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INTRCDUCTICN

Information on the ground-water resources of east-central
Alberta and western Saskatchewan was collected, mostly in 1935, during
the progress of geological 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 Albertsa, and in part as far north as township
56 in western Saskatchewsn. .

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 alkeline, 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-be-ring sands. In
investigations for o0il 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
teken 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 ‘o obtain water supplies adeqpate 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 Alberts, C. H., Crickmay of
Vencouver, and C, O, Hage, until recently a member of the Geological
Survey., The o0il and gas investigations of which these water records are
2. part were undertaken under the general supervision of G. S. Hume,.

Tublication of Results

The essential information pertaining to ground-water conditions
is being issued in reports.thet in Saskatchewan cover each municipality,
and in Alberte cover each square block of sixteen townships beginning at
the 4th meridien and lying between the correction lines. The secretary
Preasurer of each municipality in Saslkatchewan and Alberte will be
supplied with the information covering that municipality. Copies 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
Geologist] Geological ;Survey, Obttawa. 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 formations. Thh 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 wneven, the best means of comparing weter wells is by the
elevations of their water-bearing beds. For any particular well this
elevation 1s obtained by subtrzeting the figure for the depth of the
well to the water~bearing bed from that for the surface elevation at
the well. For convenience both the elevation of the wells and the
elevation of the water~bearing bed or beds in each well are given in
the well record tables, Where water is obteined from bedrock, the name
of the formation in which the water-bearing sand occurs is also listed
in these tables, and this information should be used in conjunction with
that provided on bedrock formations, pages 4 to &, which describes
these formations and gives their thickness and sequence. Where the
level of the water-bearing rand 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 figures, .
Pigure 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 elevetion at any location can thus be roughly judged from the nearest
contour line, and the records of the wells show at what levels water
1s likely to be encountered, The depth of the well can then be
calculated, and some information on the character and quentity of water
can be obtained from a study of the records of surrounding wells.

GLOSSARY CF TERMS USED

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

Alluvium. 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 adwvance of the combinental 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 deposite of gravel, sand, silt, clay, and marl that are
older than the glacial drift.

Coal Seam, ' The same as a coal bed. A deposit of carbonaceous
materiel formed from the remains of ‘plants by partial decomposition and
burisl.
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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 continental ice-sheet. Clay containing boulders forms part of
the drift and is referred to as glacial till or boulder clay. The
glacial drift occurs in several formss

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

(2) Terminal Moraine or Moraine. A hilly tract of country
formed by glacial drift that was laid down at the margin of the continental
lce~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 Lake Deposits., Sand and-cliyiplains forfmed 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 before it
wa.g 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 eslluvium
and glacial drift consisting of loose sand, gravel, clay, and boulders
thet overlie the bedrock,

Water~table. The upper limit of the pert of the ground wholly
saturated with water. This may be very near the surface or many feet
below ita

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) wells in which the water is under sufficient pressure to
flow above the surface of the ground.



-4 -

(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-CENTRAL SASKATCHEFIN AND EAST-CENTRAL ALBERTA

The formations that outerop in west-central 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 thickmess
of the formations are shown in the following table:

Formation Character Thickness
Fee

Edmonton Grey to white, bentonitic sands and 1,000 to
sandstones with grey and greenish 1,150
shales; coal seams prominent in some
areas, as at Castor, Alberta.

Bearpaw Dark shales, green sands with smooth 300 to 600
black chert pebbles; partly non=- shins
merine, with white bentonitic sands, rapidly to
carbonaceous shales or thin coal the north-
seams similar to bhose in Pale Beds ; west
shales at certaein Horizons 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
coal seams; abundant selenite crystals
in certain layers.

“Hills areas
may be thin-
ner elsewhere

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

Grizzly Bear Mostly dark grey shale of marine origin, with Maximum, 100

a few minor sand horizons; selenite erystals
and nodules up to 6 or 8 inches in diameter

Ribstone Creek Grey sands and sandstones at the top and Maximum, 325

bottom, with intermediste sands and shales; at Wking;
thin coal seem in the vicinity of Wainwright;  thins east~
mostly non-marine, but middle shale in some ward
areas 1s marine.

