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INTRCDUCTIGN

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

This region is crossed by North Saskatchewan and Battle
Rivers, and includes other more or less permanent streams. Most 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 glaciasl and bedrock water-beering sands. In
invectigations for oil and gas, however, the bedrock wells were used to
trace the lateral exbent of geological formations, with the result that
the records deal mbre 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 eneroid 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
and P, S ., Watren of the University of Alberta, C, H. Crickmay of
Vencouver, and C, O, Hage, until recently a member of the Geological
Survey. The oil end gas investigations of which these water records are
e part were undertaken under the general supervision of G. S. Hume,.

Tublication of Results

The essentlial information pertaining to ground-water conditions
is being issued in reports.that in Saskatchewsn cover each municipality,
and in Alberte cover each square block of sixteen townships beginning at
the 4th meridian and lying between the correction lines. The secretary
Preasurer of each municipality in Saskatohewan and Alberte will be
supplied with the information covering that munioipality. Copies of the
reports will also be available for study at offices of the Provinciel
and Federal SGoverrment Departments. Further assistance in the
interpretation ‘f the reports may be obtained by applying to the Chief
Geologist]l Geological Survey, Ottawn. Technical terms used in the
reports are defined in the glossary,



—2;—

How to Use the Report

Anyone desiring informetion 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 formations. 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 extents As the surface of the
ground is uneven, the best means of ocomparing 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 ~f 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 obtained from bedrock, the nmme
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, peges 4 to &, which describes
these formations and gives their thickness and sequence. Where the
level of the water-bearing send is known, its depth at any point can
easily 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 figurses,
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
can be obtained from a study of the records of surrounding wells.,

GLOSSARY CF TERWMS USED

. Alkaline. The term "alkaline" has been applied rather loosely

to some ground waters that have a peculiar and disagreeable taste. In
the Preirie Provinces, water that is commonly described as alkaline
usually contains a large amount of sodium sulphate and magnesium sulphate,
the princlpal 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 11l effect. Water
thet tastesstrongly of common salt is described as salty. '

Alluviun. Deposits of earth, clay, silt, sand, gravel, and
other material on the 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~Glacial Stream Channels. A channel carved into
bedrock by a stream before the advance of the continental 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
consolidated deposits of gravel, sand, silt, clay, and marl that are
older than the glacial drift.

Coal Seam, 'The same a& a coal bed. A deposit of carbonaceous
material formed from 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 Canade 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
weter but covered by water when the river is in flood,

Glacial Drift. The loose, uncom#olidated surface deposits
of sand, gravel, and clay, or a mixture of these, that were deposited
by the continentel 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. 4 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 plaine or deltas formed
by streams that issued from the continental ice-sheet,

(4) Glacial Iake Deposits., Sand and-cliyiplains forfmd in
glacial lakes during the retreat of the ice-sheet,

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 impermeable 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 Tand Surface, The surface of the land tefore it
wa.s covered by the continental ice-sheet.

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

Unconsolidated Depositse.. The mantle or covering of =lluvium
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 meny feet
below it.

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

(1) wWells 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,

BEDRCCK FORMATICNS OF WEST-CENTR.LL SASKATCHE™

AND EAST-CENTR/.AL ALBERTA

The formations that outcrop in west-central Seskatchewan are
an extension of similar formations that occur in east-central Alberte.
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,

of the formations are shown in the following tables

Formation

Edmonton_

Bearpaw

Pale and
Variegated
Beds

Birch Isake

Grizezly Dear

Ribstone Creek

Lea. Park

Character

Grey to white, bentonitic sands and
sandstones with grey and greenish
shales; coal seams prominent in some
areas, at at Castor, Alberta.

Dark shales, green sands with smooth
black chert pebbles; partly non=-
marine, with white bentonitic sands,
carboneceous thales or thin coal
seams similar to bhose in Pale Beds ;
sholes at certain lorizons contaln
lobster claw nodules and merine fossils;
at other horizons are abundant selenite
erystdls.

Light grey sands with bentonite; soft, dark
grey and light grey shales with selenite
and ironstone; carbonaceous shales and
coal scams} abundant celenite crystals
In certain layers.

Grey sand and sandstone in upper part;
middle part of shales and sandy shales,
thinly leminated; lower part with grey
and yellow weathering sands; oyster bed
commonly at base,

Mostly dark grey shale of marine origin, with
e few minor sand horizonsj selenite crystale
and nodules up to 6 or 8 inches in diameter

Grey sands and sandstones at the top and
bottom, with intermediate sands and shales;
thin coal seam in the vicinity of Wainwright;
mostly non~marine, but middle shale in some
areas 1s marine.

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 Rib~
stone area, Alberta,

Edmonton Formation

The succession, character, and estimated thickmess

Thickness
Pee
1,000 to
1,150

300 to 600
thins
rapidly to
the northe-
west

95C to 1,200
in Czar-Tit
‘Hills arens
nay be thin~
ner elsewhere

100 in west,
but less to

east and
south

" Maximum, 100

Maximum, 325
at Viking;
thines east-
werd

050 to 1,100

The name Ddmonton formatlion was first applied to the beds
containing coal in the Edmonton ares, and later to the same beds in
The formation has a total thicknese of 1,000 to
1,150 feet, but is bevelled off eestward and the east edge of the formation

adjoining areas,
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followe a northwest line from Coronation through Tofield to = point
on North Seskatchewan River about midway between Edmonton and Fort
Sogkntchewan. No Edmonton beds occur northeest of this line, but
the formation becomes progressively thicker to the southwest due %o
the fact thet the beds incline in that direction and the surface
bevels across thenm.

The Edmonton formntion consists of poorly bedded grey and
greenish clay shales, coal seams, and sands and sendstones that
contain clay and a white material lmown 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 “Meds 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 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
miformity 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 wnter from the shallow surface deposits, may be "hard",
The basal beds of the Edmonton formation usually wontain fresh vater,
but this may become brackish locally where the underlying Bearpaw beds
.contain highly allnline or salty water.

Bearpaw Formation

In southern Alberta, where the Bearpaw formetion is thickest,
the beds composing it azre mainly shales th~t 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.e At Ryley these are consolidated into a conglomerate,
but mostly the pebbles are loosely distributed in shale or sandy beds.

In the ares 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
midway between Edmonton and Fort Saskztchewan, Bearpaw beds form the
main bedrock deposits of the Neutral Hills. PFarther south, where
they have an exposed thickmess of at least 400 feet, they conbtain
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 Bearpaw
and the overlying and underlying formations is indefinite, and the
thickness of beds of Bearpaw age is relatively smeall,

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

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

Pale and Variegated Beds

Underlying the Bearpaw formation is a succession of bentenitic
sands, shales, and sandy shales containing a few coal seams, The upper
part of this succession, due to the ber :onitic content, is commonly
light coloured and has been described 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~-lse are, in places, abundant in the shales.

