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CPART I
: INTRODUCTION

The present report is an attempt to anssemble the date on ground=-
water resourees in a form thet will be useful to well drillers, farmers,
municipol authqrities, and others 1nterested in obtainlng ndeguate water
supplies, i .

]

' Publicaeion of Results

The essential information pertaining to ground-wnter conditions
is being issued in reports that, in Manitobe, cover a squarc block of
sixteen townships lying between the correction lines and beginning at the
Saskatchewan boundary. The reports on the most southerly strip of the
province include in addition the two townships lying north of the
~ International Boundary, The secretury-treasurer of each municipality

will be supplied with the informetion covering that minicipality, and
 oopies of the reports will also be available for study at offices of
- the Provineinl apd Federal Departments. Further essidtance in inter-
preting the reports mey be obtained by applylng to thé Chief Geologlst,
. Geological Survey of -Canada, Ottawu.

How to Use the Reporf

Anyone desiring information concerning ground-water in any
porticular locality will find the available dete listed in the well
records, ond other pertinent informetion on the maps of the area, For
those unfemilier with these reports it is, perhaps, advisable that thot
part dealing with the area as o whole be read first, so as to be in a
better position to understand the more particular deseriptions of each
township that follow. Also, the map accompanying the report should
prove a useful source of reference when reading the text,

: The map con31sts of two figures. Figure I shows bedrock and
surface geology.. The waker-bearing properties of the bedrock change
from formation to formation, and are referred to id subsequent pages.
The type of glacial deposit at the surface moy be determined from the
mop, end its possibilities as an aquifer are also igoussed in this
report.

Figure 2 shows the location and types of wells in the aren,

. the lend relief (topography), and the drainsge pattern. Not every well
is plotted on the map, but most of those giving pertinent information

‘are shown, and probably include 90 per cent of the wells in the area,
Wherse ‘ground woter is not rendily eavailable, or carries too much dissolved
salts to be used, dugouts often form the only means of supply. The
topography is shown by contours, or lines of equal elevntion, spaced at
_vertical interwvels of 50 feet.

. f
The well records are compiled from date opteined by interviewing

farmers, and in many cases their accuracy depends upon the farmert's
memory., Wherever possible date were checked by plumb=line measurement

to the nearest foot., The wells are tabuleted by townships end sections,
and the total depth of the well, depths to the watéer level at high and low
stages,. and, where possible, the depth at which the water=bearing

horizon occurs, are all listed. The general charocter of the water

is stated, and the use to which it can be put. Wells from which ,
samples were taken for analysis are indicated on the well-record sheets,
Ap idea of how much water a well can be expected to yield is suggested
by the number of stock (cattle and horses only) that can be
wetered et it. One head is  assumed to consume between 8 and

}%’“gm;&eﬁew;of woter a daye Unless _followod—by—the —word—Senlyl.
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the figure for the number of stock watered is not necessarily the
maximum yield of the well, but 51mp1y the greatest amount that the present
. user has required. The word "only" indicates that the figure given is the
maximum yield of the well. To obtain the position of an aquifer at any
given point, the elevation of the point should be determined from the
contours on Figure 2 of the map. Elevations of adjacent Wwells may be
found in the well records and the depth to the aquifer caen usually be
determined from them, By comparing elevations the depth of the aquifer
below the unknown point may be estimated, This method is particularly
epplicable to bedrock wells, but may not be successful where information
is too limited, or where the glacial drift is thick end of an irregular
character. In such instances a person searching for water should refer to
the text for information on the nature of the deposits in that aresa.

GLOSSARY OF TERMS USED

. Alkaline, The term ‘alkaline' or ‘'alkali' water has been

applied rather loosely to waters having & peculiar and disagreeable taste,
and commonly a laxative effect, The waters so described in the Prairie
Provinces are those heavily charged with sulphates of magnesium and sodium
(respectively Epsom salts and Glauber's salts) and are more correctly
termed sulphate waters., Truly falkaline! waters owe that property to the
presence of calecium carbonate and celcitm bicarbonate, In this report an
attempt to adhere to local terminology is made by referring to sulphate
waters as ‘alkali' in the well records, and the term falkaline' is avoided.