Lee. Park Dark grey shales and sandy shales with nodules 050 to 1,100

of ironstone; a sand 7O feet thick 110 feet
below the top of the formation in the Rib~
stone area, Alberta,

Edmonton Formation

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

The Edmonton formntion consists of poorly bedded grey and
greenish clay shales, coal seams, and sands and sandstones that
contain clay and a white material 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 beds containing it, Such
beds are relatively impervious to water, and at the surface produce
the "burns"™ of barren ground where vegetation is scanty or sbsent.

' Water is relatively abundant in the Edmonton formotion, 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 aren. Water also
occurs ocommonly 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 fram the coal
seams, &s the water from the shallow surface deposits, may be "“hard".
The basal beds of the Edmonton formation usually sontain fresh vmter,
but this may become brackish locally where the underlying Bearpaw beds
:contain highly allaline or salty water.

Bearpaw Formation

In southern Alberta, where the Bearpaw formntion is thickest,
the beds composing it are 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 Bearpew 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 aren immediately north of township 32 the Rearpaw
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 Sasketchewan, Bearpaw beds form the
main bedrock deposits of the Neutral Hills. PFarther south, where
they have an exposed thickness of at least 400 feet, they contain
green sands, and beds of marine shale interfinger with the bentonitic
shales and sands of the underlying formation. To the north, on the
banks of North Saskatchewnn River, the di-ision between the Beerpaw
and the overlying and underlying formations is indefinite, and the
thickness of beds of Bearpaw age is relatively smell,

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 yileld fresh water, but commonly
a much better supply is found by drilling through the Bearpaw into the
underlying Pale Beds.,

In Saskatchewan, Bearpaw beds occur southeast of Maclin and
south of Luseland 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 bentonitic
sands, shales, and sandy shales containing a few coal seéams, The upper
part of this succession, due to the ber mitic 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, carbonsceous 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 Panle Beds exposed in the region are
in the Tit Hills, southwest of Czar. These hills carry a thin capping
of Bearpew shales, béneath which, and around Bruce lake, more than 200
feet of Pale Beds are exposed. The total thickmess of Pale and Variegated
Beds in the Tit Hills area is about 970 feet. Variegated'Beds outecrop
near Hawkins on the Canadlan National Raeilwey west of Walmwright, but no
area exposes the complete succession, which is considered to comprisge about
200 feet of beds,

Records of wells drilled into the Pale and Variegated
Beds do not, in gemerel, indicate lateral persistence of sands for long
distances, nor any uniform average depth to water-bearing sands in a local
area. This points to the conclusion that the sends are mainly local lenses,
but as such lenses are numerous, few wells fail to obtain water. In the
Cadogan ares many flowing wells have been obtained from sands about midway
in the succescsion, 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 outcrops occur in the area
south of Unity at Muddy lLake, but south and east around Biggar these beds
are almost wholly concealed by glacial drift,

The water from the sands of the Pale and Variegated Beds
is 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 ease with
which water may be replemished in the sand. Small sand lenses surrounded
by shales& 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
Instences such wells yield only a small supply, although this is commonly
persistent and regular,

Birch ILeke Formation

The Biroh leke formation underlies the Varlegated Beds,
but in many areas the division is not sharp. The type area of the
formatlon is along the north shore of Birch Lake south of Innisefree,
where a seotion 65 feet thick, composed mostly of sand, is exposed. The
total thiockness of the formation in this area is about 100 feet, and
although 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
783 feet thick on the east side of Buffalo Coulée in sec, 3, tp, 47, rge. 7,
We. 4th mer, In both upper and lower parts of the formation the sand is
ocommonly maseive and outerops tend to consolidate into hard, nodular masses
from a foot to a few feet in diameter, Apperently these are formed through
the deposition of salts 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 occurs under the drift and in
outorops in a large area south of North Sasketchewax. River and northeast
of a line from Willingdon to Innisfree and Minburn. East of this area
the southwest boundary is more irregular, but outorops are persistent on
the banke of Battle River from a fef 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 rear Edgerton and Chauvin is underlain by the Biroh
lake formation and that it extends southeastward into Saskstohewan 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 leke as & 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 apparently too fine to yield any
considerable volume of water. In other areas, however, it persistently
fields good wells. There 1s no apparent uniformity in the character of
the water, which is either hard or soft in different wells in the same
general area, Direct contac: with surfaco wvaters that ¢ ntain caleium
sulphates may in time change a "soft" water well to a™hard" water well,
and many wells are not sufficiently cased to prevent the percolation
of water from surface sands into the well, and hence into the deeper,
soft water producing sands, In part this accounts for the change in
character of the water in a well, a feature that has been noticed by
many well owners, ’

