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INTRCDUCTICN

Information on the ground-water resources of east-central
Alberta and western Saskatchewan was collected, mostly in 1935, during
the progress of geological investigatione for oil and gas, The region
studied extends from Edmonton:in the west to Battleford in the east,
and from township 32 on the south to township 59 in western Alberta,
township 63 in eastern Alberta, and in part as far north as townehip
56 in western Saskatchewan.

This region is crossed by North Saskmtchewan and Battle
Rivers, and includes other more or less permanent streams.. Yost of
the lakes within the area, however, are alkaline, and water is
obtained in wells from two sources, namely, from water=~bearing sands
in surface or glacial deposits, and from sands in the underlying bedrock,

A division has been made Iin the well records, in so far as
possible, between glacial and bedrock water-besring sands, In
Investigations for 0il and gas, however, the bedrock wells were used to
trace the laterel extent of geological formations, with the result that
the records deal more particularly with this type of well. No detailed
studies were made of the glacial materials in relation to the water-supply,
nor were the glacial deposits mapped adequately for this purpose. In
almost all of the reglon investigated in Alberta, and in all but the
northeast part of the region studied in Seskatohéwan, water can be
obteined from bedrock. In a few places, however, the water from the
shallower bedrock sands is unsatisfactory, and deeper drilling may be
necessary.

.The water records were obtained mostly from the well owners,
some of whom had acquired the!land after the water supply had been found,
and hence had no personal kmowledge of the water-bearing beds that had
been encountered in their wells, Also the elevations of the wells were
taken by aneroid barometer and are, consequently, only approximate. In
spite of these defects, however, it is hoped that the publication of
these water records may prove of value to farmers, town authorities, and
- drillers in their efforts to obtain water supplies adequate for their
needs,

In collecting this information several field parties. were
employed, These were under the direction of Professors R. L. Rutherford
end P, S . Waltren of the University of Alberta, C, H, Criclmay of
Vencouver, and C, O, Hage, until recently a member of the Geological
Survey. The oil and gas investigations of which these water records are
e part were undertaken under thé general supervision of G. S. Hume,

Tublication of Results

The essential information pertaining to ground-water conditions
is being issued in reports.that in Saskntchewan cover esch municipality,
and in Alberte cover each square block of sixteen townships beginning at

the 4th meridian and lying between the correction lines. The secretary
* Breasurer of each municipality in Saskatohewan and Alberte will be ’
supplied with the information covering that municipality. Copies of the
reports will also be awvailable for study at offices of the Provincial

and Federal (Govermment Departments. Further assistance in the
interpretation ‘f the reports may be obtained by applying to the Chief
Geologlstl Geological ISurvey, Ottawa., Technical terms used in the
reports are defined in the glossary, ‘
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How to Use the Report

Anyone desiring information concering ground water in any
particular.; locality will find the available date listed in the well
records, .These should be consulted to see if a supply of water is
likely to be found in shallow wells sunk in the glacial drift, or whether
& better supply may be obtaeined at greater depth in the underlying
bedrock formations. Thh wells in glacial drift commonly show no
regional level, as the sands or gravels in which the wmter occurs are
irregularly distributed and of limited extent., As the surface of the
ground is uneven, the best means of comparing water wells is by the
elevations of their water~bearing beds. For any particular well this
elewmtion 1s obtained by subtraeting the figure for the depth of the
well to the water-bearing bed from that for the surface elevation at
the well. For convenience both the elevation of the wells and the
elevation of the water~bearing bed or beds in each well are given in
the well record tables, Where water is obtasined from bedrock, the name
of the formation in which the water-bearing sand occurs is also listed
in these tables, and this information should be used in conjunction with
that provided on bedrock formations, pages 4 to &, which describes
these formetions and gives their thickness and sequence. Where the
level of the water-bearing sand is known, its depth at any point can
eesily be calculated by substracting its elevation, as given in the’
well record tables, from the elevation of the surface at that point,

"With each report is a map consisting of two figures,
Figure 1 shows the bedrock formations that will be encountered beneath
the unconsolideted surface deposits. Figure 2 shows the position of
all wells for which records are available, the class of well at each
location, and the contour line or lines of equal surface elevation.
The elevetion at any location can thus be roughly Jjudged from. the nearest
contour line, and the records of the wells show at what levels water
is likely to be encountered, The depth of the well can then be
calculated, and some information on the character and quantity of water
cen be obtained from a study of the records of surroumding wells.

]

GLOSSARY CF TERMS USED

. Alkaline. The term "alkalime" has been applied rather loosely
to some ground waters that have a peculiar and disagreeable taste. In
the Prairie Provinces, water that is commonly described as alkaline
~usually contains a large smount of sodium sulphate end magnesium sulphate,
the principal constituents of Glauber's salt and Epsom salts respectively.
Most of the so called alknline waters are more correctly termed sulphate
waters, mgny of which may be used for stock without 111 éffect. Water
thet tastesstrongly of common salt is described as salty, . '

Alluvium. Deposits of earth, clay, silt, sand, gravel, and
other materfal on the flood plains of modern streems and in lake beds,

Aquifer or Water~bearing Horlzon, A porous bed, lens, or
pocket in unconsolidated deposits or in bedrock that carries water.

Buried pre~Glacial Stream Channels, A channel carved into
bedrock by e stream before the advance of the conmbinental ice~sheet, and
subsequently either partly or wholly filled in by sands, gravels, and
boulder clay deposited by the ice~sheet or later agencies,

: Bedrock, Bedrock, as here used, refers to partly or wholly
oonsolidated deposits of gravel, eand, silt, clay, and marl that are
older than the glacial drift,

Coal Seam, ' The same as a'ooal bed, A deposit of carbonaceous -

material formed from the-remeins of plants-by pertial decomposition and
burial,
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Contour., A line on a map joining points that have the same
elevation above sea~level,

Continental Ice~Sheet, The great ice~sheet that covered most
of the surface of Cenade many thousands of years ago.

Escarpment. A cliff or a relatively steep slope separating
level or gently sloping arens.

Floog Plain, A flat part in a river valley ordinarily above
water but covered by water when the river is in flood,

Glacial Drift. The loose, uncomiolidated surface deposits
of sand, gravel, and clay, or a mixture of these, that were deposited
by the continental ice~sheet. Clay containing boulders forms part of
the drift and is referred to as glacial till or boulder clay. The
glacial drift occurs in several formss

(1) Ground Moraine. A boulder clay or till plain (includes
areas where the glacial drift is very thin and the surface uneven).

(2) Terminal Moraine or Moraine. A hilly tract of country
formed by glacial drift that was laid down at the margin of the continental
ice~sheet during its retreat. The surface is characterized by irregular
hills and undrained basins,

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

(4) Glacial Iake Deposits, Sand aﬁd"cléyiplains‘fdrmnd in
glacial lakes during the retreat of the ice-vheet.

Ground Water, Sub=-surface water, or water that occurs
below the surface of the land.

Hydrostatic Pressure, The pressure that causes water in a
well to rise above the point at which it is first encountered.

Impervious or Impermeable, Beds, such as fine clays or
shale, are considered to be impervious or impermeasble when they do not
permlt of the perceptible passage or movement of ground water.

Pervious or Permeable, °Beds are pervious when they permit
of the perceptible passage or movement of ground water, as for example
porous sands, gravel, and sandstone.

Pre-Glacial land Surfdce., The surface of the land before it
wes covered by the continental ice-sheet.

Recent Deposits, Deposits that have been laid down by the
agencies of water and wind since the disappearance of the continental
ice-sheet,

Uhoonsolidated'Dep031ts.- The mantle or covering of alluvium
and glacial drift consisting of loose sand, gravel, clay, and boulders
that overlie the bedrock,

Water-table, The upper limit of the part of the ground wholly
saturated with water. This may be very near the surface or many feet
below it.

