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INTRCDUC TION 

Information on the ground-water renources of east-central 
Alberta and western Saskatchewan was collected, mostly in 1935 , during 
the progress of geological ini.restigations for oil and gas. The region 
studied extends from Edmonton in the west t o Battleford in the east, 
and from township 32 on the south to township 5~ in western Alberta. , 
township 63 in eastern Alberta, 9.nd in part as far north as townfhip 
56 in western Sasb.tchewan. 

This region is crossed by North Saskatchewan and Battle 
Rivers, and includes other more or less permanent streams. host of 
the lakes within the area , however , are a lkaline , and water is 
obtained in wells from two sources, namely, from water-bear ing 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 w.iter -b~~ring sands. In 
investigat ions for oil and gas, however, the bedrock wells were used to 
trace the lateral extent of geolo gica l formations, with the result that 
the records deal more pa.rticularly with this type of wel L No detailed 
studies wer e made of the glacial materia ls in r elation to the water-supply, 
nor were the gl a cial deposits mapped adequately for this purpose. In 
almost all of the region investigated in Alberta , and in al l 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 
neceesary • 

. The water records were obtained mostly from the wel l ovmers, 
some of whom had acquired the' land af t er the water supply had been found, 
and hence had no personal knowledge of the vater -bearing beds th'lt had 
been encountered in their wel l s . Al so tha elev..,_tions of the wells were 
taken by aneroid barom€ter !3.nd c.re , consequently, only approximate. In 
spite of these defects, howevPr; it is hopod that the publication of 
these water r ecords 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 severa l field parties were 
employed. These were under the direction of Professors R . L. Rutherford 
and P. S • Wa1:r en of the University of Alberta , C. H. Crickmay of 
VErn.couver, and C, O. Hage, until recently a member of the Geological 
Survey. The oil and gas investigations of which these water records are 
a part were undertaken under the gener~ l supervision of G. S. Hume. 

Tublication of Resul ts 

The essential inform3.t ion pert<i.ining to ground-water conditions 
is being issued in reports.that in Saskatchewan cover each municipality, 
and in Alberta cover each square block of sixteen townships beginning a t 
.the 4th meridian and lying between the correction lines. The secretary 
treasurer of each municipality in Saskatchewan and Alberta will be 
supplied with the information covering that municipa lity. Copies of the 
reports will also be aVa. ilable for study at offices of the Provincial 
and Federal rJGovernrnent Departments. Further assistance in the 
interpreta tion f the reports may be obtained by appl ying to the Chief 
GeologiB.t)- Geol0 gical :Survey, OttaW-a . Technical terms used in the 
reports are defined in the gloEsary . 



Ho~ to Use the Report 

Anyone desiring information concering ground ?nter in any 
particula r < loca lity will find the ava ilable 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 gl acial drift, or whether 
a better supply may be obta ined at gr eater depth in the und er lying 
bedrock formations. Thh well s in gl a cia l drift co1JU11only show no 
regional leYel, as the sands or gr ave ls in which the water occurs are 
irregularly distributed and of limited extent. As the surface of the 
ground is uneven, the best means of comparing water w€lls is by the 
elevs.tions of their water-bearing beds. For any particular well this 
elevation is obtained by subtr.:·.cting the f i gure f or the depth 0f the 
well to the water-bearing bed f rom that f or the surface ele~at ion at 
the well. For convenience both the elevation nf the we lls and the 
elevation of the water-bearing bed or beds in each well are given in 
the well record tables. Where water is obtained from bedrock, the name 
of the formation in which the water -bearing sand occurs is q lso listed 
in these tables, and this information should be used in conjunction with 
that provided on bedrock formations, pages 4 t o [l , which describes 
these formations and gives their thickness and sequence. Where the 
level of the water-bearing ~and is known, its depth at any point can 
ee.Bily be calculated by substracting its elevation, as given in the · 
well record tables, from the elevation of the surface at that point. 

·with each report is a map consisting of two figures. 
Figure 1 shows the bedrock f ormations that will be encountered beneath 
the unconsolidateo surface depos its. Figure 2 shows the position of 
all we lls for which records are avai l able , the class of wel l at each 
location, and the contour line or lines of equal surface elevation. 
The elev0.tion at any location can thu s be roughly judged from the neqrest 
contour line , and the r ecords of the wells show at wha t levels water 
is likely t o be encounter ed ~ The depth of the wel l can then be 
ca lculated, and some inforrilat ion on the character and quantity of water 
can be obta ined from a study of the r ecords of surrounding wells. 

GLOSSii.RY C'F TEmrn USED 

Alkaline. The term 11 alknli!:ne" has been appl ied rather loosely 
to some ground waters that have a peculiar and disagreeable taste. In 
the Pra irie Provinc es , water that is commonly described a s a lka line 
usually conta i ns a large amount of sodi1.:ln sulphate and magnesium sulphate, 
the principal constituents of Glauberls sa lt and Epsom salts respective ly. 
Most of the so ca lled al~a line waters are more correctly termed sulphate 
waters, m%ny of which may be used for stock without ill effect. Water 
tha t t astcsstrong ly of common salt is described as salty. 

Alluvium. Deposits of earth , clay, silt, sand, gravel, and 
other material on the flood pl a ins of modern streams and in l ake beds. 

Aquif er or Water -b earing Horizon. A porous bed, lens, or 
pocket in unconsolidated deposits or in bedrock that carries water. 

Buried pre-Glacial Stream Channels. A channel ca rved into 
bedrock by a stream before the advanc e of the continenta l ice-sheet, and 
subsequently either p9.rtly or wholly filled in by sands, gr ave ls, and 
boulder clay deposited by the ice~sheet or l~ter agenc ies. 

Bedrock. Bedrock, a s here used, r efers to partly or wholly 
consolidat ed depos its of gravel, sand, si l t , clay, and ma.rl that are 
older than the gl acia l drift. 

Coa l Seam , · The same as a coa l bed. A deposit of carbo!l.'.l.ceous 
material fomed from the remains of' planU> by partial decomposition and 
burial. 



-3-

Contour. A line on a map joining points that haxe the same 
elevation above sea-level. 

Continente. l Ice-Sheet. The great ice-sheet th~t co\·ered most 
of the surface of Canada many thousands of years ago, 

Escarpment. A cliff or a rela tively steep slope separating 
level or gently sloping are2s. 

Flooal: Plain. A fln. t p'.l.rt in u river -valley ordinarily above 
m.ter but co"Vered by water ,,-hen the river is in flood. 

Glac~al Drift. The loose, unco~~olidated surface deposits 
of sand, gravel, and clay, or a mixture of these, tha t were deposited 
by the continenta l ice-sheet. Clay conta ining boulders forms part of 
the dri~ and is referred to as glacial till or boulder clay . The 
glacial drift occurs in sever a l formsi 

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

(2) Terminal :Mora ine or Moraine . ;.,_ hilly tract of country 
formed by glacial drift th'tt was laid down at the mf-lrgin of the continenb l 
ice-shee t during its retr eat . The surface is characterized by irregular 
hills and undrained basins. 

(3) Glacial Ou~"lash . Sand and gravel plains or deltas formed 
by streams that issued from the continenta l ice-sheet . 

(4) Glacial Lake Deposits , Sn.nd and··clayiplains ·fdrrtmd in 
glacial l ake s during the retreat of the ice-uheet , 

Ground Water . Sub-surface water, or water that occurs 
below the surface of the l and . 

Hydrost~t ic Pressure. The pressure th~t 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, a re considered to be impervious or impe~meable when they do not 
permit of the perceptible passage or movement of ground water. 

Pervious or Permeable. Beds a re pervious when they permit 
of the perceptible pas~age or movement of ground water, as for example 
porous sands, gr avel, a.nd sandstone . 

Pre- Glacial tand Surface . The surface of the land before it 
we.s covered by the continenta l ice-sheet . 

Recent Deposits. Deposits t hat have been laid down by the 
agencies of water and wind since the disappearance of the continenta l 
ice- sheet. 

Unconsolidated Deposits . The Mrmtle or covering of a lluvium 
and glacial drift consisting of loose sand, gr avel, clay, and boulders 
th~t overlie the bedrock. 

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

Wells. Holes sunk into the earth so as to rea ch a supply of 
water . ·when no water is obtained they are r eferrerl. to as dry holes . 
Wells in which water is encountered a re of three classes • 

(1) Wells H t which the water is under sufficient pressure to 
flow a.boYe the surface of the ground, 
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(2) We lls in which the water is under pres~ure but does 
not rise to the surface. 

