 0 

Escarpmento A cliff or r elatively steep slope separ-a.tin~ level 
or gently slopping areas. 

Flood Plaino A flat pa.rt of a. river valley ordinarily above water 
"but submerged when the rivor is in .f'lood-. · .It i_s .an_ area-where-.~ 
clay are being depositedo 
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Giacial Drift , A general term that includes all the loose, 
unconsolidated materials that were deposited by the ice-sheet , or by 
the waters associated with it . Clay containing boulders usually forms 
a large part of the glacial drift in an area, and is called glacial 
till or boulder clay, and is not to be confused with the more general 
term glacial drift , which occur s in the following several forms : 

(1) Terminal Moro.ine or Moraine . A ridge or series of ridges 
formed by glacial drift that was lo.id down at the margin of a moving 
ice- sheet . The surface is characterized by irregular hills and undrained 
basins , 

(2) Kame Moraine. Assorted deposits of sand and gravel laid 
down at or close to the ice margin . The topography is similar to that 
of a terminal moraine. 

(3) Ground 14araineo Boulder clo.y (till) la.id down at the base 
of an ice-sheet. The topogra.phy may va.ry from flat to gently rolling , 

( 4) Glacial Outwash. Sand and gravel plains or deltas formed 
by streams that issued froin the continental ice-nhoet , 

(5) Glacial-lake Deposits . Sand, silt , and clay deposited in 
glacial lakes during the retrea.tof the ice- sheet , 

Shorelineo A discontinuous escarpment , with intervening 
gravel beaches and bars , which indica.tes the former mo.rgin of a glacial lake . 

Ground Water , The water in the zone of saturation below the 
water- table . 

Hydrostati c Pressure , The pressure that causes water in a 
well to rise above the point at which it was first encountered in the well , 
namely, at the level of the o.quifero 

Impervious or impermeable . Beds such as fine clays or shale 
a.re considered to bo impermeable when they do not permit the perceptible 
passage or move:rront of ground water , 

Pervious or Permeable . 
they permit the perceptible passage 
case of sands and gravels. 

Beds are pervious or permeable when 
or movement of ground wo.ter , as in the 

Pre-Glacial Land Surface . The surface of the lo.nd as it 
existed before the ice-sheet cov•Jred it vvith drift , 

Recent Depositso Deposits that have been laid down by the 
agencies of water and wind since the disappearance of the continenta.l ice­
sheet; for example, alluvium in stream va.lloys . 

Sand Point or Driven Wolle A sand point is a. piece of 
perforated and screened pipe 2 or 3 f eet long, which ends in a. sharp point , 
It is fastened to lengths of ordinary pipe and forced down into surface 
deposits of a sandy or gravelly nature , The depth of ~uch a well rarely 
exceeds 30 feot, 

Unconsolidated Deposits , The mantle or covering of alluvium, 
-pre-glacial soils, and glo.cial drift oo:usisting of loos-eJ! .unoemen±ed mate..d.al. 
that overlies the bedrock . 

Variegated , Beds so described show-d.i:eferent colours in 
alternating beds or lenses. 



Wa.ter-tableo 
saturated with wa.tero 
it. A water-table is 
is separated from the 
unsaturated ma.terialo 
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The upper. limit of the part of the ground. 
This may be near the surface or :mo.ny feet be~ow 

said to be perched when a zone of saturatedrtorial 
ma.in water-table below by a zone or zones o 

Water-worked Tillo Glacial till or boulder clay that has been 
subjected to water o..ction, usually near the margins of glacial ·lakes., so 
that the fine clay haG been washed out and a deposit that may be composed 
mainly . of sand and gravel is left behind. 

Wellso The term refers to any hole sunk in the ground by any 
means for the purpose of obtaining watero If no water is obtained they 
a.re referred to as dry holes. Wells yielding water a.re divided into four 
classes l 

(1) FloNing Artesia~ Wells~ Wells in which the water is under 
sufficient hydrostati c pressure ·co flow abovo the surface of the ground 
at the well 0 

(2) Non-flowing Artesian (Sub-artesian) We llso Wells in which 
the water is under sufficient hydrostatic presGUJ.·e to raise it above the 
level of the aquifer~ but not above the level of the ground at the well. 

(3) Non-arteshn '\11fells o Wells in which the water does not rise 
above the water-table or the aquifer c 

(4) Intermittent Non-artesian Wells. Wells that are generally 
dry for a part of each yearo 

GENERAL DISCUSSION OF GROUND WATER 

Almost all the water recovered from beneath t:tie earth's surface 
for both domestic and industrial uses is meteoric wat er~ that is, water 
derived from the atmosphereo Most of this water reaches the surface as 
rain or snow. Part of it is carried off by streruns as run-off; part 
evaporates either directly from the surface and from the upper wnntle of 
soil. or indirectly through transpiration of plants; and the remainder 
sinks into the ground to b0 added to the ground-water supplies o 

The proportion of the t oto.l precipitation that sinks into the 
ground will depend largely upon the type of soil or surface rock., and on 
the topography; more water vrill sink into sand and gravel; for example, 
than into clay; if 9 on tho other hand, the region is hilly and dissected 
by numerous streams, mor e water wi 11 be i:rrm1edio.t ely drained from the 
surface than in a relatively flat areao Light; continued precipitation 
will furnish more water to the underground supply them brief torrential 
floods, during which the run- off may be nearly equal to the precipitation. 
Moisture failing on frozen ground ·will not uGuo.lly find its way below 
the surface~ and~ therefore, wi ll not waterially r epleni sh. the ground-water 
supplies o Light rains fall ing during the growing season roo.y be wholly 
absorbed by plants. The quantity of moistfure lost through direct evaporation 