Alluvium, Deposits of clay, silt, sand, gravel, and other
material in lake beds and in flood plains of modern streams., The term
also includes the material in river torraces, which once formed part of the
flood plain but are now sbove it,

égulfere A porous bed, lens, pocket, or deposit of material that
transmits water in sufficient quantlty to setisfy pumping wells 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 drift,

Bentonite.and bentonitic clays have the property of swelling when
water is added to them, They occur as white beds asi much as 2 feet thick,
but usually much thinner, and are probably formed by the weatherlng of
volecanic ash,

Buried pre-Glacial Stream Channel, A channel eroded into the
surface of the bedrock by a stream before the advance of the continental
ice~sheet, and subsequently either partly or wholly filled in by sands,
.gravelg, and boulder clay deposited by the ice-sheet or later agemncies.,

Coal Seam, The same as a coal bed, It is a deposit of carbanaceoms
material formed from the remains of plents by partial decomposition and
_burial,

Contour, A line on e map 301n1ng points that have the same
elevation above sea-level,

Continental Ice-sheet. The great ice-sheet that covered most of
the surface of lenada many thousands of years ago.

Escarpment, A cliff or relatively steep slope separating level
or gently slopping areas,

Flood Plain, A flat pert of a river valley ordinarily above water
“but euhmergea when the river is in flood,.: At .is ap_ares where.silt-and
clay are being deposited.
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Glacial 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
e large part of the glaciel 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 occurs in the following several forms:

(1) Terminal Moraine or Moraine, A ridge or series of ridges
formed by glacial drift that was laid down at the margin of a moving
jce~sheet, The surface is characterized by irregular hills end uwndrained
basins, '

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

(3) Ground Moraine, Boulder clay (till) laeid down at the base
of an ice=-sheet, The topography may vary from flat to gently rolling.

(4) Glacial Outwash. Sand and gravel pleins or deltas formed
by streams that issued from the continental ice-sheet,

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

Shoreline, A discontinuous escarpment, with intervening
gravel beaches and bars, which indicates the former margin of a glacial lake,

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

water-table,

Hydrostatic Pressure, The éressure that. causes wabter in a
well to rise above the point at which it was first encountered in the well,
namely, at the level of the aquifer,

Impervious or impermeable; Beds such as fine clays or shale
are considered to be impermeable when they do not permit the perceptible
passage or movement of ground water,

Porvious or Permeable., Beds are pervious or permeable when
they permit the perceptible passage or movement of ground water, as in the
case of sands and gravels,

Pre~Glacial Land Surface, The surface of the land as it
existed before the ice-sheet covered it with drifte.

Recent Deposits, Deposits that have been laid down by the
agencies of water and wind since the disappearance of the continental ice=-
sheet; for example, alluvium in stream valloys.

Send Point or Driven Well. A send point is a piece of
perforated and screened pipe 2 or 4 feot long, which ends in o sharp point.
It is fastened to lengths of ordinary pipe and forced down into surface
deposits of a sandy or greavelly nature., The depth of such a well rarely
exceeds 30 feet, '

Unconsolidated Deposits, The mantle or-covering of alluvium,
. “pre—glacial solls, and glacial drift counsisting of loose, unoementaed material
that overlies the bedrock. ’

Variegated. Beds so described show—different colours in
alternating beds or lenses,
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Water~table, The upper. limit of the part of the groun& ,
saturated with water, This may be near the surface or many feet below
ite A water-table is said to be perched when & zme of saturatedt}m'berial
is separated from the main we.ter-table below by a zone or zones o
unsaturated material,

Water~worked Till, Glacial till or boulder clay that has been
subjected to water action, usually near the margins of glacial lakes, so
that the fine clay has been washed out and a deposrb that may be composed
meinly of sand and.gravel is left behind,

Wells. The term refers to any hole sunk in the groumd by any
means for the purpose of obtaining water. If no water is obtained they
are referred to as dry holes., Wells yielding water are divided into four
classess

(1) Flowing Artesien Wells. Wells in which the water is under
sufficient hydrostatic pressurse to flow above the surface of the grownd
at the well,

(2) Yon-flowing Artesian (Sub-artesian) Wells, Wells in which
the water is under sufficient hydrostatic presswure to raise it above the
level of the aquifer, but not above the level of the ground at the well,

(3) Non~artesian Wells, Wells in which the water does not rise
above the water-table or the aquifer.