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

BEDROCK FORMATICNS OF vVES T-CENTR!. L SLSKATCHE1':.',N ,\ND E/,ST-C:SNTR!.L ALBERTA 

The formations th9.t outcrop in west-centra l Sa.ska.tcheV1ran are 
an extension of similar fonnations tlli'.t occur in ea.st-central Alberta. 
They a. re of Upper Creta ceious a.ge , and cons ist entirely of relatively 
soft sh~les and sands, with some bands of hard sandstone a.nd l ayers of 
ironstone nodules , The succession, character, and estimated thiclrn.ess 
of the formations a.r e shown in the f ollowing table~ 

Formation 

Edmonton 

Bear paw 

Pa.le and 
Variega ted 
Beds 

Birch lake 

Grizzly -.Cea.r 

Ribstone Creek 

Lea Park 

Character 

Grey to white, bentonit ic sands and 
sandstones with gr ey and gr eenish 
shales; coa l seams prominent in some 
ar ea.s , as a t Castor, Alberta. . 

Dark sha l e s, gr een sands with smooth 
black chert pebbles; partly non-
marine, with whi te bentonitic sand s, 
carbonaceous shal es or thin coa l 
se~ms simib.r t o -b:O.o se in Pa. l e Beds; 
shales at certa in liorizons conta in 
lobster claw nodules and marine f ossi ls; 
at ot her horizons a re abundant selenite 
crystS..ls. 

Li ght gr ey sands with bentonite; soft, d~rk 
grey a.nd light gr ey shal es with se l enite 
and ironstone; ca rbonaceous shale s and 
coal sea.mSJ abundant selenite crystals 
in certa in l ayers . 

Grey sand and sandstone in upper part; 
mi ddle part of sha l es and sandy shales, 
thinly l aminated; lower part wi th grey 
and yellow weathering sands ; oyster bed 
commonly at base . 

Mostly dar k grey shale of marine origin, with 
a few minor sand hori zons; selenite crysta ls 
and nodules up to 6 or 8 inches in diameter 

Grey sands and sandstones at t he top a nd 
bott om, wi th intermediate sands and sha l es 1 
thin coa. l seam in the vicinity of Wa inwright; 
mostly non-marine, but mi ddle shale in some 
areas is marine . 

Dark gr ey shales and sandy shales with nodules 
of ironstone ; a sand 70 feet t hick 110 feet 
below the t op of the formation in the Rib~ 
stone a r ea , Alberta ~ 

Edmonton Format ion 

Thiclrn.es s 
Feet 
1,000 to 
1,150 

300 to 690 
ilhins 
r apidly to 
the north
west 

950 to l,O'JO 
in Cza r-Ti t 
·"Rills arE.'8. J 
may be thin
ner e l sewhere 

100 in west , 
but less t o 

ea.st and 
south 

Maximum, 100 

Maximum, 325 
at -m.king; 
thins east
ward 

050 to 1,100 

The name Edmonton formation wa s first applied t o the beds 
containing coa l in the Edmonton a r ea , a nd later to the same beds in 
adjoining ar eas . The f ormation has a t otal thiclrn.ess of 11 000 to 
1 1 150 f eet , but is bevelled off eastward and the ea.st edge of the formation 
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follows a northwest line from Cororn.tion through Tofi e ld to '.:'. point 
on North Sasb,tchevvan Ri~:er "..bout midw::.y between Edmonton n.nd Fort 
Sask~~tchev.ran . No Edmcmton beds occur northec.st of this line, but 
the forl!l.9.tion "becomes progressively thicker to the southwest due to 
the fa.ct the.t the beds incline in thqt direction <md the surface 
bevels acroes ther.i. . 

The Edmonton form~tion consists of poorly bed~ed grey and 
greenish clay sh0.les, co8.l seans , ancl_ sands <:>.nd sandstones th"'..t 
contain cln.y and 'l. white materhl knovm as bentonite . This materia l 
when wet is -;;ery sticky 'lnc swells g:i:-e'l tly in volume , and when dry 
tends to give a white appe'lrance t o the ':•ed s conb.ining it . Such 
beds are relati .. e ly impervious to water , and A.t the surface produce 
the "burnsw of barren ground ·wh6re vegetation is scanty or !'.'bsent. 

Water is rehtively abundant in t he Edmonton fornrtion, which 
con-Ca.ins much S'!.nd , commonly in the form of isolated lenses distributed 
irreguhrly through the form"I. tion, Consequently, there is little 
uniformity in the depth of wells e;,-en vti thin o. small area . Water also 
occurs commonly with coal seams and , unlike the sand lenses, these beds 
a re much mor e regular and persistent . In contra et with tho , .. .rater from 
the bentonitic sands , which is gener'3.lly "soft11 , water from the coal 
se<>.m s, tl'S the V\".).ter from the sh9.llow surf!lce deposits , may be "hard" . 
The bns9. l beds of the Edmonton form'.1.tion usually -wonb.in fresh \•rater , 
but this ma.y bec ome brackish loca lly where the und erlying Bearpaw beds 
-contain highly u llm.line or Sf'..l ty water. 

Bearpaw For~~tion 

In southern Albertn. , where the Bearpaw f orm".tion is thickest, 
the beds composing it are mo.. inly Sh3.les th~.t ha:ve been deposit6d in 
sea wn. ter. In the a rea north of tovmship 32 the form<1.tion thins to the 
northwest 'lnd becomes a shoreline deposit composed of shales cont~ining 
bentonite, impure S?..nds, and thin cno.l seams . In snme a re'.ls , f'.S at 
Ryley a.nd ne'lr Monitor, 9.nd in the Neutrr:1.l Hills , the Bea rpa:w conb.ins 
pebble beds . At Ryley these '!.re consolid'.1.ted into r. conglomer'.\te , 
but :mostly the pebbles a re loos ely distributed in sh!lle or S'l.ndy bec'ls . 

In the a.ren. irrunedie.tely nnrth of township 32 the l earpaw 
occupies a widespread belt benei:.th the glri c io..l clrift , but f8.rther 
northwest the belt na.rrows, nnd '.l.t Ryley and northwestward it is only 
a few miles wide . This belt crosses North Sask~tchewan River about 
mid·wuy between Edmonton r.md Fort Saskotchevmn . Bearpaw beds form the 
main bedrock deposits of the Neutr"..l Hills . Farther south, wher e 
they h<\ 'Te a.n expo sed thickness of at least 400 feet, they conhin 
green sands , ~nd beds of marine shale interfinger with the bentonitic 
shales and sa.nds of the underlying form.,,_ ti on . To the north, on the 
banks of North SaskatcheW'ln River, the di·.·ision between the Benrpa.w 
and the overlying and underlying forJ'Jl'.:\.tions is indefinite, ~nd the 
thickness of beds of Bearp::.w age is rele.tiYely snv;•,11 . 

The wr.>. ter in the Ryley area is from the Bearp'3.W form".\. tion, 
and is sa.lty. In other 'lres.s to the s outh the marine Bea.rpaw 
formo.tion carries green sand beds th'l..t yield fresh water , but commonly 
a much better suprly is found by drilling through the Bearpaw into the 
underlying Pa.le Beds . 

In Sa.sbtche'W:'.ln, Bee.rpaw beds occur southeast of Maclin and 
south of Luseland and Kerrob ert. Only the basal beds are present , ~nd 

these conta in green sands that are commonly water-bearing . 

Pale and Vn:-riegn.ted Beds 

Underlying the Beqrpaw formation is a succession of bentonitio 
sands, shales , and sandy shales containing a few coal seams . The upper 
part of this successi 'm, due to the ber :.,nitic content, is commonly 
light coloured and has oeen described ao the Pale Beds, whereas the lower 
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part is darker, and is known as Variegated Beds. In part , dark shales 
are present in both Pale and Variege.ted Beds; others are greenish, grey, 
brown, ano dark chocolate , ca rbonaceous types. The sands may a lso be 
yellow, but where bentonite is present it imparts a light colour to the 
beds. Both Pale and Variegated Beds a re characterized by the presence 
of thin seams of ironstone, commonly dark reddish, but in part purplish, 
Selenite (gypsum) cryst0 ls are, in places, abundant in the shales. 

The best sections of P~le 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 a round Bruce lake, more than 200 
feet of Pale Beds are exposed. The total thickness of Pale and Variegated 
Beds in the Tit Hills area is about 970 feet . Variegated ' Beds outcrop 
near Hawkins on the Canadian Nationa l Railway west of Wainwright, but no 
area exposes the complete succession, which is considered to comprise about 
200 feet of beds, 

Records of we lls drilled into the Pale and Variega ted 
Beds do not, in genere.l, indicate l ate r a l persistence of sand s for long 
distances, nor any uniform average depth to ~~ter-bearing sands in a loca l 
area . This points t o the conclusion that the sands are ma.inly loca l lenses , 
but as such lenses are numerous, few we l ls fail to obtain water . In the 
Cadogan area many flowing wells have been obta ined from sands about midway 
in the succession . In western Saskatchewan Pa le land Variegated Beds occur 
over a wide area from Maclin and Kerrob ert northeast through Wilkie to the 
Eagle Hills, south of Battleford. Numerous outcrops occur in the a rea 
south of Unity at Muddy lake, but south and east a round Biggar these beds 
are almost wholly concealed by glacial drift, 

The water from the sands of the Pale and Va riegated Beds 
is generally soft. The supply, apparently, is dependent in part on the 
size of the sand body that conta ins the V\~ter and in part on the ease with 
which water may be replenished in the sand. Small sand lenses surrounded 
by shales. may be filled wi t h watEJr•that h-:1.s 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, a lthough this is commonly 
persistent and regular. 