Wells, Holes sunk into the earth so as to reach a supply of
water. When no water ies obtained they are referred to as dry holes,
Wells in which water is encountered are of three classesg

(1) wells in which the wnter is under sufficient pressure to
flow above the surface of the ground.
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(2) Wells in which the water is under pressure but does
not rise to the surface,

(3) Wells in which the water does not rise above the water
table,

BEDROCK FORMATICNS OF WEST-CENTRAL SASKATCHETAN AND EAST-CENTRAL ALBERTA

The formations that outerop in west-oentral Saskatchewan sre
an extension of similar formations that occur in east-central Alberta.
They are of Upper Cretaceious age, and consist entirely of relatively
soft shnles and sands, with some bands of hard sandstone and layers of
ironstone nodules, The succession, character, and estimated thickness
of the formations ere shown in the following tables

Thickness

Formation Character
; Fee
Edmonton Grey to white, bentonitic sands and 1,000 to
' sandstones with grey and greenish 1,150
shales; coal seams prominent in some
areas, a8 at Castor, Alberta,

Bearpaw Dark shales, green sands with smooth 300 to 600
black chert pebbles; partly non- shins
marine, with white bentonitic sands, rapidly to
carbonaceous shales or thin coal the northe~
seams8 similar to bthnose in Pale Beds west
shales at certain lorlzons contain
lobster claw nodules and marine fossils;
at other horizons are abundant selenite
erystdls.,

Pale and Light grey sands with bentonite; soft, dark 950 to 1,000

Veriegated grey and light grey shales with selenite in Czar-Tit

Beds and ironstone; carboneceous shales and
coal seamsj abundant selenite crystals
in certain layers, -

“Hills area}
may be thine
ner elsewhere

Birch Inke Grey sand and sandstone in upper part; 100 in west,
middle part of shales and sandy shales, but less bo
thinly laminated; lower part with grey east and
and yellow weathering sands; oyster bed south
commonly at base,

Grizzly Bear Mostly dark grey shale of marine origin, with Maximum, 100
a few minor sand horizons; selenite crystals
and nodules up to 6 or 8 inches in diameter

Ribstone Creek Grey sands and sandstones at the top and Maximum, 325
bottom, with intermediate sands and shales; at Vking;
thin coal seam in the vicinity of Wainwright;  thins east-

mostly non~marine, but middle shale in some ward
areas 185 marine,

Lea Park Dark grey shales and sandy shales with nodules
of ironstones a sand 70 feet thick 110 feet
below the top of the formation in the Ribm
stone area, Alberta,

056 to 1,100

Edmonton Formation

The name Edmonton formatlon was first applied to the beds
containing coal in the Edmonton area, and later to the same beds in
adjoining areas. The formation has a total thickness of 1,000 to
1,150 feet, but 1s bevelled off eastward and the east edge of the formstion
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follows a mnorthwest line from Coronation through Tofield to o point
on North Saskatchewan River about midway between Edmonton and Fort
Saskntchewan. No Edmonton beds occur northeast of this line, but
the formation becomes progressively thicker to the southwest due to
the fact that the beds incline in that direction and the surface
bevels across them.

The Edmonton formntion consists of poorly bedded grey and
greenish clay shales, coal seams, and sands and sandstones that
contain clay and a white material kmown as bentonite. This material
when wet is very sticky and swells greatly in volume, and when dry
tends to give a white appearance to the “eds containing it, Such
beds are relatively impervious to water, and at the surface produce
- the "burns"™ of barren ground where vegetation is scanty or ebsent.

Water is relatively abundent in the Edmonton formstion, which
contains much sand, commonly in the form of isolated lenses distributed
irregularly through the formation, Consequently, there is little
uniformity in the depth of wells even within a small area. Water also
occurs commonly with coal seams and, unlike the sand lenses, these heds
are much more regular and persistent. In contrast with the water from
the bentonitic sands, which is generally "soft", water from the coal
seams, &s the water from the shallow surface deposits, may be "hard",
The basal beds of the Edmonton formation usually wontain fresh water,
but this may become brackish locelly where the underlying Bearpaw beds
-contain highly alkaline or salbty water.

Bearpaw Formation

_ In southern Alberta, where the Bearpaw formetion is thickest,
the beds composing it are mninly shales that have been deposited in
sea water. In the area north of township 32 the formation thins to the
northwest and becomes a shoreline deposit composed of shales containing
bentonite, impure sands, and thin conl seams. In some areas, as at
Ryley and near Monitor, and in the Neutral Hills, the Bearpaw contains
pebble beds. A%t Ryley these are consolidated into a conglomerate,
but mostly the pebbles are loosely distributed in shale or sandy beds.

In the area immediately north of township 32 the Bearpaw
occupies a widespread belt beneath the glacial drift, but farther
northwest the belt narrows, and at Ryley and northwestward it is only
a few miles wide., This belt crosses North Saskntchewan River about
midway between Edmonton and Fort Sasketchewan, Bearpaw beds form the
main bedrock deposits of the Neutral Hills. Farther south, where
they have an exposed thickness of at least 400 feet, they contain
green sands, and beds of marine shale interfinger with the bentonitic
shales and sands of the underlying formation. To the north, on the
banks of North Saskatchewnn River, the division between the Beerpaw
and the overlying and underlying formations is indefinite, and the
thickness of beds of Bearpaw age is relatively small,

The water in the Ryley area is from the Bearpaw formation,
and is salty. In other areas to the south the marine Bearpaw
formation carries green sand beds that yleld fresh water, but commonly
a much better suprly is found by drilling through the Bearpaw into the
underlying Pale Beds.

In Saskatchewnn, Bearpaw beds occur southeast of Maclin and
south of Luselend and Kerrobert. Only the basal beds are present, and
these contein green sands that are commonly water-bearing.

Pale and Verlegated Beds

Underlying the Bearpaw formation is a succession of bentonitie
sands, shales, and sandy shales containing a few coal seams, The upper
part of this succession, due to the ber mnitic content, is commonly
light coloured and has been déscribed a- the Pale Beds, whereas the lower
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part is darker, and is known as Variegated Beds. In parb, dark shales
are present in both Pale and Variegated Beds; others are greenish, grey,
brown, and dark chocolate, carbonaceous types, The sands may also be
yellow, but where bentonite is present it imparts a light colour to the
beds, Both Pale and Variegated Beds are characterized by the presence
of thin seams of ironstone, commonly dark reddish, but in part purplish,
Selenite (gypsum) cryst-ls are, in places, abundant in the shales.

The best sections of Pale Beds exposed in the region are
in the Tit Hills, southwest of Czar. These hills carry a thin capping
of Bearpaw shales, beneath which, and around Bruce lLake, more than 200
feet of Pale Deds are exposed. The total thickness of Pale and Variegated
Beds in the Tit Hills area is about 970 feet. Variegatcd'Beds outerop
rear Hawkine on the Canadian Natlonal Reilway west of Walmwright, but no
area exposes the complete succession, which is considered to comprise about
200 feet of beds,

Records of wells drilled into the Pale and Veriegated
Beds do not, in genersal, indicate lateral persistence of sande for long
distances, nor any uniform average depth to water-bearing sande in a local
area. This points to the conclusion that the sands are mainly local lenses,
but as such lenses are numerous, few weolls fail to obbtain water. In the
Cadogan area many flowing wells have been obtained .from sands about midway
in the succescion, In western Saskatchewan Paleland Variegated Beds ooccur
over a wide area from Maclin and Kerrobert northeast through Wilkie to the
Eagle Hills, south of Battleford. Numerous outcrops occur in the area
south of Unity at Muddy lake, but south and east around Biggar these beds
are almost wholly concealed by glacial drift,

The water from the sands of the Pale and Variegated Beds
is gemerally soft, The supply, apparently, is dependent in part on the
size of the sand body that contains the water and in part on the ease with
which water may be replenished in the sand. Small sand lenses surrounded
by shales may be filled with watér-that has infiltrated into them, but when
" tapped by a well the supply may be very slowly replenished. In many
instances such wells yleld only a small supply, although this is commonly
persistent and regular,

