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INTRCDUCTICN

Information on the ground-water resources of easb-central
Alberta and western Saskatchewan was collected, mostly in 1935, during
. the progress of geological investigations for o1l 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 township
56 in western Saskatchewan.

This region is crossed by North Saskmtchewan and Battle -
Rivers, and includes other more or less permanent streams. lost 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 in the well records, in so far as
possible, between glacial and bedrock water-beering sands, In
Investigations for ‘0il and gas, however, the bedrock wells were used to
trace the lateral 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 region investigated in Alberta, and in all but the
northeast part of the region studied in Saskatchewan, water can be
obtained 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 knowledge 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
splte 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
and P, S ., Warren of the University of Alberta, C. H, Crickmay of
Vemcouver, and C, 0., Hage, until recently a member of the Geological
Survey. The o0il and gas investigations of which these water records are
e. part were undertaken under the general supervision of G. S. Humee

:ublication of Results

The essential information pertaining to ground-water conditions
i1s being issued in reports.that in Saskeatchewan cover each municipality,
and in Alberta cover eamch square block of sixteen townships beginning at

the 4th meridien and lying between the correction.lines. The secretary~
 Breasurer of each municipality in Saskatchewsn and Alberta will be
supplied with the information covering that munieipality. Coples of the
reports will also be available for study at offices of the Provincial

and Federal GGoverrment Departments. Further assistance in the
Interpretation f the reports may be obtained by applying to the Chief
Geologlet] Geological iSurvey, Ottewa. 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 data 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
a better supply may be obtained at greater depth in the underlying
bedrock formetions., Thk wells in glacial drift commonly show no
regional level, as the sands or gravels in which the water occurs are
irregularly distributed and of limited extent. As the surface of the
ground 4s uneven, the best means of comparing water wells is by the
elevations of their water-bearing beds. For any particular well this
elevation is obtained by subtraeting the figure for the depth »f the
well to the water-bearing bed from that for the surface elemation 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 obtained from bedrock, the name
of the formation in which the water-bearing sand occurs is also listed
In these tebles, and this information should be used in conjunction with
that provided cn bedrock formations, pages 4 to & , which describes
these formations and gives their thickness and sequence. Where the
level of the water-bearing =zand is known, its depth at any point can
easily be calculated by substracting its elevation, as given in the’
well record tables, from the clevation 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 unconsolidated 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 elevation at any location can thus be roughly judged from. the nearest
contour line, and the records of the wells show at what levels water
is 1llkely 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 surrounding wells,

E}

GLOSSARY CF TERMS USED

. Alkeline. The term "alkaline" has been applied rather loosely
to some ground waters that have a peculiar and disagreeable taste. In
the Prelrie Provinces, water that is commonly described as alkaline
usually conteins a large amount of sodium sulphate and magnesium sulphate,
the principal constituents of Glauberts salt and Epsom salts respectively
Most of the so called al'mline waters are more correctly termed sulphate
waters, mgny of which may be used for stock without 111 effect. Water
thet tastesstrongly of common salt is described as salty., '

Alluvium. Deposits of earth, clay, silt, sand, gravel, and
other materIal on tne flood plains of modern streams and in lake beds.

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

Buried pre~Glecial Stream Channels., A chamnnel carved into .
bedrock by a stream before the advance of the combinental ice~sheet, and
subsequently either partly or wholly filled in by sands, gravels, and
boulder clay deposited by the lce~sheet or later agencies,

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

Coal Seam, ' The same as a coal beds A deposit of carbonaceous

material formed frem the-remains of plants-by partial 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 Canasda 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 ordimarily above
water but covered by water when the river is in flood.

Glacial Drift. The loose, uncongolidated 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 houlder clay. The
glacial drift occurs in several formss

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

(2) Terminal Moraine or Moraine. A hilly tract of country
formed by glacial drifs 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 Ou%wash. Sand and gravel plains or deltas formed
by sbreams that issued from the comtinental ice-sheet.

(4) Glacial Iake Deposits, Sand aﬁd?cl&yjpiainSWfdrﬁnd in
glacial lakes during the retreat of the ice-iheet,

Ground Weter, Sub-surface wabter, 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 impermesble when they do not
permit 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 Iand Surface, The surface of the land before it
we s 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,

Unconsolidated Deposits.. The mantle or covering of alluvium
and glacial drift consisting of loose sand, gravel, clay, and boulders
that overlie the bedrock,

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

Wells, Holes sunk into the earth so as to reach a supply of
water. When no water is obteined they are referred to as dry holes.
Wells in which water 1s encountered are of three classess

(1) Wells in which the water 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 SASKATCHE'AN AND EAST-CENTR.L ALBERTA
The formations that outcfbp in west~gentral Saskatchewan are
an extension of similar formations that occur in east-central Alberta.
They are of Upper Cretaceious age, and consist entirely of relatively
soft shales and sands, with some bands of hard sandstone and layers of

ironstone nodules, The succession, character, and estimated thickness
of the formations are shown in the following tables

Thickness

Formation Character
Feet

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 609
black chert pebbles; partly non- ¥hins
marine, with white bentonitic sands, rapidly to
carbonaceous shales or thin coal the north~
seams similar to bhose in Pale Beds west
shales at certain horlzons 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
Variegated grey and light grey shales with selenite in Czar-Tit
Beds and ironstone; carbonaceous shales and “Hills area}

coal seams; abundant selenite crystals may be thin~
in certain layers. ° ner elsewherc

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

Grizely Dear Mostly dark grey shale of marine origin, with  Maximum, 100
e 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 shaless’ at Viking;
thin coal seam in the vicinity of Walmwright;  thins east~

mostly non-marine, but middle shale in some ward
areas 1s marine.
Lea Park Dark grey shales and sandy shales with nodules 056 bo 1,100

of ironstone; a sand 70 feet thick 110 feet
below the top of the formation in the Rib~
stone area, Alberta, .

Edmonton Formation

The name Edmonton formation was first applied to the beds
containing conl in the Edmonton area, and later to the seme beds in

adjoining areas.

The formetion has a total thickness of 1,000 to

1,150 feet, but is bevelled off eastward and the east edge of the formation
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follows a northwest line from Coronation through Tofield to = point
on North Saskatchewan River about midway between Edmonton and Fort
Saskntehewan. No Edmonton beds occur northeast of this line, but
the formation becomes progressively thicker to the southwest due %o
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 thot
contain clay and a white material known as bentonite. This material
when wet is very sticky and swells greatly im volume, and when dry
tends to give a white appearance to the beds conbaining 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 abundant in the Edmonton form~tion, 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 beds
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 locally where the underlying Bearpaw beds
:contain highly allkmline or salty water.

Bearpaw Formation

In southern Alberta, where the Bearpaw formation 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 coal seams. In some areas, as at
Ryley and near Monitor, and in the Neutral Hills, the Bearpaw contains
pebble beds, At Ryley these are consolidated into o conglomerate,
but mostly the pebbles are loosely distributed in shale or sandy beds.

In the area Immediately north of township 32 the Bearpaw
occuples 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
midwny 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 bentonitiec
shales and sands of the underlying formation. To the north, on the
banks of North Saskatchewan River, the di--ision between the Bearpaw
and the overlying and underlying formations 1s 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 yield 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 Luseldand and Kerrobert. Only the basal beds are present, and
these contain green sands that are commonly water-bearing.