Birch lake Fonnation 

The Birch lake fonnation underlies the Variegated Beos, 
but in many areas the division is not sharp . The type a rea of the 
formation is a long the north shore of Birch lake south of Innisfree, 
where a section 65 feet thick, composed mostly of sand, is exposed . The 
total thickness of the f ormat ion in this area is about 100 feet, and 
although this is dominantly sand a centra l part is composed of a lternat ing 
thin sand and shale bed s . At the base of the f ormation, in a number of 
places, is an oyster bed , and this is exposed in a road cut in a section 
73 feet thick on the east side of Buffalo Coulee in sec . 3, tp. 47, rge. 7, 
W. 4th mer. In both upper and lower parts of the f orma tion the sand is 
commonly massive and outcrops t end to consolidate into hard, nodular masses 
from a. foot to a few feet in diameter. Apparently these are formed through 
the deposition of salts from the water t hat finds an outlet at the outcrops . 
In fact, in some areas the sand may be traced a long the side of a. hill by 
the presence of small springs or nodula r ITLn.sses of sandstnne ~ 

The Birch lake formation occurs under the drift and in 
outcrops in a large a rea. south of North SaskatchewaL River and northeast 
of a 1 ine from Willingdon to Innisfr-ee and Minburn~ Ea st of thi B a rea 
the southwest boundary is more irregular} but outcrops are persistent on 
the banks of Battle River fr.om a feefJ' miles north of Hardisty to and 
beyond the mouth of Grizzly Bea r Coulee in tp . 47, rge. 5 . It is believe d, 
too, that a large a r ea ~ear Edgerton and Chauvin is underlain by the Bi.roh 
Lake fonn.at ion and that it extends southeastward into Sa sk.imtohewun a round 
Manitou Lake "'..and southeast to Vera~ 
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It is thought that the Birch Lake format ion thins 
eastward from its type section at Birch Ln.ke, and that it loses its 
identity in western SaskQtchewan . Deep wells drilled at Czar , Castor, 
a·nd elsewhere no longer show the Birch Lake as tl' clearly recognizable 
sand formation, so th~t its southern limit beneath younger forma tions 
is unknown, l~.Therever 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 
yields good wells . There is no apparent uniformity in the character of 
the water , which is either hard or soft in different wells in the sa.rne 
genero:1.l a r ea . Dir ect cont'lc-'; with surfat"-, vraters thi:.t c -nb.in calcium 
sulphc.tes may in time change a 11 softfl wate r ·well to a 11 hard11 water wel l, 
and many wells are not sufficiently ca sed to prevent the percolation 
of water from surface sands into the well, and hence into the deeper, 
soft water producing san0s . In r~rt this accounts for the ch~nge in 
character of the we. ter in a well, a feature th?.t ho.s been noticed by 
ma~ well owners. 

Grizzly Bear Formation 

The type loca lity for the Grizzly Bear form~tion, 

which underlies the Birch Lake beds, is near the mouth of Grizzly 
Bear Coulee, a tributary of Battle River with outlet in tp. 47 , rge. 5. 
The form~tion is mainly composed of dark shaleG~thnt were deposited in 
sea w~ter . At the mouth of Grizzly Bear Coulee two shale sections , 
each about 100 fe et thick, are separated by a zone of thin sand beds . 
It is now vecog;nized th'1 t the upper section is the Grizzly Bear shale , 
and that the lower one, very similar in ch.~racter and also deposited in 
sea water , occurs in the next lower f ormation, the Ribstone Creek. The 
Grizzly Bear sh'1le conta ins a thin nodular zone about 50 feet above the 
base, that is, a t about the centre of the formn.tion . This zone is sandy, 
and is believed to yield WB.ter in various wells. Other thin sands, in 
pl~ ces water-bearing, a re ~lso pres ent, The impervious nature of the 
Grizzly Bear shales makes the over lying Birch Lake sn.nd a strong acquifer, 
as water collects in the sand abo :-"l the shi).le . The contact of the Birch 
Lake and Grizzly Bear forrrL'1tions can be traced in some places by the 
occurrenc e of springs isEuing from the base of the Birch Lake sand even 
where this is not exposed. 

Grizzly Bear sh~les occur in a road cut on the south 
side of Battle River near the highway bridge a t Fabyan . The shales 
in this area are about 1G0 fe e·c thick. It is thought they extend as 
far west a s the Viking gas field , where they have been recognized in 
samples from deep wells , It is probable, however, that the shales thin 
westward.rand thicken eastward so that their gener a l f orm is a wedge 
between both higher and lower s~nd beds. The position of the thin edge 
of the wedge to the west is unknown, but evidently the Grizzly Bear 
marine shale underlies a l a r ge area in east-central Alberta extending into 
Saskatchewan ma.inly in the area south of Battle River, 

Ribstone Creek Forma tion 

The type area of the Ribstone Cr eek formation is on 
Ribstone Creek near its junction 'Nith Batt l e River i n tp. 45, rge. 1 1 

w. 4th mer~ At this pl ace the lower sand beds of the formation are 
well exposed . The upper part of the lower s~nd member of t his formation 
outcrops on the north side of Battle River , in the northeast part of 
sec. 26, tp. 47, r ge . 5, near the mouth of Grizzly Bear Coulee - Above it, 
higher on the bank and at a short distance from the river, there is a 
12 foot zone of carbonaceous and coaly beds in two layers, each about 
2 feet thick, separa ted by 0 feet of sh~le . Above this a re 90 feet of 
dark shales that are thought t o have been deposited in sea wn.ter , that is , 
they are marine sha les. These marine sh~les in turn are overlain by a 
sandy zone about 20 feet thick conta ining oysters in the basal part . 
This sandy zone is the upper sand member of the Ribstone Creek formation. 
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It thickens to the east and west frrm the Grizzly Dear area but is 
probably '.lt no plo.ce much more than 50 feet thick . 

The lower so.nd member of the Ribstone Creek formation 
also varies in thickness from a minimum of a.bout 25 feet . On the 
banks of Vermilion Creek, north of M3.nnville, the bo.so.l sand is '.'.t 
least 60, and may be 75,feet thick. It is overlain by sh~ly sand and 
sandy shale beds, which replace the sh~le beds in the centr'l.l part of 
the foI'mation as exposed at· . the mouth of Grizzly Be'.lr Coul6e . In the 
Wainwright areo., where the fonnation ho.s been drilled in deep wells , 
the basal sand is 60 feet thick, with the centra l p'3.rt composed of 
shale containing sand streaks~ The upper sand member is about 20 feet 
thick in this area . The total thid:n.esG of the formation in the 
Wainwright area is l GO to 200 feet, b~c this increases to the west and 
in the Viking aren. exceeds ~O ·'.) feet. 

The Ribstone Creek forma t ion is widely exposed in a 
northwest-trending belt in e'3.st-central Alberto. . The southwest boundary 
of this nnrthwest-trer.ding belt passes through the mouth of Grizzly 
Bear Coul9e in tp. 47 , rge. 5, and beyond to the Two Hills area in tp •. 
54, rge. 12, whereas the northeast boundary crosses North Saskatchewan 
River southwest of Elk Point an~ extends northwest to include an area 
slightly north of St , Paul des Metis and Vilna to tp •. 60 1 rge. 14. 
Within this belt water wells o.re 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, 
as here outlined, Wi;>.ter may be obta ined in this form.qtion by drilling 
through yhe younger beds that overlie itc The Ribstone Creek sands 
are a prolific source of water in many places and hence the distributinn 
of this formation is of considerable economic importance. Where the 
formation consists of upper ar.d lower sands with a centra l shale zone 
only the sands are wn ter-bearing,, al thoue;h thi:..1 r:and members may occur 
in the she.le. Where t:he form"t tion is la~·gely sand the distribution of 
water may be in any part of the foITl.9.tions although the upper and 
lower sands are perhaps the better o. q·1.1. · ·.~cor s. Tc the east of Alberta , 
along Be.tt:.e River and Big Ccaloe in So.c:·d.tchewan .• the Ribstone Creek 
sands are marine~ Marine cc:cd.i tions a pparently become more prevalent 
to the southeast and it is bel:.eved. tl~.::.. t in this direction the sands 
ar:o gre.duallyreplacsd by:r:.arl.ne sha l es . Tims at some distance 
southeast of Battleford the Ribsto:i.e CreE-:c formation loses its identity 
and its equivalents are shal es in a marir.e success ion. 