Birch leke Formation

The Birch Lake formation underlies the Varlegated Beds,
but in meny areas the divislon 1s not sharp. The type area of the
formation is along the north shore of Bireh lake south of Innisfree,
where a section 65 feet thick, composed mostly of sand, is exposed. Tha
total thickness of the formation in this area is about 100 feet, and
although this is dominantly sand a certral part is composed of alternmating
thin sand and shale beds, At the base of the formation, in a mumber of
places, is an oyster bed, end this is exposed in a road cut in a section
.73 feet thick on the east side of Buffalo Coulde in sec. 3, tps 47, rge. T,
W. 4th mer. In both upper and lower parts of the formation the sand is
commonly massive and outerops tend to consolidate into hard, nodular masses
from a foot to a few feet in diameber, Apparently these are formed through
the deposition of saltes from the water that finds an outlet at the outerops.
In fact, In some areas the sand may be traced along the side of a hill by
the presence of small springs or nodular masses of sandstone,

The Birch lake formation occurs under the drift and in
outcropes in a large area south of North Saskatchewax River and northeasd
- of a line from Willingdon to Innisfree and Minburn, East of this area
the southwest boundary is more irregular, but outerops are persistent on
the banks of Battle River from a fef miles morth of Hardisty to and
beyond the mouth of Grizzly Bear Coulée in tp. 47, rge, 5. It is believed,
_too, that a large area near Edgerton and Cheuvin is underlain by the Birch
Iake formatiorn and that it extends southeastward into Saskstohewnn around
Manitou lake ~and southeast to Vera,
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It is thought that the Birch lake formation thins
eastward from its type section at Birch Lake, and that it loses its
ldentity in western Saskatchewan. Deep welle drilled at Czar, Castor,
and elsewhere no longer show the Birch Leke as a clearly recognizable
sand formation, so that its southern limit beneath younger formations
is unknown, Wherever it occurs as a sand, however, it is water-bearing,
although in some areas the sand is apparently too fine to yield any
considerable volume of water, In other areas, however, it persistently
pields good wells. There is no apparent uniformity in the character of
the water, which is either hard or soft in different wells in the same
general area, Direct contacs with surfacs veters that ¢ ntain caleium’
sulphates may in time change a "soft" water well to a'hard" water well,
and many wells are not sufficiently cased to prevent the percolation
of water from surface sands into the well, and hence into the deeper,
soft water producing sends. In part this accounts for the change in
character of the woter in a well, a feature that has been noticed by
many well owners, '

Grizzly Bear Formation

The type locality for the Grizzly Bear formation,
which underlies the Birch Lake beds, is near the mouth of Grizzly
Bear Coulée, a tributary of Battle River with outlet in tp. 47, rge. 5.
The formntion is mainly composed of dark shales:that were deposited in
sea water. At the mouth of Grizzly Bear Coulée two shale sections,
each about 100 feet thick, are separated by a zone of thin sand beds.
It is now rpecognized that the upper section is the Grizzly Bear shale,
and that the lower one, very similar in character and also deposited in
sea. weter, occurs in the next lower formation, the Ribstone Creek. The
Grizzly Bear shale contains a thin nodular zone about 50 feet sbove the
base, that is, at about the centre of the formation. This zone is sandy,
and is believed to yield water in various welis. Other thin sands, in
places water~bearing, are also present, The Impervious nature of the
Grizzly Bear shales makes the overlying Birch Lake sand a strong acquifer,
ab water collects in the sand above the shale, The contact of the Birch
Iake and Grizzly Bear formations can be traced in some places by the
occurrence of springs iscsuing from the base of the Birch lLeke sand even
where this.is not exposed.

Grizzly Bear shales occur in a road cut on the south
side of Battle River near the highway bridge at Fabyan. The shales
In this area are about 100 feet thick, It is thought they extend as
far west as the Viking ges field, where they have been recognized in
semples from deep wells, It is probable, however, that the shales thin
westwardrand thicken eastward so that their gemeral form is 2 wedge
between both higher and lower sand beds, The position of the thin edge
of the wedge to the west is unknown, but evidently the Grizzly Bear
marine shale underlies a large ares in east-central Alberta extending inbto
Se.skatchewan mainly in the area south of Battle River,

Ribstone Creek Formation

The type area of the Ribstone Creek formation is on
Ribstone Creek near its Junction with Battle River in tp. 45, rge, 1,
W. 4th mer, At this place the lower sand beds of the formation are
well exposed, The upper part of the lower sand member of this formation
outorops on the north side of Battle River, in the northeast part of
s6c. 26, tpe 47, rge. 5, near the mouth of Grizzly Bear Coulée, ALbove it,
higher on the bank and at a short distance from the river, there is a
12 foot zone of carbomaceous and coaly beds in two layers, each about
2 feet thick, separated by 8. feet of shale. Above this are 90 feet of
dark shales that are thought to have been deposited in sea water, that is,
they are marine shales. These marine shales in turn are overlain by a
sandy zone about 20 feet thick conmtalning oysters in the basal part.
This sandy zone is the upper sand member of the Ribstone Creek formationa
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It thickens to the east and west from the Grizzly Dear area but is
probably at no place much more than 50 feet thick.

The lower sand member of the Ribstone Creek formation
also varlies in thickness from a minimum of about 25 feet. On the
banks of Vermilion Creek, north of Mannville, the basal sand is ot
least 60, and may be 75,feet thick. It is overlain by shaly sand and
sandy shale beds, which replace the shale beds in the central part of
the formation as exposed at' the mouth of Grizzly Bear Coulde. In the
Wainwright aren, where the formation has been drilled in deep wells,
the basal sand is 60 feet thick, with the central part composed of
shale containing sand streaks. The upper sand member is about 20 feet
thick in this area., The total thickness of the formation in the
Wadnwright area 1s 120 to 200 feet, but this increases to the west and
in the Viking area exceeds 300 feet.

The Ribstone Creek formation is widely exposed in a
northwest-trending belt in east-central Alberta. The southwest boundary
of this nnrthwest~trending belt passes through the mouth of Grizzly
Bear Coulée in tp. 47, rge. 5, and beyond to the Two Hills area in tpe
54, rge. 12, whereas the northeast boundary crosses North Saskatchewan
River southwest of Elk Point ant extends morthwest to include an area
slightly north of St, DTaul des Metis and Vilna +to tp. 50, rge. 4.
Within this belt water wells are cormon in the Ribstone Creek sands,
which are almost without exception water-bearing in some part of the
formation. The limite of the belt to the northeast determine the
limits of water from this scurce, but to the southwest of the belt,
as here outlined, water may be obtained in this formation by drilling
through §he younger beds that overlie its The Ribstone Creek sands
are a prolific source of water in many places and hence the distributimn
of this formation is of considerable economic importance. Where the
formation consists of upper and lower sands with a central shale zone
only the sands are water-bearing, although thiv sand members may ocour
in the shale. Where the formation is largely sand the distribution of
water may be in any part of the formation, although the upper and
lower sands are perhaps the better aqu’lers, To the east of Alberta,
along Battle River and Rig Coulée in Sackatchewan, the Ribstone Creek
sands are marine, Mirine conditions apparently become more prevalent
to the southeast and it is believed that in this direction the sands
are gradually replaced by marine shales, Thus at scme distance
southeast of Battleford the Ribstone Creek formatiom loses 1ts ldentity
and its equivalents are shales in a marine succession.

Loea. Park Formestiom

The Lea Park formatlon is largely a marine shale, and
only in the upper 189 feet is there any wabter, In the Dina area south
of Lloydminster +the upper beds of the Lea .Park consist of silty shales
about 110 feet thick underlain by silty sands 70 leet thick. Below
these sands are marine shales only, and these yield no fresh water
elther in east-central Alberta or west-central Sasketchewan, The sand
In the upper Lea Park formation is thus lhe lowest freshwater aquifer
within a very large area, The extent of this sand in the Lea Park,
particularly to the northeast, is not known, but as the strata in east=
central Alberta have a southwest inclination, progressively lower beds
occur at the surface to the northeast, Thus at a short distance beyond
the northeast boundary of the Ribstone Creek formation, as previously
outlined, the sand in the upper Lea Park reaches the surface, and
represents the last bedrock ~equifer in that direction. Farther northeast
water must be obtained from glacial or surface deposits only. In
Alberte this area without fresh water in the bedrock includes the country
north of North Saskatchewsn River in the vicinity of Frog lake and a
llorge aren extending to and beyond Beaver River., In this area, however,
more h water stresme are presemb than farther south, and bush lards
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help to retain the surface wdters., The area northeast of North
Sasketchewan River in Saekatohewen is almost wholly within the

Lea Park formation, where water can be found only in surface deposits.