.depends largely upon temperature~ vrind, and humidity. Locally these 
deposits may become very extensive. The water-bearing properties of 
alluvial deposits are variable, but, in general: such deposits form favourable 
aquifers. They are porous, and readily yield a part of their contained 
water , although in places their porosity may be greatly reduced by the 
presence of fine silt and c lo.yo This type of deposit may be expected to 
yield moderate domestic supplies through shallow wells~ and larger supplies 
if the depocits o.rtJ extensiveo 

In s~me areas of relatively steep slopes 3 valleys have been partly 
filled with sand and gravel~ which, in turn, have been covered with 
impervious clay and siltc The.s.e--0ircumsta.nc-es...J}-Ommonly give rist:1 __ t-O-a.rtesia.n 
conditions in the lower part of the valley. 
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DISCUSSION OF WATER ANALYSES 

Both the kind and quantity of mineral matter dissolved in 
a natural water depend upon the texture and chemical composition of 
the rocks with which the water has been in contact . Pollution is 
caused by contact with organic matter or its decomposition products . 
Analyses of well waters for mineral content are ma.de by the Depar tment 
of Heal th and Public Welfare; Winnipeg, and by the Bureau of Mines , 
Department of Nunes and Resources, ottawao 

As the ground-water survey of ~anitoba progresses an effort 
is made to secure samples representative of each wajor aquifer 
encountered ; the purpose of this is to compare the chemical characterist­
ics of waters from the various geological horizons and, thereby, assist 
in making correlations of the strata in which the waters occur . The 
miner al content of natural waters is also of interest to the consumers ,, 
though , the effects of the constituents are usually already apparent . 
The quantities of the various constituents for which tests are made are 
given as ' parts per million ', which refers to the proportion by weight 
of each constituent in 1, 000, 000 parts of water. A salt when dissolved 
in water separates into two chemical units called ' radicals', and these 
are expressed as such in the chemical analyses . In one group are 
inc l uded the metallic elements of calcium (Ca) , magnesium (Mg) , sodium 
(No.), and iron (Fe) , o.nd in the other group are the sulphate (804;), 
chloride (Cl) , bicarbonate (HC03), c~rbonate (C03), o.nd nitrate (N03) 
radicals . The radicals listed in the analyses tabulated in the second 
part of this report. can be combined to give the actual quuntity of the 
par ticular salts present in the water , but this is not done here as the 
radicals alone give enough information to identify t.he water types . In 
fact , the sulphate , chloride , and carbonate radicals, plus the hardness,, 
servo to identify a water , and crude field tests on the basis of these 
constituents were used in some areas to outline more completely zones of 
the various water types , 

The follONing minoral constituents include all that are 
commonl y found in natural waters in quo.nti ties sufficient to have any 
practical effect on the value of waters for ordinary uses: 

Silica (Si02) is dissolved in sooll quantities from almost 
all rocks . It is not objectionable except in so far as it contributes 
to the formo.tion of boiler scale . 

Iron (Fe) in combino.tion is dissolved from mn.ny rocks as well 
as from irortsulphide deposits with which the wa.ter comes in contact . It 
may al so be dissolved from well casings ,, ·water pipes, and other fixtures 
in quantities large enough to be objectionable, but sopara.tes as the 
hydrated oxide upon exposure of the water to the atmosphere , Excessive 
iron in water co.uses straining on porcelo.in or eno.melled ware , o.nd 
renders the water unsuitable for latmdry purposes. Vfater is usually 
considered not potable if the iron content is more than Oo5 part per 
million . 

Calcium (Co.) in the wo.ter comes from mineral particles 
present in the surface deposits , the chief sources being lime stone , 
gypsum, and dolomite . Fossil shells provide a source of calcium, as 
does also the decomposition of ignerius rocks . The common compounds of 
calcium._ a.re en.lei um carbonate (Ca CO_;) and calcium sulphate (CaS04) , 
neither of which ho.ve injurious effects on the consumer, but both of 
which cause hardness . 

M:tgnesiu.'Il(Mg ) is a common constituent of many igneous rocks and, 
therefore, very prevo.lent in ground wo.ter . Dolomite~ a carbonate of 
cal cium and magnesium, is also a sourco of the olement • . The sulphate--of 
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magnesia. (MgS04) combines with wo.ter to form ' Epsom sults ,' o.nd renders 
the wo.ter unwholesome if present in lo.rge a.mounts. 

Sodium(Na) is derived from o. number of the i mportn:nt rock­
forming minero.ls , so tho.t sodium sulphate o.nd carbonate o.r e very corrunon 
in ground waters . Sodium sulpho.te (Na. 2so4 ) combine.s with wo.ter to form 
'Glauber 's salt ' o.nd excessive a.mounts mo.ke tho wa.ter unsuitable f or 
drinking purposes. Sodium carbonate (No. 2co3 ) or 'blo.ck o.lkali ' waters 
a.re mostly soft , the degree of softness depending upon the ratio· of 
sodium carbonate to the co.lciUI!l a.nd ma.gnes.ium so.ltso Wa ters c ontaining 
sodium carbonate in excess of 200 parts per mi llion a.r e unsuitab l e for 
irrigation purposesl. Sodium sulphate is less harmfulo 

l 11 The extreme limit of sa.lts f or irrig,o.tion is to.ken to b e 70 parts 
per 100,000, but plo.nts wi ll not tolerate mor e tho.n 10 to 20 :parts per 
100,000 of blo.ck o. lko. li (o.lko.line carbonc.tes o.nd bicarbonates ) 11

• Fro.nk 
Dixey, in ' A Pro.ctico.l Ho.ndb ook of V<"o.ter Supply 1 , Thos . Murby & Co., 

. 1931, p. 254 . 