Lea Park Formatio~ 

The Lea Park formation is largely a marine shale ,, and 
only in the upper 180 feet is there any water. In the Dina aroa south 
of Lloydminster the upper beds of the Lea P3.rk consist of silty shales 
crbout 110 feet thick underlain by silty S9.nds 70 feet thick. Below 
these sands are marine shales only, and these yield no fresh water 
either in east-central Alber~-a or west-centr~l Saskatchewan. The sand 
in the upper Lea Park formation is thus the lowest freshwater aquifer 
within a very large area p The extent of this sand in the Lea Park, 
particularly to the northeast, is not known, but as the strata in east
central Alberta have e. southwest inclination, progressively lower beds 
occur at the surface t o the northeast . Thus .ate. short distance beyond 
the northeast boundary of the Ribstone Creek fonna.tion , as previously 
outlined, the sand in the upper Lea Park rea ches the surface, and 
represents the l e. st bedrock ~p;quifer in that direction . Farther northeast 
water must be obtained from glacial or surfa ce deposits only. In 
Alberta this area without fresh water in the bedrock includes the country 
norj;h of North Saskl.tcheWB.n River in the vicinity of Frog Lake and a 
-:.l.nrgy area extending to and beyond Beaver River. In this area , however, 
more frt>sh water streams 3.re pres~nt than f arther south, and bush laJ11.us 
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help to retBin the surface riters . The a.r ea northeast of North 
Sa skatchewan River in Saskatchewan i s a lmo st wholly within the 
Eea Park format ion, where ~~ter can be found only in surfa ce depo sits. 

WATER ANALYSES 

Intr oduction 

Analyses wer e made of water samples collected from a l arge 
numb er of we lls in west-centr a l Sa.skatchewari . Their purpo se was to 
determine the chemica l characteri stics of the waters f rom different 
geolo gica l horizom , a.nd thereby ar si 'st ' in ·mldrtl.:Q.g correln tions of ·· the.., ·.; 
strata in w1' ich the wE.ters occur . Although this was the ma.in 
objective of the ana lyses , i t iWM3r-a l so rea li zed tha. t a knowledge of 
the minera l cont ent of the water is of interest ~and value t o the 
consumer . The ana lyses were a ll made in the l aboratory of the Water 
Supply a nd Borings Section of the Geologica l Survey , Ottawa. . 

Di scussion of Chemica l Det erminations 

The dissolved minera l constituents vary with the ma teria l 
encountered by the water in i ts migr ation to the reservoir bed . The 
minera l sa lt s present a r e r eferr ed to as the tota l dissolved solids , 
a.nd they r epr esent the r e didue when the water is completely evaporated. 
This is eYpr e s sed , quantitatively a s 11 parts per million11

, whi ch 
refers to the proportion by weight i.n 11 000 1 000 parts of water. A 
sa lt when dissolved in water separates into two chemica l units ca lled 
"radica ls", and these are expr essed as such in the chemica l ana l yse s .. 
In the one group i s included the m~tallic e l ements of ca lcium (Ca ), 
magnesium (Mg) , and sodium (Na) , and in the other group are the 
sulphate (S04) , chloride (Cl), and ca rbonate (C03)' r ad ica ls. 

The ana lyses indicate only the amounts of the previous l y 
ment ioned r ad ica l s , t hus neglecting any silica , alumina , potash, 
or iron that may be pr esent . I t wil l be not iced tha t i n most instances 
the total solids a r e a ccount ed for by the sum tota l of the radica ls as 
shown by the anA. l yses . Actually , the residue when the water is 
completely evaporated still reta ins some combined water of crystall i zat ion, 
so that the fi gufes for the " tota l solids" a r e h i gher than the sum 
tota l of the r ad ica ls as .det er mined , TThese r ad ica ls a r e al so 
"calcula ted in assumed combinations11 t o indica te the theoretica l amounts 
of different sa l ts pr esent in the water . The same method was f ollowed 
in ea ch ana lysis, so that the t able pr esents a consistent record of 
the different compounds pr esent . 

Minera l Constituents Pr esent 

Ca lcium. Ca lcium (Ca) in the water comes from miner a l 
particles pr esent in the surface deposits, the chief source being 
limestone, gypsum, and dolomite . Fossil sheals provide a source of 
calcium, as does a lso the decomposition of i 9neous rocks. The common 
compounds of ca lcium a r e ~~a lcium carbonate (CaC03) and calcium 
sulphate (CaS04) . · 

Magnesium . Magnes ium (Mg) is a common conBtttuent of many 
igneous rocks and, therefore , very pr evalent in ground wat er . Dolomite , 
a ca rbonate of ca lcium and magnesium, is a l so a source of the minera l. 
The sul phate of magnesia (MgS04) combines with water to form "Epsom · 
salts11 and renders the water unwholesome if pres ent in l a rge amounts. 

Sodium, Sodium (Na) is derived from a number of the important 
rocJc,...forming minera ls, so tha.t sodium su~phate and ca rbonate are very 
common in ground waters. Sodium sulphate (Na2S04 J oo:mb-ines with water 
to form "Glauberfs sa. lt11 · and e:xcer-sive amounts makkl-·the water unsuitable 
for dr:Uµdng purposes , Sodium carbonate ~azC'03 ) or "black alkali"" · 
waters are mostly soft , the degree of softness depen0 ing upon the rat io 
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of sodium carbonate to the calcium and magnesium salts . V!aters 
containing sodium carbonate in excess of 200 parts per million 
are unsuitable for irrigation purposes 1 • Sodium sulphate is less 

"The extreme limit of salts for irrigation is taken to be 70 parts 
per 100 1 000, but plants will not tolerate more than 10 to 20 parts 
per 100,000 of black alkali (a l kaline carbonates and bica rbonates)" 
Frank Dixey in 11A Pro. ctica l Handbook of We. ter Supply'1 , Thos. Murby 
& c 0 • ' 19 31, p • 2 54 ) 

harmful. 

~'.10.tcs . The sulphate (so4 ) salts referred to _in these 
analyses a re calciurr. sulphate (eaS04), magnesium sulphate \it'ib3~4), 
and sodium sulphate (Na2S04). 

Chloride. Chlorine (Cl) is with o. f<fW exceptions, expressed 
as sodium chloride (NaCl); th'.lt is, common table salt . It is found 
in a ll of the analyses, most of the waters contain-l.ng less than 200 
parts per million, but some as much as 2 1 000 or 3 , COO parts. These 
waters have a bra ckish taste . 

Alkalinityo The alkalinity determined in these water 
analyses is based on the assumption that the only salts present in 
the samples that will neutra lize a cids are carbonates, and th~t, 
consequent ly, the degr ee of a l ka linity is proportiona l to the amount 
of the carbonate r ad ica l (C03) present . 

Hardness. The hardness of ~~ter is the total hardness, and 
has been determined by the amount of a standard soap solution - ?quired 
to form a l ather that will stand up (persist) for 2 minutes. HartlnG.as 
is of two kinds, temporary and permanent . Temporary_ hardness is 
caused by calcium and magr,e sium bicarbonates, which are soluble in 
water but a r e precip5.taJ.:'.< as insolub l e normal carbonates by boiling, 
as shown by the sca l e tmt forms inter.kett l es . Permanent ha rdness 
is cau sed by the pre:>ence of cc-, lcium and magnesium sulphates, a nd is 
not removed by ·ooi1·1 ::ig< '.L';ce two fonnE of hn.rdness -. are not distinguished 
in the water analysesc Waters g:·.cde from very soft

2 
t o very hard, and 

can be classified acvorJing t o the following system : 

The"Examination of •,·."a te1-::i and Wate r f'upplies", TI'..resh & Beale,. 
page -21,- .B'ourt1C.8d. 193 3 • 

A water under 50 degrees (that is, parts per million) of 
ha rdness may be sa id to be very soft. 

A w0 ter with 50 to lCO degrees of hardness may be said to be 
moderately soft. 

A water with 100 to 150 degrees of h a rdness may be said to be 
moderately hard . 

.......... 

A water wi th more than 200 a nd less thal". 300 degress of hardness 
may be said to be hartls. 