WATER ANALYSES

Introduction

Analyses were made of water samples collected from a large
number of wells in west~central Saskatchewan. Their purpose was to
determine the chemical characteristics of the waters from different
geological horizons, and thereby assibt!in miiwing corrsdlations.of:the-
strate in wrich the waters occur. Although this was the main
objective of the analyses, it wassalso realized that a kmowledge of
the mineral content of the water is of interest sand wvalue to the
consumer, The analyses were all made in the laboratory of the Water
Supply and Borings Section of the Geological Survey, Ottawa.

Discussion of Chemical Determinations

The dissolved mineral constituents vary with the material
encountered by the water in its migration to the reservoir bed. The
mineral salts present are referred to as the total dissolved solids,
and they represent the realdue when the water is ocompletely evaporated.
This is erpressed -quantitatively as "parts per million", which
refers to the proportion by weight 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 the one group is included the metallic elements of calecium (Ca),
magnesium (Mg), and sodium (Na), and in the other group are the
sulphate (S04), ohloride (C1), and carbomate (C03) radicals.

The apalyses Indicate only the amounts of the previously
mentioned radicals, thus negleoting any silica, alumina, potash,
or iron that may be present., It will be noticed that in most instances
the total solids are accounted for by the sum total of the radicals as
shown by the analyses. Actually, the residue when the water is
completely evaporated still retains some combined water of crystallizationm,
so that the figufes for the "total solids" are higher than the sum
total of the radicals as .determined, 7These radicals are also
"oaleulated in assumed combinations" to indicate the theoretical amounts
of different salts present in the water. The same method was followed
in each analyslts, so that the table presents a consistent record of
the different compounds present.

Mineral €onstituents Present

: Calcium. Calcium (Ca) in the water comes from mineral
particles present in the surface deposits, the chlef source being
limestone, gypsum, and dolomite. Fossil shedls provide a source of
caleium, as does also the decomposition of igneous rocks., The common
compounds of calcium are ngeplcium carbonate 535005) and calcium
sulphate (CaS04),

Magnesium. Megnesium (Mg) is a common constituent of many
igneous rocks and, therefore, very prevalent in ground water., Dolomite,
e carbonate of calcium and magnesium, is also a source of the mineral.
The sulphate of magnesis (MgSO4) combines with water to form "Epsom
salts" and renders the water umwholesome if present in large amounts.

- Sodium, Sodimm (Na) is derived from a mumber of the important
rock~form{ng minerals, so that sodium supphate and carbonate are very
common in ground waters. Sodium sulphate (NapSO4) oombines with water
to form "Glauber's salt" and excessive amounts mekktthe water unsuitable
for drirking purposes, Sodium carbonate fNapCUz) or "black allali™
waters are mostly soft, the degree of softmess gepénding upon the ratio
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of sodium carbonate to the calclum and magnesium salts. Waters
containing sodium carbonate in excess of 200 parts per million
are unsuitable for irrigation purposes~. Sodium sulphate is less

1
"The extreme limit 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 blaeck alkali (alkeline carbonates and bicarbonates)"
Frank Dixey in "A Practical Handbook of Water Supply", Thos., Murby
& Co., 1931, P 254,

harmful.

Sulphates, The sulphate (804) salts referred to in these
analyses are calcium sulphate (6aSO4), magnesium sulphate (MgSO,),
and sodium sulphate (NapSO4).

Chloride, Chlorine (Cl) is with a few exceptions, expressed
as sodium chloride (NaCl), that is, common table salt., It is found
In all of the analyses, most of the waters containing less than 200
parts per millian, but some as much as 2,000 or 3 ,000 parts, Thess
waters have a brackish taste,

Alkalinitys The alkalinity determined in these water
analyses is based on the assumption that the only salts present in
the samples that will neutralize acids are carbonates, and that,
consequently, the degree of alkalinity is proportional to the amount
of the carbomate radical (COgz) present.

Hardness, The hardness of water is the total hardness, and
has been determined by the amount of s standard soap solution required
to form a lather that will stand up (persist) for 2 minutes, Hardmess
is of two kinds, temporary and permanent. Temporary; hardness is
caused by calcium and magnesium biecarbonates, which are soluble in
water but are precipitatéd as insoluble normal carbonates by boiling,
as shown by the scale that forms in teakettles, Permanent hardness
is caused by the presence of calcium and magnesium sulphates, and is
not removed by boiling. The two forms of hardness » are not distinguished
in the water analyses. Waters grade from very softbto very hard, and
can be classified according to the following system :

X _ .
The"Examination of Waters and Water 8upplies", Thresh & Beale,
pagé 21, Fourth™Rd, 1933 .

water under 50 degrees (that is, parts per milliom) of
hardness may be said to be very soft.

wrter with 50 to 100 degrees of hardness may be said to be
moderately soft.

water with 100 %o 150 degrees of hardness may be sald to be
moderately hard, :

water with more than 200 and less thar. 300 degress of hardness
mey be said to be hardsx.

A water with more than 300 degrees of hardness may be said to

be very hard.

> = P

Hard waters are usually high in calecium carbonate, Almost
all of the waters from the ‘glacial drift are of this type, especially
those pht assoclated with sand and gravel deposits that come-close to
the surface,
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In soft water the calecium carbonate has been replaced by
sodium carbonate, due to natural reagents present in the sand and
clays., Bentonite and glauconite are two such reagents known to be
present, Montmorillinite, one of the clay-forming minerals, has the
same property of softening water, iwing to the absorbed sodium that
is available for chemical reactior™,

Piper, A. M, "Ground Water in Southwestern Pennsylvania",
Penn, Geol. Surv., 4th series,

If surface water reaches the lower sands by percolating
through the higher beds it may be highly charged with calcium salts
before reaching the bedrock formations containing bentonite or
glaaconite. The completeness of the exchange of calcium carbonste
for sodium carbonate will, therefore, depend upon the length of time
that the water is in contact with the softendng reagent, and also
upon ¥he amount of this material present. The rate of movement of
undergppundrwater will, consequentiyyv, be a factor in determining the
extent of the reaction.

The amcunt of iron present in the water was not determined,
owing to the possibilities of contamination from the iron casings in
the wells. Iron is present in most waters, but the amount may be
small, Upon exposure to alria red precipitate forms, the water becomes
acid, and, hence, has a corrosive action. When iron is present in
large amounts the water has an inky taste.

WATER ANALYSES IN RELATI(N TC GEOLCGY

Glaciel Drift

The quality of the water from glacial drift depends largely
on the nature of the deposit from which it comes and on the depth of
the aquifer below the surface. Glacial deposits may be divided roughly
into three types.

(1)s Sand and gravel beds that form the surface deposit, such
as outwash material and glacial lake sands,.

(2). Buried outwash and interglacial deposits between two tills
of boulder clay.

(3)« Pockets or lemses of sand an gravel irregularly distributed
through the till.

Weter from surface samd deposits is normally Bow in dissolved
salts, the total being generally less than 1,000 parts per million.
Where large amounts of limestone occur in the glacial sand and gravel
beds a characteristic constituent of the glacial water is calcium
carbonate, the smount present warying from 300 to 700 parte per million.