Pale and Varlegated Beds

Underlying the Bearpaw formation is a succession of bentenitic
sands, shales, and sandy shales containing a few coal séams. The upper
part of this succession, due to the ber mnitic content, is commonly
light coloured and has been déscribed as the Pale Beds, whereas the lower



- B -

pert 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) oryst~ls are, in places, abundant in the shales.

The best sections of Pale Beds exposed in the region are
in the Tit Hille, southwest of Czar. These hills carry a thin capping
of Bearpaw shales, beneath which, and around Bruce Ilake, more than 200
feet of Pale Beds are exposed. The total thickness of Pale and Variegated
Beds in the Tit Hills area is about 970 feet, Variegated Beds outcrop
near Hawkins on the Canadian National Rallway 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 Variegated
Beds do not, in genersl, indicate lateral persistence of sands for long
distances, nor any umiform average depth to water-bearing sands in a local
area. This points to the conclusion that the sands are mainly local lenses,
but as such lenses are numerous, few wells fail to obtain water. In the
Cadogen ares many flowing wells have been obtained from sands about midway
in the succession., In western Saskatchewan Paleland Variegated Beds occur
over a wide area from Maclin and Kerrobert northeast through Wilkie to the
Eagle Hills, south of Battleford. Numerous outorops 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
1s generally 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 replemished 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 yield only a small supply, although this is commonly
persistent and regular,

Birch Isake Formation

The Birch lake formation underlies the Variegated Beds,
but in manyr areas the division 1s not sharp. The type area of the
formation is along the north shore of Birch Lake south of Innisfres,
where a section 65 feet thick, composed mostly of sand, is exposed. Tha
total thickness of the formatior in this area is about 108 feet, and
elthough this is dominantly sand a central part is composed of alternmating
thin sand and shale beds, At the base of the formation, in a number of
places, is an oyster bed, and this is exposed in a road cut in a section
.73 feet thick on the east side of Buffalo Coulde in sece 3, tps 47, rge. T,
Wo 4th mer, In both upper and lower parts of the formation the sand 1is
commonly massive and outerops tend to consolidate into hard, nodular messes
from a foot to a few feet in diameter, Apparently these are formed through
the deposition of salbts from the water that finds an outlet at the outorops.
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 ocours under the drift end in
outorops in a large area south of North Saskatchewax. River and northeast
- of a line from Willingdon to Innisfree and Minburn, East of this area
the southwest boundary is more irregular, but oubterops are persistent on
the banks of Battle River from a feff miles north 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 Chauvin is underlain by the Birch
lake formation and that it extends southeastward into Saskstohewan around
Manitou leke ~and southeast bo Vera,
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It is thought that the Birch Iake formation thins
eastward from its type section at Birch lake, and that it loses its
ldentity in western Saskatchewan. Deep wells drilled at Czar, Castor,
end elsewhere no longer show the Birch lake as a clearly recognizable
sand formation, so that its southern 1limit bemeath younger formetions
is uxknown, Wherever it occurs ar a sand, however, it is water~bearing,
although in some areas the sand is apperently too fine to yield any
considerable volume of water. In other areas, however, it persistently
glelds 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 contact with surfacervaters that ¢ ntain caleium’
sulphates may in time change a "soft" water well to a"hard" water well,
and many wells are not sufficliently cased to prevent the percolation
of water from surface sands into the well, and hence into the deeper,
soft water producing sands, In part this accounts for the change in
character of the wrter in a well, a feature thet has been noticed by
mang well owners, ‘

Grizzly Bear Formation

The type locality for the Grizzly Bear formation,
which underlies the Birech Lake beds, is near the mouth of Grizzly
Bear Coulée, a tributary of Battle River with outlet in tp. 47, rge. 5.
The formation is mainly composed of dark shaléscthat 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 recognized that the upper section is the Grizzly Bear shale,
and that the lower one, very similar in charecter and also deposited in
sea water, occurs in the next lower formation, the Ribstone Creek. The
Grizzly Bear shale contains a thin nodular zone about 50 feet above the
base, that is, at about the centre of the formation. This zone is sandy,
and is believed to yield water in wvarious wells, Other thin sands, in
places water-besring, are also present, The impervious nature of the
Grizzly Bear shales makes the overlying Birch lake sand a strong acquifer,
as water collects in the sand above the shale. The contact of the Birch
Iake and Grizzly Bear formetions can be traced in some places by the
occurrence of springs issuing from the base of the Birch Lake sand even
where this.is not exposed.

Grizzly Bear shales occur in a road cut on the south
slde 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 gas field, where they have been recognized in
samples from deep wells, It is probable, however, that the shales thin
westwardrand thicken eastward so that their gemeral form is a 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
merine shale underlies a large area in east-central Alberta extending into
Saskatchewan meinly 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,

We 4th mere At thie place the lower sand beds of the formation are

well exposed, The upper part of the lower sand member of this formation
outcorops on the north side of Battle River, in the northeast part of

soc, 26, tp, 47, rge. 5, near the mouth of Grizzly Bear Coulée, Above it,
higher on the bank and at a short distance from the river, there is a

12 foot zone of ocarbomaceous 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 comtaining 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 varies in thickness from a minimum of about 25 feet. On the

banks of Vermilion Creek, north of Mannville, the basal sand is at
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 area, 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 o=
. Waimwright area 1s 100 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 and extends northwest to include an area
s1lightly north of St, Iaul des Metis and Vilna to tp. 50, rge. 14,
Within this belt water well¥ are common in the Ribstone Creek sands,
which are almost without exception water-bearing in some part of the
formatior, The limites of the belt to the northeast determine the
limits of water from this source, but to the southwest of the belt,
a6 here outlined, weaber may be obtained in this formation by drilling
through $he younger beds that overlie it. The Ribstone Creek sands
are a prolific source of water in many places and hence the distributinn
of this formation is of consliderable economic importance. Where the
formation consists of upper and lower sands with a central shale zone
only the sands are water~bearing, although thin sand members may occur
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 aqutfiers. To the east of Alberta,
nlong Battle River and Big Coulée in Saskmtchewan, the Ribstone Creek
sands are marine, Marine 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 some distance
southeast of Battleford the Ribstone Creek formation loses its identity
and its equivalents are shales in a marine succession,

Lea Park Formation

The Lea Park formatlon is largely a marine shale, and
only in the upper 189 feet is there any water. 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 feet thick, Below
these sands are marine shales only, and these yield no fresh water
either in east~central Alberta or west-central Saskatchewan, The sand
in the upper Lea Park formetion is thus the 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 ineclination, 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 ~mquifer in that direction. Farther northeast
water must be obtained from glacial or surface deposits only., In
Alberta this area without fresh water in the bedrock includes the country
north of North Saskatchewsn River in the vicinity of Frog lake and a
dar rea extending to and beyond Beaver River. In this area, however,
more h water streame erepresenb-than farther south, and bush lards
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help to retain the surface waters. The area northeast of North
Saskatchewan River in Saskatohewsn 1s almost wholly within the
Les Park formation, where water can be found only in surface deposits,

WATER ANALYSES

Introduction

Anslyses 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 acsi®t’in mikdng correlations . of -the-
strate in which the waters cccur. Although this was the mein
objective of the analyses, it wa=msalso realized that a knowledge of
the mineral content of the water is of interest f£and walue 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 redidue when the water is completely evaporated.
This is expressed -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 chemieal units called
"radicals", and these are expressed as such in the chemical analyses.
In the one group is included the metallic elements of calcium (Ca),
magnesium (Mg), and sodium (Na), and in the other group are the

sulphate (S04), ohloride (C1), and carbomate (C23) radicals.