Grizzly Bear Formation

The type locality for the Grizzly Bear formationm,
which underlies the Bireh lLake 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 shales.that were deposited in
sea water, At the mouth of Grizzly Bear Coulée two shale sections,
each about 100 feet thick, are separated by a zone of thin sand beds.
It is now pecognized 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 formation, the Ribstone Creek. The
Grizzly Bear shale contains a thin nodular zone about 50 feet above the
base, that is, at cbout the centre of the formation. This zone is sandy,
and is believed to yleld water in warious 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 abot» the shale, The contact of the Birch
Lake and Grizzly Bear formations can be traced in some places by the
oceurrence of springs iscuing from the base of the Birch leke sand even
where this 1s not exposed.,

Grizzly Bear shales occur 1n a road cut on the south
side of Battle River near the highway bridge at Fabyan. The shales
iIn this area are about 1C0 feet thick., It is thought they extend as
far west as the Viking ges 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 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
marine shale underlies a large area in east-central Alberta extending into
Seskatchewan 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 jJunction with Battle River in tp. 45, rge. 1,
We 4th mer, A%t this place the lower sand beds of the formation are
well exposed, The upper part of the lower sand member of this formation
outerops on the north side of Battle River, in the northeast part of
sec. 26, tp. 47, rges, 5, near the mouth of Grizzly Bear Coulée, Above it,
higher on the benk and at a short distance from the river, there is a
12 foot zone of ocarbonaceous 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 turm are overlain by a
sandy zone about 20 feet thick contaoining 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 formatilon
also varies in thickness from a minimum of about 25 feet. On the
banks of Vermilion Creek, north of Mannville, the basal sand is ot
least 60, and may be 75,feet thick. It is overlain by shaly sand and
sandy shale beds, which replace the shale beds in the central part of
the formation as exposed abt’ 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 central part composed of
shale containing sand streaks. The upper sand member is about 20 feet
thick in this area. The total thicimess of the formation in the e
Wainwright aree is 100 to 200 feet, but this increases to the west and
In the Tiking 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
slightly north of St, Daul des Metis end Vilna to tp. 60, rge. l4.
Within this belt water wella 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
limits of water from this source, but to the southwest of the belt,
a8 here outlined, water 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 formetion is of considerable economic importance. Where the
formation consists of upper and lower sands with a central shale zone
only the sands are water-bearing, although thia sand members may ocour
in the shale, Where the formation is largely sand the distribution of
water may be in any part of the formation; although the upper and
lower sands are perhaps the better aquiZers, Tc the east of Alberta,
along Battle River and Big Coulée in Sackatchewan, the Ribstone Creek
sands are marine, Marine corditions apparently become more prevelent
to the southeast and it is believed that in this direction the sands
are gredually replaced by marine shales., Thus at some distance
southeast of Battleford the Ribstone Creex formation loses its identity
and its equivalents are shales in a marine succession,’

Lea Park Formation

The Lea Park formation is largely 2 marine shale, and
only in the upper 180 feet is there any water, In the Dina area south
of Lloydmlnster +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 Alber'ta or west-central Saskatohewan, The sand
in the upper Lea Park formetion is thus the lowest freshwater squifer
within a very large area, The extent of this sand in the Lea Park,
perticularly to the northeast, is not known, but as the strate in east~
central Alberta have a southwest inclination, progressively lower beds
occur at the surface to the northeast, Thus at e 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
Alberte this area without fresh weter in the bedrock includes the country
north of North Saskatchewsn River in the vicinity of Frog Iake and a
llarge area extending to and beyond Beaver River. In this area, however,
more sh water streems are presemt them farther south, and bush lards
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help to retsin the surface wdters, The area northeast of North
Saskatchewan River in Saskatohewan 1s almost wholly within the
lLea 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, end thereby acssikt’in middpg correlations -0f:thec . -
strata in whrich the waters occur., Although this was the main
objective of the analyses, it wasralso realized that a knowledge of
the mineral content of the water is of interest sand wvalue to the
consumer, The analyses were all made in the laboratory of the Water
Supply and Borings Section of the Geological Survey, Ottawa,

Discussion of Chemicsl Determinations

The dissolved mineral constituents vary with the material
encountered by the waeter 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 -quantitetively as "parts per million", which
refers to the proportion by weight in 1,000,000 parts of water. A
salt when dissolved in water separates into two chemical units called
"radicals", and these are expressed as such in the chemical analyses.
In the one group is included the mstallic elements of ocalcium (Ca),
magnesium (Mg), and sodium (Na), and in the other group are the
sulphate (504), ohloride (C1), and carbomate (C03) radicals.