The best sections of Pnle 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 lake, more than 200
feet of Pale Beds are exposed., The tobal thickness of Pale and Variegated
Beds in the Tit Hills area 1s about 970 feet, Variegated'Beds outcrop
rear Hawkins on the Canadian National Rallwey 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 gemersl, indicate lateral pereistence of sande for long
distances, nor any uniform average depth to water-bearing sande in a loocal
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
Cadogan area many flowing wells have been obtained from sands about midway
in the succestsion. In western Saskatchewan Paleland Variegated Beds occcur
over e wide area from Meclin and Kerrobert northeast through Wilkle %o the
Eagle Hills, south of Battleford. Numerous outecrops occur in the area
south of Unity at Muddy lake, but south and east around Biggar these bede
are almost wholly concealed by glacial drift,

The water from the sands of the Pale and Variegated Beds
1s genmerally soft. The supply, apparently, is dependent in part on the
size of the sand body that contains the water and in part on the esse with
whioch water may be replenished in the sand. Small sand lenses surrounded
by shalesd may be filled with water-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, =lthough this is commonly
persistent and regular,

Birch Iske Pormation

The Biroch lake formation underlies the Variegated Beds,
but in many areas the division is not sharp. The type area of the
formation is along the north shore of Biroh lLake south of Innisfres,
where a seotion 65 feet thick, composed mostly of sand, is exposed. Tha
total thiockness of the formatiomn in this area is about 100 feet, and
although this is dominantly sand a central part is composed of alternating
thin sand and shale beds. At the base of the formation, in a mmber of
places, is an oyster bed, and this 1s exposed in a road cut in a section
73 feet thick on the east side of Buffalo Coulde in sec, 3, tp, 47, rge. 7,
We 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 diameter, Apparently these are formed through
the deposition of salte 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 eprings or nodular masses of sandstone,

The Birch Leke formation occurs under the drift and in
outerops in a large area south of North Saskatchewsr. River and northeast
of a line from Willingdon to Innisfree and Minburn, East of this area
the southwest boundary is more irregular, but outcrops are persistent omn
the banks of Battle River from a fef miles north of Hardisty to and
beyond the mouth of Grizzly Bear Coulbe in tp. 47, rge. 5. It is believed,
too, that a large area riear Edgerton and Chauvin is underlain by the Biroh
lake formation and that it extends southeastward into Saskatochewsn 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
identity in western Saskatchewan. Deep wells drilled at Czar, Castor,
and elsewhere no longer show the Birch Laeke as o clearly recognizable
sand formation, so that its southern limit beneath younger formations
is unknown, Wherever it occurs ar a sand, however, it is water=bearing,
although in some areas the sand is appearently too fine to yield any
considerable volume of water. In other areas, however, it persistently
Flelds 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 surface vaters that ¢ 'ntain calcium
sulphates mey in time change a "soft" water well to a"hard" water well,
and many wells are not sufficlently cased to prevent the percolation
of water from surface sands into the well, and hence into the deeper,
sof't water producing sands. In part this accounts for the change in
character of the water in a well, a feature thet has been noticed by
manyg 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. S,
The formrtlon is mainly composed of dark shales.that were depesited in
sea water, A%t the mouth of Grizzly Bear Coulée two shale sectioms,
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 water, occurs In the next lower formatiom, the Ribstone Creek. The
Grizzly Bear shale contains a thin nodular zone about 50 feet above the
base, that is, at sbout the centre of the formation. This zone is sandy,
and is believed to yield water in wvarious wells. 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,
a8 water collects in the sand above the shnle, The contact of the Birch
Lake and Grizzly Bear formations can be traoced in some places by the
occurrence of springs iscuing from the base of the Birch lLeke sand even
where this is not exposed.

Grizzly Bear sghales 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 109 feev thick., It is thought they extend as
fer west as the Viking gas field, where they have been recognized in
semples from deep wells, It is probable, however, that the shales thin
westwardrand thicken eastward so thet their general 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
Sasketchewan meinly in the area south of Battle River,

Ribstone Creek Formation

The type area of the Ribstone Creek formation is on
Ribstone Creek near ite junction with Battle River in tp. 45, rge, 1,
We 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 formatiom
outorops on the north side of Battle River, in the northeast part of
sec. 26, tpe. 47, rge. 5, near the mouth of Grizzly Bear Coulée, Above it,
higher on the bank and at a short distence 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 sheles that are thought to heve been deposited in sea water, that is,
they are marine shales. These marine shales in turn are overlain by =
sandy zone about 20 feet thick containing oysters in the basal part.
This sandy zone is the upper sand member of the Ribstone Creek formetiona
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It thickens to the east and west frem the Grizzly Bear areo but is
probably at no place much more then 50 feet thick.

The lower sand member of the Ribstone Creek formation
also varies in thickness from a minimum of about 25 feet. Omn the
banks of Vermillon Creck, north of Mannville, the basnl sand is ot
least 60, and may be 75,feet thick. It is overlain by shaly sand and
sandy shale beds, which replace the shnle beds in the central part of
the formation as exposed at’ the mouth of Grizzly Bear Coulée. In the
Wainwright aren, where the formation has been drilled in deep wells,
the basal sand is 60 feet thick, with the cemtral part composed of
shale containing sand stresks. The upper sand member is about 20 feet
thick in this area, The total thickness of the formation in the -~
Woinwright area is 180 to 200 feet, but this increases to the west and
iIn the Viking ares exceeds 300 feet.

The Ribstone Creek formation is widely exposed in a
northwest-trending belt in east-central Alberta. The southwest boundary
of thies 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, wherens the northeast boundary crosses North Saskatchewan
River southwest of Elk Point and extends mnorthwest to include an area
slightly north of St, Paul des Metis and Vilna to tp. 60, rge., 1l4.
Within this belt water wells are common in the Ribstone Creek sands,
which are almost without exception water-bearing in some part of the
formation, The limits of the belt to the northeast determine the
1limits of water from this source, but to the southwest of the belt,
as here outlined, weter 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 considerable economlc 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 ocour
in the shale. Where the formation is largely send the distribution of
water may be in any part of the formation, although the upper and
lower sands are perhaps the better aqubflers, To the east of Alberta,
along Battle River and Big Coulée in Saskatchewan, the Ribstone Creek
sands are marine, Marine conditions apparently become more prevalent
to the southeast and it is believed thot 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 Formatilon

The Lea Park formation is largely a marine shale, and
only in the upper 180 feet is there any water, In the Dina area south
of Lloydminster the upper beds of the Lea Park consist of silty shales
about 11C feet thick underlaln by silty sandes 70 feet thick. Below
these sands are marine shales only, and these yield no fresh water
elther in east~central Alberta or west-central Saskatchewan, The sand
in the upper Lea Park formation is thus the lowest freshwater aquifer
within a very large area, The extent of this sand in the Lea Park,
perticularly 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 surfece deposits only. In
Alberte this area without fresh water in the bedrock includes the country
north of North Saskntchewan River in the vicinity of Frog Lake and a
llurggr:rea extending to and beyond Beaver River., In this ares, however,
more sh water streams are present then farther south, and bush lamls
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help to retsin the surface witers, The area northeast of North
Seskatchewan River in Saskatchewan is almost wholly within the
Lea Park formation, where water can be found only in surface depositse.

WATER ANALYSES

Introduction

Analyses were made of water samples collected from a large
aumber of wells in west-central Saskatchewan, Their purpose was to
determine the chemical characteristics of the waters from different
geological horizons, end thereby assibt'in mhkdng corrdlations of-ther . .-
strata in w'ich the wsters occur. Although this was the main
objective of the analyses, it wassalso realized that a knowledge of
the mineral .content of the water is of interest gand value 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 redldue when the water is completely evaporated.
This is expressed -quantitatively as "parts per milliom", 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
"radieals", and these are expressed as such in the chemical analyses,
In the one group is included the mgtallic elements of calcium (Ca),
magnesium (Mg), and sodium (Na), and in the other group are the

sulphate (S04), chloride (C1), and carbomate (C@3) 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 sccounted for by the sum total of the radicals as
shown by the analyses, Actually, the residue when the wmter is
ocompletely evaporated still retains some combined water of crystallization,
80 that the figufes for the "total solids" are higher than the sum
total of the radicals as .determined, 7These radicals are also
"oalculated in assumed combinations" to indicate the theoretical amounts
of different salts present in the water. The same method was followed
in each analysis, 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 presént in the surface deposite, the chief source being
limestons, gypsum, and dolomlite. Fossil shells provide a source of
calclum, as does also the decomposition of igneous rocks, The common
ocompounds of caloium are ngelcium carbomate %CaCOg) and calcium
sulphate (CaS04),

Magnesium. Magnesium (Mg) is a common constituent of many
igneous rocks and, therefore, very prevalent in ground water, Dolomite,
s carbonate of calcium and megnesium, is also a source of the mineral,
The sulphate of magnesia (MgSOz) combines with water to form "Epsom
salte" and renders the water unwholesome if present in large emounts.