The analyses indicate only the amounts of the previously
mentioned radicals, thus neglecting 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 crystallization,
so that the figufes for the "total solids" are higher than the sum
total of the radicals as.determined, TThese radicals are also
"calculated in assumed combinations™ to indicate the theoretical amounts
of different salts present in the water. The same method was followed
in each analysls, so that the table presents a consistent record of
the different compounds present.

Mineral €Gonstituents Present

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

Mpgnesium. Megnesium (Mg) is a common constituent of many
igneous rocks and, therefore, very prevalent in ground water., Dolomite,
a carbonate of calcium and magnesium, is also a source of the mineral.
The sulphate of magnesia (MgSOs) combines with water to form "Epsom °
salts" and renders the water umwholesome 1f present in large amountsa

- Sodium, Sodimm (Na) is derived from a number of the important
rock~forming minerals, so that sodium sufiphate and carbomate are very
common in ground waters, Sodium sulphate (Na2SO,) oombines with water
to form "Glauber's salt"™ and excessive amounts makltthe water umsultable
for drirking purposes. Sodium carbonmate XNapCUz) or ™black alkali™
waters are mostly soft, the degree of sof‘tness gepénding upon the ratio
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of sodium carbonate to the calcium and magnesium salts, Waters
containing sodium carbonate in excess of 200 parts per million
are unsuitable for irrigation purposes~. Sodium sulphate is less

-
"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 black alkali (alkaline carbonates and bicarbonates)"
Frank Dixey in "A Practical Handbook of Water Supply", Thos. Murby
& Co., 1931, p. 254,

harmful.

Sulphates. The sulphate (S04) salts referred to in these
enalyses are calcium sulphate (6&804), magnesium sulphate (MgS0,),
and sodium sulphate (NapSO).

Chloride., Chlorine (Cl) is with a few exceptions, expressed
as sodium chloride (NaeCl), that is, common teble 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 ,C00 parts. These
waters have a brackish taste,

Alkalinity. 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 (COg) present.

Hardness, The hardness of water is the total hardness, and
has been determined by the amount of a standard soap solution required
to form a lather that will stend up (persist) for 2 minutes., Hardness
i1s of two kinds, temporary and permanent. Temporary: hardness is
caused by calcium and magnesium bicarbonates, which are soluble in
water but are precipitated 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 soft,to very hard, and
can be classified according to the following system :

7 ) .
The"Exemination of Waters and Water Supplies", Thresh & Beale,
pagé 21,  Fourth™fd. 1933 .

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

w=ter with 50 to 100 degrees of hardness may be said to be
moderately soft,

water with 100 4o 150 degrees of hardness may be said to be
moderately hard. :

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

water with more than 300 degrees of hardness may be said bo

be very hard.

S

Hard waters are usually high in calcium carbonmate, Almost
all of the waters from the glacial drift are of this type, especially
those nht associated with sand and gravel deposits that come close to
the surface,
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In soft water the calcium carbonate has been replaced by
sodium oarbonate, 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, Ywing to the absorbed sodium that
is available for chemical reaction™,

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

If surface wnter 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 carbonate
for sodium carbomate 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 presemt. The rate of movement of
undergpound water will, consequentlyy, be a factor in determining the
extent of the reaction,

The amount of iron present in the water was not determined,
owlng 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 alris red precipitate forms, the water becomes
aclid, and, hence, has a corrosive action. When iron is present in
large amounts the water has an inky taste.

WATER ANALYSES IN RELATI(N TG GEOLCGY

Glacial 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 oubtwach material and glacial lake sands,.

. urilied ou sh and 1nterglacla epos B etweern. Two 8
2 Buri twash and interglacial deposits betv two till
of boulder clay.

(3). Pockets or lenses of sand and gravel irregularly distributed
through the till.

Water from surface samd deposits 1s normally Bow in dissolved
salts, the total being generally less than 1,000 parts per million.
Where lerge emounts of limestone occur in the glacial ssnd and gravel
beds a characteristic constituent of the glacial waber is caleium
carbonate, the amount present warying from 300 to 700 parts per million.

Water from burled outwash deposits contains more dissolved
salts than the surface sands, as the water in order to reach them has
to percolate through overlying”till. Rein watbter contains carbonic acid,
which gots as a solvent and dissolves a great deal of calcium, 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 calcium sulphate,
g0 that the amount of shale present 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
compoettion 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,
1t is apt to be more highly impregnated with soluble salts than where
the underground movement is more rapid. Soft water in the drift is
mostly confined to shallow wells in sands low in calcium csrbonate,
Waters from glaciel 1akbrclays are sometimes high in soluble salts,

The semple from a well in glacial lake clay on NJWV. 1 sec. 27, tpe
42, rge, 17, has 11,040 parts per million of soluble salts, largely’
mo.gnesium sulphate and sodium sulphate. The sample from SE, 7 sece
13, tp. 42, rge, 16, which is believed to come from glecial lake
silts, hns o very different composition, The total solids in it
are only 440 parts per million, of which 250 are calcium carbonate.
The great difference in these waters is due to the high soluble salt
content that is ascociated with the lake clays but absent in the
silts. Average drift water containe between 1,000 and 3,000 parts:
per million of dissolyved mineral salts,

Bearpaw Formation

The Bearpaw formation consists of dark marine shales and
beds of green sand. Water from these sands hos a total solid count
renging from 300 to 1,600 parts per million and a 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
ocalcium carbonate, magnesium sulphate, magnesium carbonate, and
sodium chloride in decreasing mmounte. 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

Pale Beds underlie the Bearpaw formation. Total solids in
waters from these beds vary from 700 to 1,300 parts per million. The
water is, in most instances, soft, as it contains sodium carbonate in
excess of calciun and magnesium carbonates, but when mixed with surface
water high in calcium carbonate, it will become hard. The high
concentration of sodium salts, especially sodium carbonate, in
contrast with the caleium and magnesium salts distinguishes 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 typlical of waters from the Pale Beds:

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

Salts tpe38, rge. 21 +tp.39, rge. 25, tp.37, rge.24, tp. 38,rge.23
TaCOg 73 18 53 35
CaS0, | - » - -
MgCOz 52 14 45 38
MgS0y ; - : ;
Nazcos 297 679 464 562

NapS0q 297 158 266 437
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NeCl 31 45 46 130

Total solids| 760 1,020 940 1,260

Hardness 100 20 § 30 75
e .