The analyses Indicate only the amounts of the previously
mentioned radicals, thus negleoting any silica, alumina, potash,
or iron that may be present. It will be noticed that in most instances
the total solids are accounted for by the sum total of the radicals as
shown by the analyses., Actually, the residue when the water ie
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
"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 present in the surface deposite, the chlef source being
limestone, gypsum, and dolomite. Fossil shedls provide a source of
calcium, as does also the decomposition of Iigneous rocks. The common
compounds of calcium are ngelcium carbonate %gﬁ003) and calelium
sulphate (CaS04),

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

Sodium, Sodium (Na) is derived from a number of the important
rock~form{ng minerals, so that sodium sufiphate and carbomate are very
common in ground waters, Sodium sulphate (NapSOs) combines with weter
to form "Glauber's salt™ and excessive amounts makiktthe water unsuitable
for drinldng purposes, Sodium carbomate ¥NezCOz) or "black alkeli™
waters are mostly soft, the degree of softness depending uponm 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

T ;
"The extreme limit of salts for irrigation is taken to be 70 parts
per 100,000, but plants will not tolerate more then 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.

Sulrtntes, The sulphate (304) salts referred to in these
analyses are calcium sulphate (6&804), magnesium sulphate (M@80,),
and sodium sulphate (NapSO4),

Chloride, Chlorine (Cl) is with a few exceptions, expressed
as sodium chloride (NaCl), thet is, common table salt., It is found
in all of the analyses, most of the waters containing less than 200
parts 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
annlyses is based on the assumption that the only salts present in
the samples that will neutralize acids are carbonates, and that,
consequently, the degree of alkalinity is proportional to the amount
of the carbomate radical (COgz) present.

Hardness, The hardness of water is the total hardness, and
has been determined by the amount of a standard soap solution sequired
to form & lather that will stand up (persist) for 2 minutes, Hardness
is of two kinds, temporary end permanent. Temporary hardness is
caused by calcium and magnesium bilcarbonates, which are soluble in
water but are precipitatt’ as insoluble normal carbonates by boiling,
a6 shown by the scale that forms in teakettles, Permanent hardness
is caused by the presence of calecium and magnesium sulphates, and is
not removed by boil’ng. The two forms of hardness -~ are not distinguished
in the water analyses. Waters grade from very soft,to wery hard, and
can be classified according to the following system

t .
The"Examination of Taterzeand Water Supplies", Thresh & Beals,
pagé 21, Fourth 84, 1933 ,

A weter under 50 degrees (that is, parts per milliom) of
hardnese may be said to be very soft.

A weter 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 tharx 300 degress of hardness
moay be said to be hards.

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

Hord waters are usually high in calcium carbonate, Almost
all of the waters from the glacial drift are of this type, especially
those nbt assocliated with sand and gravel deposits that come close to
the surface,
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In soft water the calecium carbonate has been replaced by
sodium carbonate, due to natural reagents present in the sand and
clays. Bentonite and glauconite are two such reagents kmown to be
present, Montmorillinite, o-e of the clay=~forming minerals, has the
same property of softening water, gwing to the absorbed sodium that
is available for chemical reaction™,

L
Piper, A, M, "Ground Water in Southwestern Pennsylvania",
Pemm. Geol. Surv., 4th secrics,

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 cnloium carbonate
for sodium carbomate will, therefore, depend upon the length of time
that the water is in contact with the softendng reagent, and z2lso
upon *he amount of this material presemnt. The rate of movement of
underggoumdwater will, consequentdjv, 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 waters, but the amount may be
small, Upon exposure to airia red precipitate forms, the water becomes
acid, and, hence, has a corrosive action. When iron is present in
large amounts the water has an inky taste.

WATER ANALYSES IN RELATI(N T¢C 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 oubwach material and glacial lake sands,

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

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

Water from surface samd: deposits is normally Rhow in dissolved
salts, the total being generally less than 1,000 parts per million.
Where large smounts of limestone occur in the glacial ssnd and gravel
beds a characteristic constituent of the glacial waber is calecium
carbonate, the amount present varying from 300 to 700 parts per million.