Sulphates (S04) referr ed to in this r eport a.re those of 
calcium, rrag;nesium, and sodium~ o.nd ho.vo been ment ioned o.bove in r eferring 
to these radicals. They o.re o.lso formed by oxidation of iron sulphines , 
and , henc e , i t is not uncommon to f i nd iron in sulphate waters. 
Sulphates cause permanent ho.rdnoss in water, o.nd injuri ous boiler scale~ 
Sodium ~nd magnesi um sulphates aro lo.xo.tivo when preserrt in quantities 
of more than 900 parts per million. The writ er s found that acclimatized 
people could drink water containing o.s much o.s 2~000 ports per million 
of a ll three of the principal sulphates , but that when all wer e present 
in quantities over 1,500 parts per million the wo.t or was commonly laxative 
to thos e not o.ccustomed to' i t 0 

Chloride (Cl) is a constituent of a ll mttn'a l wo.tcrs and is 
dissolvod in small quantities from rocks. Waters from wel l s that penotro.to 
brine r ..ir salt deposits contain large qu::mtities of chloride , usuo.lly o.s 
sodiur h l oride (common salt) o.nd l ess commonly o.s calcium chloride o.nd 
m'l.gnesi.ura chloride . Sodium ch l oride is a cho.ro.ctori sti c constituent of 
sowage ~ and any loca lly abnormal quantity suggests pollution f rom this 
source . 'However , such abnormal quantities sh ould not, in themselves , b o 
taken ns positive proof of polluti on in v iew of the mnny sources from 
wh ich --htoride mo.y bo derived~ Chl orides i mpo.rt a. so.lty to.ste to water 
if pre.ser"-; much,_in excess of 500 po.rts per :rnilli on . In southvvos tern 
IV"'Jo.nitobo. ·vo.ters with c.s much o..s 3 ,000 po.rts per million of chloride a.re 
used dom1:· ""tically, thouch mor e than 1, 500 parts per million is e;enero.lly 
cons id erou undesirable. The following figures o.ppl y to chlorides : stock 
will ,. eg 1Uire loss so.lt if the wo.tor boars 2,UOO po.rt o per million; more 
tha:..., 5 , 0~0 ports per million i s unfit for humo..n consumption ; more than 
8,000 pa:irts per million is unfit for horses ; more thc.n 9, 500 parts per 
million is too much for cattle ; and more than 1 5~ 500 parts per million is 
'exc essiv$ for sheep. ]/hgnesium chloride, loss cormnon than sodium chloride,. 
is very ~orros ive to metal pl umbing 0 

i 
l . 
) Titrates (N03 ) found in s r ound water o.re decomposition products 

of organ~~ ma torials; they arc not har :r.iful in themsel vos , but t hey do 
point to .Jrobo.ble pollution. It is recommended that o. bo.ctorial test be 
made on '"".tor showing o.n appreciabl e ni trn.to content, if it is to b e 
used for domestic purposos 0 

' . . I 
f1rb onates (CD.3) i n water a.re i ndicated in the to.ble o.F o.nuJ.yses 

QB ialkal~nity 1 , Calcium n:nd mn.gnes i um co.rbono.t~ cause ho.rdn.ess in wo.terJ 
which mo.y :oe partly r emoved by boiling . Sodium~ co.use s softness 
in waters , ', and is ref'erre d tc- urrd:ei 'Bod..inm_1'-:o.b~ 



... 7 -

Bicarbonates (HC03) . Carbon dioxide dissolved in water 
renders the insoluble calciurn and magnesium carbonates soluble as 
bicarbonates . The latter are decomposed by boiling the water, which 
changes them to insoluble carbonates , 

Hardness is a· condition i mparted to waters chiefly by 
dissolved calcium and magnes ium compounds , It here refers to the 
soap-destroying power of water , that is, to the amount of soap that 
must first be used to precipitate the above compounds before a lather 
is produced, The hardness of water in its original state is its total 
hardness , and is classif i ed as ' permanent hardness' and 'temporary 
hardness'. Permanent hardness r ornains after the water has been boiled . 
It is caused by minero.l salts that cnnnot be romovod from solution b~ 
boiling, but it con bo reducod by treating the water with natural 
softeners, such as ammonia or sodium carbonate, or with many manufactured 
softeners . Temporary hardness can b e eliminated by boiling, and is due 
to the presence. of bicarbona.tos of calcium and :rro.gnesium. Waters 
containing largo. quantities of sodium carbonate o.nd srno.11 amou..11ts of 
calcium and magnes ium compounds arc soft» but if the latter compounds are 
present in largo quantities the wa.tor is hardo The fo llowing table1 may 

1 Thresh, J . C,, and BealeJ J . F o : The Exo.mina:Cion of Waters and Water 
Supplios; London, 1925, p. 21 ~ 

be used to indicate tho degree of hardness of a water ~ 

Total Hardness 

Parts per million Char a ctor 

0~50, •••••••• • • , •.••••.••• Very soft 
50-100 •••••••• • • ••• , ., ••• , •• Moder ately soft 

100-150. o •• ••••• •• · •• , •••• ••• Slightl y hard 
150-200,,o••••••• o•• • ••••••e Modero.tely hard 
200-300~~e •••••••••• •• •• •••oHa.rd 
300 + , ••••• •• •• • ••••••• ••• Vory hard 

The above table gives the generally o.ccepted figures for hardness , but 
the people of Southwestern r&.l.uitobo. have bocomc accustomed to harder 
waters , and the following table , based on a.bout 800 field deter minat ions 
of hardness , by the soap method, is more o.pplicablo : 

