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INTRODUCTION 

Information on the ground-water resources of east-central 
Alberta and western Snskatchevmn was collected, mostly in 19351 during 
the progress of geological investigations for oil nnd gas, The region 
studied extends from Edmonton· 1n the west to Battleford in the east, 
and from township 32 on the south to township 59 in western Alberta, 
township 63 in eastern Alberta, and in part as far north as town~hip 
56 in western Sask~tchewe.n. 

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

A division has been ma.de in the well records, in so far as 
possible, between glacial and bedrock water-be~ring sands. In 
investigations for oil 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 m~terials 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 ovmers, 
some of whom had acquired thelland after the water supply had been found, 
and hence had no personal knowledge of the 1Va.ter-bearing beds that had 
been encountered in their wells. Also the eleva tions of the wells were 
ta.ken by aneroid barom6ter and are, consequently, only appro~imate. In 
spite of these defects, however, it is hoped that the publication of 
these water records may- prove of value to farmers, town authorities, and 
drillers in their efforts to obtain water supplies adequate for their 
needs. 

In collecting this information several field parties . were 
employed. These were under the direction of Professors R. L. Rutherford 
and P. S • WaBren of the University of Alberta., c. H. Crickmay of 
V!l'Il.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 genera l supervision of G. s. Hume. 

Tublication of Results 

The essential information pertaining 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 at 
.the 4th meridian and lying between the correction lines. The secretary ., 

·' treasurer of each municipality in Saska.tohewa.n and Alberta will be 
supplied with the informa:tiori covering that municipality. Copie.s of the 
reports will also be aV-ailable for study at offices of the Provincial 
a·nd Federal IJGovernment Depe.rtments. Further assistance in the 
interpretation - f the reports ·:may be ·obtained by applying to the Chief 
Geologie.tJ. Geological :survey, Otta.We.. Technical terms used in the 
reports are defined in the glossary. 



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 dri~, or whether 
a better supply may be obtained at greater depth in the underlying 
bedrock formations. Thh wells in glacial drift conunonly 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 is uneven, the best means of comparing water wells is by the 
eleV9.tions of their water-bearing beds. For any particular well this 
elevation is obtained by subtr~cting the figure for the depth 0f the 
well to the water-bearing bed from that for the surface elevat ion at 
the well. For convenience both the elevation nf the wells and the 
elevation of the water-bearing bed or beds in en.ch 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 qlso listed 
in these tables, and this information should be used in conjunction with 
that provided on bedrock fonm\tions, pages 4 to fil, which describes 
these formations and gives their thickness and sequence. Where the 
level of the water-bee.ring ~and is known, its depth at any point can 
ee:Bily be calculated by substra.cting its elevation, a.s given in the ' 
well record tables, from the elevation of the surface a.t th~t point. 

· with each report is a map consisting of two figures. 
Figure l shows the bedrock formations that will be encountered beneath 
the unconsolidated surface deposits. Figure 2 shows the position o:f 
a.11 wells for which records a re available, the class of well at each 
location, and the contour line or lines of equal surface elevation. 
The elev1?.tion at any location can thus be roughly judged from. the ne'?crest 
contour line, and the records of the wells show at what levels water 
is likely to be encountered~ The depth of the well can then be 
calculated, and some information on the character and quantity of water 
can be obtained from a study of the records of surrounding wells. 

GLOSSARY OF TEPJf.S USED 

Alkaline. The term 11 alka.U .. 11e" has been applied rather loosely 
to some ground water s that have a peculiar and disagreeable taste . · rn 
the Prairie Provinces, wate r that is commonly described as alkaline 
usua'lly contains a large amount of sodium sulphate and magnesium sulphate , 
the principal constituents of Glauberfs sa lt and Epsom salts respectively . 
Most of the so ca lled aL"::aline waters are more correctly termed sulphate 
waters, m'!,ny of whiCh may be used for stock without ill effect. Water 
that 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 advance of the c-0ntinenta. l ice .. aheet, and 
subsequently either partly or wholly filled in by sands, gravels~ and 
boulder cl_ay deposited by the ice-sheet or later agencies. 

Bedrock. Bedrock, as here used, refers to :rnrtly or wholly 
consolidated deposits 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 
material i'onned from the--r-ern.e..ins-...o:r-p.lant& -by-pa.rtia.l decomposition e.nd 
burial. 
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Contour• A line on a map joining points that ha\'"e the same 
elevation above sea-level. 

Continental Ice-Sheet. The great ice-sheet that covered most 
of the surface of Canada many thousands of yenrs ago. 

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

Flood Plain. A fla t p':l.rt in n river valley ordinarily above 
we.ter but covered by water when the river is in flood. 

Glac~a.l Drift . The loose, unco~iolidated surface deposits 
of sand, gravel, and clay, or a mixture of these , th~t were deposited 
by the continental ice-sheet. Clay containing boulders forms part of 
the dri~ and is referred to as glacial till or boulder clay. The 
glacial drift occurs in several formsa 

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

(2) Terminal Moraine or Moraine. l\. hilly tract of country 
formed by glacial drift thn.t was laid down at the m<.trgin of the continental 
ice-sheet during its retr eat. The surface is characterized by irregular 
hills and undra ined basins. 

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

(4) Glacial Lake Deposits . Sand and~·cJ:iiyiplains · fdrnrad in 
glacial lakes during the retreat of the ice-uheet. 

Ground Water . Sub-surface vvater, or water thllt occurs 
below the surface of the land . 

Hydrost~tic Pressure . The pressure thqt ca.uses 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 impe~meable 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 pas~age or movement of ground ¥~ter , as for example 
porous sands, gravel, and sandstone . 

Pre-Glacial Land Surface. The surface of the land before it 
was covered by the continenta l 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 n'lntle or covering of alluvium 
and glacial drift consisting of loose sand, gravel, clay, and boulders 
that overlie the bedrock, 

Water- table. 
saturated with water . 
below it. 

The upper limit of the part of the ground wholly 
This may be very near the surface or many feet 

Wells, Holes sunk into the earth so as to reach a supply of 
water. When no 'W'8. ter is obtained they are referred to as dry holes, 
Wells in which water is encountered are of three classes• 

(1) Wells illl which the water is -under euf:ricient pressure to 
flow aboYe the surface of the ground. 
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(2) Wells in which the water is under preseure but does 
not rise to the surface . 

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

BEDROCK FORMATICNS OF VIBST-CENTRLL SAS Kt'l. TC}JE1r,'..'i.N AND El'.S T- C:SNTR!. L ALBERTA 

The formations th'3.t outcrop in west-central Saska tche'l'mn are 
an extension of similar forma tions th"". t occur in east-central Alberta. 
They a re of Upper Cretaceious a ge , and consist entirely of relatively 
soft sh~les and sands , with some bands of hard sandstone and l~yers of 
ironstone nodules. The succession, character , and estimated thickness 
of the formations are sho11m in the following table~ 

Formation 

Edmonton 

Bearpaw 

Pale and 
Variegated 
Beds 

Birch Tuke 

Grizzly )ear 

Ribsto.ne Creek 

Lea Park 

Character 

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

Dark shales, green sands with smooth 
black chert pebbles ; partly non-
rn.e.rine 1 with 1Nhi te bentoni tic sands, 
carbonaceous sha les or thin coa l 
seams similar to ~ho se in Pale Beds; 
shales at certa in liorizons contain 
lobster claw nodules and marine fossils; 
at other horizons are abundant selenite 
crystals . 

Light grey sands with bentonite ; soft, dark 
grey and light grey shales with selenite 
and ironstone; ca rbonaceous shales and 
coal seams J abundant selenite crystals 
in certa in l ay ers . 