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

GENERAL DISCUSSION OF GROUND WATER

Almost all the water recovered from beneath the earth's surface
for both domestic and industrisl uses is meteoric water, that is, water
derived from the atmosphere, Most of this water reaches the surface as
rein or snow, Part of it is carried off by streams as run-off; part
evaporates either directly from the surface and from the upper mantle of
soil, or indirectly through transpiration of plents; and the remainder
sinks into the ground to be added to the ground-water supplies,

The proportion of the total precipitation that sinks into the
ground will depend largely upon the type of soil or surface rock, and on
the topography; more water will sink into sand and gravel, for example,
than into clay; if, on the other hand, the region is hilly and dissected
by numerous- streams, more water will be immediately drained from the
surface than in a relatively flat area, Light, continued precipitation
will furnish more water to the underground supply than brief torrential
floods, during which the rum=-off may be nearly equal to the precipitation.
Moisture failing on frozen ground will not usually find its way below '
the surface, and, therefore, will not materially replenish the ground-water
supplies. Light rains falling during the growing season may be wholly
absorbed by plonts., The quantity of moistiire lost through direct evaporation
.depends largely upon temperature, wind, 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 cloy. This type of deposit may be expected to
yield moderate domestic supplies through shallow wells, and 1a.rger supplies
if the-deposits are exbensive,,

In some areas of relatlvely steep slopes, valleys have been partly
filled with sand and gravel, which, in turn, have been covered with
impervious clay and silt, These circumstances commonly-give rise to-artesian
conditions in the lower part of the wvelley,
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DISCUSSION OF WATER ANALYSES

Both the kind end 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 made by the Department
of Health and Public Welfare, Winnipeg, and by the Bureau of Mines,
Department of Mines end Resources, Ottawsae

As the grownd-water survey of Manitobe progresses an effort
is made to secure samples representative of each major aquifer
encountered; the purpose of this is to compare the chemical characterist-
ies of waters from the various geological horizons and, thereby, assist
in meking correlations of the strata in which the waters occur. The
mineral content of natural waters is also of interest to the consumers,
though:the effects of the constituents are usually already apparent.
The quentities 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 ocalled 'radicals', and these
are expressed as such in the chemical analyses. In one group are
_ included the metallic elements of caleium (Ca), megnesium (Mg), sodium
(Na), and iron (Fe), and in the other group are the sulphate (SO4),
chloride (Cl), bicarbonate (HCOz), carbonnte (COz), ond nitrate (NOz)
radicals, The radicals listed in the analyses tabulated in the second
part of this report can be combined to give the actual quentity of the
particular salts present in the water, but this is not done here as the
radicals alone give enough information to identify the water types. In
fact, the sulphate, chloride, and carbonate radicals, plus the hardness,
serve to identify a water, and crude field tests on the basis of these
constituents were used in some ereas to outline more completely zones of
the various water types,

The following minoral constituents include all that- are
commonly found in natural waters in quantities sufficient to have any
practical effect on the value of waters for ordinary uses:

Silica (8102) is dissolved in smell quantities from almost
all rocks. It is not objectionable except in so far as it contributes
to the formation of boiler scale,

Iron (Fe) in combination is dissolved from many rocks as well
as from iron sulphide deposits with which the water comes in contact, It
mey also be dissolved from well casings, water pipes, and other fixtures
in quantities large enough to be objectionable, but separates as the
hydrated oxide upon exposure of the water to the atmosphere, Excessive
iron in water causes straeining on porcelain or enamelled ware, and
renders the water unsuitable for lawndry purposes. Water is usually
considered not potable if the iron content is more than 045 part per
million.

Calcium (Ca) in the woter comes from mineral particles
present in the surface deposits, the chief sources being limestone,
gypsum, and dolomite, Fossil shells provide a source of calcium, as
does also the decomposition of igneous rocks. The common compownds of
caleium are caleium carbonate (CaCO;) and calcium sulphate (CaS04),
neither of which have injurious effects on the consumer, but both of
which cause hardness,

Magnesium(Mg) is a common constituent of many igneous rocks and,
therefore, very prevalent in ground water. Dolomite, & carbonate of
calcium and magnesium, is also a source of the element. -The sulphate-of

el
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mognesie (MzSO4) combines with water to form 'Epsom salts,' and renders
the water unwholesome if present in large amounts.