Sodium, Sodium (Na) is derived from a number of the important
rock~forming minerals, so that sodium supphate and carbonate are very
oommon in ground waters. Sodium sulphate (Na2S804) combines with water
to form "Glauber's salt"™ and excessive amounts mekik!the water umsuitable
for drirking purposes, Sodium carbonate fNazC0Oz) or "black alkali™
waters are mostly soft, the degree of softmess depénding 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
ere unsuitable for irrigation purposes®. BSodium 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 tham 10 to 20 parts
per 100,000 of black alkali (alkaline carbonates and bicarbonates)"
Frank Dixey in "A Practical Handbook of Weter Supply", Thos. Murby
& CO-; 1951, P 254 ,

harmful.

Sulphates, The sulphéte (304) snlts referred to in these
enalyses are calcium sulphate (6aSO4), magnesium sulphate (MgS50,),
end sodium sulphate (NapSO4).

Chloride, Chlorine (Cl) is with a few exceptioms, expressed
a8 sodium chloride (NaCl), that is, common table salt. It is found
In all of the analyses, most of the waters containing less than 200
partes per million, but some as much as 2,000 or 3 ,000 parts. These
waters have a brackish taste.

Alkelinity. The alkelinity determined in these water
analyses is based on the assumption that the only salte present in
the samples that will neutralize acids are carbonates, and that,
consequently, the degree of alkalinity is proportional to the amount
of the carbonate radical (COz) present.

Hardness, The hardness of water is the total hardness, and
has been defermined by the amount of a standard soap solution required
to form e lather that will stand up (persist) for 2 minutes, Hardoess
is of two kinds, temporary and permanent. Temporary hardness is
caused by calcium and magnesium blcarbonates, 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 soft%to very hard, and
can be classified according to the following system :

d

The"Examination of Watersand Water Bupplies", Thresh & Beale,
pagé 21,  fourth™#d., 1933 ,

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

A woter with 50 to 100 degrees of hardness may be said to be
moderately soft,

A water with 100 to 150 degrees of hardness may be said to be
moderately hard,

A water with more than 200 and less thax 300 degress of hardness
mey be sald to be hards.

A wabter with more than 300 degrees of hardness may be said to
be very hard,

Hard waters are usually high in calcium carbonate, Almost
all of the waters from the glacial drift are of this type, especially
those mht 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 carbonate, due to natural reagents present in the sand and
clays., Bentonite and glauconite are two such reagents known to be
present, Montmorillinite, o=e of the clay-forming minerals, has the
same property of softening water, Twing to the absorbed sodium that
is ovailable for chemlical renction”,

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

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
glanconite. The completeness of the exchange of calsolum carbonate
for sodium carbomate will, therefore, depend upon the length of time
that the water is in contact with the softendng reagent, and =lso
upon the amount of this material present. The rate of movement of
undergpoundiwater will, consequentlyy, be a factor in determining the
extent of the reaction.

The amount 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 weoters, 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 amountes the wonter has an inky taste,

WATER ANALYSES IN RELATI(N T¢ GEOLOGY

Glacinl 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), Sand and gravel beds that form the surface deposit, such
a6 oubtwath material and glacial lake sands.

(2). Buried outwash and interglacial deporits between two tille
of boulder clay.

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

Water 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 send and gravel
beds a characteristic constituent of the glacial wabter is caleium
carbonate, the amount precent varying from 300 to 700 parts per million.

Water from buried outwash deposits contains more dissolved
galts than the surface sands, as the water in order to reach them has
to percolate through overlying till. Rain water conteins carbonic acid,
which gots as a solvent and dissolves a great deal of calecium, 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 present will modify the quality of the water.
The oxldized upper pari of the drift containe less sulphete than the
deeper, less oxidized boulder clay. The character of the water in the
buried outwash deporits will, therefore, depend largely on the
compoottion and amount of till that overlies it,



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 depocit 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 is
mostly confined to shallow wells in sands low in calcium carbonate.
Waters from glacizl lak™rclays are scmetimes high in soluble salts,

The sample from a well in glacial lake clay on NJ&We % cece 27, tps
42, rgos 17, has 11,040 parts per million of soluble salts, largely’
mognesium sulphate and sodium sulphate. The sample from SEs 4 SecCe
13, tpe 42, rge, 16, which is believed to come from glaclel lake
silts, has o very different composition, The total solids in it
are only 440 parts per million, of which 250 are calcium carbomnte.
The grent difference in these vnters is due to the high soluble salt
content that is as:cocinted with the lake clays but absent in the
silts. Avernge drift wnter contains between 1,000 and 3,000 parts:
per million of dissolved minernl salts.

Bearpaw Formation

The Bearpaw formetion consists of dark marine shales and
beds of green sand, Water from these sonds has a total solid count
ranging from 300 to 1,600 parts per milllon and a hardness of more
than 300 degrees. Colcium carbonate is very marked in all samples,
due, perhaps, to the proximity of the water sands to the glacial
drift, Sodium sulphate is the chief salt present, followed by
calcium carbonate, magnesium sulphate, magnesium carbonate, and
sodium chloride in decreasing mmounts. 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 wvary from 700 to 1,300 parts per million., The
water is, in most instances, soft, as it contains sodium carbonate in
excess of calcium and magnesium carbonates, but when mixed wilth surface
water high in calcium carbonate, it will become hard. The high -
concentration of sodiun salts, especially sodium carbonate, in
contrast with the calcium 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 btypical of waters from the Pale Beds:

SE.  sec. 16, NE, o0, 5, SW.:- sec, 7, SE, sec, 2l

P N I TR T T

Salts tp.38, rge. 21 tp.39, rge. 25, tp.37, rge.24, tp. 38,rge.23
TaCO0gz 73 18 53 35
CaS0y ' ; ; ; ;
MgCOz 52 14 45 38
MgS0, - - ; ;
Nazcos 297 679 464 562

Naps04 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

Voriegated Beds

In Senlac Rural Municipality, Saskatchewan, are a number of wells
that have water very similar in character to thet 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 PalelBeds and darker in colour. The
water is hard and has & low dissolved solid content, The three analyses
given below show a great deal of similarity and suggest & common horizon.

H

o ‘NW,. sec. 21, ; NW. secas 3, SE, sec. 28,
Salts tpedl,rge.26 | tpedl,rge.28 tpe40,rge 28
CaCOg 250 § 305 125
Ca.S04 % - % - -
MgCOg i 1109 § 80 155

1 e504 149 104 69
iazcos -~ § - -
NagS0, 98 é 132 386
NaC1l 12 f 12 ‘ 18 B
Totalwsolids 640 g 640 780
Herdness ; 800 é éOO 500

Ribstone Creek Formation

Chemical ansalyses of water from *he Ribstone Creek formation wary
more then in the Pale Beds, the reason being that at several different
horizons the sediments show considerable lateral variation, Tha formation
includes both marine and non-marine beds, thin coal seams being present in
the basal part of the formation around Paynton, whereas south of Lashburn,
on Battle River, marine fossils were found in strats considered to be at
approximetely the some horizon. The water analyses show similarities within
limited areas, but long distance correlations cennot be made safely except
for the saline waters that ococur in the flowing wells at Vera, Muddy lake,
and at the south end of Tramping leke. Analyses of these waters are given
in the following tabio:

o . SE.sec.25, ! SEe6ec,22,] NEosece36,] SW,s6c.7 [SE 6ec.30, ; SW.seclO,
Se.lts  tpedl,rge, | tpedlyrgesl tpe.dl,rges: tpedl,rgeptp.38, rges tp.35.

f 24 24, 4 24, 24, 22, rge 20,
CaC0g 73 73 ; 73 198 108 90
CalS 04 - o~ - ~ M= -~
MeC O3 38 38 38 52 69 52
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Neocogz 129 § 119 129 11 106 | 125
NapS04 55 . 55 . 8L . 61 | 49 43
NaCl - 2,929 g 3,036 é 2,690 é 2,863 é 3,651 | 3,861
Total solids 5,84o§ 3, 460 é 3,120 Z 3,200 ' 3,86¢ | 4,460

| % 130

Hardness 135 ¢ 90 110 , 100 | 130

The similarity In these anlayses suggests a common source bed,
The distance between the Tramping leke 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 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 csouth, and it is known that the rate of flow is a controlling
factor that grverns the change of calcium carbonate to sodium carbonate
when the softening reagents of bentonite or glauconite are present in the
send.