Parts per million Character 

0-lOO oo oac• t•c • ooo ooto ocooVGry Soft 
100-150o •ooo oo o•••oo ooooo oo?Soft 
1 50-2 50o• o •ooooooo•oooo o • c • o~ffodora.toly ha.rd 
260-350 o•• ••co•ooooooo•cooooHO.rd 
350- 500. • e •••• • •• o •• ~ ••• • •• , Vory hard 
500~ ~•••••••••• o oa•••• • •o Excossively ha.rd 

Waters having o. hardness of 
used for l aundry purposes. 
from less tho.n 50 ports por 
million . 

up to 300 parts 
In southwostorn 
million to more 

per mil lion are commonly 
M..mi toba., )lordnoss ranges 
than 2,500 pa.rts per 
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PART II 

TOVOOHIFS l TO 61 RANGES 10 TO 151 "WEST 
PRINCIPAL MERIDIAN, MANITOBA 

(Pilot Mound Area) 

Introduction 

An investigation of the ground-water resources of tps. 1 to 6, 

rg,es. 10 to 151 w. Prine. mer., was cB.!'tied on by the writer during the 

field season of 1951. The account and map of the glacial geology were 

supplied by J. A. Elson. 

Physic~atures 

The twenty..J."our townships investigated are a part of the upland 

just west of Pembina. Mountain of the Manitoba escarpment. The surface 

slopes westward from the east side of the area at about 11 600 feet above 

se~evel and north from the International Boundary at around 11 550 feet, 

to the northwest corner, which stands at about 11 240 feet. In general 

the north half of the .area is rolling, with 50 to 250 feet of relief, and 

the south half undulating, with about 20 feet of relief. 

Age 

Recent 

Pleistocene 

Upper I 
Cretaceous. 

Geology 

Table of Formations 

Formation Character 

I 
Alluvium I Stream-laid mud_, silt, 

i sand, a.nd gravel 

Glacial dri.f t Till, clay, boulders; 
assorted sand and 
gravel in outwash 
plains and eskers 

Riding Mountain Upper beds of medium to 
light grey, hard, sil-
iceous shale (Odanah 
shale ) , with some thin 
layers of fine, blue 
sand and bentoni te beds; 
lower beds of slippery 
clay shale that tend to 
slump 

Thiclmess 
(feet) 

0-100 

500 + 
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Upper Cretaceous shaJ.es of the Riding ]'fountain formation underlie 

the Recent and GlaciaJ. deposits of the entire area but outcrop only along 

the sides of Pembina. Valley,, and of Rock and Pembina Lakes. The total 

thickness of the Riding Mountain formation is more than l,OOO feet but 

only the lower 400 feet or so are present in this area. The beds out-

cropping are the Odanah shale, a lithologic phase of the Riding Mount.8.in 

formation and they consist of hard, siliceous~ grey shale with a slight 

greenish cast when dry.. In freshly exposed cuts the shale appears some-

what massive, but quickly weathers into fissile fragmentso The hard 

siJiceous phases, in places, are interbedded with softer bentonitic shale. 

The shales comprising Odanah beds characteristically show purple staining 

and numerous purpJe-st.ained concretions are irregularly distributed 

throughout the unit. The basal part of the Riding Mountain formation in 

this area is a clay shale that tends to slumpo For further information 

on the bedrock geology, the reader is referred to the report of Wickend.en.
1 

The bedrock surface slopes northwest, as does the topography. 

Numerous d.rumlinoid hills are present in the north half of the area and 

a few also in the south, notably Pilot Mound and Nebogwawin Butte. 

The vaJ.ley of Pembina River crosses the area from west to east, 

from the west side of tpo 53 rge. 13, swinging northeast to tpo S, rge. ll, 

and then southeast to near the northeast corner of tp. 5, rge. 10. The 

i'lat valley floor is from 130 feet below the adjacent land surface in the 

west to about 250 feet in the easto Alluvial fans from streams made dams 

across the valley to form Rock Lake, Pembina Lake, and a small lake in 

sec. 29, tp. 4, rge. 10. 

The su.i:ficial deposits in the northern part of the area are made 

up of about equal parts of end moraine., ground moraine., outwash, and silt. 

The end moraine is an interrupted belt of hurmnocky till and displaced 

bedrock extending east through tp. 4, rges. 13 to 10, and north into tp. s, 

rges. 10 and 12; and north of this a plexus of hurmnocky till and ice-ocm .. oot.-

1 Wickenden1 R.T.D.: Mesoz.oic Stratigraphy of the Eastern Plains, 
Manitoba and Saskatchewan; Geolo Surv., Canada, Memo 239, 1945. 
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drift deposits. There are numerous eskers and kame-like deposits within . 

the area of end moraine. outwash deposits of sand, gravel, and silt, from 

2 to 10 feet thick, and areas of poorly sorted silt that may be partly 

aeolian in origin also occur locally. The ground moraine is a layer 1 2 to 

20 feet thick, of till overlying bedrock and the presence of many stream­

lined bosses (drumlinoids) indicate that the last continental glacier in 

this area moved towards the southeasto Small areas of clay and sand of 

delta.ic or lake origin cover much of the north part of tp. 61 rge. 13, 

and here there is also an aJJ.uvial fan deposited by Cypress River. This 

alluvium is a poorly sorted silt, sand, and clay with some gravel contain­

ing shale pebbles. The gravel forms the bottom third of the aJJ.uvium 

deposit, which is at least 10 feet thick, and also some deposits perhaps 

formed along channels. A buried soil profile is situated 2 to 4 feet 

below the surface and this contains fossil oak logs, peat, and clam shells. 