Water from buried outwash deposits contains more dissolved
salts than the surface sands, as the water in order to reach them has
to percolate through overlying till. Rain water conteins carbonic acid,
which sots as a solvent and dissolves a great deal of caleium, magnesium,
and sodium from the rock-forming minerals, Sulphate salts are commonly
present, though their proportions vary greatly in the different waters,
The shales that are incorporated in the drift are high in caleium sulphate,
80 that the amount of shale precent wlll modify the quality of the water.
The oxldized upper part of the drift contains less sulphate than the
deeper, less oxidized boulder clay. The character of the water in the
buried outwash deposits will, therefore, depend largely on the
oompoettion and amount of till that overlies it,
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Water from irregularly distributed sand and gravel beds
will vary in its content of dissolved salts depending upon the
character of the material surrounding the reservoir beds. As the
water in +this type of deposit does not flow to any marked extent,
it is apt to be more highly impregnated with soluble salts than where
the underground movement is more rapid. Soft water in the drift 1s
mostly confined to shallow wells in sands low in calcium carbomate.
Waters from glaciel lakdrclays are sometimes high in soluble salts.

The sample from a well in glecial lake clay on NJN¢~% sece 27, tpe
42, rge. 17, has 11,040 parts per million of soluble salts, largely’
mognesium sulphote and sodium sulphate, The sample from SE, %-sec.
13, tp. 42, rge, 16, which is believed fto come from glaclel lake
silts, has a very different composition. The total solids in it
are only 440 parts per million, of which 250 are calcium carbonote.
The great difference in these wnters is due to the high soluble salt
content that is ascociated with the lake clays but absent in the
silts. Average drift water contains between 1,000 and 3,000 parts:
per million of dissolved mineral salts,

Bearpaw Formotion

The Bearpaw formation consists of dark marine shales and
beds of green sand. Water from these sandse has a total solid count
ranging from 300 to 1,608 parts per milllion and o hardness of more
than 300 degrees. Calcium carbonate is very marked in all samples,
due, perhaps, to the proximity of the water sands to the glacial
drift., Sodlum sulphate is the chief salt present, followed by
oalcium carbonate, magnesium sulphate, magnesium carbonate, and
sodium chloride in decreasing mmounta, These waters are distinguished
from the overlying drift waters by being relatively low in total
dissolved solids, and in containing no calcium sulphate and only
moderate amounts of sodium sulphate, magnesium sulphate, and magnesium
carbonate,

Pale Beds underlie the Bearpaw formation, Total solids in
waters from these beds wvary from 700 %o 1,300 parts per million. The
water is, in most instances, soft, as it contains sodlum carbonate in
excess of calcium and magnesium carbonates, but when mixed with surface
water high in calecium carbonate, it will become hard. The high
concentration of sodium salts, especially sodium carbonate, in
contrast with the calcium and magnesium salts distingulshes this water
from that in Bearpaw sands, The Pale?Beds include much bentonite, and
it is this mineral that acts-as a water softener within the formation,
The following analyses are typlcal of waters from the Pale Beds:

SE. sec, 16, NE. dec. 3 , SW.  sec. 7, SE. sec, 21

Salts tpe38, rge. 21 tpe.39, rge. 25, +p.37, rge.24, Ttp. 38,rge.2d
TaCO3 73 18 53 35
CaS0y, ; ; ; :
MgCOz 52 14 45 38
MgS0, ; - : ;
Nazcos 297 879 464 562

Nep504 297 158 266 437
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NaCl 31 45 46 130

Total solids 760 1,020 940 1,269

Hordness | 100 20 | 30 75
4 .

Varlegated Beds

In Senlac Rural Municipality, Saskatchewan, are a number of wells
thet have water very similar in character to that found in the Bearpaw
formation, These wells tap an horizon that corresponds with the Variegated
Beds in Alberta, although they have not been sepnrated from the Pale Beds,
They are less bentonitic than the PaleliBeds and darker in colour, Ths
water is hard and has a low dissolved so0lid content, The three analyses’
given below show a great deal of similarity and suggest & common horizon.

ENW. sec. 21, 2 NW. secs 3, SE, sec. 28,
Salts i tpedl,rge.26 tpetl,rge.28 tps40,rge 20
CaC03 § 250 § 305 125
CaS0y % - % - —~
MeCOz " Tios | R0 155
T MgS04 149 104 69
iﬁ2003 - 5 - -
NapS0, 98 § 132 386
NeC1 12 § 12 ' 18
Totalmolids 640 | 640 780
Hardness % 800 | 600 500

Ribstone Creek Formation

Chemical analyses of water from the Ribstone Creek formation vary
more than in the Pale Beds, the reason being that at several different
horizons the sediments show comnsiderable lateral variation, The formation
includes both marine and non-marine beds, thin coal seams being present in
the basal part of the formabion around Paynton, whereas south of Lashburn,
on Battle River, marine fossils were found in stratea considered to be at
approximately the same horizon. The water analyses show similarities within
limited areas, but long distance correlations cannot be made safely except
for the saline waters that occur in the flowing wells at Vera, Muddy lake,
and at the south end of Tramping lake, Analyses of these vmbers are given
In the following tabte:

o | SE.sec.25, | SEssece22,] NEesece36,] SW.sec.7 |SE,sec.30, ; SW.seclO,
Salts © tpedl,rge. | tp.dl,rges! tpedl,rges tpedl,rgeltpe38, rge. tp.35,

f 24 24, | 24, 24, 22, rge 20,
CaC0g 73 73 it 73 198 108 50
CalS 04 = . - - I Mee -
Mgl 03 38 38 38 52 69 52
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Ne.ocCz 129 .é 119 129 11 106 . 25
NapS04 s5 . 55 . 61 . 6L | 49 43
NeCl 2,929 Z 3,086 % 2,690 é 2,863 é 3,551 3,861
Total solids 3,e4o§ 3, 460 ; 3,120 f 3,200 . 3,860 4,460
Hardness 135 @ 90 . i 119 é 100 | 150 | 130

The simllarity In these¢ anlayses suggests a common source bed,
The distance between the Tramping Lake well and the Vera wells is about
40 miles. This weter, which is thought to come from the basal send of
the Ribstone Creek formetion, is not typical of water from the same
stratigraphical horizon in the vicinity of Battle River, one reason being,
possibly, that at Battle River the stream has cut through the Ribstone
Creek formation exposing the sand members along its banks. This may
cause a more rapid movement of the underground water in this area than
farther south, and it is known that the rate of flow is a controlling
facto~ that governs the change of calciun carbonate to sodium carbonate
when the softening reagents of bentonite or glauconite are present in the
sand .

Some of the soft waters from the Ribstone Creek formation cannot
be distinguished from those of the Pale TNeds, whereas others are oulte
different, The following analyses illustratetsome of the different types
of water frcm this formatiom:

‘
<y H

== ¥ * * "
Se.sec, Ind.igent! SW.sec. NE.sec, ESe.sec. ‘NE.s00,. NW,sec,
11, tp.  Little | 24, tp. 36, tp. '26. tp. :36. tp.’ 22, tp.
46, rge. Pine I.R. 46, rge. 43, rge. 43, rge. 41, rgey 42, rge,
Salts ) 28 0 21 P 18 18 iN 24 i 23
) T H ? Y 7
CaCOg {os0 0 ; 410 T8 ; 8 , 78 : 125
we ? ? | : : |
MgCO, ‘ or ! 59 | 168 + 38 . 3L . 38 | 9T
MgSCy 0 o~ ] o~ 6 i - . = = - -
) ! : - i : H .
Ne,chg | 217 592 ; - ;285 . b92 | 129 . 196
NepSO, 1,644 M7 2,518 225 | 622 -6l £1,541
NaCl i249 | 65 ¢ 76 ¢ 12 | 83 2,690 i Tl
. ¢ { . :
Total solids;2,220 | 1,340 , 3,000 | 620 1,280 5,120 11,900
Hardness | 280 . 160 , 750 [110 '35 . 110 E 600

T
'

The above chemical analyses show such a wide range in the
dissolved salts present in the different waters in the Ribstone Creek
formation that they cannot be used for correletion purposes over a large
aArie

Conclusions

(1) In most instances water from glacial drift is cuite
different from water from bedrock,

; (2) Some of the bedrock Borizons carry waters that show definite
chemical characteristics, '

(3) Most waters from glacial till carry total solids embunting
. to between 1,000 eandnS,00C parte per million.



(4) Bedrock waters are commonly low in dissolved salts.
Exceptions to this are to be found in water from the Ribstone Creek
formation.