Grey sand . and sandstone in upper part; 
middle part of sha les and sandy shales, 
thinly laminated; lower part wi th grey 
and yellow weathering sands ; oyster bed 
commonly at ba se. 

Mostly da rk grey shale of ma rine ori gin, with 
a few minor sand horizons; selenite crystals 
and nodules up to 6 or 8 inches in diameter 

Grey sands and sandstones at the top and 
bottom, with intermedia te sands and shales1 
thin coal seam in the vicinity of Wainwright ; 
mostly non-marine, but middle shale in some 
areas is marine . 

Dark grey shales and sandy shales with nodules 
of ironstoneJ a sand 70 feet thick 110 feet 
below the top of the formation in the Rib~ 
stone area , Alberta . 

Edmonton Formation 

Thickness 
Feet 
1,000 to 
1,15() 

300 to 600 
,.hins 
rapidly to 
the north
west 

950 to l,~')0 

in Czar-Tit 
'nills area : 
may be thin
ner elsewhere 

100 in west , 
but less to 

east and 
south 

Maximum, 100 

Maximum, 325 
at ~ingJ 
thins east
'l'mrd 

05() to 1, 100 

The name Edmonton formation was first applied t o the beds 
containing coal in the Edmonton a rea, a nd later to the same beds in 
adjoining ar eas . The formation ha s a tota l thickness of 11 000 t o 
l.,15t feet, but is bevelled off eastward and the east edge of the formation 
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follows a north 're f't line from Coronat ion through Tofi eld to '.:'. point 
on North Sa sk'.l tchewan River C\ bout midwc.y between Edmonton o.nd Fort 
So.sk~_tchevm.n. No Edmonton beds occur northeo.st of this line, but 
the formation becomes pro gressive ly thicker to the Gouthwest due t o 
the f a ct th!lt the beds incline in thn.t dir ection qnd the surface 
bevels acro ss t he.r.i. . 

The Edmonton form".t ion consists of poorly b edr,:::·d grey e.nd 
greenish clay sh?. l e s, co::i. l seams , n.nd sands '.lnd sandstones ths.t 
contain clay nnd 'l white materfol known a.s bentonite. This materia l 
when wet is very sticky ~nd swells gr eQt ly i~ volume, n.nd when dry 
tends to gi'.re a white appe'ln.nc e to the ".::ed s cont'3. ining it. Such 
beds a r e relat i "e ly imper viou s t o w:1.ter , e.nd B.t the surfa ce produce 
the "burns"· of barren ground vrhere <egefo.tion is scanty or c°".) sent. 

Water is r elative ly abundant in the Edmonton fornr t ion, which 
contains much ss-.nd, commonly in the form of isolated l ense s distributed 
irregul'.l rly through the formation ~ Consequently, there is little 
uniformity in the depth of we ll s even 1Ni thin a small n.re::i. . ·water also 
occurs commonly with coa l seams and , unlike the S'.lnd lenses , these beds 
a re much mor e r egula r and per s istent . In cont r r:1.1' t with the ·water from 
the bentonitic sands , which is genen.lly 11 soft'' , water from the coa l 
s e<>.ms , ti'S the w::. ter from the shallow surfa c e deposits , may be 11 ha rd" • 
The basal beds of the Edm0nton form'.ltion usu?t.lly uonta in fresh \'rater, 
but this may b ecome br a ckish loca lly wher e the und erlying Beo.rpaw beds 
·contain hi ghly a llm. line or Sf'.. l ty water. 

Bea r paw Format ion 

In southern Alberta , where the Be'l.rpaw f orm".tion is thickest, 
the beds compo s ing it are me\ inly shales th ..... t have been deposited in 
sea wD. t er. In the e. r ea north of tovmship 32 the form".t ion thins t o the 
northwes t 'lnd becomes a shor e line deposit composed of shqles cont~ ining 
bentonite , impur e S'J.nds, o.nd thi n con.l seams . In some a re<J.s , :-i.s a t 
Ryl ey '.lnd ne'.lr Monitor, '.l.nd in the Neutr a l Hills , the Be'lrpaw cants.ins 
pebble beds . At Ryl ey these 'lre conso l id'"lted into r. conglomen'..te , 
but mostly the pebb l es f1.re loosely distributed in shQle or s..,_ndy beos . 

In the aren. immediA.tely north of tovmship 32 the Bearpaw 
occupies n. widespread be l t bene~th the gl 'l c in. l drift , but fo.rther 
northwest the belt narrows , nnd 'lt Ryl ey and northwestward it is only 
a few mile s wi de . This belt crosses North So.sb.tchewan River a.bout 
midway between Edmonton ond Fort Sasko.tchewan. Bearpo.w bea s form the 
ma in bedrock deposits of i:;he Neutr 't l Hills . FarthPr south : wher e 
they ha'Te a n expo sea thickness of ':tt least 400 f eet , they conb.in 
gr een sands , and beds of marine sh'..'.le i nterfinc;er with the bentonitic 
shales and sands of the underlying form0.tion . To the north, on the 
banks of North Sl'l.skat.che'llJ':\.n Ri ver, the di·.·ision b etween the Be~rpaw 
and the overlying and underly i ng fornutions is indefinite, and t he 
thickness of b eds of Ben.rp'.'..w age is r e l r.t i Ye ly sr.i.a ll. 

The Wf.'.te r i n the Ryley area is f rom the Bearpo.w form'ttion , 
and is S!J. lty. In other a reas to the south the mG.r ine Beo. rpaw 
forma tion carri es gr een sand beds th'J.t yield fresh water , but commonly 
a much bett er supply is found by drilling through the Bear paw into the 
underly ing Pale Bed s . 

In Sask.-1.tchewn.n, Bear paw b eds occur southeast of Maclin and 
south of Luseland and Kerrob ert . Only the basal beds are present , f:l.nd 
these conta in green sands that are commonly water-bearing . 

Pale and Va rie gated Beds 

Underlying the Be~rpaw formation is a success ion of bentonitic 
sands, shales , and sandy sha l '3s conta i ning a few coal seams . The upper 
pa.rt of this succession , due -l<o the be1 ~'.mi tic content, is commonly 
light coloured and has been d~scribed ao the Pa le Beds, wherea s 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 Variegated Beds; others are greenish, grey, 
brown, an0 dark chocolate , carbonaceous types. The sands may a lso be 
yellow, but where bentonite is pre sent 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 red dish, but in part purplish, 
Selenite (gypsum) cryst" ls are, in pl aces, 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 Deds are exposed. The total thickness of Pale and Variegated 
Beds in the Tit Hills area is about 970 feet. VariegatC'd ·' Beds outcrop 
near Hawkins on the Canadian National Railway west of Wa imrright, but no 
area exposes the complete succession, which is considered to comprise about 
200 feet of beds, 

Records of wells drillod into the Pale and Variegated 
Beds do not, in general , indicate lateral pers istence of sands for long 
distances, nor any uniform average depth to water-bearing sands in a local 
area. This points t o the conclusion that the sands are mainly local lenses, 
but as such lenses are numerous, few wells fail to obtain water . In the 
Cadogan area many flowing we lls have been obtained .from sands about midway 
in the succession. In western Saskatchewan Paleland Variegated Beds 0ccur 
over a wide area from Maclin and Kerrobert northeast through Wilkie to the 
Eagle Hills, south of Battleford. Numerous outcrops occur in the area 
south of Unity at Muddy Lake , but south and east around Biggar these beds 
are almost wholly concealed by glacial drift. 