Variegated Beds

In Senlac Rural Municipality, Saskatchewan, are a number of wells
that 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 separated from the Pale Beds,
They are less bentonitic than the PaleliBeds and darker in colour. The
weter is hard and has a low dissolved solid content, The three analyses’
given below show a great deal of similarity and suggest & common horizon,

ENW. sec. 21, § NW. secas 3, SE. sec. 28,
Sglts i tpedl,rge.26 tpedl,rege 28 tp,40,rge .28
CaC0g 250 : 305 125
CaS0, % - | - -
MeCOz | 1109 %) 155
1 MES04 149 104 69
NapCOyg - 5 - -
Ne.pS0y 08 ? 132 386
NaCl 12 g 12 18
Totalnsolidsg 640 % 640 782
Hardness z 600 g 600 500

Ribstone Creek Formation

Chemical analyses of water from the Rlbstone Creek formation vary
more than in the Pale Beds, the reason being that at several different
horizons the sediments show ¢ nsiderable lateral wvariation, 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 strata 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 lLake,
and at the south end of Tramping leke. Analyses of these waters are given
in the following tabtos

o i SE.sec.25, | SB.56c422,] NEesec.36,] SW,sec.7 |SE,sec.30, : SN.seclO,
Salts ¢ tpedl,rge. tp.41,rge. tpedl,rges tpedl,rgeitpe38, rges tp.35,

: 24 24, 24, 24, 22, TES «20,
CaC0g 73 73 i 73 198 108 50
MOz 38 38 38 52 69 52
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Neoc03 129, 119 129 1 106 125
Na2504 55 55 | 61 61 ;49 43
NaCl 2,529 3,05 | 2,600 2,068 é 3,531 3,861
Total solids 3,a4o§ 3, 460 ' 3,120 3,200 © 3,860 4,460
Hardness 135  : 90 110 100 | 130 130

The similarity In these anlayses suggests a common source bed,
The distance between the Tramping lake well and the Vera wells is about
40 miles. This water, which is thought to come from the basal sand of
the Ribstone Creek formation, is not typlcal of waber 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 anrea than
farther couth, and it is known that the rate of flow is a controlling
factor that governs the change of calcium 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 Deds, whereas others are gulte

different, The following analyses illustratetsome of the different types
of water from this formation:
== ¢ ‘ ; b
Se.sec. 'InduAgentf SW.sec. NE.sec, (Se.sec. ENE.Sec.! W.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 B 28 ° ;21 ¢ 18 i 18 N 24 . 23
CaC0g ! s0 0 , 40 | T3 , & , T3 125
MegCO, ‘ o7 ! 59 | 168 ' 3 3L . 38 . 9T
' i ——
S R R A A R S
Neoce; 217 1 392 - = . 283 592 129 196
NepSO, 1,644 . 777 2,518 | 2256 . 522 61 1,541
i : Y | i . N
NaC1l 049 63 : 76 | 12 ' 83 2,690 71
L ; | . .
Total solids;2,220 ; 1,340 , 3,000 |620 ‘1,280 3,120 1,900
Hardness 280 160 , 750 |110 © 35 110 é 600
( : : .

The above chemical analyses show such a wide range in the
dissolved salts present in the different waters in the Ribstone Ereek
formation that they cannot be used for correlation purposes over a large
aree .

Conclusions

(1) 1In most instences water from glacial drift is ouite
different from water from bedrock,

2 Some of the bedrock Korizons carry waters that show definite
y
chemlcal characteristics.

(38) Most waters from glacial till carry total solids ambunting
to between 1,000 andn$,00C parts per million.
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(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 million,

(6) Water from the Variegated Beds resembles that from the
Learpaw 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) A1l soft waters contain sodium carbomate (Nazco5), which

is present in water from the Pale 3a3ds and Ribstone Creek formations
but absent from the Dearpaw formation and Variegated Beds,
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RURAL !UNICIPALITY OF PROGRISS, No. 351,
SASTATCHIWAN

Physical Fcatures

The municipality is a gently rolling plain of prairie
lands with broad northwest- and southwest-trending valleys and
ridges. A f'ew basins are occupied by shallow lakes, some of which
dry up during the summer. Livatly the soil is geod agricultural
land, but to the south of Shallow Lo 2, in the vicinity of Onward,
is an area of sandy soil and sand deposited in a former glacial
lake. On the high land around Xerrobert the soil is quite bento-
nitic, and the drift is probably thin.

Gesology

Scft bedrock is exposed in a few places in this municipal-
ity. 4 snale outerop, in Buffalo Czulée, west of Ouward, is known
to be of marine origin from its content of microsconic foss1ls.
Tiis outerop is provably of Buerpaw age, although the division
between Pcole Buds znd the overlying Beurpaw is indefinite, and
represents a transition from non-merine to marine deposition. 4iu
exposure baside the road a short distance west of ilorrobert may
also be Bwarpaw, but the outcrops along the railway west of ITlemer
Lcks have the lithology of Pule Bads.,

Water Supply

The wells in the sand area around Onward are mostly shallew
Rain water collects in the sand where it rests on relatively much
less pervious clays and can thus be obtained at no great depth. Iu
other parts, however, the supply comes mainly from sands and gravels
in a zone near the base of the drift. Several wells penetrate
the drift to the rock formations underlying it and obtain hard
water in the lower part of what is thought to be Boarpaw or the
upper part of the Prle B:ds., Dceper wells in the Pule Beds en-
counter sands that yield soft water. There are no flowing wells
in this municipality, although in a few wells the water rises
to an elevation above some of the lower land., I~ is uncertain,
however, to what degree, if any, flewing wells could be obtained,
as the sand beds of ths Pule Buds may be too lenticular to afford |
a continuous head for a flowing well.

Township 34, Runge 23. The surface deposits in this
tewnship are very thin, and the ridge trending northwest in the
viecinity of Xerrobert is evidently underlain by Pale Bcds and
perhaps by a little Bszarpaw, The surface between the drift and
the underlying bedrock is evidently quite uneven, and water tends
to accumulate in sand and gravel deposits near the base of the
drift., {.:ds is especially the case where the underlying formation
is 1less pervious than the glacial materials., In prosnescting for
shallowv wells in the drift, therefore, the search for gravel and
sand beds is apt to be more successful in the lower areas than on
the higher land. In this township, however, it muy be difficult
to distinguish wells in glacial sand from those that have enterel
sandy beds of the formation below the drift. Orn Buffalo Coulee, in
the next range west, green marine shale that is considered to be
Bearpaw outcrops at an elevation of about 2,250 feet, and the out-
crop on the highway west from Ilsrrobert is still higher. Tius the
well on SE, section 5 may be in the Boarpaw or Psle Buds at an
elevation for the aquifer of 2,25¢ feet. ther wells in which
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water is encountered at a lower elevation may also be in the Pale
Beds, although the thickness of the drift is apparently quite
variable, T.c deepest well on NW. ssction 9, drilled to a depth
of 450 fect, or an elevation of 1,306 fect, obtained soft wator
that rose to an clevation of 2,206 fcet, or considerably ebowve the
level of most of the rangc immediatoly cast of lorroburt.

Township 34, Raurc 24, In the vicinity of some small
lakes north of Stroet Lake In township 33 scvceral springs issus at
an elevation slightly abovc 2,200 feet. Those may bc conncected with
€and beds within the bedrock, as an eutcrop of green marine shale
occurs on Buffalo Couléec West of Onward at an clcvation of about
2,250 fest., In thls township it is difficult to state which wells
ara in sands of the¢ drift and which arc in sands of the underlying
formetions. The drift is varisblc in thickness, and the con-
tact between it and the bedrock is belicved to be very uncven,

In SE. section 34 glacial gravcl is known to occur at a depth of
66 feet, or at an clovation of 2,144 fsot, which 1s 100 fect
below tho level of thc outcrop of marinc shalc on Buffalo Coulsc.
Under these circumstanecs, thercforc, it is probablc that wator
occurs most abundantly at thc basc of the drift in the deprossions
on the surfacc of thc boedrock, and thus that thoe elevations of
the aquifers will show a wide variation from place to place., No
doubt further watcr supplics oxist at groater dopths within the
bedrock formations, so that wherc neithoer sufficicnt nor good
water has boen obtained from shallew wells 1t can bo rceachcd by
deeper drilling.