The thiclmess of the drift in the north half of the area is 

variable; the ground moraine is from a few inches to 20 feet thick and 

tl:e end moraine and stratified drift are at least 100 feet thick. Most of 

the smooth hills have a core of bedrock (Oda.nah shale) but some are pourly 

sorted sand and gravel. 

In the south half of the area, tps. 1 and 31 rges. 10 to 13, and 

tp. 41 rge. 10, the glacial and recent deposits are from 10 to 30 feet 

thick and they are on the average thicker in the west than in the east 

side. The deposits are about equal areas of ground moraine, silt, and 

outwash. There is washboard moraine in tp. 2, rge. 15. Ground moraine 

underlies both the silt and outwash and consists of a sheet of sandy-silty 

till up to 25 feet thick. It has a weathered buff appearance at the 

surface and the colour grades downward into grey at about 15 feet and 

below that depth clay is abundant. The silt deposits are thin, varying 

from 1 foot to 5 feet, and contain abundant sand and clay. This material 

probably was laid down in local ponds dammed by glacial ice but some may 
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be partly of aeolian origin. The outwash deposits are from 2 to 20 feet 

thick and include gravel, found mainly along the Pembina Valley, and sand 

and silt elsewhere. The washboard moraine in tp. 2., rge. 15, and vicinity 

is in the form of a series of discontinuous northeast trending ridges from 

10 to 50 feet high and spaced at intervals of about 500 feet. Undrained 

depressions are abundant and though the ridges are sandy to silty till, 

the materiaJ. below them is the typical ground moraine of the area. 

LocaJ.ly layers of boulders occur within the till. In these the 

boulders have their upper surfaces flattened and striated and probably 

were concentrated during an interglacial period of subaerial erosion. 

This boulder pavement at most exposures is between a sandy-clayey till 

below and a sandy to silty till above. 

Eskers are widespread throughout the area. They are interrupted 

ridges of sand and shaly gravel up to a maximum of 30 feet high and 200 

feet wide. Those in the south half of the area are generaJ.ly less than 

10 feet high and about a mile long. The sand and gravel may extend dO'Wll 

into the till a few feet; in North Dakota stratified material has been 

found in the gaps in the eskers. Most eskers though apt to be shallow 

are nevertheless sources of ground water. Eskers in the north part of 

the area are generally somewhat larger than those in the south and are on 

top o:f other bodies of stratified dri.ftoa Many are on high ground, and 

there, are too well drained to be good aquifers. 

Water Suppl:y: 

Pa.rt of the precipitation falling as rain or snow runs off the 

surface to Pembina River and thence to Red River and the sea. Part of the 

precipitation percolates through the till to the surface of the bedrock 

where it moves lateraJ.ly aJ.ong the bedrock surface and some penetrates 

fractures in the bedrock. In its dovmward and lateral movements the 

water dissolves sulphates and carbonates .from certain minerals in the 
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overburden and the becl.rocko The dissolved sulphates of calcium and 

magnesium give the water an aTuali taste. 

Aquifers of the Riding Mountain formation are the best source 

of ground water. Bored wells, with diameters of 8 to 24 inches, at 50 

feet or less in depth reach these sources in those areas where the thick­

ness of the overburden is only from 1 foot to 30 feeto Deeper wells, 2 

to 8 inches in diameter, may tap aquifers in which the water is under 

sufficient pressure to rise to points within 25 feet of the surface. 

Drilled wells, 200 feet or mo~e in depth, tap aquifers in the bedrock 

tbat yield water carrying dissolved sodium, sulphate, and bicarbonate. 

Although these impart a bitter taste, the water is softer than that from 

shallower bedrock aquifers. 

Most aquifers in the till are penetrated by dug wells less than 

20 feet deep and from 4 to 6 feet in diameter. These provide a large wall 

area for infiltration of water and a large storage space for it between 

periods of pumpingo Such wells yield from 2 to 10 gallons of water a 

minute and are equipped with hand pumps, though a few are equipped with 

small gasoline or electrically powered pumps. In recent years many owners 

have installed large capacity pumps and storage systems on these wells. Due 

to the abundance of rainfall in the period 1947-53 the supply has been 

maintained, but in dry seasons the large capacity pumps withdraw water 

faster than it can seep from the till into the wello 

Lenses of sand or gravel in the till commonly yield sufficient 

water to supply a farm. These stratified deposits are limited in thickness 

and extent and are termed ' gravel streaks' or tpocketst by drillers. They 

receive water from the till and make it more readily available to the well. 

Permeable gravel and sand of outwash plains provide excellent 

ground water supplies that can be tapped by sandpoints. 

Dugouts or dams are not required in this area as sufficient ground 

water for domestic and farm use is available even in years of limited rain­

fall. 
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Township 11 Range 10. The surface of the township is flat to 

uneven with the exception of three isolated hills, one of which, Nebog­

waWin Butte, rises approximately 100 feet above the surrounding area. 

A supply of hard, clear water is available from fractured zones 

in bedrock that is overlain by overburden from 2 to 40 feet thick. Nine 

of the 57 wells recorded yield soft water. 

The overburden is slightly permeable and yields water slowly. An 

excellent supply of potable ground water is present within a boulder pave­

ment at the base of the overburden in sections 24 and 26. 

Township 1, Range ll. The nearly flat to uneven surface of this 

township reflects the bedrock surf ace covered by from 8 to 30 feet of 

overburden. Long River crosses sections 6 and 7. 

Wells dug, bored, or drilled to or into bedrock obtain an abundant 

supply of fresh water at depths of less than 150 feet. The quality of this 

water is variable but commonly the water from deep wells is softer. The 

shallow aquifers yield water that is alkali and unsatisfactory for domestic 

use but beneficial for stock. 