The water from the sands of the Pale and Variegated Beds 
is generally soft. The supply, apparently, is dependent in part on the 
size of the sand body that conta ins the "W'.lter and in part on the ease with 
which water m.~y be replenished in the sand. Small sand lenses surrounded 
by shales. may be filled with water ·tha t has infiltrated into them, but when 
tapped by a well the supply may be very slowly replenished. In many 
instances such wells yield only a small supply, aH~ough this is commonly 
persistent and regula r, 

Birch lake Formation 

The Birch Lake formation underlies the Variegated Beds, 
but in man~r areqs the division is not sharp . The type a r ea of the 
formation is a long the north shore of Birch Lake south of Innisfree, 
where a section 65 feet thick, composed mostly of s~nd, is exposed. The 
total thickness of the formation in this area i s about l OQ feet, and 
although this is dominantly sand a central part is composed of a lternating 
thin sand and sha.le bed s . At the ba :::e of the f onna ti on, 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 Buffa lo Coulee in sec. 31 tp. 47, rge. 7, 
W. 4th mer . In both upper and lower parts of the f orm~tion the sand is 
commonly massive and outcrops t end to consolid~te into hard, nodular masses 
from a foot to a fei.rv feet in diameter . Apparently t hese are formed through 
the deposition of sa lts from the water that finds ~-n 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 nodular nm.sses of sandstime • 

The Birch Lake fonnation occurs UL.d er the drift and in 
outcrops in a large area south of North Saskatchewa~ River and northeast 
of a line from Willingdon to Innisfree a nd Minburn.. East of this area 
the southwest bounda ry is more irregular, but outcrops are persistent on 
the banks of Battle River from a feW- miles north of Hardisty to and 
beyond the mouth of Grizzly Bear Coulee in tp. 47, r ge . 5 . It is believed, 
too, that a large area r.ear Edgerton and Chauvin is underlain by the Birch 
lake fo~~tioL and that it extends southeastward into Saskslltohewan a round 
V~nitou lake 'and southeast to Vera . 
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It is thought that the Birch lake formation thins 
e9.Stward from its type section at Birch 1ake, n.nd th'."l.t it los es its 
identity in western Sask'.ltchewan . Deep we lls drilled a t Czar, Castor , 
a·nd elsewhere no longer show the Birch Lake as n: clear ly recognizable 
sand formation, so th.qt i.ts southern limit beneath younger formations 
is unknown, Wher ever it occurs af a sand , however, it is water-bearing, 
a lthough in some a r eas the sa.nd is appn.r ently t oo fine to yield any 
considerable vo lume of water . In other areas , however, it persistently 
wields good we lls . There i s no appar ent uniformity in the character of 
the water , which is either hard or soft in diffe rent we lls in the same 
generql area . Direct cont<J.c-', with surfac·- i:raters th-:.t c 'nb.in calcium 
sulphates may i n time change a u soft" wate r well to g, u hardu water wel l , 
and many wells a re not sufficiently cased to prevent the percolation 
of water from surface sands into the well,, and hence into t he deeper , 
soft ~~ter producing sands. In f9.rt this a ccounts for the chqnge in 
character of the w':. ter in a v.re 11 , n. feature th':'. t hn. s been noticed by 
marw; well owners . 

Grizzly Bear Formation 

The type loca lity f or the Grizzly Bear formqtion, 
which underlies the Birch L'.l.ke beds, is ne9. r the mouth of Grizzly 
Bea r Coulee , a tributary of Battle River with outlet in tp. 47 , rge . 5 . 
The form~,tion is mainly composed of dark sha l0s ~ tfint were deposited in 
sea w'lter . At the mouth of Gri zz ly Bea.r Coulee two shale sections , 
each about 100 feet thick, a.re separated by a zone of thin S'.lnd beds. 
It is now vecognized that the upper section is the Grizzly Bea r sha l e , 
n.nd that the lower one, very simib.r in chn. racter a.nd a lso deposited in 
sea water , occurs in the next lowe r formation, the Ribstone Creek . The 
Grizzly Bear shale contains a thin nodular zone about 50 feet above the 
base ,,. that is, at about the c entre of the forma.tion . This zone is sandy , 
and is believed to yield water in va rious we l.i.s. Other ti1,·J. sands , in 
pl~ ces water-bearing, are qlso pres ent, The impervious nature of the 
Grizzly Bear shalos makes the overlying Birch Lake S".nd o. strong a.aquifer, 
as water collects in the sand 9.bo-:re the sho.le. The contact of the Birch 
Lake and Grizzly Bear formations can be t r a ced in some places by the 
oc currence of springs is suing from the base of the Birch Lake sand even 
where this is not exposed, 

Grizzly Bea r shales occur in a road cut on the south 
sid e of Battle River near the highwn.ybridge a t Fabyan. The shales 
in this area a re about 100 feet thick . It is thought they extend as 
f a r west as the Viking ge,s field, where they ho.ve been recognized in 
samples from deep wells , It is probable 1 how·ever , that the shales thin 
westwar drand thicken eastward so that their gener al form is a wedge 
between both higher and lower sqnd beds. The position of the thin edge 
of the wedge ·to the west is unknoi.rn, but evidently the Grizzly Bear 
mar ine shale underlies a large area in en.st- centra.l Alberta extending into 
Saskatchewan mainly in the area south of Battle River. 

Rib stone Creek Formn tio;:i 

The type area of the Rib stone Creek fonn.ation is on 
Ribstone Creek near its junction with Bc.ttle River in tp . 45 , r ge . 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'.1.nd member of this f orm.9.t ion 
outcrops on the north s ide of Battle River, in the northeast part nf 
sec. 26 , tp . 47, r ge . 5~ near the mouth of Grizzly Bear Coulee, Above it, 
higher on the bank and a t a short distance from the river, there is a 
12 foot zone of ca rbonaceous a nd coaly beds in two layers , each about 
2 feet thick, separated by D feet of sh9.le. Above this are 90 feet of 
dark shales that a r e thought to ha.ve been deposited in sea ~~ter 1 that is, 
they are marine shQles . These marine shqles in turn are overla in by a 
sandy zone about 20 feet thick containing 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 e'.lst and west fr rm the Grizzly Dear area but is 
probably at no place much more than 50 feet thick. 

The lower sand member of the Ribstone Creek formation 
also va ries in thickness from a minimum of about 25 feet . On the 
banks of Vermilion Creek , north of Mo.nnville , the basa l sand is c.t 
least 60 , 'lnd may be 75 , feet thick . It is overlain by sh'.l.ly sand and 
sandy shale beds , which replace the sh'.'..le beds in the centr.,_l part of 
the formation as exposed t\t '. the mouth of Grizzly Bear Coulee . I n the 
Wainwright a reo. , 1:rhcre the formatirm has bee:;i drilled in deep wells , 
the basal sand is 60 feet thick; with the centra l p'lrt compo s ed of 
shale containing so.nd streaks n The upper sand member is a bout 20 feet 
thick in this area. The tota l thickness of the f ormat ion in the 
Wainwright area is l~O to 200 feet; but this increases to the west and 
in the Viking are~ exceeds 30J feet~ 

