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INTRCDUCTICN 

Information on the ground-water recources of east-central 
Al berta and western Saskatchewan was collected, mostly in 1935 , during 
the progress of geolo gical investigations for oil and gas . The region 
studied extends from Edmonton in the west to Battleford in the east, 
and from township 32 on the south to township 59 in western Alberta, 
township 63 in eastern Alberta , ~nd in part as far north as town~hip 
56 in western Sasb.tchewan. 

This region i s crossed by North Saskn.tchewa.n and Battle 
Rivers, and includes other more or less permanent streams. bost of 
the lakes within the area , h~~ever , are a l ka line , and wn.ter is 
obtained in wells from two sources, namely, from ·water-bearing sands 
in surface or glacial deposits, and from sands in the underlying bedrock . 

A division has been made in the wel l records, in so far as 
possible , between glacial and bedrock water -b r ~ ring sands. In 
investigations for oil and gas , howevE:r, the bedrock wells were used to 
trace the lateral extent of geolo gica l formations, with the result tha t 
the records deal more particularly with this type of well . No detailed 
studies wer e made of the glacial mo.terio. ls i n relation t o the wa.ter -supplyi 
nor were the gl a cia l deposits mapped adequately for this purpose. In 
al.most all of the region investigated in Alberta , ~nd in al l but the 
northeast part of the region stud i ed in Saskatchewal'l , wat er 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, 
som€ of whom had acquired the 1 land after the water suppl y had been found, 
and hence had no personal knowledge of the water -·b earing beds th'lt had 
been encountered in their wells. Also the elev"- tions of the wells were 
taken by aneroid barorr-,'3ter and are, consequently, only approximate . In 
spite of these defects, howevrr, it is hoped that the publicat ion of 
these water records may prove of value to farmers , town authorities , nnd 
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 • WaLr en of the University of Alberta , C.H. Crickmay of 
Vancouver, 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 supervi sion of G. s. Hume. 

;
1 iblica tion of Results 

The essentia l inform')_t ion per b .ining to ground-water conditions 
is being issued in reports.that in Saskatchevmn 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 
trea surer of each municipality in Saskatchewan and Alberta will be 
supplied with the inform'3.tiori covering that municipality. Copies of the 
reports will a lso be aVa.i lable for study at offices of the Provincial 
and Federal rJGovernment Departments. Further as sistance in the 
interpretation f the reports may be obtained by applying to the Chief 
Geolo gia.tJ Geol0gical ;survey, OttaWa. . Technical terms used in the 
reports are defined in the glo Esary . 



Ho! to Use the Report 

Anyone desiring information concering ground water in any 
particular -~ locality 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 glacial drift, or whether 
a better supply may be obta ined at gr eater depth in the underlying 
bedrock form.a. tions. Thli. wells in gl acia l drift commonly show no 
regional level, as the sands or gr ave ls in which the water occurs are 
irregularly distributed a nd of limited extent . As the surface of the 
ground is uneven, the best means of comparing water we lls is by the 
eleV9.tions of their water-bearing beds. For any particular well this 
elevation is obtained by subtr~ating the figure for the depth 0f the 
well to the water-bearing bed f rom that for the surface elevation at 
the well. For convenience both tfle elevation nf the wells and the 
elevation of . the water~bearing bed or beds in each wel l are given in 
the well record tables. Wher e v.rater is obtained from bedr ock, the name 
of the formation in which the water -bearing sand occurs is ~lso listed 
in these t e.b les, and this inform:~.t ion should be used in conjunction with 
tha t provided on bedrock formations, pages 4 t o ffr, whi ch describes 
these formations and gi ves their thickness and sequence. Where the 
level of the water-bearing ~and is known, its depth at any point can 
eaaily be calculated by substracting its elevation, as given in the · 
well record tables, from the el evat ion of the surface at th~t point. 

With each report i s a map consisting of two figures. 
Figure 1 shows the bedrock formations that will be encountered beneath 
the unconsolidated surface deposits . Figure 2 shows the position o~ 
all wells for which r ecords a.re avai l able , the class of wel l at each 
locat ion, and the contour line or lines of equa l surface elevation. 
The elev'?.tion at any loc '3.tion can thus be roughly judged from the ne~rest 
contour line, and the records of the wells show at wha. t levels v.ra ter 
is likely t o be encountered ~ The depth of the we ll can then be 
calculated, and some informat ion on the character and quantity of water 
can be obtained from a study of the r ecords of surrounding wells. 