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

[ H i ! o
Se.sec. Ind.Agent' SW.sec. NE.sec. %Se.sec. ‘NE.sec. NW.sec.
11, tp. : Little ' 24, tp. 36, tp. 26, tp. 36. tp. 22, tp.
46, rge. Pine I,R. 46, rge. 43, rge.i43, rge. 41, rgey4 42, rge.
Salts . 28 : , 21 i 18 i 18 In 24 . 23
CaCOz ! 0 %0 . 410 i T3 3 . T3 - 125
N T T R B
MgCO, or ¢ s9 18 3 . 31 38 | 9F
Ne,cng 217 392 - - 283 592 : 120 . 196
NepSO, 1,644 777 2,518 { 226 . 622 i 61 1,541
L : , ! ; i
NaCl i249 65 : 76 . 12 i 83 2,690 i 71
Total solids!2,220 | 1,340 . 3,000 |620 1,260 3,120 11,900
{ a ; H : S
Hardness | 280 160 , 750 110 ~ 3% 110 600
i : : i

i - !

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

Conclusions

(1) 1In most instances water from glacial drift is ouite
different from water from bedrock.

: (2) Some of the bedrock Horizons carry waters that show definite
chemical characteristics.

(3) Most waters from glacial till carry totel 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 totel solid content of 1,100 parts per million,

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

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

(8) A1l soft waters contain sodium carbonate (NasC03), which

is present in water from the Pale Beds and Ribstone Creek formations
“but absent from the Rearpsw formation and Variegated Beds,
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RURAL MUNICIPALITY CF WCRTH STR, NC. 531, SASKATCHEZLN

Phyeiocal Features

The north-south drainage pattern is an outstanding :
topographical festure of this municipality. Englishmen River on the east
and Monnery River on the west are the largest of these streams. Between
them are several smaller valleys in the northern part of the municipelity.
Small streams meander through these deeply oroded walleys, which were
formed and cut to their present level by water from the melting continental
ice-sheet, The large quantities of wnter that flowed southerly across
the area modified the topography from that of a comparntively flat plain
8loping gently to the south into one with doep wvanlleys and numerous small
gulliee. Most of the lazkes in the area are small and are of glacial origin.

Geologz

So far as can be determined Lea Park shales underlie the
surface deposits, although there are no exposures of the strata in the
municipality. Several outorops ocour along Glenhogle Creek in sec. 32,
tp. 52, rge. 24, et an elewation of 1,830 feet. The surfrse rises to the
north, and a large part of the municipality hes on elevation greater than
2,100 féet., Thie may be due, in part, to an inereased thickness of drift
in that direotion, but it is also possible thnt higher beds streatigraphicali
may be present on the higher lend, though the only supporting evidence is
that of smnll fragments of sandstone, resembling thet from the Ribstone
Creek formantion, along the banke of Mommery River. Ae no outerops were
found it appears that the river chonnel has not cut through the glacial
meterial into bedrock, and that sandstone fragments may have been distributed
by glaolal agencles. On the assumption that the channel of Monnery River
has not cut into bedrock, the thlckness of the drift must be greater than
150 feet.

Water Supply

The surface deposit of glacial materinl ie important because
it contains the aquifers that supply the municipality with water. It waries
considerably in composition as 1t was partly reworked by streams from the
rotreating continentel glacier. These streams and flood waters left depoeits
of sand and gravel, many of which were subsequently covered with boulder till.
The glacial streams that eroded the present drainsge channels left large
deposits of sand on the lower land in tp. %3, rge. 24, from which water is
easily obtained, The drift is believed to inereace in thicknese northward,
but ite oontent of sand and gravel may deeresse in the same direction, as
the drift has not besn subjected to the some degree of sorting there as
farther south.

56 1t is improbable that bedrock sand underlies the drift,
the poseibilitles of obtaining water below the surface deposits are not gnod.

Township 53, Range 22. Englishman River Valley shows a marked
change in character In seotion 14 of this township. To the south the walley
is broad and has the appearance of an o0ld chammel, whereas to the north the
river 1s entrenched in a narrower, deeper valley, eroded into the glecial
drift, which forms & thick surface deposit. Cn the high land adjoining the
valley wells have been dug to depths of more than 100 feet without pemetrating
the drift. The lowest aquifer, at an elevation of 1,293 feet, is glacial
gravel. It is looated, however, in a wanlley that may be of pre-glacial age,
and thus the bedrock mey be much higher to the west. The large ridge that
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parallels the river to the west is composed almost entirely of boulder
clay with scattered pockets and lenses of sand and gravel. Most of the
aguifers penetrated by wells on this ridge have elewations ranging
between 2,025 and 2,005 feet and may derive their water from several
sands. On NW. section 16 a well bored to a depth of 106 feet ylelds a
good supply of water in gravel at an elewation of 1,931 feet, much lower
than at any other well in the immediste vieinity. Ever if this gravel
deposit is only a local pocket 1t at least indicates that similar deposits
mey be encountered elsewhere in the lower part of the drift. Along
Englishmen River several large sand and gravel deposits yleld e good
supply of water at comparatively shallow depths. The elewations of these
anquifers range from 1,917 feet on section 10 to 1,985 feet on section 26.
Cn the higher land east of Englishmen River conditions are helieved to be
similar to those west of the river.

Township 63, Range 28. The surface deposits of this
township have been greatly modifled by streams from the retreating ice-mass
that at one time covered the region. These wnters eroded the boulder till
from the higher land and deposited sand and gravel on the lower plains.
The course now occupled by Glenbogie Creek was the main channel for a
large stream that left a large sand and gravel deposit along its course.
These beds of sorted material form the surface deposit of most of the
western part of the township. A similar drainage channel, which carried
a large amount of water from the north into Englishman River, trends
almost north and south on the east side of the township. Between these
two drainage channels boulder till forms a ridge of high land.

No outorops of the underlying bedrock are exposed in the
township but from regional information it is ressonmable to expect that
the e Park shole underlies the drift. This is imporbtant, as, if true,
the water supply is probably confined to the glacinl material that overlies
the shale. Specific information regnrding the drilled wells at Paradise
Hill and Bolney is lacking, so that no definite information on the character
of the Lea Park formation 1s awilable although it is thought to be composed
entirely of shale.

The water supply is on the whole adegquate, and is obtained
from wells ranging in depth from 12 to 42 feet. Several springs occur
along the streem channels at different elevations. Cn sections 19 end 30
the elovations of the springs are 1,870 and 1,890 feet respectively,
whereas on section 24 the level of a large spring is 2,020 feet above sec-
level. Most of the wells on the sandy plain have aquifers whose levels
approximate those of the springs on sections 19 and 30. These surface
deposlts have a high porosity and thus meke excellent aquifers at shallow
depths .~ They are, however, irregularly distributed through the drift and
cen only be located by test drilling. 1In the higher land to the east the
water horlzons have e wide range of elewations in the boulder till, and
several aguifers are present. Those in the upper part of the drift are
adequate for present requirements. Cthers no doubt occur at greater
depths but their meximum vertiocal range is unknown a& the thickmess of the
drift has not been determired.