The Ribstone Creek forma t ion is widely exposed in a 
nor thwest-trending belt in e'.J. st-cent 3. 1 Alb e r t'.'... The southwest boundary 
of this n nrt.h1,rest-trend i ng belt passes through the r-:rnth of Grizzly 
Bear Coulee in tp . 47, r ge . 5, and b eyond to the Tv;o Hills area in tp .-
54 , rge. 12 , whereas the r..orthe'lst boundary cro sses North Saskatchewan 
River southwest of Elk P-JL1.t an:l exto:J.ds northwest to include o.n area 
slightly north of St c ro.ul des Metis '1.nd v::.. lna to tp, . 60 , r ge . 14 . 
Within this belt water wells are corm'.l.on in the R5 .. 'Jstone Creek sands , 
which a re aJmost without exception 1J1-0. ter· ,'.'.Jeo.r::.ng in scme p'lrt of the 
formation . The limits cf the belt to the northe'J.st determine the 
limits of water from this sourc e , but to th3 southwest of the belt, 
as here outlined) w,,_t e r m'J.y be obtained J:1 this f orm!'.1.tion by drilling 
through ;\:he younger beds that over lie it~ The Rib stone Creek sands 
a.re a prolific source of water in many pl c .. ce s 8.nd hence the c1.istributinn 
of this formation is of considerable economic importance . Where the 
formation consi sts of uppe r a r.d lower sands with a centra l shale zone 
only the sands re ·water- bearing , al though thi:::l sand members may occur 
i n the shale. "\!There t}1e form", tion is l a r ge ly sand the distribution of 
water may be in any pi:1.r t of the form'3.tion, a lthough the upper and 
l ower sands a re perhapG the better aqtA·'·:.:ers o To the east of Al berta , 
along Battie River and Big Coulee in Saskatchewan., the Ribstone Creek 
sands are marine~ Marine conditions apparently become more preva l ent 
t o the southeast and it is believed th~t in this d i:. e ction the sands 
a r .e gradually r epl.e.ccd by marine shales. Tr .. us n.t some distance 
southeast of Battleford the Ribstone Cr eek formation loses its identity 
and its equiva l ent3 are sha l es in a marine succes:: ion . 

Lea Park Fornm ti on 

The Lea Park forrr,ation is l argely a marine sh8.le , and 
only in the upper lB"i feet is there ar..y v-a ter. In the Dina a.re:a south 
of Lloydminster the upper beds of the Lea .Park consist of silty sha l es 
a:bout 110 feet thick underlain by silty S9..nds 70 feet thick. Below 
these sands are ITL'1. rine shales only, and these yield no fresh water 
either in east- centr a l Alberta or west-centr~ l Saskatchewan~ The sand 
in the uppe r Lea Park formation is thus the lowest freshwater aquifer 
within a very large area . The extent of this sand in the Lea Park, 
particularly to the northeast, is not known, but as the strata in east
central Alberta ha ve a southwest inclination, progressively lower beds 
oc cur at the surface to the northeast . Thus .at a short distance beyond 
the northeast boundary of the Ribstone Creek formation, a.s previously 
outlined, the sand in the upper Lea Park reaches the surface , and 
represents the l ast bedrock ~. r.quifer in that direction . Further northeast 
wnter must be obtained from glacia l or surf~ce deposits only . Ir.. 
Al berta this area wi t hout fresh vmter in the bedrock includes the country 
nor:th of North SaskatchewB.n River in the vicinity of Frog lake and a 
: ·kr~ area extending to and beyond Beaver River. In this area. , however , 
mor e rresh water streams a r e present than farther south, a nd bush lavds 
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help to retain the surface ~ters . The area northeast of North 
Saskatchewan River in Saskatchewan is almost wholly within the 
Eea Park formation, where water can be found only in surface deposits. 

WATER ANALYSES 

Intr oduction 

Analyses were made of water samples collected from a. large 
numb er of wells in we st-centra l Saskatchewan. Their purpose was to 
determine the chemical characteristics of the waters from different 
geolo gica l horizons, and thereby ass i 'st' in ·mkbi.n,g correlo.tions -Of':the· 
strata. inw1-ich the W!ltters occur. Although this -was the main 
objective of the analyses , it \WB.~r.also rea lized that a knowledge of 
the mineral content of the water is of interest ~and value t o the 
consumer. The analyses were all made in the h bora tory of the Wa. ter 
Supply and Borings Section of the Geological Survey, Ottawa . 

Discussion of Chemica l Det erminations 

The dissolved minera l constituents vary ·with the material 
encountered by the water in its migration to the r eservoir bed. The 
minera l salts present a re r eferred to as the tot~ l dissolved solids, 
and they represent the re~idue when t he water is completely evaporated. 
This is eYpressed -quantitatively as " parts per million" , which 
ref ers t o the proportion by we i ght in l,000,000 parts of water . A 
salt when dissolved in wate r separates into two chemica l units ca lled 
"radicD.ls", and these <:1.re expressed as such in the chemica l analyses .. 
In the one group is included t he m~allic e lement s of ca lcium (Ca ), 
magnesium (Mg), and sodium (Na), and in the other group are the 
sulphate (S04), chloride (Gl), and carbonate (C 03)' radicals .. 

The analyses indica te only the amounts of t he previously 
mentioned radicals, thus ne glecting any silica. , alumina. , potash, 
or iron that may be present . It wil l b e noticed that in most instances 
the total solids are accounted for by the sum total of the radica ls as 
shown by the ani:t lyses. Actually, the residue when the wa. ter is 
completely evaporated still retains some combined water of crystallization, 
so that the fi gufes for the "tota l solids" a r e hi gher than the sum 
total of the radicals as .determined. TThese radica ls a re also 
"calcula ted in assumed combinations" to indicate the theoretical a.mounts 
of different salts present in the water. The same method was followed 
in ea ch analysis, so that the table presents a consistent record of 
the different compounds present. 

Mineral eonstituents Present 

Calcium. Calcium (ca ) in the water comes from mineral 
particles present in the surface deposits, the chief source being 
limestone, gypsum, and dolomite. Fossil shells provide a source of 
ca lcium, as does a lso the decomposition of i9neous rocks. The common 
compounds of calcium are 0onlcium carbonate (Ca.C03) and ca lcium 
sulphate (CaS04). · 

Magnesium. :Magnesium (Mg) is a common constituent of many 
igneous rocks and, therefore , very ·prevalent in ground water. Dolomite, 
a carbonate of calcium and magnesium, is a l so a source of the miner~ l. 
The sulphate of ma gnesia (MgS04) combines with water to form 11 Epsom -
salts" and renders the water unvvholesome if present in l a rge amounts. 

Sodium, Sodium (Na) is derived from a number of the import~nt 
rock;...forming minera ls, so tha.t sodium su~phate and ca rbonate are very 
common in ground waters. Sodium sulphate (Na2S04) oomlrlnes with water 
to form "Gla.uber's salt" and e:xcefsive amounts ma.ld~J-the water unsuitable 
for drizj.king purpoiies, Sodium carbon.ate ~n.2C-03 ) or "black alkali'"" 
waters are mostly soft, the degree of softness depen<'l ing upon the ratio 
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of sodium carbonate to the c a lcium and magnesium sa l ts , ·waters 
conta ining sodium carbonate in excess of 200 part s per million 
a re unsuitable for irrigat ion purposes 1 • Sodium sulphate is less 

"The extreme l:imit of salts for i rri gat ion is taken t o be 70 parts 
per 100, 000 , but pl ants will not t olerate mor e than 10 to 20 parts 
per 100,000 of black a l ka li (a lka line carbonates and bicarbonates)" 
Frank Dixey in ·11 A Pro.ctical HD.ndbook of We.ter Supply'1

, Thos, Murby 
& Co ., 193l, P • 254 . 

harmful. 

Sul r>ates . The sulphate (S04) salts r eferred t o _i n the:::e 
analyses a r e calcium sul phate (6aS04), magnesium sul phate \MgS04), 
a:nd sodium sulphs.te (Na2S04) .. 

Chloride, Chlorine (Cl) i s with o. f ew except ions, expressed 
a.s sodium chlor iC.e (lb.Cl); that is, com."'!lon table sa l t . It is f ound 
in al l of the cna lyses, most of the wa ters containing less than 200 
part s per mill ion, but some as much as 21 000 or 3 , COO parts. The se 
waters have a bra ckish taste . 