Township 34, Range 25. Most of thc wells in this
township are relatively doecp, several being sunk to mor: than
100 fact., Tac drift is prosumcd to be underlain by a 1littlc Bear-
paw, which, in turn, overlies the Palc Beds, It is impossibls,
however, to distinguish sands in the drift from sands high up in
the bedrock formations, and as thoe thicknocss of drift is unknown
it is not at all ccrtain that most of th: wclls rcachcd the
Boarpaw, although the occurrcnce of sand without gmravcl suggests
that this is so. It is highly probable that beth the wells on
SE. ssction 13 and SW, scection 21 rcached a sand in ths Pale Boeds
at an clovation of between 2,130 and 2,190 foot, and therc obtained
water, The fcet that the Wutbr in onc vcll is rcported as soft '
and the other as hard has no significance, because of the opportuni-
tics for downward percolation of hard watcor from the drift.

Township 35, Ringe 23, In this township a fow wells
ars less than 50 feet decp, odut most of thom reach a decpth of from
50 to ¢0 fest., On:, on SiZ, scetion 36, reachzd a gravel bed at a
depth of 65 fost, or an clecvation of 2,092 fect., It may bc that
this bed is in a pro-gloacicl vallosy dcposit that trends southeast
to the Kerrobert town well on NI, sec, 18, tp. 34, rge., 22. 1In
the Kerrobort well the water horizon is at a deopth of 220 feet,
or an clcvation of 1,%45 foot, and the well flows, Farther norta-
west, in tp. 36, rge. 23, a well on SE, scetion 22 was borcd to.
a depth of 144 foat, and another, on SI. scetion 28, to 130 feet,
in glocicl matorials without obtaining water. Both of those wells
are apparently also in this pre-glacial vellsy. Tho cdges of the
valley cannot be accurately dofined, but, on NI, scec, 22, tp. 35,
rge. 23, a well 90 foet decep uncountcrud cocl in the P,lu Bcds
at an c¢levation of 2,169 feat, or 77 fuoct cbeve the bottom of the
glaciel well on SE. suctlon 36 Also, anothsr well, on SE,
seetion 27, cncountercd coal in the Pale Beds at a- depth of 48 fast,
or an clevation of 2,206 fcot., This well is 114 feet cbeve the
glacial gravcl in thv bottom of thc well on scction 36. This
evidence clearly paints to a bedrock ridge bencath the drift. The
castern odge of this ridge passes through Xorrobert and extends
northwest through tp. 35, rgc. 23. 3IZast of this ridge tho glacial
deposits arc thick, and all wolls in this part of the township are
in drift, whoreas to the west cortoin of the wells reach bedrock.
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Two wells, onc on S¥W, scction 14 cnd the othir on SZ. scction 15
obtein watoer at 2,250 to 2,255 feet in clay. It is not known
whoether tals is gloacicl cloey or Bearpow shole, Deepor wells at
both thesc locations would cncounter weter in the Poic Bads.

" Appercntly the bedrock ridge is rolotively narrow, and the thiek-
ness of glaciel naterials ineroescs agoein to the wost., Thus most
of the wells in the wostern part of this township obtein water in
glecial scnds at no great depth., The supply, however, ceuld be
inercascd by drilling to siands in the underlying formotiens.

Township 35, Ronge 24, In svetion 23 two wells
obtain wntcr at clzvatlons of 2,17¢ ~nd 2,139 f£-.ot respoetively.
Cng of thoso wulls, 85 fout diup, sncountored conl in the Prle
S..ds so that both w.lls «rs consid.red to have tapped o sznd
within this form-tion. Th. thiclin.ss of drift in this tovmshi»
nns not besn dstoruinasd, In o fow wells the wotor occurs in o
groon sand sugsestive of sand in tue uppur prrt of the Puls duds,
Ao alr.udy sti.tcd tho nass.ge fron nen-morins Pelo 3uds to over-
lying mnrince Boarpow shele is transitionel, mnd this tronsitional
wone includes considerablce marine sond, above which miy 1lic
typical, non-maring Pals 3Bods. The wells in sections 9, 14,
end 16 .-, conscquently, be in grovn s.nd of this transition
zons, and if so most of tho othur wells may also bz in sands
within this zonc rath:r than in glecial matcrials. In the ontire
township there is rcoson to belicve thet o still gro-ter supply
of winter can be obtaoined by sinking deeper wells into the Paleo
Beds.

Township 35, Renec 25, In o well on NW. scetion 12
glocinl gravel occurs ot o depth of 84 foot, or an clevotion of
2,204 fect, whercas on W, scgction 30 cozl is reported at a
dopth of 60 fsat, or an clavation of 2,301 foct. Coal is known
to occur in cortain arcas in the bosnl poart of the Boarpew formatior
and ths probability is thet this woll rocchcd ¢ coal horizon within
this formation. Tho ridgc in which the conl was cncounturcd is
apparcnt at the surfrcec, It trends northwest through the western
part of tho township, and is bolicved to have n corc of bedrock.
Hince the glocial natorials thicken to the northenst, occupying
a depressced arce in the bodrock surf.cs between this ridge and
the onc previously deseribed thot extonds northwest from Lorrobert,
Thce wells to the northsnst of the ridsac crs, conscquently, nostly
in glecial sand and gravel, whereos to ths southwost most of
thom erce in the bedrocl:, thot on WY, scetion 30 boing an cxecption,
Two of the wslls thot roach bedrock cvidontly bnp o sond in the
Pl Bods ot an clovotion of opproximntsly 2,175 to 2,180 feot on
opmosite sides of the surfrec ridge, It is thus inforred thet
this scnd is probably o foirly continuous cquifer. It would also
probably be prossnt to the northeast of the ridgs provided it
hris not becn romoved by pru-glocisnl crosion,

Township 36, Johgs 23. As clrendy noted, o pro-
glecial vellcey cuts across this towvmsiiip in o northwest dircction
from the southoeast corncy, In 1t, en 3IE. scetion 22, & hole l4<
foet docp fellud to reach the bottom of the drift at an clovation
of 2,150 feot, and anothor, 130 fout dcoup, on S3Z. soetion 28,
reached an clovation of 2,190 foct without penctrating the drift.
It is prob-ble, in vicw of' the infornmsrtion provided by the ¥arrobert
tewn well in this samo pro-gleoeial volley, that the drift is
upwards of 100 feot thieck bolow the lowest point reoched in tho
holec on section 22. Both of thusc dry holes should esncounter
flowing wells at the basc of the drift, as in the Iorrobert town
well., The edgc of the pre-jzleclal vellov to thic northieast secms
cletrly defined by a well on SE. section 13, which cncountered
coal, prusumably in tho Pale Bads, ot o depth of 30 fect, or an
clevation of 2,160 fect., This is probably tio sane conl horizon
os that encountered in the well on S¥W, sce. 6, tp. 35, rge. 25,
at an clevation of 2,175 foct, ond in the well on NE, sce. 17,




tp. 35, rge. 235, av an slevation of 2,130 feet, further confirming
the fect that this is & widesprsad horlzon in thc Pale Bods, and
prcbably alsce indicating a very slight sasterly dip to this forma-
tion in this area., Witk the exception of the well on S3I. scction

" 13 and another on NI, section 14 drlllcd to a depth of 412 feet
and obtaining water in the Pzle Bels at an elevation of 1,855 feet,
all other wells in this township, so far as can be judged from the
recOrds, are in glacial materials, A scnd zons at an elevation
between 2,150 and 2,175 fcet, has supplicd water for several wells,
and cnother hlghbr zone, bLtWGun zlevetions of 2,220 and 2,240 fe.!
is also qulte widespread. Iu is clmost certain, hOWGVuT, th&t in
both of thesc zoncs the individual, water-bearing sand beds have

a vory limited cxtent laterslly, though, due to the number of them,
they have becn encountcrcd in many wells,