(5) Water from the Bearpaw formation is hard. An average
of ten wells gave a total solid content of 1,100 parts per millionm.

(6) Water from the Variegated Beds resembles that from the
Bearpaw formation,

(7) Waters from the Pale Beds is mostly soft. An average
of ten wells gave a total solid of 1,000 parts per million.

(8) All soft waters contain sodium carbonate (Nazcos), which

1s present in water from the Pale Beds and Ribstone Creek formations
“but absent from the Bearpaw formation and Varlegated Beds,
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RURAL MUNICIPALITY OF GRASS L/KE, NO, 381,
: SASK.TCHEWAN

Physical Features

The dry depressions formerly occupied by End and Eor Lakes ore
prominent physiographic features of this municipality. End Lake, like
Muddy Leks to the east, is perhaps the more striking of the two as it is
entirely surrounded, except for an outlet on the northeast end, by hills
rising 150 to 200 feet above the lake bottom. It is undoubtedly a depression
formed in the Pale Ber's, and is similar to many cirque-shaped depressions
found elsewhere in present exposures of these beds. Other lakes in the area
are also in depressions, but these are low arses in the glacial drift. The
ridge betwesn Ear Lake ond Muddy Lake deprassions is only a mils or so wice,
but the appearence of a ridge is not so marked when viewasd from the west as
from the sast in the low fepression of Muddy Lake, which is more than 200
feet below the level of the bottom of Ear Loke. The remainder of the
municipality is gently rolling prairie loncd.

Geologx

Pale Beds underlie tho drift cover of the municipality. They
outerop on the ridge to the west and south of En® Lake and to the ewast of
Ear Lake ot elevations up to 2,100 fect, an  also in the northwest pcrt of
tp, 37, rge. 24, and in the southeast part of tp. 38, rgse. 25, Svoms of
coal of rather poor quality occur in thesc boeds.

Water Supply

Although the drift is quite variable in thickness in this
municipality meny wells obtein water from sond and grovel beds in it,
Mostly these beds show very little rogularity of clevation, and ars probebly
small, lens=like bodios of rather limited extent. The water in them is
supplied by downward percolation of rain, Below the drift mony wells huve
encountored water~bearing scnds in the Pnle Beds. These show a considerable
roenge in elevation according to locality, but o few sand horizons, though
not productive in every well, have ¢ widespread distribution in beds that,
epparently, are meorly horizontal, One well, in tp. 37, rge. 23, ut a
depth of 400 feot reached what is thought to be & sand in the Ribstons Creck
formation ot an elevation of 1,800 feet. This well “oes not flow, as do o
number of other wells that produce water from the same level, and the reoson
is not apparent, as the water only riscs to an elevation of 1,920 feot
whereas in e well on NE. ssc. 33, tpe. 37, rguv. 22, the water rises from
what is considered to be the seme horizon to above 2,100 feet,

Township 37, Range 23. The glaciel channel in tp. 36, rge. 23,
cannot be traced northwar” into this township., If present it must lie wost
of the well on NE. section 17, which encounterer a stresk of coal in the Pale
Beds at a depth of 212 feet, or en elevation of 2,042 feet, and continued in
this formation to 1,954 feet. If the chamnel follows a northwest course 1t
should occur in about section 3U., Both wells on this section are in glacial
sands, but are too high to prove the presence of o channel even if it were
there. In & well 117 feet deep on NW. section 24, coal occurs at an
elevation of 2,081 feet, showing that the well at this level is in Pale Beds,
4 few wells above this elevation obtain water from irregularly distributed
sands in the drift, but the main source of supply is from sonds in the Pals
Beds, One well, 350 feet deep on NE. section 2, obtains water at an elevation
of 1,840 feet, This presumably is low in the Pale Beds, or in the underlying
Variegated Beds. inother well, 400 feet deep on SE. section 13, obtains soft
water from an elevation of 1,600 feet presumably in Ribstone Creek sands.
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Township 37, Range 24. The edge of the ridge of Pale Beds
beneath the drift, in tp. 36, rge. 24, is not so epparent in this arsa, os
in many places Pale Beds are encountered in the wells at relatively high
elevations., This is especially so in SE, section 23, where a thin strock
of coal was reported at a depth of 130 feet or an elevation of 2,119 feet.
With one exception, all the wolls of which rocords cre available show that
at higher elevations than this the wator comes from glacial sands or gravel,
so that presumably the base of the drift is only slightly above an elevation
of 2,120 feet. Local sand bodies of considersble size appear to occur in the
drift, as for example at an elevation of 2,180 to 2,185 feet in sections 29,
32, and 33, and at an elevation of about 2,135 fect in two wells rather
close together on sections 21 and 28, .nother such sand body may be
present in sections 5, 6, an? 15, at an elevation of 2,170 feet, and still
another on sections 2 and 3 at on elevation of about 2,265 feet, although
the well on section 2 apparently went through this sand without finding water,
The trend of these sand deposits seems to be northeast and southwest, probably
indicating that they were small outwash deposits in front of a stagnant
glacier,

Several water=becring sands occur in the Pale Beds. The highest
of these is at an elevation of 2,075 to 2,090 feect in a well 169 feet deep
on NE, section 9, and a well 260 feet deep on SW. scction 17. The next
deeper horizon has an elevation of about 2,000 feet in two wells, 275 and
288 feet deep, on section 7, and a third horizon, about 30 feet decper,
occurs in a well 245 feet deep on SE. section 14 and in o well 278 feet
doep on SW, section 23, In this last well a streak of coal was reported
at o depth of 100 feet, or at an elevation of 2,150 feet, which must
represent a high point on the surface of the Pale Beds. On section 33
Pule Beds with coal outerop above an elevation of 2,000 feet.

Township 37, Range 25. The glacicl deposits appear to be much
thicker in this area than in the range to the east, and only three wells
ore known to have penetrated them. 4 few of the wells in the drift are
apparently from the some local horizons, but the individual water=bearing
deposits show no great lateral extent., One horizon zt an elevation of
2,240 to 2,250 feet occurs in wells on SE, section 5, NE. section 17, NBH,
seetion 19, and SW, scetion 27. inother, ot an elevation of 2,180 to
2,190 feet, occurs on SE, section 16, SE, scction 23, SE, secction 26, SE,
section 30, and MW, section 36., ©Still enother, at an elevation of 2,140
to 2,150 feet, occurs on SE, section 13, NE, scction 16, NE. section 20, and
NE, section 24. In a general way theee cdeposits show a northeast trend,
‘particularly the one at elevations between 2,180 and 2,190 feot, and the
probability is that they were formed os outwoash sand and gravel deposits in
front of glecial ice, and were not very persistent even locally. They are,
therefore, not wholly dependable as sources of water even within the area
where they are known to be present., Only two wells in this area penetrate
the drift to water~bearing sands in the Pale Beds., One of these, 263 feet
deep on NE. section 12, encountered o streak of coal at a depth of 250 feot,
end, 13 feet deeper, reached a water horizon at an elevation of 1,993 feet.
This horizon yields soft, brownish coloured wotor. .mother well, yielding
similer weter was drilled to a depth of 351 feet on NE. section 4, the woter
coming from an horizon reported to be 50 feet deeper than the other. In the
range to the east several wells produced water from the Pale Beds at
elevations of from 1,970 to 2,000 feet, so that the upper horizon here is
evidently a continuous aquifer of considerable lateral extent,
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Township 38, Range 23. In the southwost part of this township o
glacial gravel and sand deposit at an eclevation of 2,130 to 2,140 feet
yields water. It is known from four wells on sections 4, 5, and 7, the
despest well being 65 feet, Below the glncial deposits other wells get
water in sands in the Pale Beds. One of thoese wells sunk 8 feet on the dry
bottom of Ear Lake struck coal, presumably in Pale Beds, and with it obtained
water that flows, rising 2 feet above the surfaoce. It appears probable that
the water is held in the sand by & cover of lake silts, but the head for the
woter is not apparent although on the east bank of the dry lokc the land
rises 100 to 150 fect above lake~bottom level, The beds, however, are
thought to be so ncarly horizontal that it is not known how higher lend could
have any offeet on the water supply in o sand bed beneoth the laks. Quite a
number of wells produce water from the Pols Bods at elevations of from
1,975 to 2,096 feet, with very little apparent uniformity in the productive
horizon of the various wells,