Sodium(Na) is derived from o number of the important rock=
forming minerals, so that sodium sulphate and carbonate are very common
in ground waters., Sodium sulphate (NaZSO4) combines with water to form
'Glauber's salt' and cxcessive amounts mnke tho woter unsuitaeble for
drinking purposes, Sodium carbonate (Na.2003) or ‘'black alkali' waters
are mostly soft, the degrec of softness deponding upon the ratio of
sodium carbonote to the caleium and magnesium salts, Waters containing
sodium carbonate in excess of 200 parts por million are unsuitable for
irrjgation purposesl, Sodium sulphate is less harmfuls

Inthe extreme 1imit of salts for irrigation is taken to be 70 parts
per 100,000, but plants will not tolerate more than 10 to 20 parts per
100,000 of black alkali (alkeline carbonotes and bicarbonatesg?'. Frank
Dixey, in 'A Practical Handbook of Water Supply', Thos. Murby & Co.,
1931, p. 254,

Sulphates (804) referred to in this roport are those of
calcium, magnesium, and sodium, and have been montioned above in referring
to these radicals, They are also formed by oxidation of iron sulphides,
and, hence, it is not uncommon to find iron in sulphate waters.
Sulphates cause permanent haordness in water, and injurious boiler scale.
Sodium and magnesium sulphates aro laxotive when present in quantities
of more than 900 parts per million, The writors found that acclimatized
people could drink water containing as much as 2,000 poarts por million
of all three of the principal sulphates, but that when all were present
iél &Jgggiﬁbgfsacoxg'tolﬁfdoqc C_;Qo.irttf per million the wator was commonly laxative.
Chloride (Cl) is o constituent of all matural woters and is
‘dissolved in small quaentitics from rocks. Waters from wells that penetrato
brine:r or salt deposits contain large quantities of chlorido, usually as
sodiw bhloride (common salt) and less commonly as calecium chloride and
mgnesium chloride, Sodium chlorido is o characteristic constituent of
sewage, and any locally abnormal quantity suggests pollution from this
source', However, such obnormnl quantities should not, in themselves, be
teken es positive proof of pollution in view of the many sources from
which -hloride may be derived. Chlorides impart o salty taste to water
if preser* much.in excess of 500 parts per million. In southwestern
Manitoba -—vaters with as much as 3,000 parts per million of chloride are
used domestically, though more than 1,500 parts per million is generally
considercou undesirable. The following figures apply to chlorides: stock
will require less salt if the woter bears 2,000 parts per million; more
than 5,000 parts per million is unfit for human consumptiom; more than
8,000 parts per million is unfit for horses; more them 9,500 parts per
million is too much for cattle; and more thom 15,500 parts per million is
excessive for sheep. Mognesium chloride, less common then sodium chloride,
is very dorrosive to metal plumbing.
!
\.‘;Iitrates (NO3) found in ground water are decomposition products
of organ* materials; they arc not harmful in themselves, but they do
point to orobable pollution, It is recommended that a bacterial test be
made on water showing an appreciable nitrate content, if it is to be
used for domestic purposes, ) :
varbonabes (C0z ) in water are indicated in the table of analyses
bY] 'alkalfnityi. Calcium and mognesium carbonate cause hardness in water,
which may (0e partly removed by boiling. Sodium carbonstc causes softness
in waters, and is referred tc—under Sodimm*-above.
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Bicarbonates (HCOz)., Carbon dioxide dissolved in water
renders the insoluble calcium and magnesium carbonetes soluble as
bicarbonates. The latter are decomposed by boiling the water, which
changes them to insoluble.carbonates,

Hardness is & condition imparted to waters chiefly by
dissolved calcium and magnesium 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 classified as ‘'permenent hardness' and 'temporary
hardness!, Permanent hardness remains aftor the water has been boiled.
It is caused by mineral salts that connot be removed from solution by
boiling, but it can bo reducod by troating the water with natural
softeners, such as ammonia or sodium carbonete, or with meny manufactured
sof teners, Temporary hardness can be eliminated by boiling, and is due
to the presence, of bicarbonates of calcium end magnesium. Waters
conteining large. quentitios of sodium corbonate and small amounts of
calecium end magnesium compounds are soft, but if the latter compounds are
present in large quantities the water is hord, The following tablel may