Pownship 53, Range 24. HMonnery River, with its many emall
tributaries, is the ohlef topographlc feature in this townehip. It is
evident from the size of the main wnlley that great quantities of water
flowed through thies channel shortly after the continental 1ce-sheet had
retreated to the north and water from the melting ice found its wmy into
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the Saskatchewan through Monnery River Velley. The large sand deposits
around Perch Lake suggest that much of this water entered Monnery River
from the northeast in sections 8 and 17, These waters left huge deposits
of sand that were subsequently eroded by lonnery River, resulting in
rolling sand hills in the vicinity of Birch Leke,

Bxposures of Lea Park shale ere found on Glenbogie Creek
and in the railroad ocuts on section 32 in the township to the south, This
shale is, therefors, believed to underlie the surface deposits of send
and boulder till, The depth to the shele naturally varies with the sur-
face elevations, but as no wells have penetrated the surface deposits
only an estimate of its possible thickness can be mede, In the sandy
area end low land along Monnery River the depth to the shale is oprobably
less than 50 feet, but on the higher land to the north it increases to
more than 100 feet. The deepest well in the township wes bored on NE,
section 26 to a depth of 85 feet, where, so far as can be determined,
it was in glacial material, No exposures of the bedrock strata were
discovered along the river banks, but small fragments of sandstone re-
sembling material from the Ribstone Creoek formation, which overlies the
Lee. Park shale, were found on the surface. Because of a rumour that coal
had been found along this river in the early days a thorough search was
made for evidence of this. The Ribstone Creek formetion is known to carry
thin coal seams near its bese, and for this reason the “iscovery of coal
fragments along the river valley would indicate that this formation is
present on the higher land to the north, Further, the sand members of
the Ribstone Creek associated with the coal are generally good aquifers,
However, no definite proof was found to support the suoposition that
coal ig present.

Most of the water obtained in the sandy area is found at
shallow depths during periods of normal rainfell, but a continuwous
drought affects the supply by lowering the water-table. This necessibates
deepening the wells to the impervious layers of shale that underlie the
send and boulder till,

On the higher land to the north weter is not as readily
obtained in the surface deposit of Toulder till, The wells there heve a
greater depth range, and thero does not appsar to be any marked uniformity
in the levels of the water horigzans,

Township 54, Range 22. The boulder till that forms the
surface deposit in this township is fairly well drained by soveral
streams flowing to the south in rather dsep broad velleys. These stream
channels were eroded by the waters from the retreating continental ice=
mess. The surface is somewhat rolling, -nd characteristic morainal hills
oceur in sections 5, 6, 7, and 8 as well 28 elsewhere in the township,

The thickness of the surface deposit of glacial drift is
not definitely known as no wells have reached the unierlying bedrock,
The nearest exposure of bedrock is foun' on Glenbogie Crook to the south-
west, and is an impervious shale of the Lea Yark formation. The eleva-
tion of the top of this shale is 1,830 feet. It is possible that higher
beds stratigraphically may he present in this township as the land
surface lies 200 to 300 feet above the outecrop, but otherwiss the
deposit of glecial material may be the only source of potable water in
this areas A knowledge of the nature of this doposit is, therefore,
ossential in understanding the occurrence of ground-water supplics..
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Extensive sond and gravel doposits are not common in this
district, Such deposits when buried l.etween two tills of boulder clay
indicate a minor retreat of ths ice followed by a subsequent advance.
Small, local rstardations, on the other hand, are common and are rep-
resented by meny sand and grevel deposits of limited size.

In this township the surfaco deposit is a boulder till
containing buried sand und gravel beds, lonses, an’ pockets. The water
supply 1s obtained from these deposits, which are reached at various
depths ranging between 10 to 72 feet, with most of them less than 30 feet
below the surface. The fect that all of the deeper wells obtaln a
good supply of weter is proof of the large, aggregate quantity of sand
and gravel Jistributed through the boulder till., The upper 30 feet
conteins much sortsd materizl, espzcially sand, but it cannot always
be relied upon to yield the required amount of weter, and deeper
digging, therefore, becomes necessary. It is doubtful if extensive
buried sand and gravel deposits are present, but numerous small deposits
and pockets can be grouped together in definite horizons.

The upper horlzon ylelds a good supply of water in
sections 7, 8, and 17, at slevations betwesen 2,112 and 2,130 feet, All
of the wells in these swctions are less than 30 feot deepe The lowest
horizn reached is on section 10 at a depth of 72 fest, or an elevation
of 2,029 feet, and other aguifers occur at levels intermediate between
these two horizons throughout the townships Still lower horizons ere
undoubtedly present, but as the thickness of ths drift is not known it
can only be stated in a general way that water possibilities should
be squally good to the buse of the drift,

Township 54, Range 23, In this township the surface
deposit of boulder till is fairly well drained by several smsll parcllel
dralnage channels that carry the run-off waters to the south ecnd
finally into Saskatchewnan River. Thsse deep ravines were formed in
earlier time by large quantities of water from the mclting of the con-
tinental glocier on its retreat to the north., Tho topography is slighte
ly rolling, with o few small moraines at various plncas.

Bedrock strata are sverywhsre covered by drift whose
thickness is unknown because no wells hove heen dug through it. On
Glenbogie Creek, in sec, 32, tpe. 52, rge. 24, the elevation of the
shale surface is 1,830 feet, It is probable that this surface rises
with the suwrfaco topography to the north and that higher beds stratig-
raphically may be present thers. The glacial drift is, however,
believed to thicken townrds the north, and, therefore, cccounts for
part of the difference in surface c¢levation in thet direction,

The ground-weter supply is obtoinsed wholly from ths
glecial drifte The wator-bearing sanmd and grevel deposits encountered
in most of the wells lie at a depth of less than 20 feet, so that the
upper part of the drift can be considered to be very porous. At several
places water in sufficiunt quantitios has not been obteinod in the upper
20 feet but from depths of less than 45 feet. As there are no dry
holes, it is evident that sand and gruvel bodies arc very generally
distributed to at least this depth and may be expeotod to yisld a good
supply of water.

Lower agquifers will undoubtedly be encountsred ct grestor
depths within ths glacial doposite The total thickness of the drift
is not known, but is estimated to be more than 100 feet. If shale
occurs below the drift, watsr possibilities in it are poor, but if
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higher beds, represented by a sendstone, shoul? be present the chances
of encountering an extensive asquifer are good.

Township 54, Range 24. The surface deposit of boulder
cley left by the continental ice-sheet in this township was reworked to
some extent by the large quentities of water from the melting of the
retreating continental glacier. Honnery River Valley is believed to
have been eroded at that tims, and carried a large volume of water
Into the Sasketchewan, The land adjolning this “rainage channsl 1s a
relatively flat ground-moraine deposit. The river hes entrenched it-
self to depths of between 150 an: 200 feet, but no evidence of the bod-
rock formation underlying the drift was found along the stream or along
the banks.

Several large springs issue from a glecial sand on the
east bank of Monnery River at what appears to be about the same eleva-
tion, at 1,973 feet. It is possible that the springs indicate the top
of an impervious bedrock stratum of shale, but no evidence is avaellable
to support this possibilitys. Large blocks of calcarsous tufa were
found along the bank, showing that the spring waters are high in lime.

The wells vary greatly in depth.and in the amount of
water yielded, suggesting that the sand and gravel aguifers in the
drift are irregular in size and distribution. Their depths rangs from
12 to 70 feet, and the deeper wells are reported to yield less than
those nearer the surfuce, indicating that the upper 40 feet of drift
contains more sand and gravel than the deeper parts. Judging from
the large number of wells that have aquifers with el.wutions between
2,030 and 2,060 feet, it seems very reasonable to assume e nearly con=-
tinuous water-bearing horizon across the contral part of the town-
ship on hoth sides of the river, Lower aquifers can be expected in the
drift, but so far have proved less productive than those at shallowsr
depths. The total thickness has been ecstimnted to be more than 150 feet,
a8 no outerops were found ajong Momnery River, Prospects of weter
in the strata below the surfuce till aore not considered good, no
oevidence having been obtuined to indicate the presence of a sand? member
in the formation,.

Township 55, Renge 22, The ground-water conditions in the
southern part of this township are .very similar to those of the town-
ship to the south, Water is obtainsd in the uppor part of the drift
at somowhet higher elovations, the rise in the water-teble to the north
being due chiefly to a rise in the land surface in that direction.