GLO SSARY CF TEmfS USED 

Alkaline. The term 11 allm. 1J:ne" has been applied rather loosely 
to some ground waters that have a peculiar and disagreeable taste. In 
the Prairie Provinces, water that is commonly described as a lka line 
usua'l ly contains a l arge amount of sodium sulphate and magnesium sulphate, 
the principal constituents of Glauber's salt and Epsom sa l ts respectively. 
Most of the so ca ll ed a l b.line waters are mor e cor rectly termed sulphate 
waters, m~ny of which may be used for stock without ill effect . Water 
tha t 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. ~ porous bed, lens, or 
pocket in unconsolidated deposits or in bedrock th~t carries water. 

Buried pre.-Glac i a l Stream Channels. A channel carved into 
bedrock by a stream before the a dvance of the continenta l ice-sheet, and 
subsequently either partly or wholly filled in by sands, grave ls, and 
boulder clay deposited by the ice-sheet or 19. ter agencies. 

Bedrock. Bedrock, as here used, refers t o partly or wholly 
consolidated depos its of gr avel, sand, silt, clay, and marl that are 
older than the gl acia l drift. 

Coa l Seam , · The same a s a coa l bed . A deposit of carbonaceous 
material fonned from the remains of'-plD..nts by partial decomposition and 
burial. 
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Contour. A line on a map joining points that ha.Ye the same 
elevation above sea-level. 

Continente. l Ice-Sheet. The great ic e-sheet that coYered most 
of the surfa ce of Ca!l!lda many thousands of years ago. 

Escar pment. A cliff or a rela tively steep s lope separating 
level or gently sloping areQs . 

Flood Plain . A fb t p~rt in o. river valley ordinarily o.bo;Te 
we.ter but co-vered by water i·-hen the river is in flood. 

Glacial Dr i ft . The loo se , unconeolidated surface deposits 
of sand, gravel, and clay, or a mixture of these , th~t were deposited 
by the continental ic e-sheet . Clay containing boulders fonns p~rt cf 
the dri~ and is referred to as gl a cia l till or boulder clay . The 
glacial drift occurs in several formsa 

(1) Ground Mora ine . A boulder clay or till p l ain (includes 
areas where the gl acia l drift is very thin and the surface uneven) . 

(2) Terminal Moraine or Mora ine . ;,. hilly tract of country 
formed by gl a cia l drift th'lt was l a id dovm at the m.'-1.rgin of the continenfa. l 
ice-sheet during its r etr eat . The surface is characterized by irregular 
hills and undra ined basins . 

(3) Glacial Outwash. Sand and gravel plains or de lta s formed 
by streams that issued from the continental ice-sheet . 

(4) Glo.cial take Deposits. Sn.nd and· ·cliiyiplains ·fdrnmd in 
glacial l akes during the retr eat of the ice- bheet . 

Ground Water. Sub-surfa ce water , or water that occurs 
below the surface of the land . 

Hydrostatic Pressure . The pressure thqt 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 t he perceptibl e pa.s~age or movement of ground ~~ter, as for example 
porous sands , gr avel, and sandstone. 

Pre-Glacial Land Sur fa ce. The surface of the l and before it 
was covered by the continenta l ice-sheet . 

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

Unconsolid ated Deposits • . The rm.ntle or cover i ng of a lluvium 
and gl acia l drift consisting of loose sand, gr avel, clay, and boulders 
th~t overlie the bedrock. 

Water- table . 
saturated wi th water . 
below it . 

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

We lls. Hol es sunk into the earth so as t o rea ch a supply of 
water. When no wa t er is obtained they are referred to as dry holes . 
We lls in which water is encountered are of three cla sses• 

(1) Wells in which the water is under ~uffioient pres sure to 
flow above the surface of the ground . 
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(2) Wells in which the water is under presfure but do es 
not rise to the surface. 

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

BEDROCK FORMATICNS OF v\TEST-CENTRJ,L SLSKATCHE'.'..'.N AND E:.ST-C!-I:NTRl, L ALBERTA 

The formations th':'.t outcrop in west-central Saska tcheV\ra.n are 
an extendon of similar formations th2.t occur in east-central Alberta . 
They are of Upper Cretaceious age , and consist entirely of relatively 
soft shales and sands, with some bands of hard sandstone and l !.',yers of 
ironstone nodules, The succession, chara cter , and estimated thickness 
of the formations are shown in the f ollowing table~ 

Formation 

Edmonton 

Bearpaw 

Pale and 
Variegated 
Beds 

Birch lake 

Grizzly Dear 

Ribstone Creek 

Lea Park 

Character 

Grey to ~hite, bentonitic sands and 
sandstones with grey and greenish 
shales; coal seams pro~inent in some 
areas, as at Castor, Alberta . 

Dark shales, green sands wi th smooth 
black chert pebbles; partly non-
marine, with i-vhi te bentoni tic sands, 
carbona ceous shales or thin coa l 
seams similar to -bl:lo se in Pale Beds ; 
shales at certain :i~orizons contain 
lobster claw nodules and rru?.rine fossils; 
at othEr horizons a re abundant selenite 
crystals. 