1Thresh, JeCue, and Boalo, J<F,: Tho Examination of Waters and Water
Supplios; London, 1925, p. 21,

be used to indicato tho dogroo of hardnoss of o water:

Total Hardnoss

Parts per million Charactor

0-50.-.-.-.....a..a...-...Véry soft
50‘1000500cnooooc-c-ooq ce o.MOderately soft
100=150,040 05 tq.ouuoceoooo..sllghtly hard
150—200.-os¢-n.oooo'anoooocoMbdoerely hard
ZOO-SOO.Q...........e....s.oHard
300 ...................a.Véry hard

The above table gives the geneorally acceptod figures for hardness, but
the people of southwestern Manitoba have bocome accustomed to harder
waters, and the following bablc, based on about 800 field determinations
- of hardness, by the soap method, is more applicable:

Parts per million Character

O-loo..o.e-eee-oocolnoocnnvery Sth
100'150o-uoooou--ooaoououoooSOft
150=25000 00 s00aaess0csecscssModoratoly hard
260=3508es0s00a00000008ec000eHard
350=5004¢0esscossasscssscessvery hard
500 soococono-oqcooooon..ExceSSively hard

Waters having o hardncss of up to 300 parts per million are commanly '
used for laundry purposcs, In southwostern M;n1tobu,lhardnoss ronges
from less than 50 parts per million to morc than 2,500 perts per
million,
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PART II

TOWNSHIPS 1 TO 6, RANGES 10 TO 13, WEST
PRINCIPAL MERIDIAN, MANITOBA

(Pilot Mound Area)

Introduction

An investigation of the ground-water resources of tpse 1 to 6,
rgese 10 to 18, W. Prince mer., was carried on by the writer during the
field season of 1951, The account and map of the glacial geology were
supplied by J. A. Elson, '

_Izl_xysical Features

The twenty-four 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 1,600 feet above
sea~level and north from the International Boundary at around 1,550 feet,
to the northwest cormer, which stands at about 1,240 feete 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.

Geolog
Table of Formations

Age Formation Character Thickness
(feet)

Recent Alluvium -{ Stream-laid mud, silt,
sand, and gravel

Fleistocene Glacial drift Till, clay, boulders; 0~-100
agsorted sand and
gravel in outwash
plains and eskers

Upper Riding Mountain Upper beds of mediwm to
Cretaceous light grey, hard, sil-
iceous shale (Odanah
shale), with some thin
layers of fine, blue
sand and bentordite bedss
lower beds of slippery
clay shale that tend to
slump 500 #
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Upper Cretaceous shales of the Riding lMountain formation underlie
tﬁe Recent and Glacial deposits of the entire area bub outcrop only along
the sides of Pembina Valley, and of Rock and Pembina ILakese The total
thickness of the Riding Mountain formation is more than 1,000 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 Mountain
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 fragmentse The hard
siliceous phases, in places, are interbedded with softer bentonmitic shale.
The shales comprising Odanah beds characteristically show purple staining
and numerous purple-stained 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 slumps, For further information

1
on the bedrock geology, the reader is referred to the report of Wickendens

The bedrock surface slopes northwest, as does the topographye
Mumerous drumlinoid hills are present in the north half of the area and
a few also in the south, notebly Pilot Mound and Nebogwawin Butte.

The valley of Pembina River crosses the area from west to east,
from the west sids of tpe 3, rges 13, swinging northegst to tpe 5, rge, 11,
and then southeast to near the northeast corner of tps 3, rge. 10s The
flat valley floor is from 130 feet below the adjacent land surface in the
west to about 250 feet in the east. Alluvial fans from streams made dams
across the valley to form Rock Iake, Pembina Iake, and a small lake in
sece R9, tpe 4, rges. 10.