Tha thickness of the drift is belioved to increase towards the north
es the surface becomes mors broken an’ morainal in chernctoer.

Township 55, Rangze 23. Almost ell of this township lics
within the boundarivs of the forest reserve whers a study of the water
resources has not been made. It is probabls, however, thet conditions
erc similer to those in the adjoining townships to the south.

Township 55, Range 24. The surface deposit of glaciel
drift in this township has charactoristics of both ground moraine and
recessional moraines, The latter are small, and extend along the east
and west sides of the township with fairly flat areas between them. No
bedrock outcrops arec exposed in this township or in the immediate
vicinity, end for this reason it is difficult to determine either the
thickness of the surface deposit or the charecter of the underlying
bedrock, Lwa Park shale outcrops on Fipestone Creek to the southwest




and on Glenbogie Creek to the south, but too far distant to make
further interpretations possible. From the nature of the surface deposit
it would appear that the drift is more than 100 feet thick,

Weter is obtained from wells in the upper pert of the
till. These wells range in depth from 10 to 35 feet and a fair supply
of water is obtained from sand end gravel bodies ant lenses that are
irregularly distributed throughout the upper part of the deposit.
Deeper digging will without doubt reveal further such bodies that will
yield a fair amount of water., These aquifers are of local extent, and
"1t is, therefore, difficult to predict the depth at which thsy will be
found,
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23. WELL RECORDS—Rural Municipality of .. NORTH STAR, No. 551, SASKATCHEWAN -
E Joa | HEIGHT WO ‘ i 5
DCTCATION ol m;p'm' by WaTER WiLt Rise | PRINCIPAL WATER-BEARING BED —— i USE TO
WELL } 5 oF OF wee | CHARACTER wf: = :ﬁi‘; YIELD AND REMARKS
o Y% | Sec.'| Tp. i Rge. | Mer. WELL WELL "",‘,’XZ,."‘ Beslgv\; (=)| Elev. Depth Elev, Geologica! Horizon il (in a:' ) 1S PUT
riace | | ' i Fex
SRR R P i | |
SW |1 $3,22 | 3 dug 35 2055 - 33 | 2022, 3% |2020 Glac ial hard D.S. |Good supply in gravel
NW | 6 ; P » 52 | 1959 | - 26 | 1933! 52 (1907 o " D.S. |Good supply in sand
SE (S ' ; bored 35 | 1936 - 15 1921} 35 (1901 " » D.S. [Good suvnply in sand
ISE | 7 | dug = 75 2000 ' ; » | D.S. |[Dry hole. Well beside lake 9' deep
| | | ' | | elevation 1913.
‘ g go : dug ! gg 2075 | -~ 28 | 2047| 32 (2043 " hard D.S. |Limited supply in sand
! ! } | % | 1927 10 (1917 » " D.S. |Good supply in gravel
3SE ?IOE é é E . 44 | 1993 | - 42 1951 44 (1949 " . D.S. |Good supply in gravel
S B hEl :: T bgane
NW 16 ! i bored | 106 2037 100 | 1937|106 (1931 " » D.S. |Good supply in gravel
AE T A I | : U
' ‘ . « 3. od supply in sa
N¥ ‘181 | dug | 35 | 2120 | - 50 2080/ 35 |2085 " " D.S. |Good supply in gravel and sand
NW | 20 § 3 2095 - 22 [ 2073 ® |2065 " " D.S. |Good supply in gravel
NE 20] § bored @ 686 2081 - 56 | 2025| 66 (2015 " " D.S. |Good supply in sand. Dryhole 97 feet
-gg 2%3 ’ : gg ggg? - 25 | 2033 g% igg? : : P.S. Gioi sgpply in fine sand
NE | 23 " 9 | 1988 9 1977 " " B éogdt:up:;.l;p]fg gravel
NW | 24 » 22 | 2006 | - 16 |1990| 22 |1984 " w D.S. |Good supply in sand
SE |26 " - 30 1997 - 16 1981 30 (1967 bl o D.S. |Good supply.
SW | 26 " 64 | 2049 | - 30 2019 64 (1985 . » D.S. |Good supply .
SE | 27 : dug 60 2062 - 25 | 2037 60 (2002 " " D.S. |Good supply in sand
iNW - 5 4 S bored 64 2081 - 44 | 2037 64 (2017 » b D.S. |Good supply
'NE | 30 | dug 40 | 2118 | - 30 [1988| 40 (2078 " ’ " D.S. |Limited supply in sand
SE | 31 , " 28 | 2121 | - 20 [ 2101 28 |2093 - ” D.S. |Good supply
NW | 31 = 18 | 2069 | - 16 [2053| 18 |2051 . 4 D.S. |Limited supply
NE 32 | " 45 | 2122 | - 41 2081 45 |2077 " " D.S. |Limited supply in sand
NE 36 E i 30 | 2092 30 (2062 " » D.S. |Limited supply in sand
bl | : : ' |
SE | 1| 53 2d 3| dug 18 1916 | - 16 | 1900 18 (1898 Glacial hard D.S. |Good supply in sand
SW | 2 | » 12 | 1920 | - 10 [ 1910| 12 (1908 ” soft D.S. |Good supply in gravel
|SE 4 ’ » 12 1920 - 10 [ 1910| 12 |1908 » hard D.S. |Limited supply
SW | 4 ' " 22 | 1915 | - 10 {1905 22 (1893 - " D.S. |Good supply in silt
SE | 6| | » 14 | 1895 | - 12 | 1883 | 14 (1881 ” " D.S. |[Good supply in gravel
SW | 8 " 16 1885 - 14 1871 16 |1869 » . D.S. |Good supply in fine sand
SE | 8 ; " 42 1920 | - 35 1885 42 [|1878 » " D.S. |Good supply in sand
SE |13 ; » 27 | 20280 | - 24 1996 27 (1993 » " D.S. |Limited supply
SE |14 ! 40 | 1960 | - 20 | 1940 40 (1920 . " D.S. |Good supply in sand
Nw | 16 il 23 1925 - 18 [ 1907 23 (1903 » - D.S. |[Continuous flow
NE |19 Spring | 1870 1870 » " D.S. |Good supply in fine sand
SE |20 dug 29 1911 | - 25 1886 29 (1882 » " D.S. |Good supply in fine sand
'g; gi "Sprlnév %ggg - 12 |1894| 17 |1889 : : g.g. goog suppiy in fine sand
» «Se ood su
NW | 24 dug 30 2020 - 25 (1995 30 (1990 » » Lhnitedpgugply in sand
SW | 26 " | 18 | 2060 | - 15 | 2045, 18 |2042 - » D.S. |Good supnly in sand
SE | 27 bored | 42 | 1956 | - 34 | 1922 42 (1914 " » D.S. |Limited supply in sand
SW | 28 dug 30 | 1950 | - 24 | 1926 30 1920 » " D.S. |Good supply in sand
SwW |30 Spring 1890 1890 Continuous flow
SE |32 | Spring| 35 | 1956 35 |1921 » " D.S. Good supply in sand
g: gg : : 22 %gg: - ég %3;? gg %ggg : o D.S. |Good supply in sand and gravel
- - " D.S. |Limited supply in sand
NW | 22 bored 30 | 1940 | - 28 |1912' 30 (1910 » - D.S. [Good supply in fine sand
NOTE—AIll depths, altitudes, heights and elevations (D) Domestic; (S) Stock; (I) Irrigation; (M) Municipality; (N) Mot used.

given above are in feet, (#) Sample taken for analysis.