Township 38, Ronge 24. In this area the Palec Beds are
encountered in several wells at elevations above 2,200 feet. One woll,
on SE. soction 6, is reported to have encountered grovel at a depth of
118 feet. In view of the fact that a well on NW. secet, 32, tp. 37, rge. 24,
encountered o conl seam at 102 feet at the same elevation there is a
reasonoble doubt about the accuracy of the report, and it scems more
proboble that the well on SE., seetion 6 bottomed in Pale Beds as the water
from it is soft. ALlso it occurs at an elevation of 2,185 feet, which is
prosumed to be in Pale Bods in still another well on NE. section 16. .
few wells in the northern part of the township cpvorently are in glocial
meterisls at elevations below the top of the Puloc Beds in the southern part,
so that it is assumed tho surface of the Pule Beds slopes to #he north cnd
that the glacicl materials inecrease corrospendingly in thickness. The
horizons that produce water in the Pole Beds vary in slevation from 2,252
to 2,217 feet, with the lower horizon alrendy referred to ot 2,185 fect.

Township 38, Range 25. Most of tho wells in this township are in
glacisl mnterinls, but a few reach sands in ths underlying Pale Beds. In
some wells the informotion is not sufficient to enable sands in glacial
materinls to be distinguished from scnds in the Pale Beds. a4t a depth of
46 feet o well on SE. section 13 encountered ¢ small coal seam in tho Pale
Beds at an elevation of 2,253 feet. 4&lso o seam of lignite outcrops on the
south bank of the coulee on SW, section 12, at an elevation of 2,170 feet,
It is consequently certain thot Pale Beds underlie the arco and provide
wotdrebserizg 8488 ot no gréct cxpth. L zone of sand beds occurs in the
drift between elevetions of 2,250 and 2,290 feet, with other scattersd
sand beds both sbove and below it. Information in the well records, however,
is not sufficient to predict the depth to the water-bearing sands in the
drift at any location prior to drilling. The deepest well in this area is
on SW, section 24, where, at a depth of 385 feet or an elevation of 1,899
feet, a water~bearing sand wes struck, presumebly in the Pale Beds, A
similar sand was encounter=d in & well on NE. sec. 14, tp. 36, rge. 23, at
e depth of 367 feet or an slevation of 1,900 feet, and was found to yielAd
only a limited aemount of water. The well wos consequently deepened to 412
feet, or an elevation of 1,855 feet.

Township 39, Range 23, MNany outcrops of Pale Beds appear to the
south and west of the dry basin formerly occupied by Ear Lake in the
eastern part of the arse, The drift, however, increases in thickness to
the west, and on NW, section 18, at a depth of 56 fzet or an elevation of
2,152 feet, glacial gravel was encountered in e well., Gravel was also
struck at an elevation of 2,125 feet in a well 25 fcet deep on NE. section
20, but may not represent the base of the drift, as outerops are known
only up to an elevation of about 2,100 feet., Wells on NW, section 9, SE.
section 28, and N¥, section 35 respectively, obtain water at an elsvation




- 19 =

of about 2,090 feet, and it is probable that this horizon is in the Pale
Beds, On SE. section 15, o spring issues from o sand in the Pale Beds at
on elevation of 1,996 feet, but no wells in this area appear to hove found
woter at this level., Sands in the Pale Beds have, however, yielded water
at lower levels in several wells,

Township 39, Range 24, In this township most, if not all of the
wells for which records are avaoilable obtain their water from gravel and
sand beds in the gleciael drift, Apparently o zone of gravel cnd sand beds
lies between elevations of 2,130 and 2,190 feet, but other scnds occur at
both higher and lower levels, though without any rocognized regularity in
elevation from place to place. It is certain, however, that a further
supply of wnter could be obtained by drilling wells into the underlying
Pale Beds, and it may be that certain of the wells have already tapped
this source., The well records, howecver, <o not indiocate the thickness of
the drift nor do they Adistinguish scnds in the Pale Beds, if such were
reached, from sands in the glacial drift. Two wells, onec 105 feet deep on
NE, section 24, and the other 82 feot “feep on SE, section 30, obtainsd
woter at 2,111 snd 2,116 feet respectively. This correspondence in
elevation suggests a common aquifer for the two wells, end as coal was
encountercd in the range to the wost in a well on SB, section 20 ot an
slevation of 2,115 feet, there is o possibility that those wells tapped
a sand in the Pale Beds.

Township 39, Range 25, Gravel occurs in o well 78 feet deep in
this township on NW, section 31 ot an elevation of 2,149 foot, whercas
cocl, presumably in the Pale Beds, occurs at a dopth of 60 fsot, or an
slovation of 2,115 feet, on SE., seetion 20, The bass of the drift,
therefore, probably falls botween these levels in the northwest part of
this township. The wells in the drift show little regularity in the lovel
of the water-bearing beds, although one horizon ocecurs in wells on SW.
gection 13, NW. section 18, and NW, section 24 ot an elevotion of about
2,140 feet, The aquifer could not, however, be continuous between these
wells without being encountsred in other wclls intermediate in position. 1In
o well 83 feet deep, on SE. ssection 20, wuter wes found in the Pale Beds at
en elevation of 2,092 feet. Apparently the scme cquifer occurs in e well,
103 feet deep, on N7, section 8, although in this well the water is reported
as alkaline whereas the woter from the Pale Beds is usually of good quality.
4 still desper sand horizon, at an elevation of 2,010 to 2,020 feet, ocours
in NE, secotion 3, SU, section 22, and N, sectlon 28, and is cpproximately
the same horizon as that encountered in S%. sec. 7, tp. 37, rgu. 24,
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RECORD OF WELLS IN RURAL MUNICIPALITY OF GRASS LAKE, No. 381, SASKATCHEWAN.

-

Depth Alti- R LEVEL PRINCIPAL VATER- Gharac- Use to
of m ve (4 ev. BEARING BED ter Which
1) - or Above De ev. Geol, of jater Yield & Remarks
b I'll Below (~) Sesa Ft. Horizon Water s Put®
il e BUETeoe - Level
350 2196 -80 2114 350 184¢ gated Beds  Hort D.5, Suffiotent
178 2223 -73 2180 82 2141 sand Good supply
e 175 2048 Pale Beds Hard " Sand trouble
98 8818 @ -20 2296 g3 2223 Sand Sof't " Sufficient
B4 2311 50 2261 84 o837 " Herd 4 »
188 2204 =50 2154 128 2076 Pllo Bedg” Saf't " Limited
90 2197 | 90 2107 apd Hara " "
400 2000 -80 1920 400 . 1600 Ribstone Ck. Sort v Abundant (Gas 300!).
- B8 2145 -40 2105 556 2090 Clay “ Sufficient
150 2211 -50 2161 160 2081 Send : . "
300 2254 -112 2142 212 2042 Pele Beds " Coal at 212¢.
267 1927 % o ” :
e o 300 1954 A " " D.S, Good supply
80 2201 -65 2136 80 2121 " » Sufficient
117 2198 =57 2141 117 2081 Pale Beds " " * Coal at 117%,
.48 2128 -26 2103 45 2083 “ - » . auffioient
90 2151 _ 90 2061 Pele Beds? Hard »
160 2211 «-80 2131 160 2051 Yale Beds Sof t o ;i
180 2187 -40 2147 .180 2007 " " " Brown » o
140 2244 -120 2124 140 2104 Glacinl " " Waters. 15 head stock.
~ 91 22233 -83 2140 §1 2132 " gand Herd " » 45 " R
130 2166 -60 2106 130 203¢ Pale Beds " " Good supply
70 28288 -50 2238 20 2218 Glacial clay Hard P.S. Sufficient
25 2293 -20 2273 85 2268 " sand " % Abundant
65 2301 -286 2276 65 2236 " oley o r: Good supply
46 2312 -20 2292 46 2266 Gleaocial » " Waters 65 head OS !t-
- 80 2280 -6 2274 860 2200 " sand " vz Good supply
100 2267 -20 2247 100 2167 Sand Soft w Sufficient
: 90 2260 -15 2245 90 2170 Glacial clayHard . »
Drilled 288 2287 -80 2207 288 1999 Pale Leds Soft, browm " » Coal at 280°*.