The surficial 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 hummocky till and displaced
bedrock extending east through tp. 4, rges. 13 to 10, and north into tpe 5,

rges. 10 and 12; and north of this a plexus of hummocky till and ice-comiacot:

1 Wickenden, R.T.D.t Mesozoic Stratigraphy of the Eastern Flains,
Manitoba and Saskatchewan; Geol, Surv., Canada, Mem. R39, 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, 2 to
20 feet thick, of till overlying bedrock and the presence of many stream—
hned bosses (drumlinoids) indicate that the last continental glacier in
this area moved towards the southeast, OSmall areas of clay and sand of
deltaic or lake origin cover much of the north part of tp. 6, rge. 13,

and here there is also an alluvial 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 alluvium
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 thickness 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
the end moraine and stratified drift are at least 100 feet thick, . Most of
the smooth hills have a core of bedrock (Odanah shale) but some are pourly
sorted sand and gravel.

In the south half of the area, tps. 1 and 3, rgese. 10 to 13, and
tp. 4, rge. 10, the glacial and recent deposits are from 10 to 30 feet
thick a.;xd 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. 13 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



be partly of aeolian origin. The oubwash deposits are from 2 to R0 feet
thick and include gravel, found mainly along the Pembina Valley, and sand
and silt elsewhere. The washboard moraine in tp. 2, rge. 13, and vicinity
is in the form of a series of discontinuous northeast trending ridges from
10 to 30 feet high and spaced at intervals of about 500 feets Undrained
depressions are abundant and though the ridges are sandy to silty till,
the material below them is the typical ground moraine of the area.

Locally layers of boulders occur within the tille 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 206
feet wide., Those in the south half of the area are generally less than
10 feet high and sbout a mile long. The sand and gravel may extend down
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 of other bodies of stratified drift, Many are on high ground, and

there, are too well drained to be good aquifers,

Water Supply

Part 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 laterally along the bedrock surface and some penetrates
fractures in the bedrocks In its downward and lateral movements the

water dissalves sulphates and carbonates from certain minerals in the
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overburden and the bedrocke The dissolved sulphates of calcium and
magnesium give the water an alkali 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 feete 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 more in depth, tap aquifers in the bedrock
that yield water carrying dissolved sodium, sulphate, and bicarbonate.
Although these impart a bitter taste, the water is softer than that from
shallower bedrock aquiferss

Most aguifers 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 pumping. 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 pumpse In recent years many owners
have installed large capacity pumps and s’oora.ge' 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 vy‘ater
faster than it can seep from the till into the well,

Lenses of sand or gravel in the till commonly yield sufficient
woter to supply a farme These stratified deposits are limited in thickness
and extent and are termed lgravel streaks! or tpockets! 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 1, Range 10, The surface of the township is flat to

uneven with the exception of three isolated hills, one of which, Nebogf-
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. Nines
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 11. The nearly flat to uneven surface of this

township reflects the bedrock surface 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 stocke |

In SW.% sec, 18, three wells were drilled. One penetrated blue
telay! and broken shale of the Riding Mountain formation to reach an
aquifer at a depth of 318 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 and gravel, within the Riding Mountain formation. This aquifer
yields water of good quality that rises in the well to a point 14 feet
from the surface of the grounds 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 part, entering in section 12 and

leaving in section 35.

Ground moraine, which varies in thickness from 10 to 35 feet,
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covers most of the townshipe Local patches of outwash and ice-contact
étratii‘ied drift are excellent aquifers that can be reached by shallow-dug
wells, FElsewhere the glacial 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 township, Eight yield soft
water and these reach aquifers at depths of 100 feet or more in the bedrock.

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

moraine and outwash. The surface is rolling to uneven in the former 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 watere They are in the
south part of the township where the overburden is pervious and allows for
the direct percolation of the rainfall through it into the shale, Else-
where the less pervious materials retard the movement of the ground water,
which in its slower dowrward movement absorbs more salts from the over-
burden.

In the north part of the township the quality of the ground water
is suitable for domestic and stock use except. in those wells bordering the
slough lands of sections Rl, 22, 3, 26 and 27. Here slough waters
percolate the shale to contaminate the wells,

Township 2, 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 deposits, 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
110 feet deep in NW.% secs 25 reached aquifers in which the water was too
alkali 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 towmnship is uneven to

hilly, with isolated hills rising 35 to 50 feet above the surrounding plain.
Two branches of the intermittent Crystal Creek cross the southwest quarter
of the tovmship.

The chief aguifer, 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 surface of the ground, Each farm has a domestic
well and one or more stock wells.