In SW.i seco 18, three wells were drilled. One penetrated blue 

'clayt and broken shale of the Riding Mountain formation to reach an 

aquifer at a depth of 3l8 feet that yields hard, clear water under 

sufficient pressure to rise in the well to within 14 feet of the surface. 

A second well, 300 feet distant, reached, at 270 feet, an aquifer of broken 

shale arid gravel, within the Riding Mountain fo:nnation. This aquifer 

yields water of good quality that rises in the well to a point 14 feet 

from the surface of the ground~ The third well, 208 feet deep, yields 

soft water. 

Township 1, Range 12. The surface of the township is flat to 

uneven. Long River crosses the eastern pa.rt, entering in section 12 and 

leaving in section 35. 

Ground moraine, which varies in thickness from 10 to 55 feet, 
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covers most of the township. LocaJ. patches of outwash and ice-contact 

stratified drift are excellent aquifers that can be reached by shallow-dug 

wells 0 Elsewhere the glaciaJ. deposits are unsatisfactory as a source of 

ground water. 

The bedrock is the principal aquifer and wells drilled or bored 

into it yield a supply of water sufficient for 30 head of stock or more. 

These wells range in depth from 16 to 120 feet. 

Forty-eight wells are recorded for the tovmship. Eight yield soft 

water and these reach aquifers at depths of 100 feet or more in the bedrock. 

Township 1, Range 13. The tovmship is largely covered by ground 

moraine and outwash. The surface is rolling to uneven in the fonner case 

and flat to uneven in the outwash areas. 

For a supply of ground water wells can be dug, bored, or drilled 

to the bedrock through from 10 to 35 feet of overburden, or drilled into 

bedrock never over 75 feet. Nine wells yield soft water. They are in the 

south pa.rt of the tovmship where the overburden is pervious and allows for 

the direct percolation of the rainfaJ.1 through it into the shaJ.e. Else­

where the less pervious materiaJ.s retard the movement of the ground water, 

which in its slowe~ downward movement absorbs more saJ.ts from the over­

burdene 

In the north part of the township the quaJ.ity of the ground water 

is suitable for domestic and stock use except in those wells bordering the 

slough lands of sections 211 22, 23, 26 and 27. Here slough waters 

percolate the shale to contaminate the wells. 

!9wnship 21 Range 10. The common aquifer of this township is the 

broken and fractured shale that underlies 8 to 20 feet of ground moraine 

and outwash silt depositso Wells are dug to depths of 50 feet or less 

and each farm has a domestic well and a stock well. 

In SE.! sec. 34, 2 wells drilled 100 .feet deep penetrate blue clay 

and yield just enough water for 15 head of stock. Test holes bored 60 to 

llO feet deep in NVv .~ sec. 25, reached aquifers in which the water was too 

aJ.kaJ.i to use. 
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Wells drilled to depths of from 125 to 175 feet in sections 9 and 

27, respectively, yield soft water. 

Township 2, Range ll. The surface of the tom ship is uneven to 

hilly, With isolated hills rising 55 to 50 feet above the surrounding plain. 

Two branches of the intennittent Crystal Creek cross the southwest quarter 

of the township. 

The chief aquifer, the bedrock, is overlain by overburden that 

varies in thickness from 1 foot to 40 feet. An abundant supply of hard, 

clear, slightly alkali water is available from an aquifer at an average 

depth of 75 feet from the surf ace of the ground. Each fann has a domestic 

well and one or more stock wells. 

Township 2.t Range J2. Long River crosses the township from section 

2 to section 51 in a valley from 1,000 to 2,000 feet wide and 25 to 30 feet 

deep cut through the overburden and into bedrock. Crystal Creek crosses the 

township from section 15 to section 34 in a valley from 21 000 to 41 000 feet 

wide and 10 to 15 feet deep. Both streams flow north. 

Although outwash gravels cover most of the township, they are not 

of economic importance as aquifers. Wells are dug, bored, or drilled into 

the bedrock, where an abundant supply of hard, clear water is obtained. 

These wells are commonly less than 50 feet deep but others are recorded 

that are 80, lOO, and 150 feet deep~ 

A well drilled 290 feet deep, in SE.-i sec. 5, yields water under 

sufficient pressure to rise in the well to a point 40 feet from the surface. 

The water has a totaJ. hardness of 172 parts per million. Of the totaJ. 51 890 

parts per million of dissolved solids 2,952 are sodium chloride. Therefore, 

the water is salty and although soft it is not satisfactory for laundry as 

tl:e sodium chloride destroys the cleaning quality of the soap. 

Township 2, Range 15. The surface of the township is rolling. The 

south half is largely covered with ground moraine and elsewhere end moraine 

and outwash gravels mantle the bedrock. The surface deposits vary in thick­

ness from 20 to 50 f eeto A sufficient supply of hard, alkali water is 
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obtained f~om aquifers in the bedrock that are reached by boring to depths 

of 40 to 80 feet. 

In NE.! sece 26,a weJJ. driJJ.ed 205 feet deep yields an abundant 

supply of soft water that is under sufficient pressure to rise in the 

casing to a point 40 feet from the surf ace of the ground. 

Township 3, Range 10. The surface of this township is roJJ.ing. 

P6.w.bina River follows a valley 200 feet deep and approximately 1 mile wide 

across the northeast quarter of the township. 

Ground moraine, from 5 to 25 feet thick, overlies the bedrock. 