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

Hard waters are usua lly high in ca lcium carbonate. Almost 
all of the waters f rom the glacia l drift are of this type, especially 
those nb.t associated with se.nd and gravel deposits tha t come close to 
the surface. 
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In soft water the ca lcium carbonate has been replaced by 
sod ium carbonate , due to na tura l reagents present in the sand and 
clays . Bentoni t e and gl auconi te r.;. r e t wo such ren.gents known t o be 
pr esent . Montmori llinite , 01.e of the clo.y-forming miner a ls , has the 
same pro perty of softening w~ter , ~wing to the absorbed sodium that 
is avai l able for chemica l r enction • 

1 
Piper , A. M. "Ground Wa t 0r in Southwestern Pennsyl vn.nia11

, 

Penn . Geol . Surv ., 4th s r.ri cs . 

If sur fa ce water reache s th e lower sr.nds by percol~. t ing 
through the higher beds it may be highl y cha r ged ~'ri th ca lcium sa lts 
before r eaching the be oroc~ formations cont~inin£ bentonite or 
glauconito . The completene s s of t he exchn.nge of • .:.lcium crl rbonnto 
for sodium carbonate wi ll , therefore , depend upon the l ength of t ime 
tha~ the water is in contnct with the softenQng r eagent , fl.nd ~ lso 

upon l>he '.:\!llOunt of this materhl pres ent . The r o.te of movement of 
undergbound?water will , consequ-entlyy , be a f actor in determining the 
extent of the r eaction. 

The amount of iron pr esent in the water wa s not determined, 
owing to the possibilities of contami nation from the iron casings in 
the we lls . Iron i s pre sent in most w.~, ters , but the amount !ll.'.l.Y be 
sma ll. Upon exposure to air la r ed prec i pita te forms , the water b ecomes 
acid , and , hence , has a corrosive action. 'fhen iron is present in 
l a r ge amounts the wu. t er has an inky t a ste . 

WA TER ANA LYSES IN REL'c'fH N Tr; GEOLOGY 

Glacia l Drift 

The quality of the ~mt er f rom glacia l drift depends l a r ge l y 
on the natur e of the deposit fr on which it comes and on the r1. epth of 
the aquifer below the surface . Gl acin. l deposits may be divided roughly 
into thr ee types . 

(1) . Sand and grave l beds thqt form the surface deposi t , such 
as outwash materi".l and gl a cia l l ake sands . 

(2) . Buried outwash and inter gl achl depor-i ts between two t ills 
of boulder clay . 

(3) . Pockets or lenses of sand anc [ r a vel irregularly distributed 
throu gh the t ill. 

Water fr om surfa ce samd,· d~posi ts i s normally '!how in di ssolved 
salts , the tofal being gene.redly les s thn.n 1 , 000 parts per million. 
Where l a r ge amounts of limestone occur in the gl a cia l s ~ nd and gravel 
beds a characteristic constituent of the gl a cia l water is calcium 
carbonate , the a.mount pr esent vn.rying from 300 t o 700 pa rts per million . 

Wat er f rom buried outwash depo sits contnins more dissolved 
salts than the surfa ce sands, as the water in order t o r ea ch them has 
to percolate through overlying~ti l l. Ra in water contains carbonic acid , 
wh ich ~ots a s a solvent and dis solves a gr eat dea l of ca lcium, magnesium , 
and sodium from the rock- forming minera l s . Sulpha t e sa lts a r e commonly 
present , though their pro portions vary gr eatly i n the different waters . 
The shales th~t a r e incorpor ated in t he drift a r e high in ca lcium sulphate , 
so tha t the '.:'.mount of shale prernnt wil l modify the qua lity of the ira t er . 
The oxidized upper part of the drift contqi n s les s sulphate than the 
deeper , l ess oxidized boulder clay . The charact(;r of the water in the 
buried outwa sh deposits will , therefore , depend . large ly on the 
compoettion and amount of til l that overlies it . 
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Water from irregula rly distributed sand und gr o.vel beds 
will vary in its content of dissolved s~lts depending upon the 
character of the material surrounding the reservoir beds. As the 
"WB.ter in this type of deposit does not flow to o.nymarked extent , 
it is apt to be more highly impregnated with soluble salts than where 
the underground movement is more r ap id, Soft water in the drift is 
mostly confined to shallow we lls in sunds lovv in c9. lcium carbonate. 
Wnters from glacial lakb( clays are sometimes high in soluble salts : 

The sample from a well in glacio.l lake clay on N .w •. } sec., 27, tp. 
42, rge. 17, h~s 11 1 040 parts per million of soluble salts, l a rgely' 
mn.gnesium sulph~te und sodium sulphn.to . The so.mple from SE , i sec. 
13, tp. 42 , rge, 16, which is believed to come f rom glacial lake 
silts, h~s a very different composition. The tota.l solids in it 
are only 440 po.rts per million, of ·Nhich 250 are c9.lcium co.rbonn.te. 
The great difference in these waters is due to the high so luble salt 
content trot is usrncio.ted with the lake clnys but o.bsent in the 
silts. Avero.ge drift wo.ter conta.ins between 1,000 '.lnd 31 000 po.rts · 
per million of diosolved miner~l salts. 

Beo.rpaw Formo.tion 

The Bea.rpo.w formo. ti on consists of dtwk marine shales o.nd 
beds of green sand. Water from these sa.nds. ha.s a toto.l solid count 
ranging from 300 to 1,600 parts per million and a hardness of more 
than 300 degrees. Calcium ca rbonn.te is very marked in all SQ"ll.ples, 
due, perhaps , to the proximity of the 1Nater sands to the glacial 
drift. Sodium sulphate is the chief sal~ present, followed by 
calcium carbonate, magnesium sulphate , magnesium carbona.te, and 
sodium chloride in decree.sing runountn . These waters a.re distinguished 
from the overlying drift waters by being relatively low in total 
dissolved solids, and in containing no calcium sulphate a.nd only 
moderate a.mounts of sodium sulphate , magnesium sulphate , and magnesium 
carbons. te • 

Fa.le Beds 

Pale Beds underlie the Bearpaw formation. Total solids in 
vvaters from these beds vary from 700 to 1,300 parts per million. The 
water is, in most instances , soft , as it contains sodium carbonate in 
excess of calcium and magnesium carbonates, but ~men mixed with surface 
water high in calcium carbonate, it will become hard . The high 
concentration of sodium salts? especially sodium carbonate, in 
contrast with the calcium and magnesium salts distinguishes this water 
from that in Bearpaw sands . The Pale"_Beds include much bentoni te, a.nd 
it is this mineral that acts ~ a.s a water softener within the formation. 
The following analyses are typical of waters from the Pale Beds: 

SE . sec . -~~~ ' NE. sec . 3 , _8.11.~ ·-- .. ... _s_~? .• __ 7_, SE . sec . 21 

Salts tp.38, rge. 21 tp .3 91 rge. 25, tp.37 1 rge.24, tp. 38,rge.2 3 

73 18 53 35 

52 14 45 38 

297 G79 464 562 

297 158 266 437 
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Na.Cl 31 45 40. 130 

Total solids! 760 -1 1,020 I 940 1,260 
i· 

Hardness 100 20 
: • 

30 75 H 
)1 

Vn.riega ted Beas 

In Senlac Rurr:i.l Municipality, Sasb.tchewan, a re a number of wells 
that have water very s:imilo.r in character to th'.?. t f ound in the Bear pn.w 
formation. These we lls tap an horizon that corresponds with the Variegated 
Beds in Alberta , although they hO?,ve not been sepn.r ated from the Po.le Beds . 
They a re less bentonitic thRn the Pale~Beds and darker in colour. The 
water is ha rd and hac a low dissolved solid content. The three ana l yses 
given below show a gr eat deal of similarity and su ggest ~ common horizon . 

!NVll . sec . 21 , NVv . sec. 3, SE ~ sec. 28 , 
Salts i tp . 41 ,r ge . 26 tp .41, r ge , 28 tp . 40,r ge , 2, 

Ca.C 03 250 3f 5 125 

CaS 04 

MgC 03 1109 ' 80 155 
' 

::MgS04 149 104 69 

- -- · 
Na 2co3 ... 

Na2se4 98 132 386 

NaC 1 12 12 18 

To te.l rrs olid s l 640 640 1 780 
l 

Hardness 600 600 500 

Rib stone Creek Forma. t ion 

Chemical ana l yses of water f rom tne Ribstone Creek fo rm~tion ""V'3.ry 
more than in the Pale Beds , the reason b eing tha t at severa l differ ent 
horizons the s edh1ents show c:1 nsiderable later [t l variation ~ Th2 formation 
includes both marine and non-marine beds , thin coa l seams being pr esent in 
the basal p~rt of the f ormation a. round Pa.ynton, whereas south of La.shburn, 
on Batt l e River , marine fossils wer e found in strata consider Fd to be at 
qpproximately the so.me horizon , The wat er analyses show similarit i es ~~thin 
limited a r eas , but long distance correlations ce.rm.ot be made safely except 
for the saline wat ers tha t occur in the flowing wells a t Vera , Muddy Lake , 
and a t the south end of Trr.i.mping Lake . Ana lyses of these vra. -'ters a. r e given 
in t he f ollowing tab~o: 

SE ~ sec, 25 , i SE .. sec.22jl NE . sec . 36 , j SW. sec . 7 jSE . sec . 3o:ysw. seclO, 
Sal ts tp ,.41 ,rge 0 I tp . 4l;rge,i1 -tp . 41,rge . l tp.41,rge ~tp . 38 , r ge •i tp.35,. 