Alka linity . The alka linity determined in these water 
analyses is based on the assumpt ion thut the only salts pr esent in 
the samples that vrill neutralize acids are carbonates , and that , 
consequently, the cegr ee of a l ka linity is pro portiona l to the a.mount 
of the carbonate r ad ica l (C03) pr esent . 

Hardness , The hardness of wate r is the t ota l hardness , and 
has been determined by the amount of a sta ndard soap solution r equired 
to form a lather that will stand up (pers ist ) f or 2 minutes , Ha.rdnGJls 
is of two kinds , tempora r y and permanent . Temporary. r.1a.rdnes s is 
caused by calcit:u~ and magnesium bicarbonates , which a.re soluble in 
water but a.r e precipi tatb : as insoluble nonn.al carbona tes by boiling, 
as shown by the sca l e that forms in teakettles , Permanent ha r dness 
is cau sed by the presence of ca lcium and magnesium sulphates , and is 
not removed by boiling . The tvrn forms of hardness -, a.r e no t distinguished 
in the wa t er an'llyses . Waters gr ade f rom very soft

2 
t o very hard , and 

can be classified according to the fo llowing system : 

The 11 Examinat ion of '\:Co.ten and Water Supplies", Thresh & Bea.le , 
page -;:n,- 1lolirth-Bd . 1933 • 

A water under 50 degrees (that is t part s per mil lion) of 
hardness may be said to be very soft. 

A W"ter wi th 50 to lOJ degrees of hardness may be said to be 
moderately soft. 

A water wi th 100 to 150 degrees of ha rdness may be said t o be 
moderately hard. 

A wat er wi th more than 200 and l ess tha~ 300 de gr ess of ha rdnes s 
may be said t o be hard~. 

A wa t er wi t h mor e t han 300 degrees of hardness may be sa id to 
be very hard~ 

Hard mters a.re usua lly high in ca lcium oarbona t e . Almost 
all of the wa t ers f rom the glacial drift are of this type , especially 
those nht associated with s:;rnd and gr ave l deposits t hat come clo se to 
the surface. 
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In soft water the calcium carbonate has been replaced by 
sodium carbonate, due to natura l reagents present in the sand and 
clays. Bentoni te and glauconi te P, r e tvro such reagents lmown to be 
present . Montmoril linite , one of the clay-forming minerals , has the 
same property of softening w~ter , ~wing to the absorbed sodium that 
is availabl"e for chemica l reactior~ • 

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

If surface water reaches the lower so.nds by percolo.ting 
through the higher beds it may be highly charged ~"i th C8. lcium sa lts 
before rea ching the bedroc~ formations containing bentonite or 
glauconite. The completeness of the exchange of calcium carbonate 
:!'or sodium carbonate will , therefore , depend upon the length of time 
that the ~~ter is in conta ct vvith the scftenQng reagent, and 8. lso 
upon -Jihe amount of this material present. The rate of movement of 
undergtoun:drwater will, consequBntiyy, be a factor in determining the 
extent of the reaction. 

The amcunt of iron present in the water was not determined, 
owing to the possibilities of contrunination from the iron casings in 
the wells . Iron is present in most waters , but the amount mn.y be 
small. Upon exposure to air.La. r ed precipitate forms , the water becomes 
acid , and , hence, has a corrosive action . ·when iron is present iri 
large amounts the wat er has an inky taste. 

'NA TER ANALYSES IN RELi\. TH N TCJ GEOLOGY 

Glacial Drift 

The quality of the water f rom gl acial dri~ depends large ly 
on the natur e of the deposit from which it comes and on the ri. epth of 
the aquifer below the surface . Glacial deposits may be divided roughly 
into three types . 

(1) . Sand and gravel beds th9.t form the surface deposit , such 
as outwash materhl and glacial lake sands. 

(2). ~uried outwash and interglacia l depoci ts beu"J"een two tills 
of boulder clay. 

(3). Pockets or lenses of sand anc gravel irregularly distributed 
throu gh the till. 

Water from surface salll.d,-d!flposits is normally Th.ow in dissolved 
salts, the tofo.l being genero. lly less tho.n 1,000 parts per million. 
~nere large a.mounts of limestone occur in the gl acia l s~nd and gravel 
beds a characteristic constituent of the glacia l water is calcium 
carbonate, the amount pr esent v:::trying from 300 to 700 parts per million. 

Water f rom buried outvro.sh deposits contains more dissolved 
salts than the surface sands, as the water in order to rea ch them has 
to percolate through overlying

7

till. Rain water contains carbonic acid, 
which ~ots as a solvent and dissolves a great deal of calcium, magnesium, 
and sodium f rom the rock-forming minerals. Sulphate salts are commonly 
present, though their pro portions vary greatly in the different waters . 
The shales that a re incorporated in the drift are high in ca lcium sulphate , 
so that the s.mount of shale pre rnnt will modify the quality of the ,ra ter. 
The oxidized upper part of the dri~ cont9.ins less sulphate than the 
deeper, less oxidized boulder clay. The chara ot$r of the water in the 
buried outwash deposits will, therefore , depend.largely on the 
oompoettion and a.mount of till that overlies it. 
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Water from irre gular ly distributed sand a nd gr f1..ve l beds 
will vary in its content of dissolved S'.llts depend ing upon the 
character of the mo.terio.l surrounding the res ervoir beds . As the 
water in this type of deposit does not flow to o.ny marked extent, 
it is apt to be more highly impregnated with soluble sa lts than where 
the underground movement is more r ap id , Soft water in the drift i s 
mostly confined to shallow we lls in sands low in ca lcium ca rbonate . 
Water s from glacial l aker clays o.re sometimes high in soluble so.lts : 

The sample from a well in glacial lake clay on N.w., } sec . 27, tp . 
42 , rge . 17, hqs 11 , 040 parts per million of soluble salts, l a r ge ly · 
magnesium sulpffi.te c.nd sodium sulphate . The sample f rom SE , i sec. 
13 , tp . 42 , r ge , 16 1 which is believed to come f rom glacial lake 
silts , h'l. s a very different composition . The t ot'.:l. l solids in it 
are only 440 parts per million, of ·v-hich 250 a r e co.lcium co. rbono.te . 
The great difference in these waters i s due t o the high soluble so.lt 
content tho.t is ascocio.ted with the lo.ke clays but ab sent in the 
silts . Average drift ·water conti:. ins between 1, 000 ::tnd 3, 000 po.rts 
per million of di ssolved miner~l salts . 

Be'.:l.rpaw Formo.tion 

The Bearpo.w form.a ti on consists of dark mo.r ine sho.les o.nd 
beds of green so.nd . Wa t er from these so.nds. hn.s o. toto.l solid count 
ro.~ging from 300 to 1, 600 po.rts per million o.nd o. hardness of more 
tho.n 300 degrees . Co. lcium c~rbono.t e is very mn.rked in o.11 samples, 
due ,, perhaps , t o the proximity of the water sands t o the glacial 
drift . Sodium sulphate is the chief so.l~ present, followed by 
co. lcium carbonate , magnesium sulphate , magnesium carbonate , and 
sodium chloride in decreasing :mm.cunt-a . These waters are distinguished 
from t he overlying drlft waters by being relatively low in t ota l 
dissolved solids , and in containing no calcimr, sulphate and only 
moderate amounts of sodium sulphate , magnes ium sulphate , a nd magnesium 
carbonate . 