It is an aquifer in sections 2, 5, 4, s, 11, and 12, where weJJ.s 18 to 24 

feet deep supply a sufficient quantity of hard, clear water from gravel 

and sand lenses. The ground moraine in the north part of the township is 

largely covered by outwash sand and gravel that is too thin to be of any 

consequence as an aquifer. Here wells are bored or drilled 60 to 80 feet 

into the bedrock. An abundant supply of potable water is available from 

such wells but those under 60 feet in depth fail during periods of drought. 

In SE.! seco 23, a well 200 feet deep yields approximately 30 

gaJJ.ons of water a day, but the water is soft and sufficient for domestic 

needs. 

Township 5, Range JJ.. Pilot Mound, a bedrock cored hiJJ. covered 

With ground moraine, rises 80 to 100 feet above the surro'\.Ulding uneven to 

level plain of the township. The southeast part of the township is covered 

by a clayey silt, probably of outwash origin. The remainder of the town­

ship is covered by outwash sand and gravel except an area of end moraine 

along the north margino 

A sufficient supply of water is available from the shaJ.e under­

lying the overburden. Wells in the west half of the township are dug 25 

to 30 feet deep whereas in the east half deeper bored weJJ.s are common. 

Township 32 Range 12. Pembina River crosses the tow:iship in a 

broad valley about 1 mile wide and With waJJ.s rising 100 feet or more above 

the flat floor, and these are gullied by short streams. 
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The bedrock is mantled by outwash deposits that vary in thickness 

from 7 to 45 feet. North of the river outwash gravel and ice-contact 

stratified drift are excellent aquifers and there wells are dug from 18 

to 50 feet deep. Sandpoints are also used where possible. Elsewhere a 

sufficient supply of hard, clear water is obtained from wells dug or bored 

28 to 120 feet into bedrock. 

Township 5,, Range 15. Rock Lake occupies that part of Pembina 

Valley that crosses this township from section 18 to section 12. 

North of Rock Lake an abundant supply of medium hard, clear water 

is obtained from outwash deposits of sand and gravel in which wells are 

dug or driven to less than 50 feet~ 

Ground water pumped from the bedrock in this township is commonly 

alkali. Drilled wells are 125, 285, 170, and 157 feet deep in sections 1, 

2, 6, and 8. In NE.i sec. 15, a well drilled 125 feet reached a zone of 

sand at 118 feet below till. The water in this sand was under sufficient 

pressure to rise to the surf ace and overflow at a rate of 7 gallons a 

minute. In section 56 two wells drilled 110 and 176 feet deep, respect­

ively, yield aJ.kali water sufficient for 50 head of stock. 

Township 4, Range 10. The broad valley of Pembina River crosses 

the township from section 51 to section 2. Wells are dug or bored through 

10 to 25 feet of overburden to fractured bedrock. If the supply from this 

aquifer is limited, the wells are deepened on an average less than 50 feet. 

The water is hard, slightly aJ.kali, and sufficient for domestic and stock 

needs. 

Township 41 Range 11. Pembina Lake occupies that part of Pembina 

Valley crossing the northwest quarter of the township. The surficial 

deposits are largely sands and silts except for an area of end moraine in 

thd southeast quarter, and ground moraine in the west part. 

The chief aquifer is the bedrock, and a sufficient supply of hard, 

clear water is obtained from wells bored into it to depths of 25 to 100 

feet. Local patches of sand or gravel yield a limited supply of water for 

domestic needs but such wells are not common. 
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Township 4, Range 12. Pembina River crosses the tovnship from 

section 2 to section 24 and an intermittent tributary crosses the north­

west quarter of the township to enter the Pembina in section 24. 

Ice-contact stratified drift and lenses and pockets of gravel in 

the overburden are local but excellent aquifers. Where these are lacking 

welJ.s dug less than 40 feet deep and to the surface of the shale yield an 

abundance of hard, clear water. 

Aquifers at depths of 95 and 90 feet in the bedrock were encount­

ered by wells drilled in sections 9 and 16 respectively. 

Township 41 Range 15. The surface of this tovmship is uneven to 

hilly with undrained depressions, some of which are filled with water, 

covering 5 or 4 acres of land. 

The thickness of the overburden is variable, in the northeast 

quarter bedrock lies within 45 feet of the surface whereas in section 1 

a test hole penetrated 106 feet of blue clay. Wells are commonly dug 

into ridges, lenses, or layers of sand and gravel. These wells are less 

than 40 feet deep and supply sufficient hard, clear water for domestic 

and stock need.. 

Township 5, Range 10. Ground and end moraine with outwash sand 

and silt cover this tovmship. The surface is irregular with elongate 

ridges and drumlin-like hills. The thickness of the overburden varies 

from 10 to 20 feet and is underlain by shale. 

The chief aquifers are in the fractured surf ace of the bedrock. 

Wells are bored 20 to 50 feet deep to the bedrock and a sufficient supply 

of hard, clear water is pumped from them. All farms in this township have 

adequate water from this source. 

Township 5, Range 11. The greater part of this township is 

included in Swan Lake Indian Reserve No. 7. The surface is rolling, with 

extensive wooded areas. 

Water is available from the bedrock, which is reached by wells 

dug or bored 15 to 75 feet. The deeper wells yield alkali water. 



- 19 -

Township 53 Range 12. The surface of this township is rolling 

to hilly, with abandoned channels and undrained depressions. 

Throughout the township a sufficient supply of water is obtained 

from shallow wells that are on the average 25 feet deep. These wells 

reach aquifers in the overburden or the fractured surface of the bedrock. 

A few wells have been bored 75 to 80 feet deep but in them the water 

er.countered was alkali and hardo 

Township 51 Range 15. Numerous sloughs and wooded areas are common 

in the north half of this township_, which is largely covered by end moraine. 

The south half is more even being an area of ice-contact stratified drift 

and outwash gravel, sand, and silt. 