Water from buried outwash deposits contains more dissolved
salts than the surface sands, as the water in order to reach them has
to percolate through overlyingqtill. Rain water conteins carbonic acid,
which sots as a solvent and dissolves a great deal of caleium, magnesium,
and sodium from the rock-forming minerals., Sulphate salts are commonly
present, ‘though their proportions vary greatly in the different waters.
The shales that are incorporated in the drift are high in calcium sulphate,
so that the amount of shale prerent will modify the quality of the water.
The oxidized upper part of the drift conbains 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
compoottion 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 s2lts depending upon the
character of the maoterial surrounding the reservoir beds. As the
water in this type of deposit does not flow to any marked extent,
it is apt to be more highly impregnated with soluble salts than where
the underground movement is more rapid. Soft water in the drift is
mostly confined to shallow wells in sands low in calcium carbomate,
Waters from glaclel lekirclays are scmetimes high in soluble salts.

The semple from a well in glacial lake clay on NJW. ¥ cece 27, tp.
42, rges 17, has 11,040 parts per million of soluble salts, largely’
mognesium sulphatte and sodium eulphate. The sample from SE, 4 sece
13, tp. 42, rge, 16, which is believed to come from glecial lake
sllts, has o very different composition. The total solids in it
are only 440 parts per million, of which 250 are calcium carbonntee.
The great difference in these waters is due to the high soluble salt
content that is ascocinted with the lake clays but absent in the
silts. Average drift water contains between 1,000 and 3,000 parts:
ver milllion of dissolved mineral salts.

Beorpaw Formatlon

The Bearpaw formation consists of dark marine shales and
beds of green sand. Water from these sonde has a total solid count
ranging from 300 to 1,600 parts per million and a hardness of more
than 300 degrees. Calcium carbomate 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 mmounta, These waters are distinguished
from the overlying drift waters by being relatively low in total
dissolved solids, and in containing no calcium sulphate and only
moderate amounts of sodium sulphate, magnesium sulphate, and magnesium
oarbonate,

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 sodiun carbomate in
excess of calcium and magnesium carbonates, but when mixed wlth surface
water high in celeium carbomate, it will become hard. The high
oconcentration 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 formatlon.
The following analyses are typlcal of waters from the Pale Beds:

SE. eec. 16, NE. dec. 3, SW. -

- v

sec, 7, ©SE.

P T R N R

S ec» * 2'1.

Salts tpe38, rgo. 21 tp.39, rge. 25, tpe.37, rge.24, tp. 38,rge.23
TaCOsg ' 73 18 53 35
280, ' - B, - -
MgC0; 52 14 45 ' 38
MgS0, ; - : ;
Ne,COg 297 G79 464 562
NegpS0g4 297 158 266 437
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NaCl ! 45 46 130
Total solids| 760 1,020 | 940 1,260
Herdness | 100 20 | 30 75

Varlegated 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 PaleiBeds and darker in colour, The
weter is hard and has a low dissolved solid content., The three analyses
given below show a grent deal of similarity and suggest & common horizon.

NW. sec. 21, § NW. secs 3, SE. sec. 28,
Selts tpedl,rge 26 tpedl,rge 28 tped0,rge 28
CaCOz 250 : 3¢5 125
CaS0, i - | - -
MgCOz ?' 1109 80 155
1 MeS0s 149 ; 104 69
532003 - é = -
NepS0, 08 § 132 386
NaCl 12 E 12 18
Totelrsolids 640 | 640 780
Hardness ! 600 ? éOO 500

Ribstone Creek Formation

Chemical analyses of water from the Ribstone Creek formation wvary
more than in the Pale Beds, the reason being that at several different
horizons the sediments show considerable lateral variation, Th2 formation
includes both marine and non-marine beds, thin coal seams being present in
the baesal part of the formation around Paynton, whereas south of Lashburn,
on Battle River, marine fossils were found in strate considered to be at
approximately the same horizon, The water analyses show similarities within
llmited areas, but long distance correlations cennot be made safely except
for the saline waters that occur in the flowing wells at Vera, Muddy lake,
and at the south end of Tramping lake. Analyses of these wakers are given
in the following tabis:

o i SEes6c.25, ; SEe56ce22,] NE45€0436,] SW,sec,.7 |SE,sec.30, : SW.seclO,
Salts | tpedl,rge. | tp.dl,rgedl tp.dl,rges tpedl,rgeptpe38, rges tp.35,