ﬁ‘ - M Te.- Iron, Alk.~- 4lkaline.
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-40

72

. =90

- =56
-50

275 |

169

75

260

75
278

130
110

2144
2208
1870
2166

1992

2137
1073

2119

2155
2133
2182

2185 .

2192

Pale Beds Send
Glacial

Pale Beds sand
Elue sand

Pale Beds
Sand

Pale Beds
Hard pan
Pale Beds

” "

Glacial gravel

Sand

Gravel
Hardpan sand
Sand

Sand
Pale Beds sand
Sand

”

o

Pale Feds
Send
L]

L

Glacial gravel
Sand
"
Hard clay
Send

Glacial
* sand

Soft br. D
Hard

Soft

Hard Poor

Se

Soft
Hard .
Soft br.
Herd
Soft

Hard

2 3 323 3 3 3 3 3 3+

Sort
"

Hard
Soft

Hard
Soft tr.
Hard

o
"
L

Soft br.

o=
. 23333333
(22
-

1 32232 233233337373

Alk.

::a:t::a::?
(<9
o
-

D.S.

Good supply

Poor "

Abundant. Coal at 169*3
Sufficient

Limited

Good ' supply

Limited

Good supply nae
Limited :

Sufficient. Goaigﬁguf'
" Coal at o
Poor supply Sty

Sufficient

"
. Coal at 10a

2T 3 38

i

Sufficient

% 282

Gosl at 250

Limited
Sufficient
"

"
"

Limited i3
" ;

sufficient
Pogr sugpl:
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-60

o 3B

-27

-20

iy

22595 31
110

2294 37
2315 26
2309 82
2260 50
0247 78
2115 60
30

2158 65
o8

2139 50
2048 110
2039 122
2128 122
2074 117
2088 90
2096 20
_ 2124 70
- 2106 8
1943 15
2077 35
25

2210 84
486

2247 118
2280 8z
40

: 65
2192 a8
2277 87
90

2264 68
| 50
50

2276

244
2198
2292
2305
2287
2258
2191

2110
2134
2149
2132
2137
2038
1877
2038

2054
2068
2090
2074
2096
1938
2075
1864

2150

2221
2187
2235
2162
2164

2217
2185
2229

2246

Sand .
Glacial gravel
Glaoial

Gravel

Grevel

Glacial sand
Pale Beds,
Pgle Begg

" "
" "

L
” "

Clay
Sand

Pale RBeds

Cravel?
Fale Feds

Clay

Pale Eeds
" "

=
=

" "

Hard

"

»aE %

Soft
Hard

Saf't
Herd
Soft

"

P’

"

Heard
Soft
”

"

Herd
"

Hard-

”

Eoft
Hard

® Bitter
Soft
Hard
Sof't

"

Hard

D.s.
"

2 3 3 53

o
w

U B TR 9

2 2 3 3

O
DOS.
”

"

D.2.

2 333333

D.
D.S.

Sufficient
n

Limited
Good Supply
Limited
Poor supply
Sufficient

Sufficient
"

Good 8upp 1y
Sufficient
"

Sufficient " 122! gg&ma

Sufficient
Limited
"

* Coal at 70,
Flows slowly. Coal at 8¢,
suff }lck nt

Poor supply

d supply. Co t
e s a%agér?

Poor supply
Cood. "
- " Coal with watex

" "

Sufficient

Water with coal

"

2333 3



ffﬁﬁ 3 Bored 48 2274 -13 2261 48 2226 Pale Beds Hard D.S. Suffieient. Coal.
T s : 57 2260 -50 2210 57 2203 BSend w " Poor supply
Doppg  BoER VR4 Rema Rt D SRS,
~* » Bored 60 2286  -40 2246 60 2226 Sand, gravel " D.M. Good supply
;f_: " Dug 22 2254 -12 2242 22 2232 2 " D.S. ity
o .loguu 43 2218 -33 2185 43 2175 Sand " " Sufficient
25 3 Bored 99 2201 99 2192 Pale Beds Soft br. D.S. a supply.
:: 2 ggg.‘ :g :gg: '§° asgg 35 2309 | Herd " 3§3f1:12§%’ o
2 3 . -61 22 65 2289 Gla sand " " d trouble.
% = Drilled 250 2361 -95 2266 230 2131 Palsig%ds P
S . 880 Bl11 " " Soft’ . Geod suppl
®. = Bored 85 2390 -83 2307 85 2305 Sand Hard "  Poor i
A" Dug 50 2328 -30 2298 50 2278 n " " "
n » Bored 38 2320 -26 22904 38 2282 Cley " " sufficient
S5 Sl " 52 2268 -15 2253 52 2216 Pale Beds " " " o
ol . " 486 2299 -39 2260 46 2253 " " Soft " Waters 190 Head.Coal,
g . . 110 2312 -65 2247 110 2202 Send Herd " Sufficient |
3o S 67 2350 67 2283 Clay " " "
o " 65 2366 -49 2227 65 2301 " " " "
o S " 90 2384  -70 2314 90 2294 " " "
S SO, T 66 2355 -36 2319 66 2289 Sand Hard o -
Bt " 24 22985 =21 2274 24 2271 “ " "
i % Drilled 385 2284 -75 2209 385 1899 Pale Beds, Soft " Abundent
* Bored 60 2267 -30 2237 60 2207 Sand " s Sufficient
oW 5. " o o SEnt <15 2272 21 2868 " Hord . "
< v 50 2324 -46 2278 50 2274 ° . " Limited
B aw y. 40 2369 -30 2339 40 2829 * - 4 " Sufficient
N . » 120 2284 70 2214 120 2164 " Sof t " "
390 23 3 Bored 40 2159 -10 2149 40 2119 Glacial sand, Hard D.S. Sufficient
g R e B4 2106 ~60 2046 84 2022 Soft - “
gk A & 75 2165 Low 75 2090 Blue clay Herd - Poor supply
g W 65 1986 -50 1936 65 1921 Pale Eeds Soft dr. *  Sufficient
i T 40 1924 -20 1904 40 1884 Herd " "
L e Sy § 60 2007 Low 60 1947 Sand & clay o D. Poor suiply
L i s e 40 1954 -35 1019 40 1914 Pele EBeds " dre D.S. Sufficient. Coal with
o water.




Well
No. i
8 S.E.15 39 23 3 Spring - 1996
9 B8 " * ¥ Boped 20 2158
10 N.¥.18 0o » A 56 2208
A3 R " Y . Bag 25 2150
38 l.l.u-' ® = » Bored 90 2150
i APk A . &8 2124
5 o R e B 99 2188
e | e WEaE . AR '..'f OSSR
A % bl GV 65 2189
2R % m  =» Dppilled 234 2169
e o Ut S B 80 2168
e | R TRt S s B0 86 2165
1 ,_._g'.__,_gg_:,s Bored *®.
[ W A B 80
&«
.
e

ILET L

g 8

Y Lhbabe

234

Hard

Gllcial Gravbl “

Blue sand
Pale Feds
Sanq

Pale Feds
Sand

Sand gravel
Gravel

"

"

"
Blue sand

Sepe

arevel

L
L
"n

Soft
Hard
"

St
Hard
Hard

‘s d2333z3 3323

2 233 3 3

D.S.
D.8.

2 323 %2 2 3 3323 3

-

Poor supply
Sufficient
[}

Poor supply
Good "
Sufficient
Good supnly
gufficient
" Coal at 135'.

L

Good supply

Sufficient

Poor supply

Sufficient
L]

Good supply
Sufriaiont

Poor supply
Sufficient
Good supply
Limited
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