Bedrock lies Within 10 feet of the surface in section 6 whereas 

in section 25 a well penetrated 65 feet of overburden. A supply of ground 

water is available at the contact of the overburden and the bedrock. 

Township 61 Range 10. This township lies within the Tiger Hills. 

Undrained basins lie at irregular intervals between the hills and drainage 

channels of intermittent streams cross the township affording natural 

drainage for run-offo 

Wells dug to the bedrock yield an adequate supply of hard, clear 

water from local and widespread aquifers. Some wells penetrate the bedrock 

b~t throughout the township they are less than 60 feet deep. 

Township 6.z Range 11. This tovnship lies within the Tiger Hills, 

a belt of wooded hills 100 to 200 feet high, and intervening undrained 

basine and marsh lands. Cypress River crosses the south part of the town­

ship. 

The tovmship is largely covered by ground moraine with outwash 

sand and gravel and ice-contact stratified drift. These are excellent 

aquifers that supply much of the ground water to the farms of the town­

ship. Elsewhere wells are dug or bored to the bedrock where an abundant 

supply of water is encountered at depths of from 20 to 86 feet. 
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Township 62 Range 12. The surface of this tovmship is rolling 

to hilly. Ground moraine with associated ice-contact stratified drift 

largely covers the bedrock, which has been moulded into drumlin-like 

bills. Cypress River crosses the township, flowing west from section 2 

to section 18 and ·bhen north to section 31. 

Wells are dug less than 40 feet into either lenses of gravel in 

the ground morains or ice-contact stratified drift. vTI1ere bedrock is 

within 20 feet of the surface a sufficient supply of water is obtained 

from shallow wells dug into ito 

In 1W.i seen 8 and l~V.i sec. 10, wells drilled from 107 and 120 

f &~t deep yield alkali water from the bedrock. 

Township 6 2 Range 13,. The surf ace of the township is uneven to 

flat except a rolling to hilly tract of ground moraine in the south part. 

In the north part which is largely covered by an alluvial fan 

deposited by Cypress River, wells are dug less than 40 feet into sand that 

yields an abundant supply of hard, clear water. Sandpoints are also used. 

In the area of ground moraine patches of outwash gravel or lenses of sand 

are the most favourab1e aquifers. However, some wells dug f rom·35.to 50 feet 

to bedrock yield alkali water~ 

In NW.i seen 12, a limited supply of water, 15 to 20 gallons a 

day, is obtained by pumping two wells, one 127 feet deep and the other 

107 feet deep. 

Discussion of Analyses 

A general discussion of water an~lyses will be found on page 5 of 

this reporto Thirty samples of ground water from the Pilot Mound area 

were analysed by the Industrial Waters Section, Mines Branch, Department 

of Mines and Technical Surveys3 Ottawao 

No standards for the chemical composition of potable waters have 

been established in Canadao In the United States, however, the need for 

federal control of the quality of water used by interstate water carriers 
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led to the establishment by the American Public Health Service of the 

following partial list of chemical standards. 

Chemical 
constituent 

Dissolved 
Chloride 
Sulphate 

solids 
(Cl) 
(S04) 

Magnesiu.rn. (Mg) 
Fluoride (F) 
Iron and manganese 

Maximum concentration permitted 
(parts per million) 

SOO, (1,000 permitted if necessary) 
250 
250 
125 

1.5 
0.5 

The 50 analyses included in this report fail to show any 

correlation between the chemical character of the water and the aquifer 

from which it was taken, except possibly in the case of magnesium. The 

concentration of magnesium in the waters from the deeper aquifers is 

notably less than in the case of the shallower aquifers. Also the non-

carbonate hardness is negligible in the case of the deeper aquifers and 

the waters are softer. 

That the character of the ground water within the same aquifer 

varies considerably even in short distances is illustrated by the analyses 

for samples NV'l. 2.4-2-12 am SE. 25-2-12 (See Table of Analyses of Ground 

Waters). These samples were collected from wells in Crystal City, Man., 
owned by J. E. Montgomery and N. Eo Gorrell respectively. The wells are 

82 and 85 feet deep, respectively, and reach the same aquifer. 
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Sample SW. 6-2-15 was taken from a bored well in Mather, Man., 

owned by A. L. Ful.tord. The analysis showed a concentration of 1430.0 ppm. 

sodium and 2592.6 ppm. sulphateo These constituents combine to produce 

sodium sulphate, which crystallizes from the water as the hydrate, 

Glauberts Salt. Needle-shaped crystals of Glauberts SaJ..t line the inside 

of the wooden cribbing during wet seasons and rapidly dry and fall as a 

powder during drier seasons. Glauberts Salt is also commonly seen as a 

white precipitate on and near watering troughs. 

The presence of nitrate in ground water may indicate organic 

contamination. It is recommended that water containing more than 45 ppm. 

of nitrate should not be used in feeding infants because of the danger of 

infant cyanosis (methemoglobinemia), resulting in the so-called blue baby. 

The presence of fluoride in drinking water in excess of 1.5 ppm. 

may cause mottling of the enamel of teeth in young children, but fluoride 

in concentrations less than 1 ppm. is regarded by many as beneficial to 

the development of the teeth. 

Record of Wells 

The f ollow.i.ng table of well records has been prepared from 

drillers• records and data collected by the GeologicaJ. Survey of Canada. 

The following _abbreviations are used: 

Sec. Section 

Drl. Drilled well 

Brd. Bored well 

Drn. Drivan WGll (sandpoint) 

R.M .. Riding Mountain formation 

Dom. Do:nestic use 

Stk. Stock use 

Not Not used 

Mun. Municipal use 

# Well from which sample was taken 
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