I 
24, i 24 , 22 , i r ge , 2'.) , 24 24 , :; l 

CaC03 73 73 73 198 108 
i 

so - - - -
Ca.S04 - - - ,..., m- I -
-
MgC03 38 38 38 52 69 5~ 

- - -
Mg'S04 - I - - - - I ... 

! 
i 

' 
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Na2C 03 129 119 129 11 106 1Z5 

Na.2S O:i, 55 55 61 61 49 43 

NaCl 2 ' 929 3,036 2 , 690 2 , 863 3, 531 3, 861 

Total solids 3, 8401 3, 460 3, 120 3,200 3,860 4 ,460 

Hardness 135 90 110 100 130 13') 

The similarity in these anlayses suggests a common source bed . 
The diste,nce between the Tramping Lake we ll ':l.nd the Vera wells is about 
40 miles . This water , which is thought to come from the basal sand of 
the Rib stone Creek form.a ti on , is not typical of wn. ter from the same 
strati graphical horizon i n the vicinity of Battle River , one reason being, 
possibly, that at Battle River the stream hQs cut through the Ribstone 
Creek formation exposing the sand members a long its banks . This may 
cause a. more rapid movement of the underground ~~ter in this area than 
farther south, "l.nd it is known that the rate of flow is a controlling 
factor that gr'verns the change of calcium carbom.te to sodium ca rbonate 
when the softening r eagents of bentonite or ~lauconite are pres ent in the 
sand . 

Some of the soft waters from the Ribstone Creek formation cannot 
be distinguished from those of the Pa~.e :n eds , wh Prea.s others ar e ouite 
different. The following analyses illustr atetsome of the different types 
of water from this formation : 

Sa lts 

CaS 04 

Na2C " 3 

Na2so4 

NaCl 

Se . sec . Ind.Agent: 
11, tp . · Little . 
46, r ge . Pine I.R • 

28 

90 80 

07 59 

217 392 

1 644 777 

249 63 

SW.sec . 
24 , tp . 
46, r ge . 

21 

410 

168 

64 

2 , 518 

76 

i 
NE . sec . ;se.sec . NE . sec . 
36, tp. : 26 . tp. . 36 • tp. 
43 , r ge . 43 , r ge . · 41 , r ge~ 

18 . 18 : \ 24 

73 35 73 

38 31 38 

283 592 129 

225 522 61 

83 2,690 

NW . sec . 
22 . tp . 
42 . r g:,e , 

23 

125 

97 

196 

71 

Total solids;2,220 
i 

1,340 3, 000 

12 

! 620 •1,2eo . 3, 12 0 ; 1, 900 

Hardness 280 160 750 1 llO 35 110 600 

The above chemic '.3.l analyses show such a wide range in the 
dissolved salts present in the different waters in the Ribstone 0reek 
formation that they cannot be used for correlation purposes over a large 
arfla. . 

Conclusions 

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

(2) Some of the bedrock ~orizons carry waters that show definite 
chemica l chara cteristics. 

(3) Most waters from gl ac i a l till carry total solids am.bunting 
to between 1, 000 andn5, 000 :parts per million .-
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(4) Bedrock waters are commonly low in dissolved saltsi 
Exceptions t o this are to be found in w9.ter from the Ribst one Creek 
formation . 

(5) Water from the Bea.rpaw formation is hard . An aver age 
of ten wells gave a totul solid content of 1 , 100 parts per million . 

(6) Wa t er from the Variega ted Beds res emble s that from the 
Dea rpaw formation . 

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

(8) All soft waters conta in sodium ca rbonate (Nazc 83) , which 
is pre sent in water from the Pale Beds and Ribstone Creek -formations 
but absent from t he ~ earpaw formation and V~riegated Beds . 
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RURAL IFUNICIPALITY F S:.NLAC , F • 4: 11, SA.~P.TCHEWAN 

Phyl'!ico.l Fe::i. tures 

The rnutheast part f"\f this municipr.lity, east of 
Eye hill Creek, exhib its tm t knob and kett le tnpo grn.phy ch':l.nrnter istic 
of a moraine. I: lsewhe r e , except in the southwest corner , the arer. is 
covered with light eandy soil, ".'h ich in t0vmship 42 gh•es plac e to 
f A.nd r:1unn e.nd many a lko..li lr.ke s . The sand is pr ol:)'.:'.t:i l y po.rt 1_~ f e. Jn.~~e 

repo sit formed in front of a moraine A.nd su"~· Seruently "t l ovm int0 dune s. 

Geology 

The eouth 'l.nd snuthwM·t parts nf this JT1Un icipality 
-:tre underlain 1;y P'.Lle or Va.ri eg~.tec Beds , where--, :o to the north, where 
surfflce el ev::tti-::>n f p, re not "·s hj_gh, 10vrPr forrnr:i.tinn· proum<i.'o ly 0ccur 
immedi a tely benen.th the se~:nd and crift. Bentonitic shale, w·ith a ~", 11 

amount of ironstone, oc c.u.rs i n wh,,_t is c •nei~f:red t(1 :Je an outcrop i n 
a roa.d-c Et on sec , 21 , tp , 41, r g_e, 25, north of Rut l e.nc , '.:Ct an e l evs. tion 
of 2 ,1 30 feet . In Rutland , h owever, the schon l we ll, 208 feet c1eep, 
obta i nf vm.ter in wh?.t is thought tn b e gli>.cie.l rnnd at ?..n elev:;1.ti on nf 
1,951 feet. No vm.ter if obtainer from the Pn. le or Varie gated Beas in 
this irmnediate vicinity, a lthough rnveral drilled Yl8llS in the southwest 
pa.rt of the municirt>.lity reach thei:e form~.tions . 

1 ·•.,_ ter Supply 

F:xr.ept within the rn.nd r>.!'6'1 the glt>.ci?... l Cirj_ft in 
thir municip<3.lity provi~es at lo'.'.st two zones of vn.ter - oe8.ring sands 
~nd gr ave ls, There i;i_ re found prin0ip::..lly i n to'1·nship 41 , t J:.e higher 
one e.t a.n e lev9.tion of 111Jout 2 ,160 to 2 ,1 70 fee t <:..nd t he other "'t a'rout 
2,060 to 2,090 feet . rthe r i.llfide l y sc ,.,_ttered 13 <'.nd o.nd gran; l · ecl.s thro<.1.~:;·, 

the drift r. lso yield v•a ter. In the s outhvrni:;t p!>.rt ;if the rrnmicipa li ty 
a.nd in the Ca.nae' i P.n Pa.c ific Ro. i hray V'e 11 '" t Sen l a c, ·wa t er is obtained 
frnm vrells drilled into the Pa l e or Va.rie rsn.ted Beds. I n the nort hern 
pa.rt of the municipality water can be obtc,ined fr om i:hr>.ll cw; vrells in 
sand where it rests on reb.tively imperYiO"l.1. S clay . The water in the 
::urface snnd and in the drift is a ll derived from rain . No 0 ·1nbt 
pp..rt of the water i n the Pale Beds hes the ER.rn.e f0 l1.rce, out it is nnt 
knovm. to whr,_ t extent wate r cn.n percol"te cJnwni:V" r d s thrm1gh the Pe.le 
Bed~, 11.nd in the deeper hnriz:1ns t he migr'"'.ti0n :mHy o fr om the rrntcrop 
d -:i1m the dip of the beds . 