Township 2, Range l2. Long River crosses the township from section

2 to section 31 in a valley from 1,000 to 2,000 feet wide and 25 to 30 feet
deep cut through the overburden and into bedrocke Crystal Creek crosses the
township from section 13 to section 34 in a valley from 2,000 to 4,000 feet
wide and 10 to 15 feet deepe Both streams flow north.

Although outwash gravels cover most of the township, they are not
of economic importance as aquiferss Wells are dug, bored, or drilled inte
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, 100, and 150 feet deep.

A well drilled 290 feet deep, in SE.§ sece 5, yields water under
sufficient pressure to rise in the well to a point 40 feet from the surface,
The water has a total hardness of 172 parts per million. Of the total 3,890
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
the sodium chloride destroys the cleaning quality of the soap,

Township R, 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 feet. A sufficient supply of hard, alkali water is
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obtained from aquifers in the bedrock that are reached by boring to depths
of 40 to 80 feet.

In NE.2 sece 26,a well drilled 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 surface of the ground,

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

Pewbina 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, 3, 4, 5, 11, and 12, where wells 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 we;l.'l.s but those under 60 feet in depth fail during periods of droughte.

In SE.% sec. 23, a well 200 feet deep yields approximately 30
gallons of water a day, but the water is soft and sufficient for domestic
needs.

Township 3, Range ll. Pilot Mound, a bedrock cored hill covered

with ground moraine, rises 80 to 100 feet above the surrounding uneven to
level plain of the townships The southeast part of the township is covered
by a clayey silt, probably of outwash origine The remainder of the town-
ship is covered by outwash sand and gravel except an area of end moraine’
along the north margin.

A sufficient supply of water is available from the shale 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 wells are common.

Township 3, Range 1l2. Pembina River crosses the towmship in a

broad valley about 1 mile wide and with walls rising 100 feet or more above

the flat floor, and these are gullied by short streams,



The bedrock is mantled by outwash deposits that vary in thickness
from 7 to 45 feets North of the river outwash gravel and ice-contact
stratified drift are excellent aquifers and there wells are dug from 18
t0 B0 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 3, Range 13. Rock Lake occupies that part of Pembina

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

North of Rock Iake 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 30 feet.

Ground water pumped from the bedrock in this township is commonly
alkali, Drilled wells are 125, 285, 170, and 137 feet deep in sections 1,
?s 6, and 8, In NE.% sec. 13,a well drilled 123 feet reached a zone of
sand at 118 feet below till, The water in this sand was under sufficient
pressure to rise to the surface and overflow at a rate of 7 gallons a
minute, In section 36 two wells drilled 110 and 176 feet deep, respect~
ively, yield alkali water sufficient for 30 head of stock,

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

the township from section 31 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 alkali, and sufficient for domestic and stock
needs.

Township 4, Range ll. 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
the 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
feets local patches of sand or gravel yiela a ldimited supply of water for

domestic needs but such wells are not common.
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Township 4, Range 12, Pembina River crosses the towiship 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
wells 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 encounte
ered by wells drilled in sections 9 and 16 respectively.

Township 4, Range 13. The surface of this township is uneven to

hilly with undrained depressions, some of which are filled with water,
covering 3 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. Wellé 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 township. The surface is irregular with elongate
ridges and drumlin~like hills. The thickmness of the overburden varies
from 10 to 20 feet and is underlain by shale.

The chief aquifers are in the fractured surface 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 1ll. 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,
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Township 5, 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 bedrocke.
A few wells have been bored 75 to 80 feet deep but in them the water
ercountered was alkali and harde

Township 5, Range 13, 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 23 a well penstrated 65 feet of overburdens A supply of ground
water is available at the contact of the overburden and the bedrock.

Township 6, 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-off,

Wells dug to the bedrock yield an adequate supply of hard, clear
water from local and widespread aquifers, Some wells penetrate the bedrock
but throughout the tovmship they are less than 60 feelt deep.

Township 6, Range 1l. This towmship lies within the Tiger Hills,

a belt of wooded hills 100 to 200 feet high, and intervening undrained
basins and marsh landse Cypress River crosses the south part of the town-
ship.