Fale Beds 

Pale Beds underlie the Bearpaw formation . Total solids in 
wat ers f rom these beds vary from 700 t o 1, 300 parts per million . The 
water is , in most insta.nces , sof t, as i t contains sodium carbonate in 
excess of calcium and magnes ium oarbonates, but 'Ahen mi xed with surface 
water high in ca lcium carbonate , it will become hard . The hi r;h 
concentration of sodium salts , especially sod ium carbonate, in 
contras t with the calcium and magnes ium sa lts distinguishes this water 
f r om that in Bearpaw sands. The Pale~Beds include much bentonite , and 
it is this mineral that acts ' as a water softener wi t hin the formation . 
The following analyses are typica l of waters from the Pale Bods: 

SE . sec . 16 , NE . sec . 3 • S'Pl . sec . 7, SE . sec , 21 
-

Salts tp . 38, r ge . 21 tp . 39, rge . 25 , tp.37, r ge . 24 , tp . 38 , r ge . 23 

CaC03 73 18 53 35 

CaS04 

MgC03 52 14 45 38 

MgS04 

Na 2c-o3 297 679 464 562 

Na2S04 297 158 266 437 
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Na.Cl ·31 45 46: 130 

Tofol solids i 760 1 ,020 i 940 1,26') ! 
; · 

Ifurrlnes s 100 20 
,, 

30 75 )i 

Vo.rie ga t ed Beds 

In Senlac Rur"l. l Mu11icip1.1.li ty, Sasb.tchewan, a. r e a number of wells 
that have water very similar j_n chara cter to th?.t f ound in the Bearpo.w 
formation. These we lls t ap an horizon that corresponds with the Variegated 
Beds in Alberta , a l t hough they hi_\ve not been sepf1.r ated f rom the Pale Beds , 
They a r e less bentonitic thqn the Pa. le ::.:Seds and darker in colour . The 
water is ha rd and haf a low dissolved solid content. The three ann l yses 
given below show a gr eat dea l of similarity and su ggest ~ common horizon . 

jNW . sec . 21, NW . sec. 3, SE ~ sec . 28 , 
Salts j tp . 41,rge . 26 tp .41 , r ge .28 tp ,40,rge , 2Cl 

CaC 03 250 31f 5 125 

CaS 04 

MgC03 1109 80 155 

~- :MgS04 149 104 69 

- --· 
Na2C03 .... 

Na.2so4 98 132 386 

Na.Cl 12 12 18 

Tote.l :c-s olids l 640 640 781) 

Hardness 600 600 500 

Rib stone Creek Formation 

Chemical analyses of water f rom the Ribstone Cr eek f orm?.. t ion vary 
more than in the Pale Beds, the reason b eing that a.t several differ ent 
horizons the s ediments show cnnsiderable later r1. l variation. The f onnation 
includes both marine and non-marine beds , thin co~l seams being pre sent in 
the basa l p~rt of the f orm.anion a. round Paynton, whereas south of Lashburn, 
on Battle River , marine fossils were f ound in strata. con8ider Pd to be at 
qpproximately the same horizon . The water ana lyses show s imila rit i es ~~thin 
limited a r eas , but long distance correlnt ions cannot be made safely except 
for the saline waters th3.t occur in the flowing wells a t Vero. , Muddy Lake , 
and a t the south end of Tr'lmping lake . Ana lyses of these ira. i!ers a r e given 
in the f ollowing tab~o: 

i 
25 1 SE 22 ,j NE . sec. 36 

' 
SW • sec . 30 • sec 10 • ec. , ! .. sec. j l • sec • , I 

Salts tp~41,rge . I tp. 41 ,r ge~f tp . 41,rge . 1 tp . 41,rge ~tp.38 1 r ge .: tp.35, 
24 I 21 , i\ ' I 

22, I 24 , ! 24 , rge . 20, 
CaC03 73 73 73 198 108 ' so - - - - ' 

' 
CaS04 ... - - M m- -
- -
MgC03 38 38 38 52 69 52 

- ·- -
MgS04 ~ - - - - .. 

' 
' 

, 
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Na2CC'3 129 119 129 11 106 1Z5 

Na2SO,;, 55 55 61 61 49 43 

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

--- :z 

Tota l solids 3J840 i 3, 460 3,120 3,200 3,860 4,460 

Hardness 135 90 110 100 130 1311 

The similarity in these anlayses suggests a common source bed, 
The di stance between the Tramping Lake we ll C1.nd the Vera we lls is about 
40 miles . Tl"-is water , which i s t hought to come from the ba sa l sand of 
the Ribstone Creek forrne.tion , is not typical of water from the same 
stra tigr aphica l horizon in the vicinity of Battle River, one reason b eing, 
possibly, that at Battle River the stream has cut through the Ribstone 
Creek fo~'"I!lation exposing the sand members a long its banks. This may 
cause a more r apid movement of the under ground water in this a rea tha.n 
f arther eouth, and it is known that the r a te of flow is a controlling 
f~ cto- that g0verns the change of ca lciun. carbonate t o sodiun. ca rbonate 
when the softening r eagents of bentonite or glauconite are present in the 
sand. 

Scme of the soft waters from the Ribstone Creek formation cannot 
be distinguished from those of the Pale Deds, whereas others a. re auite 
dif f er ent. The f ollo¥nng ana lyses illustratetsome of the different types 
of water from t his fonnation : 

, 1 

Se . sec. Ind .Agent ; SW . sec . NE . sec , i 
iSe . sec . · NE.sec. NW . sec . 

ll, tp . ' Little 24 , tp. 36, tp. : 26. tp. 36. tp. 22 . 
46 , r ge . Pine 

28 ~ ' 
I .R. 46, r ge . 43 , rge . ;43 , r ge •: 41, r ge 4 42. 

Sa,l,ts 21 18 l8 : \ 24 23 

Ca.c :-~ :; 90 80 410 73 35 73 125 

Ca. S04 

MgC 03 07 59 168 , . 38 31 38 97 

MgSC' ± 64 

Na2c~3 211 392 2113 592 129 196 

Na2S04 I 1,.644 777 2 , 518 225 522 61 ,j l, 541 
· ! 

NaC l j 249 63 76 12 
1: 

83 2,690 :: 71 
. ! 

Tota l sol i ds!2 , 220 1, 340 3, 000 620 :1,2ao , 3I120 il, 900 

Hardness 280 160 750 llO 35 llO 
,. 600 ., ,, 

•I 

The above chemica l analyses show such a wide range in the 
dissolved sa lts present in the diff er ent waters in the Ribstone Oreek 
formation that they cannot be used for correlat ion purposes over a large 
a r ria 0 

Conclusions 

(1) In most instances water from glacia l drift is auite 
~ifferent from wate r from bedrock. 

tp. 
rge. 

(2) Some of the bedr ock liorizons ca rry waters tha.t show definite 
chemical char a cteristics. 

(3) Mos.t waters from glacial till carry total Rolids run.bunting 
to between i,. ooo a.ndns,,ooc parts per million.· 
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(4) Bedrock waters are commonly low in dissolved salts . 
Exceptions t o this a re to be found in w~ter from the Ribstone Creek 
formation . 

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

(6) Wa t er from the Variegate d Beds resembles that from the 
Dearpaw formation. 

(7) Wo. ters from the Pal e Beds is mostly soft. An average 
of ten wells gave a total solid of 11 000 pRrts per million. 