; 24 24, ?: 24, 24, 22, rEe .20,
CaCOg 73 73 ; 73 198 108 L
CaS0, - - 1 - - e~ -
MeC O 38 38 38 52 69 52
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Neoc0z 129 é 119 129 11 106 . 125
Na2S04 55 . 55 é 1 61 ;49 43
NaCl 2,929 . 3,036 é 2,690 . 2,863 é 3,551 | 3,861
Total solids 3,840§ 3, 460 ; 3,120 | 3,200 53,860 | 4,460
Tardness 185 1 90 é 0 . 100 | 130 % 130

The simllarlty 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 typical of wabter 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 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 Beds, whereas others are qulte
different, The following analyses illustratetsome of the different types
of water from this formation:

e e e ” : : L
1 H g T
. : i : o

Se.sec., Ind.Agent’ SW.sec, NE.sec, iSe.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. 43, rge. 41, rgey 42. rge,

i

Salts 28 : .21 ¢ 18 ¢ 18 i\ 24 : 23
cCacOy | 0 %0 . 410 i 78 3 . 75 - 125
CasS0, ? - é - SN f - - i - . -
MeCo, o1 | s 1m ¢ s s s | o
Mgso, ; - i -, e - oo j -
a,chg | 217 | 8% é - . 283 592 129 é 156
WegSO, . 1,644 | 777 2,518 i 225 . B2 | 6l %1,541
NaCl 5249 T e 76 12 85 2,69 é 71
Total solidééz,zzo 1,50 . 5,000 1620 1,280 3,120 11,900
Bardmess | 280 160 ; 750 5110 T 8 . 110 . 600

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

Conclusions

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

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

(3) Most waters from glacial till carry total solids ambunting
. to between 1,000 andn8,000 parts per milllons
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(4) Bedrock waters are commonly low in dissolved salts,
Exceptlons 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
Bearpaw formation,

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

(8) A1l soft waters contain sodlum carbomate (Na,C83), which
is present in water from the Pale Beds and Ribstone Creek formations
“‘but absent from the Bearpaw formation and Variegated Beds,
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RURAL MUNICIPALITY * F SENIAC, M. 411, SASKATCHEWAN

Physical Features

The southeast part of this municipelity, east of
Eyehill Creek, exhibits that kmob and kettle topography charscteristic
of a moraine, Tlsewhere, except in the southweet corner, the aren is
covered with light sandy soil, which in township 42 gives place to
eand cduner and many alkeli lskes. The sand is probahly part of a l-le
depoeit formed in front of a moraine and subsecuently tlown into dunes.

Geology

The esouth and southweet parts of thie municipality
are underlain by Pale or Variegated Reds, wherens to the north, where
surface elevatione are not as high, lower formation: presumably nccur
immediately veneath the sand and drift. Bentonitic shale, with a emnll
amount of ironstone, occurs in what is ¢meidered to ve an outerop in
a road-cut on sec. 21, tp., 41, rge. 25, north of Rvtlend, 2t an elevation
of 2,130 feet. 1In Rutland, however, the school well, 208 feet deep,
obtains water in what is thought tn be glaciel eand at an elewvation of
1,951 feet. No water is obtained from the Pale or Variegated Beds in
this immediate vicinity, although several drilled wells in the southwest
part of the municipality reach thete formations.

"ater Supply

Fxcept within the fand orea the glacial drift in
thir municipality provides at least two zones of water-pearing sands
and grevels., There are found principally in township 41, the higher
one at an elevation of about 2,160 to 2,170 feet and the other at akout
2,060 to 2,090 feet. (ther widely scattered sand and gravel ~eds through
the drift also yield vater. In the southwest part of the municipality
and in the Canadisn Pacific Reilway well at Senlac, water is obtained
from wells drilled into the Pale or Variegated Bede. In the northern
part of the municipality water can be obtained from shnllow wells in
sand where it regts on relatively impervious clay. The water in the
surface sand and in the drift is all derived from rain, No d-ubt
part of the water in the Pale Beds has the same tfource, but it is nnt
Inmown to what extent water can percolate downw=rds through the Pale
Beds, and in the deeper horizong the migretion may e from the outerop
down the dip of the beds,