Light grey sands with bentonite; soft, dark 
grey and light grey shales with selenite 
and ironstone; carbonaceous shales and 
coal seams; abundant se l enite c.rystals 
in certain l ayers. 

Grey sand and sanG.st0ne in upper part; 
middle p~rt of shales and sandy shales, 
thinly laminn:ce l ; lower part with grey 
and yellow weathe" i ng ~ands ; oyster bed 
commonly at base. 

Mostly dark grey shale of marine or1g1n, 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 intermediate sands and shales; 
thin coal seam :i.n the vicinity of Wainwright; 
mostly non-marine, but middle shale in some 
areas is marine. 

Dark grey shales and sandy shales with nodules 
of ironstone; 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 
1,150 

300 to 600 
ilhins 
rapidly to 
the north­
west 

950 to l,C' 'JC 
in Czar-Ti t 
·"Rills are"..; 
may be thin­
ner else·where 

100 in west , 
but less to 

east and 
south 

Maximum, 100 

Maxi.mum, 32 5 
at Viking; 
thins east­
ward 

050 to 1,100 

The name Edmonton formation was first applied to the beds 
containing coal in the Edmonton a r ea , and later to the same beds in 
adjoining areas. The formation has a t ota l thickness of 1,000 to 
1 1 150 feet, but is bevelled off eestwa.rd and the en.st edge of the formation 
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follows a northwest line frOJ:l Cororn.tion through Tofield to ':'.. point 
on North Sasb.tchewnn RiYer ~.bout midw?.y between Edmonton and Fort 
So.sk:.tchevm.n . No Edm,1nton beds occur northeo.st of this line, but 
the for ms.tion "becomes progress i vely thicker to the southwest due to 
the fact that the beds incline in th~t direction '1.nd the surfac e 
bevels ac ro ss ther.i. . 

The Edmonton formn.tion consists of poorly bedded grey o.nd 
gr eenish clay sh?.les , coa l seD.ms , ancl sands ?.nd sandstones th"'.t 
contain cln.y a nd '.l. white materio.l lmown as bentonite. This mater ial 
when wet is -very sticky '1.nc swells gre?.tly in volume, 'l.nd when dry 
tends to gi,_re a white appe~rance to the '.::eds confo. ining it. Such 
beds a r e r e l ati.,.,.ely impervious to water , and <:..t the surfac e produce 
the "burnsw of barren grouncl where ·.regetation is scanty or ~sent. 

Water is relatively abundant in t he Edmonton f ornrtion, which 
con·te.ins much s <J.. nd, commonly in the f orm of isolated lenses distributed 
irregubrly through the form"l. tion ,. Conseauently, there is little 
uniformity in the depth of we lls e'en vd thin a s:mall areci. . ·water also 
occurs commonly with coa l seams and , unlike the S3.nd lenses, these bed s 
are much more r egular and persistent . In contraBt with the water from 
the bentonitic sands , whi ch is gener9.lly "soft", water from the coa l 
se<>.ms , a-s the V1B. ter from the shal low surfs. ce deposits , may be "ha.rd". 
The bf.1.sa l beds of the Edmnnton form'.l.tion usually vont'.l.in fresh vrn. ter , 
but this may become br3.cki sh locally where the und erlying Bea.rpaw beds 
·conta in highly a l kaline or sr.i..l ty water .. 

Bearpaw For~~tion 

In southern Alberta, where the Bearpaw form".tion is thickest , 
the beds composing it are mo.in ly shales th:.t have been deposited in 
sea water . In the a rea north of tovmship 32 the form0.tion thins to the 
northwest '1.nd bec omes a shoreline deposit compos ed of sh?,les contt'.ining 
bentoni te, impure so.nds , and thin coal seams . In some a rea.s, ci.s a t 
Ryl ey a.nd near Monitor , and in the Neutra l Hills , the Be3.rpaw conb.ins 
pebble beds . At Ryley these <J.re consolid'.1.ted into n. conglomer<:l.t~ , 
but mostly the pebb l es are loos e ly distributed in shale or sandy be cls . 

In the area. immedi~tely north of township 32 the ~ earpaw 
occupies o. v.ridespre9.d belt benee.th the gh c ial drift , but f'.:lrther 
northwest the belt n'.l.rrows, and ::i.t Ryley and northwestward it is only 
a. few miles wide . This belt crosses North Sask'.:'. tchewan River a.bout 
midway between Edmonton ond Fort Sask?tchewan . Bearpaw beds form the 
main bedrock deposits of the Neutr'11 Hills .. Fn.rther south, where 
they ha"Te an expo secl thickness of 8.t least 400 feet , they cont'1in 
gr een sands , ~nd beds of mar ine shale interfinger with the bentonitic 
sha l es and sands of the underlying form." ti on . To the north, on the 
banks of North SaskatcheWB.n River , the di·.·ision between the Benrpaw 
and the overlying and underlying forW:ltions i s indefinite , ~nd the 
thickness of beds of Bearp~w age is r e l e.tive ly sme,11. 