Township 36, Run,e 24, In ons well on SZ, section 9,
drilled to a depth of 285 fout, coal, believed to be in the Pols
Bods, was reported at 80 fest, or an clevation of about 2,200 fact.
This indicates that thc ridge of bedrock that cxtends northwest -
fron Korrobert is still persisting but is becoming much less pro-
nounced northward., On NW, scetion 9, however, a well 127 fect
decp, the bottom of which is at an clevotion of 2,203 fcot, is
thought to dcrive its water from slacial sand, and anothor well,
125 fceet dcep, on SV, scetion 16, also obtains water from glaeial
send. Thisc are p;obubly the dGCpuSt glacial wells in this arca,
There 1s no uniformity of lovel of the woter-bearing sands in
the drift, and gravcl has not been reported from o single well
of which records are aveailable, Tho prospects for finding water
in the drift are, thorefore, ontirsly dependent on encountering
ons of these irregularly distributed glacianl sands, and thess
must derive all their wotcr from downward percclation of rain
through the drift. Bolow the drift sceveral wells in this townsh i
have rcached sands in the Pule Buds, the deopest well, on SW.
section 21, having a dcpth of 500 feet and roaching an slevation
of 1,889 feet, A decided lack of uniformity of elevztion of the
aquifers in the Pale Beds is shown by the well rccords, and
indicates that probably scveral arc roprescnted.

Township 36, Range 25, In the ccntrs of this tovm-
ship a gently sloping hill riscs gbove an clovation of 2,400 feet,
A well on NE, scction 21, bored to a depth of 123 fecet, obtaincd
alkaline water at an elevation of 2,288 fect in what is considercd
to be glacial sand, indicating that tho hill is o glacial feature.
On NI, section 23 a well 160 fceut deup obtainced water in the Pale
Beds at an clevation of 2,196 fuct. The doepth of the drift is not
known, but is przsumably cbovc 2,200 feot, which was the level of
e coal horizon in Palz Beds in n Wbll in ran e 24. It is possibls,
therefors, that the drift composing the hill in this township
reaches a thickncss of ncarly 200 foot, Many of the wells in the
township are in drift, but nonc of thes sands is cxtensive and
their depths at any loc vtion cannot be predicted cxcept within
the limits of present informntion gaincd from the availablse rscords
Below the drift scveral wells obtain water from sands in the Palc
Bods., On S9. scction 16, NZ., scction 18, and NE. scetion 25
water was sncountcred at an elevation of 2,150 to 2,155 feet, and
in each wecll coal wes roported. Those coal ssams may not represent
very continuous horizons within the Palce Beds, but their prescnec
is proof that thc wells arc in that formation. A4 well, 175 feet
decp wn M, scetion 31, rcoported browa water at an clevation of
2,073 fcet, and another, on NE, scction 31, apperently encountercd
the samc horizon at a depth of 176 fect, or an clevation of
2,066 feet. The diffcercnce in clevation as shown by the two
wells is unimportant in that ths elcvatioans ot ths surface
were not thse result of a pruclsa instrument survey, and the
depths of the waells muy clso bc slightly inaceuratse, A third,
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Palec Beds sand intermediatce betwecen the two reforrcd to ebove
was cncountered in a well 95 feet doep on NW, sceticn 19 ot an
clevation of 2,197 fect, and also in a well 160 feet dcep on

NZ, scetion 23 at an clevation of 2,186 fect, Thus, threc
water-bearing horizons arc indicated in thce Pale Bocds of this
township, and therc is no reascn why thesce should not be produc-
tive over the wholc area, though sufficicnt supplics of water
may not be available in shallower wells.



AMALYSES OF WATER SAMPLES FrO¥ Progress Rurel Municipality No. 381, Sukntehnrix

l D:gﬂ‘_—!:g;“ mved Constituents as Axmlys;& Total [onstituents as Calculatod in assumed Combinations i Sogce

o. | 4 Sec. Tp{ Bge.| feet |Aquifer| solids [Ca | Mg | Na 30y | c_1_.[ Alk.| Hardness CaCO- | CaSO), | MgCO3 | MgSO0y | NapCC3 | NapSOy NaClo_z Jater

'_‘ 1 o S — R —— SER
1| sE 13| 34 &5__159___&1&9___MML1&9__9_L43&_14 1800 | 145! 828! | 504 20 iﬁmf-%:; 3‘31}':"
£ NB 17| 86 _aL__m__mo-Jguﬂ_-pg-.ggdgﬂ_ 406, 1) 480, 240 | 125 76 | 281 601 | 18 :.pale Beds

S| NE.s0| 85 80 1| 700 D4l 5ol ee 10 426| 600 | 285 ne | 79 181 | 12 !pearpaw-

4| NB 24 67 | 2178 | 1100 61(175] s90| 19 490! 700 | 285 172 | 64| | 14 | 21 |{grE sigilar
S| NB 23| 88| 24 90 | 2139 980 1122 59110\ 296| 16 455| 700 | 306| 126 | 114 §QL,_!L:L do.

6| NE 14/ 36| 25| 412 | 1885 | 1280 | 14| 135|411 324 26 605 S8 S5 45 547 | 480 g_i i Salie o
7  SE 9| 26| 24| 288 | 1996 | 1080 | 7| 9368 37 4 38 18 31 786 | 55 | 87 | pale Beds --
B SRS 86| 24| 178 | 2143 | 1040 11,308 209 65 90 90 38 AM_L__!QL_!L; Pale Beds ~--
9| Swie| 36| 84 136 | 2181 760 | 64 24/165| 70! 18 520 280 160 83 877 | 104 | 206, po1e Beds --

4

I

7

i

594
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RECORD OF WELLS IN RURAL MUNICIPALITY OF PROGRESS, WO. 351, SASKATCHEWAK.