Township 40, Renge 25. Thie ie morainal country,
with small hills and depressions containing small sloughs and lakes,
All well water ir fr-m eand and gravel nede in the glacial drift,
and there are no widespread continunus aruifere, There the edges
of these gruifers are vevelled by the surface, water protably dreins
out in springs, or, if the aruifer is tapred bty & -hallow well, water
mey flow, as in the well on SW, rection 26. A well 276 feet deep
on fE, rection 27 ottained no weter. It is not lmown if this well
reached the base of the drift, but it is suepected it may have pnssed
through it into Pale Beds., Presumsbly, water would have been encountered
at an adfitional depth of about 60 feet, as a spring issues from sands
of the Pale Beds at an elevwation ~f 1,933 feet nn NE. sec. 18, tp.

40, rge. 24, and although this particular sand may not be continuocus
it lies within a zone of Pale Beds that undoubtedly is weter<bearing.
“ther randr within thie 60-foot interval might also have yielded wmter,
as nutorops of Pale Beds north of Fire Lake, on SE, sec. 30, tp. 40,
rye. 24, occur at an elevation of 2,010 feet, so that the bedrock
surface probably approaches this elevation in the wieinity of the well
on sec, 26, tp. 40, rge. 26. There is every reason to helieve that
the Pale Beds underlying thie township will yield water, hut where

the eurface elevation is high the wells will be comperatively deep.
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Townehip 40, Renge 26, This tovmship has the same type of topoyraphy
ae in the range to the east. All wells, except one drilled to a depth of
303 feet by the Canacian Pacific Railway at fenlec, obtain wmter from sanc
and gravel heds scattered irregularly thr-ugh the drift. There ir rome
indication »f a fairly percsistent acuifer at elevations of 2,210 to 2,230
feet in the western part of the township, rut the protabilitier are that it
is not wvery “ependable. The same kind of aouifer, showing some contiruity,
yields water at elevations between 2,125 and 2,145 fert., Cnral is rep-ried
to be arsnciated with the acuifer of one well, at an elemtiwm of 2,136
feet. Thie ir probably in the drift, ther eandr are aleo prerent, nut are
mndoustedly of very loenl erxtent, and their prercence or atrence et ary
srecific location is not predictable,

Townehip 40, Range 27, Three wells, cn ¥E. sectinons 10 and 14, and
8Y ., gretion 15, have reer Arilled to the Pale Bedes »mderlying the drifyg,
ani obtain water from the =eme zone of sands Tut protably not the rame red
within thi< forratinn, The water in the three wells ir soft, ut ricer tn
very “ifferent elevati~ns rhowing no direct connection. It may be sigrnificent
that the weter in the Canacian Pacific well at fenloc comes from atout the
eeme elrvation, for from thir it could e inferred that this is o feirly
derendacle and -ood fource of water for the entire area, The cther welle in
thie towmrhip are 2ll fr-om eand or gravel bede in the ¢rift. ne zone,
tetreen elevations af 2,060 and 2,090 feet, esupplies several welle, and it
ir protatle that the tege f this it close t~ the .are of the drift. Two
wells, ~ne in ¥F., rection 24 and the sther in %, reation 25, svtain their
water from an aruifer 2t an elevation of 2,143 Feet, prorably inficating ~
northwes t-trendivg bed of loecal zignifiserce,

Toymehip 40, Reange 28. feveral velle in this township hawe been
“rilles into the rale or Variegnted Fede underlyin; the drift, The couifers
acorr hetween eleati-ns of 1,892 and 2,002 feet, ar® ghow a rurpriring
lack of unifornity. fome of the wells vere drilled -y detting ri-s, and
thir metha? may account for smme of the dircrepancier in that the vmter-
tearing oed may not have heen ‘ctected at the “epth at which it was
enco ntered, It would hardly ge-m that there ¢ ulé he ruch ~erinti-n -¢
ie rhown by the records, although more than cne zone »f water-heering strotne
may te pre-ent. For evample, the three welle ~n rention 28 ars rey rhed
te hawe actained their water at elevatisne of 1,904, 1,993 ax” 2,002 feet
respectively. It is otvi uf that the last tw ot lrast are from tie some
horizon, In thir inrtance an apalyeis of the mter fr.m each well would
probatly intfica*e the reletionrhipe, unless #=ter fr-m two ~r more aouiferes
are mired in the fame well., ™n fE. -ection 16 a wrll 2C0 feet decp ~ tuined
water 2t en elevati-n £ 1,060 feet, N~ o2ther well enc-untere” vmter at
e rimilar horizon, o that it is prericle this well is some 40 feet .elow
the ~ther water-vearing strata. It is thoight that the well cn ¥, reation
15, which ir reported to chta’n water at o drepth of 120 feet or an elevati-=n
~f 2,015 feet, may . e in ;lacial eand, and, if en, this sand must represent
the approrimete —aee of the glaci-=l drift. CSeer-l wells ottain water in
the Arift hetween elevations of 2,060 and 2,100 feet, and still others at
higher horizone. Theere acuifers are sands irregulerly scattered through
the Arift, an? their more comvon nccurrence ot certain elewations means
nnly a grecter ahbunderce of such teds at thrse levels.