Town:::h ip 40 , RP..ng:e 25. This is w·..., raina.l cnuntry, 
with :::ma ll hills and <lepre ssions 0ont'\ining sma ll slcmgh s ~.nd lakes. 
All well wa.ter if fr ··m sa.nd i?.nd grave l :: ede in the r;la c iA.l £'."rift, 
11no there P.. re n("I widespread c 1mtinurms ~.r'u. iferi; . ~''·bere t~1e edge s 
of thEse a <' u i fr rs a r e b evellec'1 by t he <urfaee , wB.ter pr -, ~ · ~tbly <fr!?.ins 
ou t in rprinr s, nr, i f the 'l.~uifer i::: t f'_pn·o cy e. ·hallow well, \vri.ter 
m<>.y flow, a.f in the well 0n SW . fFction 26 . A '"e ll 276 ff"et neep 
on E'E , fE"Ction 27 ot tA.ined no w,;>.ter . It is not m own if t l:·i s well 
rEached the 0ase of the drift , but it is HlE>pected i t rn2.y h<>.ve pr.is s ed 
through it into Pale Beds . Presu:mo.b l y , water vmulo have "been encountf red 
at 8.n a.dr i tional depth nf abrmt 60 feet , o.s a epring issues fr om sands 
of the Pa.le Beds a t a.n elevation ·•f 1 , 933 feet :m NE . se.c. 18 , tp . 
40, r ~e . 24 1 and a lthough this particn l ar sanc'1 may nnt be continuc1us 
it lies within <:i. zone 0f Pale Beds th::J.t undoubtedly is vm.ter -bearing . 
~ ther rnndf ·within thif 60- foot interval might <.1 lso l1P,.ve yieloed ·w'.'l.ter, 
a.~ 0 12tcro f.' r of Pa.le Beds north nf Fir e Ls.ke , on c1 . . sec, 30 , tp . 40 ,. 
r i;e. 24, occur at a.n elevation of 2, 010 feet, so th..9.t the bedrock 
1:1urfa ce pr '.lbably 'l.pproache s this ele'V9.ti0n in the vicinity of the we ll 
on sec. 26, tp . 40 , rge . 25. There i s every reo.snn tP he lieve the,t 
the Pale Beds underlying this township wi ll yie ld v.ia ter, but where 
the Purfa.ce eleYr.,tion is high the w·e lla will be comp.,_ratiYely rleep . 
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TownEhip 40, R?...nge 26. This tovmship has the :::a~e tvpe of top .J:-,,r~phy 

a.f: in the ra.ng:e to the eatt. ,\11 vrells, except one c'rilled to ':l. depth of 
303 feet "cy the Cs.n.ar'ia.n Pacific Rn.ihray at fenh.c. obtain vm.ter frnm S':\.nr: 
and gra.'r"el 1-.ec s scattered irregularly thr · u f:h the a.rift. There; ir rorr.e 
indication ·1f a fs.irly persistent aouifer at ele,·9.t ions of 2,210 to 2,230 
f1 et in the restern pa.rt of the tnwn ship, ·:ut the pro~':'.?..bilitin -:..re th,?.t it 
is not very ,:lepenclable. The se..:r:i.e kinrl of aouifer, sho,ring snme contirtdty, 
yif'lcls water at ele,rations between 2,125 a.nil 2,14:5 fcF"t. c .., .,,l if rr-r -:cter' 
to be "'.fH)Ci".l.ted with the 9.('1Uifer of one vnll, ':l.t ~n ele'7e.ti : n 0f ?.,136 
feet. Thif: if probably in the 1'.!rift. thE-r tn.nar '3.re ?.lrn pn'~ent, ·cut ".rF 

und0u .. te1'lly 0f Vrry loc"l En.-tent, and the i.r prfffnce ore.· ~e:.;.ce <?..t !;.:· y 
sreoifin location is nnt prF~ictn~le. 

T,-.,,T.fhip 40, Range 27. Thru "'E lli:, "D..l"!E. tectinns 10 
n. t::rntinn 15, . ba'.re ;- u.rc 7irillec to thE: FA.18 °b fds ' ' Ilr1Erlyinr. 
e.n'1 nbt~ in ·w'l. tr·r fr :l:'Tl tl1e ~~t"1C znne 0f f?.ndf ·:-ut pro :-"l.: ly not 
within thi• f0rrati('\n. ThE. w<i.ti:,r in the thre.f.' v~r::ll~ if rnft, 

s.nr3 14, ~.:o d 

the 0rift, 
the rs.Pf. ! E.c1 
u.t riHr t~ 

Yery ·· iffE·rcnt 6le'-''"·ti .. ,nf rho,~ring no dire(;t 0 -.~nmcti0n . It i:iay ·oe tip:ii'i.::".i'.t 
that th6 water in thf.· Ca.n9. ~· is.n PA.cific WE:ll o..t 8&nl o. c c0neE frc0m ~:::out th£ 
E'e.mc Elr·-.ration, f ,..,r fr~m thir it c0t~la ~o :i.::::.fE:rr(,c~ that this is r.. ff'. irly 
cert>nr1 ... _: : le a.r1r1 ::."Od r ·iurce C'f v,ra.tc· f \)r t he f:r;.tirf '.'.'.rc,2.. T.~.t-- cthe.r -;•·E. llf i n 
thir t".l\'rn:hip arE 9.11 fr ·rr.. se.nd or g.r'3.i:el ·oe~s in the frift. ne zrme, 
1:'E:h•E:,,.-n Glri:ati <' n~ .1f 2,060 9.ncl 2,090 feet, s:~pplies Sf.l7eral '-"e llE, <:>. r~c it 
ir prn·:. a~.'lE> t hat thf ,·,.,te ' f this ii: cl:~E6 t :·- the .. a.n. r;,f the drift. 'l'Fo 
w~llF, ~ne in XF . :p~tirn 24 '3.n,:1 th8 8thcr inf~. ·e~ti0r_ 25, 0~ t~in their 
7n. tF·' .from a.n o.,..,uifer ?..t "ln elE'i:-'lti .~r_ ·:f 2,1~3 ."ert, pr .~ · q·01y i::'.l.:.ic!l.ting "... 
northwer t-trr:·ncUr.ig berl •Jf lee.al E:i r 11F'i·-P...rce-. 

rr•;rn.rhip 40, Range 28. ~ e., .. E-r~l v•ellr in this townrhip I'-q.,.,.e bE.En 
,'rille..= int0 the f~le or V'.:1.rie g8.te~. F.'e6 ~ unoerlyin~. thF: 0rift. The '.'.ouiferr: 
ocr,;-r ;; ~b"f;. En elr::~•a.ti · ni;: of l,8 P, ~ '.ln" 2,002 ~<:(t, ?.7 •r S 1'ovr '.1. r1JrpriFL'..g. 
lack of unifnrnity. ~OC'le af the ,.rellr i••<rc: (lril1_ec1 ·y .ktti:-\; ri ·· ~, ai::-1 
thi~ ~T· r th.' '° ma.y ~.c"ount f~r snme c f the C!ircrep?.".1.cie~ in th~t the Y":'.ter
·t0~ring or. (1 m.r:i.y not ha.i:-e ·~een ·fteC'tEd <\.t t'-.e '' cpth "l.t which it Y.''>. E 

enco· ·ntrrE,i:J. It w ·u la ha.r~ly E-e m V~P- t t1:J.En c ul' :·, e runh •--rri'.l.ti -- n -:.E' 

iP fhoirm oy the n ·r:ordf, 11lthnugh ;T_-,re t1J<.J.n c,nf z.1r.£ nf wntcr-'"r-?rh:. ~ rt :r? I~". 

m'-1.y oc, prE · t=nt. Fr:>r e:rarr.pl<, th(; t'·1ru. ' "<: llf -- n 1f '' ti"n ?.8 ~r , r rr -rt-;crl 
tr. h<>--t· •" C t~inf'~ thc-ir i1n;.tfsr r.t Eln·'1.ti ·'n r ,,f 1,904: , 1,993 <?," r' 2,002 fu:t 
resr-e:cti,,.ely. It if 0 ·1:: ·-5. uf ths.t the l'.l.St -b.r.r:- <.J.t 1 ( <>.ft ['. r£ fr"m t € i·-i:a1€ 

horizon. In t h. if .;_r..r ta r.r::e 0.:r1 <i.n<\.lyf if rif ti ·, (', ·nf\ tF f r :n. E·?.c '- 'i'' 11 ,,_, ·u l r' 
prrii::.,·~ ly in"'ice. ·'- e thfo rPle.ti ·-.n FhipE, unlt u '''l?.tE:r fr '-1r. ti:r1 ·~ r ~,,-, re nr:i~:i:" c,rr 

1>.re mi:::cd in thE. f'l.i'"E "'E'll. ' n ff. · E·cti r.'n 16 ~ wr- 11 2CO feet dHp .~ ·t 0-_j ·:-. f. < 

1.'·'B.tfr 'O'.t 0 .n elE.'·'3.ti ' Il f 1,960 fu-t . j<' ,-. ·'thE-r '""11 f !'1C'.'·V.nterf· '' ~'-"'.tf:r ?.t 
'.l. I iY"i l ". r h"'r5.z"ln , rn th<tt it it f~S fi ::' le t!'i.it: Y.tf 11 is S(.T.le 40 f'eet ·c:low 
the ~thF·r w1>.tfr-·oe:':'l. rin; rtrr:i.t a . It i_f t r 0'1{ht t hat tJ ~ e wFll '· E }.,., ,, . rc~ti ·..,:'1 