(8) All soft waters contain sodium ca rbonate (Na zc o3) , which 
is pres ent in water from the Pa le Beds and Ribst one Creek -formations 
but absent from the D8arpaw formation and Vari egated Beds . 
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RURAL MUNICIPALITY OF ROUND VALLEY, NO. 410, 
SASKATCHEWAN 

Physica l Features 

The eastern half of this municipality is flat prairie 
land, auite in contra.st with the western pa.rt where areas of 
low relief a.re found a.round a. number of lakes . At Fire and 
Farewell Lakes, elevations 1,895 and 1,911 feet respectively, 
a depressed area with flat bottom lands is surrounded by 
steep embankments as much as 250 feet hi gh . Even at the 
lowest point in these emba.nlanents the elevation of any 
possible outlet for the lakes is more than 100 feet above 
the present lake levels, and no drainage course beyond is 
sufficiently low to ha.ve acted as an outlet. It is possible, 
however, that the original outlet has been danuned by glacial 
drift and that earlier drainage channels are now filled in. 
No satisfactory explanation can, however, be offered for such 
depres8ed areas as that in which Fire La.ke occurs. See.gram 
Le.ke farther north is also at the relatively low elevation of 
11 902 feet, and is bounded on the northeast by an escarµnent 
150 to 200 feet high . This escarµnent rnar1~s the boundary 
between prairie land to the north and east and an area of 
sandy land and sand dunes to the southwest, in which the 
surface is very uneven and dotted with small lakes. 

Geolo gy 

Although most of the municipality is covered by a 
thick mantle of drift, a few outcrops of Pale or Variegated 
Beds occur in the west on the embanlanents north of Fire Lake and 
southeast of Seagram Lake, and on the east side of the valley 
about half a mile west of Unity . Much information has also 
been a cquir ed in drilling for oil and gas in the vicinity of 
Unity. The surface material in these wells is obviously drift, 
and water is found at several horizons, but particularly at 
depths of 234 and 253 feet in Vera Oilfields No . 2 well . These 
horizons a r e believed to occur in the Ribstone Creek fonnation, 
which may continue in the well to a depth of 295 feet. The 
thickness of the Ribstone Creek in this area is unknown, but is 
probably less than in the Ribstone area to the northwest, where 
it is thought to be about 180 fe et. Also the thickness of 
Grizzly Bear shale, which overlies Ribstone Creek beds , is less 
than 100 fe et. Consequently, the upper part of the well may 
have penetrated a few f eet of Variegated Beds , with its basal 
sandstone eauiva.lent of the Birch Lake formation, but it is 
probable that these stra ta. have been replaced by glacial drift. 
Thus in the low area around Vera and to the northwest there 
are probably no Variegated or Pa.le Beds , although outcrops of 
these occur on the embanlanenti:o the southeast of Seagram lake 
a.t an elevation of 1,984 feet. In a r a ilroad cut a short 
distance east of Vera is a small , rather obscure outcrop of 
brownish sand and sandstone that may perhaps be Birch Lake beds, 
but this formation is apparently thinning out and may here be 
represented only by a. sandstone at the base of the Variegated 
Beds. Very little information is available about this formation , 
as it has not been recognized in the Vera deep wells. It is 
concluded, therefore, that va rious formations may underlie the 
drift in different parts of this municipality . 
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Water Supply 

East of the escarpment t hat marks the eastern 
boundary of the Seagram 18.ke depression, a nd to the south 
and east of the Fire Lake depression, many of the prairie 
wells obtain their ~~ter from sand or gravel beds in the 
glacial drift~ In most areas these beds vary considerably 
in altitude , and the depth at which they will be encountered 
in any locality cannot be predicted . In many places where 
difficulty has been experienced in obta i ning a sufficient 
supply of water from shallow wells , drilling has been carried 
do¥m to the underlying bedrock formations. In the Unity area 
water has been found at several hor izons within the Pale 
Beds, and to the northwest , in the Ve r a area , where the 
surface elevation is much lower, wate r in abundance has 
been found in the Ribstone Creek forma tion where the surface 
elevation is l ess than 2,000 feet . Several we lls from this 
deeper horizon flow . Apparently ther e a r e two water horizons 
in the Ribstone Creek forma tion; these were encountered in 
Vera Oil fields No. 2 well, at depths of 234 and 253 feet 
respectivelyo Water from the upper of these horizons is 
fresh; that from the lower is too saline to be used for drink~ 
ing. A flowing well, with gas , on NE. sec. 36 , tp. 41 , rge. 24, 
obtains wate r with a slight soda content, presumably from the 
upper of these two horizons . Ga s also occurs in several springs 
along the edge of the embankment north of Seagr am Lake . The 
lower, slightly salty wate r of the Ribstone Creek aquifer has 
also been reached by a well on SW . sec . 7, tp . 41 , rge. 24. 
The inference that this salt water horizon is widespread would 
appear to be justified by the fact that flowing wells with gas 
have been obta ined from it on SE . sec . 30, tp . 38, r ge . 22, 
south of Muddy Lake , and on SE . sec. 10, tp. 35, r ge . 20, at 
Tramping Lake Parko 

Township 40, Range 22. In the nor thea st corner of 
this township a gravel bed has been encountered in wells on 
sections 24, 25, 34,a.nd 36 between elevations of 2,100 and 2,110 
feet. This is the continuation westward of a. buried outwa.sh 
sand and gr ave l deposit that occurs in the range to the east at 
elevations between 2,110 and 2,140 feet . It would appear that 
the outwa.sh deposit thins out and disappears in this township, 
or that it may a ctua lly come t o the surface owing to the low·er 
altitude of the country to the west . Be low it, at elevations 
principa:ly from 2, 040 to 2,090 feet , is a zone of sand deposits 
in the drift in which many wells obtain water. The sand bodies 
are, apparently , irregularly distributed but f a irly abundant 
within this zone, so that there is a reasonable chance of 
striking one in any well. However, in places where no V\ra.ter 
is encountered in the drift, deeper wells into the underlying 
Pa.le Beds are almost certa in to obtain water in quantity and , 
usually, soft in char acter. Sever a l wells have been drilled 
into the Pale Beds, but appear to have found little uniformity 
in the elevations of the aquifers, a. condition somewhat sur
prising in view of the fact that the water-bearing sands of the 
Pale Beds undoubtedly have considerable latera l extent . If the 
information on these wells is correct it means there a.re 
several a.auifers in the Pa le Beds in this township . 
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Township 40, Range 23 . Two types of wells are present 
in this township , those that obtain water from the drift and those 
that obtain it from sands in the Pale Beds underlying the drift. 
Those in the drift occur at no particular level , but appear t o 
be fr om irregularly distributed sand or gravel beds . The depth 
of the drift is unknown , but in one well, on SW . section 13, 
gravel occurs at a depth of 90 feet or an elevation of 2, 049 
feet . This is probably near the base of the drift, although 
definite information is lacking . Below the drift several wells 
have obtained water in the Pale Beds . 

Township 40, Range 24 . In this township Fire and Fare
well Lakes occupy a deep depression, with outcrops of Pale Beds 
occurring on the steep banks on the northvrest and south margins . 
The elevation of Fire Lake is 1, 895 feet, whereas the elevation 
in the southeast part of the township is above 2 , 200 feet . Un
doubtedly the 'water horizons above the level of the lakes are 
being drained , especially toward the edge of the depressi on , 
and hence some difficulty has been experienced in obtaining a 
water suppl y . At the southwest end of Fire Lake , on section 18 , 
a spring issues from the Pale Beds at an elevation of 1, 833 
feet, and one we l l, 285 feet deep on SE . section 13 , obtains 
water from the Pale Beds from the same level as Fire le.ke . At 
a distance from the depressed area some wells obtain water from 
beds of glacial sand and gravel , but these , besides being 
irregularly distributed , are not as abundant in this township 
as elsewhere, and in SW . section 14 much difficulty has been 
experienced in obtaining an adeouate supply. The only hope 
of finding water at this l ocation appears to be f r om wells 
drilled into the Pale Beds . As the elevation here is above 2, 150 
feet, it is 320 feet to the level of Fire Lake where the well Ol\ 

section 13 obtained its water supply . Some of the sands in the 
Pale Beds are very fine , and in a well 218 feet deep on NW . sect
ion 32 , heaving sand plugged the well and prevented the water 
f r om entering the we l l casing . For such wells , therefore , the 
mi nimmn casing should be 6 inches , although in many instances 
where no sand difficulty has been encountered wells have been 
successfully completed with 2- inch casing . 