Trymehip 41, Range 25, The northeart pert of this towmehip ie ecovered
with san3, an® some other parts have rather light snil. The & wthern part
ir nceupied wy = moraine rimilar t¢ thet in the townsi:ip to the ssuth., n
fE. rection 12 a well 196 feet deep is reported te have ~-taired vmter in

gravel nt an elemtinrn nf 1,915 feet, whereas the soh 0l well ot Rutlerd
struck gravel at a depth of 178 feet, ond at 208 fert, =r an elemtin of
1,951 feet, cbtained weter in what wruld eerm tn -e glacinl eand. Tis is
furpricing in view of the fact thet north of Putland, on sectinn 21 ~f trie
townrship, ~entonitic rhale with a little ironrtore shows in a roadecut ot
an elevetinn of 2,130 feet and it supp red t~ e an ot rop ~f Fale ~r
Variegn“ed Pedrs fo far or can e “e’uced from the rr--rig, v well
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in the township penetrated and octained wmter from therse eds. Wost

of the wells ovtain water from » zone in the drift between elewntion of
2,020 and 2,080 feet., In this zone sand ~nd gravel beds seem to be
nore ebundant than in the »ther parts of the drift, and a well drilled
intc ~ne ~f there will o-tain a supply of <mtew,

Towns™ip 41, Range 26, The available informtion
indieates that ~11 wells in this tovmship obtain their wnter from
sand and grevel ieds in the glncial drift. ¢ne reries of beds lies
hetween elewntions of 2,160 and 2,170 feet, whereas another zone occours
at elevations varying from about 2,100 to 2,110 feet., f ther aocvifers
hove been encountered at irreguler inter-als, particularly at higher
elevatione, and the inference is that the drift conteinr groupe of fand
or gravel teds thant vary in poeition with the leaeality, and thet the-e
ere the rource of water supply within the townehip,

Tovmship 41, Range 27, In thie, a& in the lart
townehip, there are two distinet zomes of water-ueering heds in the
drift, and sever~l wells have found water in irregul-rly distributed
rand beds outeide there zones. The upper zone, as in the range immediately
engt, hat en elevation of abovt 2,160 feet, irut owing, perhapr, to the
fact that the elevation of the surface it generally lower in thir
townchip then to the eart, most of the welle get weter from the lower
zone at ele-mtions of 2,080 to 2,090 feet. A few wells, aleo, heve
octained water at rlightly above 2,100 feet, and rome conriderably
higher., Thus, although the h rizons are, apparently, not continuous
aruiferr tut rather groupe of water-te-ring oeds, they show o “ezree
of persi-rtence thet ir of talue in predicting prozarle depth to vmter
at any rpecific lrcation.

Towvnehip 41, Panvse 28. In thir tovrship, as in those
of the two ranges immediately eact, n prominent vater-bearing zone lies
between elevations of approximately 2,160 and 2,170 feet, The nature
of thie deposgit is nt Jnown, rut ite pereistence over such a wide nren
is rather remarkadble. {ther scnde are scattered irrezularly through the
drift, and are encountered Yy chance. tne well drilled to ~ depth of
300 feet, nn N, gection 3, penetrated the drift and obtained wmter
at an elevation ~f 1,979 feet, presumebly in the Pale Beds,

Towvnrhip 42, Range: 25 to 28 Inclurive., Thie aren
is covered by sand and sand dunes, and inclurer very little farming
land, Water can we obteined from the sand ir shallow wellr, The fand
reets on relatively imper—inus drift, end rain wanter acrumulaters at
the bare of the sand.
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