15, vrhich ir nq::ortflc to ,-t.t<i.;n w9.ter e..t '.' 0rrth ··lf 190 feEt or ?.n E:lei:-'."'.ti ·'.'.l 
-"f 2,015 fu··t, -r~ay ·. e in ( b.cfal i:a:;::v:3, <:-.:::d, if u , , th.if Ec. r .r. l'H1 st reprEfE r. t 
thr;. 'l.p~rr"l:;'il"11'1. tF. ~: <\.Sf C'f thF £18.C:i".l drift. ~E:··. ·t.r ". l vrEllE O ~ b.-1.n i,1rr>.tE. r in 
thE r1rift l:f'tween f.lf''\"l.tions (•f 2,060 P..!'1 2,100 feEt, C-i'lC. ftill o:thC'rS '.".t 
higher h0rizons. ThePe a.cu ifers ".re S').nds irregul<:'.rly sc"t ttereCl thr:rn E,'.h 
t h e r1rift, o.n·1 their m••re cn1:t"'On r)cc :.'.r re:c .. ce '."'.t cf'rtai ::::. ele~r'.).tion s ;:.eans 
'1nly 0. rre!::.te.r a.'.lun~'?. r..Ce of ::uch l.e-' s ".t thN:e le, ·els • 

T"vmfhip 41, R'lngA 25. 'i'he ~orthe<>.rt p"'.rt "f t \i s tovl!l::hip is C<"Yer':'r1 
with s~:--P .. n'" r nme nther-p;rts i .. :-.ve r i:>,tJ:.e r light s -~il. The s 1; t l1er n p11.rt 
is occ' ::pied :·y ?. :·or'.:l.ine 1 imila:: tr· th.'.'.'.t in the tc·:mf ·.ip t ::i the S.lut l1 . n 
E' E • Eectici:n 12 '1 well 1 95 feet deep j _s repnrted t-' h~ye :· -tafrec y~ter in 

gr<>.':·el nt P.n ele'C1.ti 0 n nf 1, 915 feet , ,.,hi7rf'lS the rnh ·o l ,,:ell ,.,_t Rutb.r.d 
struck zr9.T"F: l a.t 9. ~E:pth of 178 fut , ".J".0 <tt 208 fe.-t, -: r an ele"TD.ti·1n ~f 
1,951 feet , n bt'.ljnec we.ter in wb'.3.t w~uld se, ::-:. t0 ·e g lA.Ci'-'. l f'ano. 'I''· i~ is 
furpriring i!l '!if'w of the fa.0t t h"'. t mirth nf ?..utlt?. J'.l.d, nn sectinn 21 ·f t1· j_f 

t0vm::hip, ·' entonitic fhl.lle ·withe.. li tt le jrriwt"l!'.e l'h0wE in 9. ro~t1-r. 1.' t ,,_t 
a.n elei:-<>.ti-:n of ?,,130 feet 13.n'. i.~ supr. reel t · _· € "'.n n · t r 0p ,..,f f'.llf' ·r 
v~riE. g!l -'- ed Bed1 . fn far of 0'3. 11 :: E 'e·'n~e(l fr ·:·r'. the r r - r'°f', . , ., well 
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in the t<vwm hip pFn<"tro. ted t:!.nd o bt<:>.ined v~ tcr frorr. th t- Fe er1 s. -1'., r. st 
of the Wf llf n '":> t<:>. in '\'1'3.te r fr_ 'Y•.l ?. zone in the drift between eleYr..tion nf 
?,020 '1.nd 2,080 feE->t . I n thif: zone B'.l n c1 ".nd gr '.l"'-el ·~)eds rnem tn be 
:ri.ore "'i:nmr.<:i.nt thr:1.n in the lther P''-rts of the drift , 'lnd o. vre ll dri ll ed 
intc •"'ne -- f thert- will o "tn.in '\. supply of '''.C b :•• 

Towns'·· ip 41 , R?.. ngs 26 . The -:-.:e.il,.,_ble inf0rM". tion 
ind ic ?. tM th."l. t ". 11 we 11 f in t hi s tovrnshi p 0'btA. in thf ir 'im. ter from 
f~na ~nd gr~ve l ( eds in t he g lnci~ l drift . ' ne Feries nf beds lies 
b!'Jh'\'eE:n 0 lE--.: rs.. ti0n::: nf 2,160 and 2 ,170 fei:;t , i1Jh ereA.1? :->.n0ther znne ocr,u.rs 
!:l.t ele1•e.tions vqrying: from about 2 ,100 to 2, 110 fe<t . 1 t h e r a. oPifers 
ho.ve been enC'.nuntr-re <J 'l.t irrflgu l r. r intf'r'··a. ls, p?.rtir,ub. rly at li.igher 
e;leva.tiont, e.n0 the infr·rf'nc e is that th"' ~rift cnnt<o'.inc gr o1.1 p£ of rn.nd 
·~' r g: r !'.1. vel 't'eds tho.t ''<l.ry in poEition with th€ l nci:i.lity , i:tnd th-,.,_t thE'·e 
P.r A th1:: rnurce of wB.ter supply within thrc tcw'l1rrip . 

Tovmsh ip 41, Rt1.ng:e 2 7 . In thi:::, ~ s in the l n ft 
tnv.'Ilfhip, therE '" re two r:li st1n ct z0ne r of W9.ter - «,e -:.ring ·reds in the 
drift, <i.nd ~,. ~.-er~_ l wellr h<>1'f' found water in irregul .... rly c1istrit-uted 
r~nd bed s outeiae thue tones. The upper zone , 0. B i n the rt>. nge immed.htely 
oist, h '3 t ~.n FJlnm.tion 0f l'l.1;nu t 2,160 fFiet, ;- ut owing, perhn.pr , to t he 
f!'.C-t thB.t the e le'!a. ti0:n of the eitrface i ~ :se ner·..,_lly 10¥.'er i n thiP 
tl")wnfhip th~n to the eaft , moft nf the yre l .1- 1! g6t w<·ter fr ,,m tf:e 101.'rer 
tone :i.t ele-nti0nf' of 2,060 tn 2 , 090 feE.t . A few we llE, '.'. lEo, h-:.n: 
o·,- t~ined. vm.ter '.1. t fli ghtly P. i.-, n'l'.:"e 2,100 feet , ?YJ.".i fOJ"le cnnri~errtb ly 

hi r her. Thut, nlthough t:1e "l· rizom. '3. re, e..ppe.rent l y , n''.'t c0nt inuour
!'J·uife,rr. :.'. ut rathe r gr :~upf o f ''"'lter - te' ri ng. bFds , they Fhow c. 'egr ee 
of perf':i· tf:'nce thP..t ir of 1"9. luc in pr e r1ic. ting pr l1::s.. 1='le depth t o 1.'r':",tGr 
~t any Fpecific l·c~t inn . 

Toio'Ti f h ip 41 , P'tn ·_ e 28 . I n t hi c tovrr..s ll ip, 0. s in t~os e 

of t he two r".lngefimmedi8. tely ear-r:-o. prnrninE:nt v...,_ter - ·1:-> fie.ring zone lies 
betwer--n elev<>,t ion io nf ':l.ppn>xi.r!!8. t e l y 2.,160 r--,nd 2 ,170 feet . Th19 n'1.ture 
of this dep(iE'it is n- t known , r1_,_ t itr persistf~nce oirer s nch n. v·d.cle rcro:t 
if r'\ t h e r rr:.:marh.ble. 1 ther sr.nd s '.-l.rr=- sen. tter ed irre0u l '.'. rly thr 01Jgh the 
drift, ~nd a. r e enc ountered ty c h<i_:!J.ce . ! .ne v.re ll drill ed tn ~. depth of 
300 feEt, rm N1·'~ . Sflction 3, penAtr?,ted the rlrift "tnc'. 0bt8. i:t1ed w<>.ter 
"1.t 9.n oleVf1.ti0n r· f 1, 979 feet , presunnb l y it'. the Pale Beds . 

Tm•rn.rhip 42 , R'J.nge c 25 to 28 l nC'. l u fbre. Thi~ 'lrf':'.'. 

ii>. CO ':""e red by ss.nd ,,.,nd rnnc d.tmet>, l).Df.l L ,clur'E' r---;;eT-y-Iittle f nrming 
htnd . 1~~'.\ ter CA.n :,e ot t e.ined frnm the f <>.nfl i r ::hallow we llr. The rqnr 
re::ts on r e l at i,-e l y imper--inus rlrift , ~. nd ra.ir.. W'l.ter <>.crmmt1l 0_teF 9. t 
the bo, s e of t he S"l. nd • 
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