Township 41 , Range 22 . An outwash, glacial sand and 
gravel deposit , now bur i ed in the drift , occurs in the south
west of this township at elevations of 2,lrO and 2, 110 feet , 
the same as in the township immediately south . This deposit 
pr obably rises to the northeast, but data w~re not collected 
on many wells in this township owing to the fa ct that they 
are all too shallow to reach the bedrock beneath the drift . 
This outwash deposit , however , has proved the source of water 
sur ply for many wells . Above it and below it , scattered 
i r regularly through the drift , are l oca l beds of sand and gra-vel 
that supply ~~ter to a nmnber of wells . These beds show no 
uniformity of level , but within certa i n elevations in this area , 
2, 030 to 2, 090 feet , seem to be more abundant than elsewhere . 
Their presence, however, cannot be predicted at any specific 
location, and the amount of yield must be dependent to a large 
extent on the size and porosity of the sand bed encountered . 

Township 41, Rci nge 23. Nearly a.11 wells in this town
ship, of which records were co l lected, obtain their water from 
sand and gravel beds that occur in a zone in a drift between 
elevations of 2,060 and 2,090 feet . Other water-bearing sands 
a. r e irregularly distr ibuted thr ough the drift at higher eleva-

. tions, and water is obtained from these in some wells . Cmly 
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one well, 285 feet deep on NE . seotion 4~ is known to ha.ve 
reached the Pa.le Beds a.n~ obtains water from a. sand in these 
beds a.t a.n elevation of 1,908 feet. As this well is only a. 
mile from Akerlund Lake, which has a surface elevation of 
1,912 feet, no other, higher aquifers in the Pa.le Beds 
would be expeoted to be productive, especially in proximity 
to the escarpment, in some places 200 feet high, that cuts 
a.cross the west and southwest part of the township. Other 
wells far from the escarpment face might obtain water at 
higher elevations in the Pa.le Beds , although it is difficult 
to predict to wha.t extent sands in the Pale Beds are sealed 
by a. cover of glaci~l material~ a:ong the face of the escarp
ment . It would appear that there is a.n abundant water supply 
in sands in the Pale Beds , but, presumably, wells will need 
to be 250 to 300 feet deep to obtain it. 

Township 41, Range 24. In this township , south of 
Vere., several deep wells were drilled for oil and gas , a.nd 
all of them struck slightly salty, artesian vrater . In Vera. 
Oilfields No . 2 well fresh water ~~s encountered a.t a. depth 
of 234 feet, or a.n elevation of 1,700 feet, a.nd salty water 
a.t a. depth of 253 feet, elevation 1,681 feet. Southwest of 
these deep wells, and covering a central area. of the township 
in a. northeasterly direction, the land surface is sandy, a.nd 
in rart is occupied by sand dunes. It is probable that 
shallow wells to the base of this sand would give water, if 
such wells were needed. Most of the land, however, is un
suited for agriculture. In the extreme southwest of the town
ship the land is less sandy and is farmed. A well on SW . 
section 7 was drilled to a. depth of 535 feet and apparently 
encountered the same salty water horizon as is present in 
the Vera. deep wells . It is very improbable, however, tha.t 
this water comes from the bottom of the well at an elevation 
of 1,572 feet, as the elevation of the similar water horizon 
at Vera is 1,681 feet. I~ is thought that the well encountered 
the water at some distance above the bottom, a.s regional evidence 
does not support the amount of southwest dip that otherwise 
would be indicated. 

Another well , on NE . section 36, drilled to a depth 
of 248 feet, obtains flowing water with gas at an elevation 
of 1,704 feet . The water contains some soda and is not salty . 
It probably comes from an horizon corresponding to the depth 
of 234 feet in Vera Cilfields No . 2 well , and as such is 
believed to be derived from a sand in the Ribstone Creek 
formation. 

In the well owned by Mr. Davidson, on SW. section 
7, the water rises to an elevation of 2,007 feet. In the 
well on the farm of ~.:r . Ga.thie, on NE . section 36, it is 
known tha.t the water will rise at least 40 feet above the 
surfa.oe, or to an elevation of at least 1,992 feet, with the 
extreme limit not determined. It is probable that 2,007 
feet, the elevation to which the water rises in Mr. Davidson's 
well on SW, section 7, would be about the limit. Consequently, 
any well with surface elevation less than 2,000 feet in this 
area. and drilled to the same water horizon should flow. 

Township 42, Range 22. All wells for which r ecords 
are available in this township obtain their water from sand 
and gravel beds irregularly scattered through the drift. It 
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is probable tha.t at greater depth water can be obtained from 
sand of the underlying Pale Beds, although the drift is probably 
more than 170 feet deep, as one well, on NE. section 4, bored 
to a depth of 146 feet did not penetrate it and ~~s still con
siderably above the base, according to information from other 
wells. It is probable, however, in this as in other areas, that 
toward the base of the drift there will be a zone conte.ining 
many sand or gravel beds at elevations ranging from 2,030 to 
2,090 feet, and that most of the wells drilleu to these depths 
will find a sufficient supply of water . 

Township 42, Range 23. All wells in this to¥mship, 
as indicated by available records, obtain their water at what 
is thought to be a considerable distance above the base of 
the drift. The latter contains many sand and , less commonly, 
gravel beds widely scattered at various elevations, so that 
at any location the prospects of encountering one of these 
beds in a well are fairly good. It is probable though that 
here, as in the range immediately east, there is a lower zone 
of porous beds of a similar type that would yield water if the 
upper part of the drift failed to do so. Probably the well 
on ffiY . seotion 17, which reaches the aquifer at an elevation 
of 2,089 feet, is in the top of this zone, which , from regional 
information, is believed to be about 60 feet thick, with its 
base at approximately the base of the dri~. As in this town
ship surface elevations reach 2,250 feet, it may be that .the 
drift in these higher places is more than 200 feet thick. 
Wells drilled belzyn it into the sands of the underlying Pa.le 
Beds would be expected to yield water . 

Township 42, Range 24. In this township Seagrrun Lake, 
with an elevation of 1,902 feet, occupies a considerable area. 
To the north and east of it, within this township) is '3.n embank .. 
ment 150 to 200 feet high, along the edge of whicB) north of 
Seagram Lake, there are several springs with gas saepages. 
The springs issue at elevations slightly below 2,000 fee~ from 
what may be the base of the drift, a.s outcrops of Pal·e. or 
Variegated Beds along this same embankment, on NE. sec. 25, \p~ 41, 
rge. 24, occur e. t an elevntion of 1, 984 feet. Cn the prairie · 
level above the embanlanent the wells obtain their water f:r.om 
sands irregularly scattered through the drift, several wells 
obtaining their supply within a zone of sands between elevations 
of 2 1 !!70 and 2,100 feet. One dry hole, 70 feet deep, on NW. " 
section 35, did not reach this level. The artesian wa.ter found 
in e. well on NE. sec, 3G, tp. 41, rge. 24, is undoubtedly 
present throughout this township, but wells drilled to it would 
not be apt to flow unless the surface elevation wa.s less than 
2 1 000 feet. 
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