~ Type Depth Alti- WATER TZVEL PRINCIT.L ATER~ Cherac- Use to
ler. Oof of tude Lbove (4] Llev. EEARLG LED ter Which
Well Well of or , Above Denth Elev. Geol. of the later ield & Remarks
Well Below (-) Sea Ft. Horizon Water. Is put¥
Surface Level
'l N.E. 2 34 23 3 Dug 28 2266 -20 2246 23 2243 Glacial sand Hard D.S. Vaters 10 head
2 S.E. S " v " Bored 60 2319 =50 2269 60 2259 «lc eds 9 % " " 10
- 3 S.W. 6 r L4 ." ” 62 2284 62 2222 Sd " 1 " 12 "
DR & R e . 65 2227 -45 2212 65 2192 " " mo 40 m
 N.¥. 7 " 7 " e 40 2256 -35 2221 40 2216 @ m " Sufficiert
e 0 =al. " " " Drilled 450 2356 -150 2206 450 1506 tlajaii]éd%hy Soft "
7 NwW.10 " g " Bored 60 2340 -50 2290 60 2280 gard Hard " sufficient
8 S.E.12 " . i 60 2281 Low 60 2221 " " " waters 12 head.
9 S.W.1¢ " " » Dug 20 2299 -12 2287 20 2279 Glacial gravel " Limited
10 N.E.16 " " " Bored 36 2245 Low 36  220¢ " Bad S. 10 bbl. per day.
11 8.¥W.18 " iy " 58 2334 -50 2284 58 2276 cand " D.S. Poor supply
1z ¥.16 * Y . 140 2334 -120 2214 140 2194 " Pale beds?
13 Ss.,w.18 " E .» P 60 2281 -50 2231 60 2221 Glacial sand " " Sufficient
14 S.E.20 " » v Dug 45 2194 -25 2169 45 2149 .Luid F. . " VWaters 15 head.
15 N.W.20 " = " " 35 2216 -23 2193 395 2181 Clsay " . " 30 "
16 S.W.21 " " " Bored 104 2198 -64 2134 104 2094 BandPale beds? " S. " 50 v
17 N.wW.22 " o » 70 2238 -47 2191 70 2)1CE Jsend Soft D.S. m 100 "
18 S.,¥.22 " " n Dug 24 2234 24 2210 " " Abundant
19 S.W.23 ®» " Bored 82 2240 -42 2198 82 2158 Glacial gravel S. = Sufficient
20 S.W.26 " o " Dug 10 2210 -7 2203 10 2200 sang Hard D.S. Waters 30 head.
2l S8S.w.28 " " ' n Bored 90 2243 -86 2157 90 2153 » " Poor supply
82 S.E38 " - " " 65 2245 65 2180 Seand = " Falr -
83 S,W.36 " - » - 110 2230 -40 2190 110 2120 Salty Hard S. Sufficient
S.W.36 " " " 36 2230 36 2194 Glacial gravel cSoft D.
l S.¥. 1 34 24 3 Bored 40 2285 -30 £255 40 2245 Glacial sand Harc D.S. Sufficient
2 S.,E. 2 " P » " 36 2326 =30 2296 36 2290 " " Poor supply
D4 " = " " 90 2302 =50 2252 90 2212 Sand " 9 Sufficient
4 N.%. 4 " e " Lo 90 2308 -75 2233 90 2218 " " . "
5 N.E. 8 " o i 4 64 2280 Low 64 2216 bl " Fe. " Limited
6 E.10 " » n - 80 2275 -40 2235 80 2195 - w = " Sufficient
x;z--b.- Domestie, S.- Stock, Alk.- Al%aline, M.- Municipal, Fe.- Iror, Br.- Erown.



D

-HH.;‘!—‘P,J,A

)

N.W.1l0
S.E.19
N;W.l4
5.‘--'.16
NeWoelb

~ouol6

[ B s oJ._
uouo-s
[V 'Y tto- 1
w oR
e lie S
o7 5]
e ase il
y T~
e e
¥ "
(= PER A
Al o Wi o LiJ

AN oY

it @ v O

De e
ave i
“elie &
Lol 6
Vease =
;.u.lO

oVio12

u.‘&“.l:"

”

Eored

Fored

2 3 3 3

"

or?lled

Eored
v

"

Drilled
Lored

2303
2246
2231
2282
2255
2254
2295
2275
2235
2218
2241
2284
2210
2200
2221
2214

27556
2375
2354
2390
2367
2375

.2332

2345
2361
2379
2376
23€1
2383
2380
2314
2348
2300
2296
2283

-45
-30
-28
-25

-20
-62
-40
-13
-12
-8
-50
-10
-15
~-36
-20

-100
-140
~65
~-40

~-80
=150
-100
-124
- 40
- 50
-83

-132

-35
-69

2243
2164
2198
2252
2223
2218
2208
2230
2195
2202
2211
2232
2144
2162
2179
2182

2242
2229
2274
2240
2207
2235
2242
2180
2251
2249
2316
2301
2288
2188
2229
2223
2240
2221
2200

-5

Sand
Blue sand

Sand & grav

Sandy shale
Shale sand

Sand

Glacial sand

" "

" grevel
* sand

* gravel
candv clay
Blue sand

Gray clay

Sand
L
"

3 33 3

Pole Teds
Sand
sandy clay
f.';(;l’,d

Clay

Fale Eeds
Clay

Send

Blue sand

oand
"

Hard

Hard & S.

Hard

”
"
"

Soft
”

Hard
* Alk.

” A11’ %

Hard Fe.
” "

"
”

Soft
Hard
Soft
Hard

"

Soft
Herd

- e
- =

th 3 2233 3 3

D.S.

"

Sufficient

WVaters 70 head of stook
” 10 " ”

Abundent, bad odour.

Limited

Sufficient supply J

Good supply

Sufricient

Limited

Good supply

Poor i

Adundant supply

Sufficient

6 bbl. per day.

Sufficient

Sufficient supnly
(4] ”
Good

” ”

” "
Foar i
Good L
cufficient

"

”

i
Poor supply
Abundant supply
Fair subply

Good

”
Foor ad
Good "



Well
No,

31 Lo ~dd gl vl v
HOODIOMPWOHOODIR U LN H

oo R No NG N O R o

s.‘l.'.. 1
N.E.13
\“JQ'II:¢14
S.E.15
N.E.16
N.W.1l6
N.E.17
3.E.18
N.E.19
N.W.21
N.E.22
N.E.23
N.E.24
N.VW.24
N.W.25
N.E.26
S.E.27
So“ozg
N.W.32
N.W.35
S.E.36

LN

[ ]
T
SokoOO

63.23

mEEOZOn 2=

«We25

35

"

233 23X

-

2 3233232 32 3 1

-
-

2

o
3}

3

23

22

2 33233 33 323

>

233 233 332 332T3IT3T3TID

$ 822 322232 3 3

4 33

2 3332333332230

Bored
"

2193
2232
2300
2305
2255
2260
2265
2203
2287
2240
2259
2235
2171
2220
2176
2186
2254
2272
2230
2177
2157

2262
2224
2259
2253
2204
2195
2264
2217
2227
2232
2266
2229
2210
2240
2202

-15
-40

-50
-47
-40
-40
- 7
-16

-20

-16
=15

-20

=30
=30
-16
-10

-40
-30

-14
-25
-10
=20

2178
2192

2173
2142
2250
2255
2205
2200
2225
2173
2202
2180

Glacial sand
Clay

Glacial gravel
! clay
Clay
Sand
Cla

2
°16° Pele Mada sand

2162
2101
2158

2129 Glacial red sand

2150
2206
2,07
216

Sandy soil
cend

—end

Pale beds

Sond

0 N :
2141 Glaclal sand & clay

2092 Glaoial gmivel

2227
2149
2199
2219
2153
2175
2164
2129
2139
2192
2226
2187
2170
2200

Sand
Sand
Green sand
” "
” "
Sand
Pale -Beds sand
"W o n
Sand

L
"

”

Hard

Soft
Herd RBr.

”

[

Dou).

oufficient

Limited sunnly
Sufficient

Limited supply
Sufficient

"

”

Limited. Coal at 65!
Sufficient

waeters 25 head stock
cufficient supply

" "

Coul at 48°'.
3ufficient i

"
” "

” "

Abundant supply
waterd 200 Head Stock
Sufficient
Limited
waters 50 hesd L
Sufficient -
Poor
Coal at 88°'.
Sufficient

"

Good supply
” "
Sufficient

Good supply
Flowing Spring.