The township 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-
shipe Elsewhere wells are dug or bored to the bedrock where an abundant

supply of water is encountered at depths of from 20 to 86 feete
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Tovnship 6, Range 12, The surface of this township is rolling

to hilly. Ground moraine with associated ice-contact stratified drift
largely covers the bedrock, which has been moulded into drumlin~like
hills, Cypress River crosses the township, flowing west from section 2
to section 18 and then north to section 31,

Wells are dug less than 40 feet into either lenses of gravel in
the ground morainz or ice-contact stratified drift. Where bedrock is
within 20 feet of the surface a sufficient supply of water is obtained
from shallow wells dug into ite

In MWW.% sec. 8 and MW.% sec, 10, wells drilled from 107 and 120
feol deep yield alkali water from the bedrock,

Tovnship 6, Range 13, The surface 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 favourable aquifers. However, some wells dug from -35.to 50.feet
to bedrock yield alkali water.

In W.3 sec. 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 analyses will be found on page 5 of
this reports Thirty samples of ground water from the Pilot Mound area
were analysed by the Industrial Waters Section, Mines Branch, Department
of Mines and Technical Surveys, Ottawa,

No standards for the chemical composition of potable waters have
been established in Canada. 1In 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 Serwvice of the

following partial list of chemical standards.

Chemical Maximm concentration permitted
constituent (parts per million)

Dissolved solids 500, (1,000 permitted if necessary)
Chloride (Cl) 250

Sulphate (S04) 250

Magnesium §M§) 125

Fluoride (F 1.5

Iron and manganese 0.5

The 30 aralyses included in this report fail to Shdw‘any
correlation betwesn the chemical character of ﬁhe water and the aquifer
from which it was taken, except possibly in the case of magnesiume. 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 aguifers 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 NW. 24-R-12 and SE. 25-R-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, E, Gorrell respectively. The wells are

82 and 85 feet deep, respectively, and reach the same aguifer.



ANALYSES OF GROUND WATERS FROM Tps. 1 .to 6, Rges, 10 to 13, W. Princ. mer. Man.(Pilot Mound Area)
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X - Symbols used for aquifers:

sh. - shale, Riding Mountain formation.
gr. - gravel, layer of gravel or sand in the Riding Mountain formation.
bc. - blue clay, glacial drift.
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SE | 36]1] 131 "| 90 | sh.|2810 }§151.0 0.0l 151.0]}602.Q 36.6 | 14.5| 644.0 | 734 .4 582.7 | 2160 13.5§28.5
sWw| él2] 13 "| 61]sh.]6224 §488.0 0.0 488.0{| 604.94110.9 | 51.4 {1456.0 | 737.9 | 2392.6 | 3300 0.0{20.51{ 5.2
NE | 26} 2} 13] "} 205 |sh] 5690 }118.8 0.0] 118.8}|820.0f 29.8 | 10.8 {1220.0 1L0O00.4 4.2 114160 0.4 0.0/22.5] 5.5
sw] 11313 "|125]|sh]3872 [611.0 [1415.0[2026.0}] 6108|227.0 B54.7| 324.2 | 745.2 | 1945.8 | 354 0.6 3.0{24.8] 2.8
Sw| 23] 13 "|285] sh|4286 [400.3 0.0] 400.31}| 523.0]108. 31.9| 848.0 | 638.1 | 784.4| 6760 7.0{27.3

x - Symbols used for aquifers: sh., - shale, Riding Mountain formation.



Sample SW, 6-2-13 was taken from a bored well in Mather, Man.,
owned by A, L. Fulfords The analysis showed a concentration of 1430,0 ppme °
sodium and 2392,6 pprm. sulphate. These constituents combine to produce
sodium sulphate, which crystallizes from the water as the hydrate,
Glauberts Salt, Needle=shaped crystals of Glauber!s Salt line the inside
of the wooden cribbing during wet seasons and rapidly dry and fall as a
powder during drier seasons, Glauber!s Salt is also commonly seen as a
white precipitate on and near watering troughs.

The presence of nitrate in ground water may indicate organic
contaminations It is recommended that water containing more than 45 ppme
of mitrate 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 ppme.
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 following table of well records has been prepared from
drillers? records and data collected by the Geological Survey of Canadae

The following abbreviations are used:

Sece Section

Drl. Drilled well

Brd. Bored well

Drna Driven wall (sandpoint)
R.M. Riding Mountain formation
Dom, Domestic use

Stk Stock use

Not Not used

Mun, Municipal use

# - Well from which sample was taken
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