24 WELL RECORDS—Rural Municipality of..  NORTH STAR No. 551 e £

R L. i ! ! ! . !
LOCATION ' i | WarteR wit Riss | PRINCIPAL WATER-BEARING BED | e | o s
L AR i el ol CHARACTER | OF b o YIELD AND REMAR
w:.:. 1 - OF | (obove sea | Above (+) Ml OF WATER |WATER| WATER REMANRS
" % | Sec. | Tp. | Rge. | Mer. WELL WELL level) Below (~) Elev. Depth Elev. Geological Horizon (in °F.) 18 PUT
1 |nw 2/832¢ 3| aug | & | 1847 4 1843 |  Glecial hard | D.S. | Good suvply in gravel
SW 3 | " 8 1816 -8 (1808 Ly " D.S. Good supply
5 sE 4 | »w | 30| 1835 30 |1805 " " ' D.S. ! Limited supply in sand
4 SW 5 f ‘ . . 20! 1800 - 18 11782! 20 (1780 " o 1 D.S. Good supply in sand
5 | Sw 12 | » | 14| 1838 | - 10 | 1829 14 (1825 " " | D.S. | Good supply in‘ sand
6 | SE 14 | = | 24| 1865 24 (1841 " " i D.S. | Limited supply in sand
7 | SW 15 fisli W 10| 1810 10 ({1800 " " D.S. | Good supply in gravel
8 8W10; | o 14| 2040 | - 12 |2028| 14 |2026 » soft . D.S. | Good supply
9 (Nw20! | | | Spripg 1835 ' 8 hard D.8. | Good supply
10 | NW 21 , : 1 " 1830 » soft D.S. | Good supply
11 | SE 24 | l " 1859 " " D.S. | Good supply
12 | NE| 25 dug 20| 1932 | - 19 [1913| 20 |1912 a hard D.S. Limited supply. Sming at 1862 feet
13 | NE| 26 bored 85| 2033 | - 82 |1951| 85 (1948 - " D.S. | Limited supply
14 | SE 28 dug 20| 1808 | - 17 |[1791| 20 (1788 1 . D.8. Good supply in fine sand
16 | SW 30 » 20| 2050 | - 15 | 2035 20 2030 " » D.S. | Good supply
16 NW! 30 . 1 8| 2012 8 |2004 - " D.S. Good supply in sand
NE 31 " 70| 2068 | - 67 {2001 70 (1998 " " D.S. Sufficient supply
17 SwW 32 il 46 1990 -44 1046 | 46 1944 . g D.Ss Limited supply in sand
18 | SE 32 | " 14| 1920 14 (1906 # s D.S. Good supply in sand
19 | SW| 34 Spring 1913 " . D.S. Good supply
20 | NE 38 dug 50| 1997 50 (1947 " 5 D.S. Limited supply in sand
21 | NE| 38 " 35| 2017 | - 25 (1992 35 |1982 " " DS. Good supply in sand
| '_T"""_J'_“— A S
l NE 2| 54223 dug 65| 2110 | 65 |2045 Glacial soft D.S. | Good supply in sand
2 SE 3 » 27| 2067 - 21 [2046| 27 (2040 » hard D.S. Good supply in clay
3 | SW 4 " 30| 2081 | - 25 | 2056 30 (20561 o - D.S. | Good suvply in sand
4 (NE 4 . 14| 2049 14 (2035 » s D.S, Good supply in sand
5§ | NE 5 " 61| 2121 | - 31 [2090( 61 (2060 iy - D.S. Good supply in sand and gravel
6 | NE 5 e 13| 2072 13 |2059 - " D.S. Good supply in sand
7 NW 6 " 20| 2067 - 15 | 2052| 20 2047 » " D. Sufficient, Similar well for stock
8 | SEl 7 » 26 2138 | - 25 |2113| 26 (2112 X 5 D. Limited supply in clay
e | sw 8 " 15! 2139 - 12 {2127 15 |2124 " " D.S. Good supply in sand
10 swW 9 " 38| 2136 38 |2098 - " D.S. Good supply in clay '
11 | NE| 10 » 72!/ 2101 | - 69 (2032, 72 (2029 o " D.S, Good supply in sand
12 | NE| 13 ¥’ 22| 2083 22 |2061 » soft D.S. Good supply in sand
S | swi 17 . 27| 2142 27 |2115 54 hard D.S. Limited supply in sand
4 | NW 17 - 24| 2153 | - 21 (2132 24 (2129 - oy D.S. Good supply in sand
1S | SE| 17 b 30| 2142 | - 24 (2118 30 (2112 » " D.8, Good supply in sand
16 | sw! 19 " 15| 2088 15 12073 » + D.S. | Good supply in sand
17 | SW| 20 i 47| 2134 | - 45 (2089 47 (2087 - » D.S. Good supply in sand
18 | SW| 21 w” 35| 2154 35 |2119 | » soft D.S. Good supply in sand
19 | NW| 25 » 16| 2066 16 |2050 " hard D.,8. Good supply in fine sand
20 | SwW| 25 - 33| 2085 33 |2052 » » D.S. Good supply in sand
21 | SW 27 - 63| 2128 63 |2065 » v DS. Good supply in sand
22 | NE| 28 » 15| 2143 15 [2128 - » D.S. | Good supply in sand
23 | SE| 30 - 12| 2148 | - 9 |2139| 12 [2136 . » D.S. | Good supply in sand
24 | NW| 31 = 10| 2106 | - 4 2102 10 |2096 . - soft D.S. Good supply in gravel
SW| 32 - 27| 2149 - 27 |2122 i hard D.S. Limited supply
gg NE| 33 " 12 2170 12 |2158 - soft D8y Good supply in sand
27 | NW| 34 . 32| 2183 32 |2121 " » D.S. | Good supply in clay
NOTE—All depths, altitudes, heights and elevations ' (D) Domestic; (S) Stock; (I) Irrigation; (M) Municipality; (N) Not used.

given above are in feet. (#) Sample taken for analysis.
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NOTE-—-All depths, altitudes, heights and elevations
given above are in feet.