= SN i

285 24 3 Bored 65 2208 -40 2168 65 2143 Sand Hard D.S. Sufficient
" w n Dug 30 2247 low 30 2217 " . Limited
35 25 3 Drilled 260 2435 -90 2345 260 2175 Pale Beds Soft D.S. Abundant. Coal 1°'.
w =w n PBored 114 2410 114 2296 Sand : Hara » Good supply
N w 80 2330 -50 2280 80 2250 Sand " " " .on
.. w 84 2288 -40 2248 . 84 2204 Glacial gravel " N 4 o
AR S " 65 2269 -55 2214 65 2204 Send "” " Limited
L & " " 94 2263 94 2169 o/ v » Good supply
- " = " 54 2285 -16 2269 54 2231 Glacisl gravel " " Limited "
g AR " 85 2319 -75 2244 85 2234 Send " " Poor "
" n " 168 2348 -78 2270 168 2180 Pale Beds ‘ Soft » sufficisnt. Coal4 168°'.
A R, | " 56 2352 -36 2316 56 2296 @Glacial sand Hard " Limited
LA " " 70 2280 70 2210 " . Y " Good supply
n o on o ow " 60 2297 60 2237 * gravel " " " "
N-oe e " 45 2286 45 2241 8Send . " " " "
gy e " 73 2259 =30 2229 73 2186 Clay " " - \d
Ay Gl " 52 2294 -32 2262 52 2242 Glacial ” " Limited
S SR " 55 2245 -44 2201 55 2290 " gend " " " "
- W w " 67 2242 -62 2180 67 2175 Ny P gand " " "
Rl " 60 2274 ; 60 2214 Gl. sand " " Good supply
R R " 80 2361 -45 2316 60 2301 Baarpaw? - ° Coft " » " Coal at 60°'.
g Wow " 60 2382 -50 23%2 60 2722 Glaelal gravel Hecrd " Poor "
” - i " 65 2279 -35 2244 65 2214 "  Jan " " Sufficient
o S n 50 2243 850 2193 " " " " "
1 N.W. &4 38 23 3 Bored 50 2219 50 2189 . Herd D.S. Sufficient supply
2 SW.4 " n v " 60 2213 60 2153 Sand " " 5 ’
8§ R 9 " * v Dug 20 2211 20 2191 " P, " " Limi ted "
4 B.W.9 " " " Bored 65 2210 =25 2175 36 2174 Glaeial ;sand . " Fe. " Sufficient "
i Y  * v "W 50 2208 TR LA ’ . 3 %
AT T R " 35 2238 -32 2206 35 2802 " " " " Limited "
e N1 * v v " 40 2250 -28 2222 40 2210 " 4 . . y o
8 S8.E.13 " " " Drilled 211 2241 -85 2176 211 2030 Pale Beds soft " sufficient. Coal 80°'.
D NBilda - " " " 412 2267 -45 2222 367 1900 - 3§ Herd

412 1855 .Pale Beds Soft D.S. Aburdent supply
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N.E.
S.E.
NOW.
S.W.
Nelie

N.W.
SOE-
No"ll..lz
S.W.l4
No"i.ls
S.4.16
So.liozo
S.hN.2

VO DO

oW .22
N.E.23
&'Eo 24

36

"

"

"

1"
"

"

(<]

s xR a2 ald

2 2T 23 332322230

-
-

:

2 23 3

Bored
”

3

23332323 2

Bored

Bored
”

”
1"

Drilled

Bored
Drilled
Bored
Drilled
Dug
Bored
Dug
Drilled

Bored

”
n

2246
2240
2255
2239
2246
2300
2336
2285
2293
2255

2244

2318

2346
2240
2329
2291
2223

2278
2255
2266
2279
2288

2330
2284
2289
2289
2334
2368
2303
2289

2340
2249
2342

«13

-40
-34

-40

-40
-55

-30
-20
-45

-20

-95
=70

-100
-0
=35

-20

22388

2201
2260
2302
2237
2253

2215
2189

2299
2271
2178

2268

2235
2214

2189
2308
2354

2229

2146
2205
2220
2171
2166
2230
2272
223%
2236
2165
2174
2264

2316
2220
2267
2191
2148

2178
2167
2214
2214
1978

2203
1996
2189
2109
2294
2243
227¢
2089
l1ee9
2280
2209
207

Glz cial
Sand

Sand

Sand

Bl\. e sand
" gand
Glacial
r" sgand

Send

Gl&c 1‘1 sand

Sand

1"
14
"

Pele Beds
Fine Send
Sand

Pele leds

. " send
Zlaclial

" sanad
Pele eds

4 "
Glacisal

" sand

” "

Soft
Harad

St
Eii;rd

Hard
Hard Alk.

"
”

Hard
Hard Alk.
Soft
Harad
saft

Hard
Soft
Hard

Soft
Herd
Soft
Hard

”

Dtb.
"

"

it e

D.S.

Ded

D.s.

"

Se

D.Bo

Sufficient

”
n

Limited
sufficient
”

Wiaters 6 head st« ck
ury {ole 144! deep
llaters 75 hesd.

” 60 "
e 15 " Dry ¢
Hole 130' Deepn.

Limi ted su ly
sufficient

Limited

Good supply

e "

Sand trouble Luse-

land Swimming Lool.

Good sunnly
. " Toal at &0

Sufficient

Sand trouble

cufficient
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S.W.24
N.W.24
N.W.27
S.W.28
5.E.31
S.W.32
S.W.35
N.E.36

N.E.
S“;‘:.
N.E.
lI.E.
SCE.
N.n.

Lol e Mo N N -SSR,

0“‘.16
N.E.18
N.%w.19
M.W.20
S.E.21
11.E.21
C.E.22
I:.E.zz
S.L.24
N.E.25
S.E.27
S.W.27
webkoR8
llew 28
N.W.3C
Io.ﬂ .50

PO

3 2 3 23 23 23 3

I 32 32 3 =2

-
-

"

233333 303

"

Bored
Dug
Bored
Dug
Drilled
Dug

”

Bored

Eored

"

Drilled
Bored

7"
1"

L

Drilled

60
20
30
30
175
15
38
36

175

2256
2340
2341
2370
2318
2329
2334
2301

2296
2280
2321
2297
2281
2272
2267
22324
2321
2306
2312
2329
2287
2232
2224
2239
2380
°391
27289
2756
2323
2204
2413
2412
£280
2350

238

4«

ﬁf ":

-30

-70

-20

-29
-30

-20
-10

-35
=30

-20
=30
-20

-1C0
-40
~-25
-20

2226

2248

2281

2267
2250

2277
2271

2232
2284
Low
Low
2292
229¢
2267

2756
2283
2279
2392

~ 1 ~
. L8

100

175

2196
2320
2211
2340
2143
2314
2296
2265

2242
2211
2246
20227
2191
2182
28
“)654

Glacial sand

” "

Pele Feds
Send 71.

Glacial sand
Glacial

Sand
4]

"

Glacial gravel

2 Glacial

2261 G;acial

2201
2267

Rlfle

sand
sand

274 Glacial sand

2151
2152
2197
2124
2200
226F
2319
2196

HeR
o

2154
2353
2748

Fale
”

1

cend

Leds Coal

" "

" sand

Glacial sand

wit Lnd

Prle TZeds sand

Sand

Pale Beds Coal
Glacial sand

Sand
1

Glacial sand
Pcle Leds Cosal

Hard

"

Soft
Hard

Hard

D.S.

DOS.

Limited
Sufficient

b))
14
”
”
”

Limited

cufficient

Good sunply
1" ”

ovfficient
Good supnly
cufficient
Good supply
Poor H

” ”

sufficient

Good water supply

"

Poor supply
Sufficient
Abundant
gvfficient
Abundant
cufficient

”

"

Good supply Coal 1308

Abundant
oufficient
Dry liole.
Sufficient

"

L4 4

Good suppoly



N.E.31

. S.E.32

N.E.32
n."s"

L S.¥.36

2 33 3

2 23 2

2333

Drilled
Bored
Dug
Bored
Dug

176

30
65
16

2342
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