26, kbl RELURDS—RuUral MuniCipality Of. NORTH STAR No. S8 .o
gt * = LOC_A';‘;O‘N s ! B i { . ‘é,‘:f:g;‘,’,_‘f’g,‘;’; . PRINCIPAL WATER-BEARING BED e : N e |
T 2 { PTH | ALTITUDE | e ‘ ‘ e
WELL , | | ; ! | T‘é:.E D%F ' L\:v;::; E fAbove ‘__He i ; Cg;&m‘—r’;ili &+ ‘S:ER xf;gi ! YIELD AND REMARKS
Fe i 1{ | Sec. | Tp. | Rge. | Mer. | WELL WELL f “'1235,;“' Beslov; (=) ' Elev. } Depth Elev. i Ceological Horizon (in °F.) 1S PUT !
{ w [ { i i 1 urface | ! | )
RO NN L A sy o T f, RO A ! | | S i
1 §SE | 1185423 3 dug 16 | 2033 | - 12 2021, 16 (2017 Glacial hard | | D.S Good aipply in sand
2 |SW 34 ; g " 10 2044 - 7 2037 102034 ¥ » D.S. |Good supply in sand and gravel
3 INB | 1 ' w | 25 | 2075 | - 23 {2052 252050 " ¥ D.S. |[Limited supnly in gravel
4 SW ' 2| » |8 | 19;5 s 13 1223 - " D. ELimited supply in blue clay
i i " | ! - | n <
6 lsw | 5 ~ | 20 | 1974 | = 16 [1988| 201084 " " o e dod i
7 SE B » 17 | 1978 - 15 11963 17 |1961 9 " D.S. [Good supply in sand
8 NW 6 » 35 | 2069 | - 32 | 2037, 35 (2034 p X D.S. |Good supply in sand
9 NE 9 » 18 | 2020 | - 16 | 2004 18 |2002 ” a D.S. |Limited sunply in sand
10 SE 10 ! . 12 2031 | - 11 | 2020 lg igéa " : D.S. |Good supply in gravel
11 NW 10 | | - 1993 6 4 D.S. |Good supply in blue sand
12 is® |12/ | i 12 | 2068 | - 8 | 2060 12(2056 " " D.S5. |Good supnly in sand
13 |Sw ;155 i ; = 12 2088 -9 2079 12 {2076 : : D.S. |Good supply in gravel
14 N\W 14 | » 14 2107 - 11 | 2086 1412093 D.S. |Good supply in cleay ]
15 sWw 15 { - 12 2045 12 12033 - " D.S. |Limited supply in blue clay
16 NE 15 f " 27 | 2099 | - 21 [2078| 272072 " " D.S. |[Limited supply
17 INW | 16 | " 12 2076 - 9 2087 12 {2064 . " D.S. |Good supply in sand
18 NE 17 | ; " 20 | 2072 | - 16 | 2056 20 /2052 » = D.S. |Good supply in sand
19 |[SE |18 | i " 16 2066 | - 8 2058 16 (2050 " - D.S. [Good subply in gravel
20 NE %20 " 44 | 2145 - 40 {2105/ 44 2101 » - D.S. |Good supply in fine sand
21 sw 21 » 10 2083 | - 6 | 2077 10 {2073 " ” D.S. |Good supply in fine sand
22 \NW 322 bored| 40 2132 - 37 | 2095 43 2092 il " D. Good supply in sand
23 ISW | 23 dug ?7 | 2115 2108 " " D.S. |Good supply in sand
24 SW 24 o 30 2088 30 2058 i i D.S. Limitedpgugply in clay
25 SE |25 | I - 35 2141 - 32 | 2109 ?5 Zigg - 2 D.S. [Gcod supply in gravel
26 INE 26 | by 12 2125 2|2 » " D.S. |Limited supply in cl
27;NW 87 | | ” 20 | 2141 202121 " " D.S. |Limi ted sugplg in sa;%
28 SE 28 | 9 " 10 | 2070 |- 7 (2063 10 (2080 g " D.S. |Good supply in fine sand
29 SW 34 ; : 1: gigg - 12 | 2138 lg gigg : " D.S, |Good supply in sand
30 'SW |36 | | | " D.S. |Good supply in gravel
2 l’s“: N i bt B, RLEE Tliver| T hard o o Lo A
: ‘ ; ‘ ; ’ 3. o o ow
i g; :w | aug | ii ! gg%g - 10 | 2008 if gggg : : D.S. éimited supply in sand and gravel
" | -y cod supply in sand and avel
5 s; , :: : %g gggg ST e %g gggg : goig D.S. |[Limited supply in gravelgr
6 SE | | - a «S.
7/SB | 7| . %g zggg %g 28:3 : » g.g. gﬁﬁ?t§§p§ﬁ§p1§ fia;;ivel
8INE | 8| | - 2 ” D.S. |Limited supoly in sand
9 ISE |12 | | " | 40 | 2059 | - 35 [2024, 40[2019 > " D.S. |Good supply in sand and gravel
10 NE 13 | " 32 | 2127 - 28 2099i 32 20986 d " D.S. |Good supply in sand
11 NE |15 | gt L8 24 | 2074 | 242050 e » D.S. |[Good supply in sand :
12 NW |16 ; 5 . 30 | 2148 30 |2118 i - D.B. Limitedpgugply in clay
15;SE 18 | | | : gg | 222: gg 2?:2 i o5 D.S. |Good suvoply in gravel
14 /NW (19 | j 2 . . D.S. |[Good supply in cla
15 (sW | 21 ; » 13 | 2072 | - 10 20862 132059 4 % D.S. |Good subhlg in grazel
16 NW | 23 | ; " 19 2059 | - 17 | 2042 19 (2040 ) y D.S. |Good supply in fine sand
17 NE | 24 | e R f 712131 " " D.S |Limited supply
18 |SE |25 : i . 60 2161 | 5 60 {2101 " ia D.S. |[Limited supply in sand
19 [NE |26 ; : | 12 | 2118 ; 122106 : soft D.S. [Good supply in gravel
20 SE |26 | | | "o 12 1 2108 | - 10 2098 122096 iy D.S. |Limited seepage supply
2] SW l.235 , | | 20 2065 : 20|2045 . hard D.S. [Limited supply in clay
| | i | ? i '
| : 5

(D) Domestic; (S) Stock; (I) Irrigation; (M) Municipality; (N) Not used.
(#) Sample taken for analysis.
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26. | WELL RECORDS--Rural Municipality of . worTH STAR No. 551 = . e

[ DERHE B9 Wi en PRINCIPAL WATER-BEARING BED

; | !
f LOCATION i : - WATER WILL RISE | : | TEMP. | USE TO
5 e e | TYPE |DEPTH| ALTITUDR e fo ! ; 2 | :
WELL | } | | | L hge Lo b v ol ] | ! ; (" CHARACTER | OF | WHIGH | YIELD AND REMARKS
s ! 1 1 Sec. Tp Rge. ; Mcr.; WELL 5 WELL i m?:::l”a i%g:\;;-}))z Elev ; Depth E Elev. } Geological Horizon % SRR AT ‘Z:‘Ts:si ‘:’SA:‘.EJ: 5
_.._—__..;_.__._A it ‘.,_. ,‘ P _.-1;4_.__..v,._~_,“....._... < ,‘ Y = ,,..._,_.,! -,,..; [ ‘4_7;' .__..._,V‘__v_.vw._w_..___. - ,_....r.~_._l.~_...>i,___,.._....w;;w I __._,<i—.——— - g i i i
22 iSE 30 54 24 3 | dug 1 38 | 2133 | | - 382095 Glacial | hard i '  D.S. [Good suvply in clay
23 ;NW :52; ! i " | 16 2090 o 14 ;20'763 16 g§074 : soft ! D.S. |Good supply in sand
24 SW 34 i om0 o 18 2068 | ; . 182050 g hard D.S. |Good suoply in fine sand
25 NE 34 ; " 40 2047 | , 40 ;200'7 » { sof't ' D.E. [Limited supply in sand
| bk | |
l SE 1 5B62e 3 | "daug - 36 | 2110 . 36 12074 Glacial { hard | g D.S. | Good supply in gravel
2 | SE| 3 e : | 10 | 2198 10 2188 : | : { g D.S. | Good supply in sand
3 | SE 6 2 38 . 2146 | - 35 |2111 3B 2108 . ; D.S. | Good supply in sand
4 NE 12 | | B | 2188 | 15 |2173 ‘ 5 o D. Limited supvnly in clay
| St | | |
| s
LA PGH B : | | ; , i :
1 ‘ S¥ 6 55;23 'S | dgg - 20 | 2127 ' 20 (2107 . Glacial | hard 5 D. Limitec supply in gravel
8 . SWfla‘ ! ; e | 2118 | - &6 2107 8 12105 " " D.S. | Good supply in clay
el | | |
’ : |
l1 | NE 1 55!24 3 dug 26 2125 ! - 25 |2100| 26 2099 Glacial hard D. Limited supply
2 NE 2 ; ‘ o 25 2063 | - 23 | 2040 25 12038 " | " D.8. | Good suprly in fine sand
2 \ gg g | :" i.g 216703 %g gggg : "ft D.S. | Good supvnly in fine sand
5 st 6/ .| | | » |24 |2122 |- 190 |2108] 24 [2008 " Joerdls bl e §3§§§§ .
6, KBI20 | 12 | 2074 | -~ 9 (2085 12 |2062 " soft D. | Limited- supply in gravel
g | g::ig it | : %g ggzg - 1‘3 gggg ifé gggg : hgrd D.S. | Sufficient supvly in gravel
; v ' j ; : - : D. Insufficient in sand
0 ot 35 | 2097 | - 32 |2065 | 35 [2062 " " D. Insufficient in clay
10, | SN 26 | | | " 22 2123 - 21 2102 22 2101 - 7 D.S. | Insufficient in clay
% 1 SEX,ZS ‘ ; f ] " 27 2104 27 2077 - " D.S. | Good supply in clay
i l i !
| | |
SET Rael Wt
L
r e
? | i | | *
b e
1 ’ ;
et i Lo |
e
Bay
=
g L
R i | | [
NOTE-—All depths, altitudes, heights and elevations (D) Domestic; (S) Stock; (I) Irrigation; (M) Municipality; (N) Not used.

given above are in feet. (#) Sample taken for analysis.
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