The w>,ter in the Ryley area is f rom the Bea.rpaw form'ltion , 
and is sr.i.lty . In other '3.re3.S to the s outh the m'.l.rine Bea.rpaw 
forma tion carries gr een sand beds th'l.t yield fresh water , but commonly 
a much better suprly is found by dri lling through the Bearpaw into the 
underlying P,ale Beds . 

In Sask.ttchevm.n, Bearpaw beds occur southeast of Maclin and 
south of Lu se l and and Kerrobert . Only the basa l beds a.re p r esent , ~nd 

these conta i n gr een sands that are commonly water-bea.r1ng. 

Pe.le and Va riegated Beds 

Underlying the Beqrpaw formation is a succession of bentonitic 
sands, shales , a.nd sandy shales conta ining a few coal seams . The upper 
pa rt of this successi on, due t o the beI .':lnitic content, is commonly 
light coloured and has i:ieen described ao the Pale Beds , whereas the lower 
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part is darker, and i s 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 also be 
yellow, but where bentonite is present it imparts a. light colour to the 
beds. Both Pa. le and Variegated Beds are char acter ized by the presence 
of thin seams of ironstone, commonly dark reddish, but in part purplish, 
Selenite (gypsum) cryst~ 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 Cz~r. Thes e 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 
r..ear Hawkins on the Canad i an National Railway west of Wainwright , but no 
area exposes the complete succession, wh ich is considered to comprise about 
200 feet of beds, 

Records of we lls drilled into the Pale and Variegated 
Beds do not, in genera l, indicate lateral persistence of sands for long 
distances, nor any uniform average depth to ~~ter-bea.ring sands in a loca l 
area. This points t o the conclusion that the sand s are mainly loca l lenses, 
but as such lenses are numerous, few we l ls fail to obtain water. In the 
Cadogan area many flowing we lls have been obtained f rom sands about midway 
in the succesfion. In western Saskatchewan Paleland Variegated Beds 0ccur 
over a wide area from Maclin a~d Kerrobert 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 around Biggar these beds 
are a lmost wholly concealed by gl acia l drift, 

The water from the sands of the Pale and Variegated Beds 
is genera lly 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 may be repleni shed in the sand. Small sand lenses surrounded 
by shales. may be filled wi th watf:'r·that has infiltrated into them, but when 
tapped by a well the supply may be very slowly replenished. In many 
instances such wells yield only a small supply, although this is commonly 
persistent and regular. 

Birch Lake Formation 

The Birch lake formation underlies the Variegated Beds, 
but in many areas the division is not sharp. The type area of the 
formation is along the north shore of Birch Lake south of Innisfree, 
where a section 65 feet thick, composed mostly of s~nd, is exposed. The 
total thickness of the f ormation in this area is ~bout 100 feet, and 
a lthough this is dominantly sand a central part is composed of a lternating 
thin sand and shale beds, At the baEe of the fo:rm~tion, 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 formation the sand is 
commonly massive and outcrops tend 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 f a ct, in some areas the sand may be traced along the side of a hill by 
the presence of small springs or nodular :mD.SSes of sandstnne • 

The Birch L9.ke f onnation occur s UL.der the drift a nd in 
outcrops in a large area south of North SaskatchewaL River and northeast 
of a 1 ine from Willingdon to Innisf'ree and Minburn, Ea st of this area 
the southwest boundary is mor e irregular , but outcrops 9.re 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 , rge. 5. It is believed, 
too, that a large a rea near Edgerton and Chauvin is underlain by the Birch 
La:ko formation and that it extends southeastward into Sa sksl:tohewun around 
Manitou lake ~and southea st to Vera~ 
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It is thought that the Birch Lake formation thins 
eastward from its type section at Birch lake, c..nd th~t it los es its 
identity in western Sask<:1.tchewan. Deep wells drilled a.t Czar, Castor, 
and elsewhere no longer show the Birch Lake as IT clear ly r ecognizab le 
sand format ion, so that its southern limit beneath younger formations 
is unknown, Wher ever it occurs a::- '.l sand, however , it is water -bea ring, 
a lthough in some areas the sand is apparently too fine to yield any 
considerable volume of water. In other areas , however, it persistently 
uields good wells. There is no apparent uniformity in the character of 
the water, which is either hard or soft in different wells in the same 
generP.l area. Direct cont':l.c°'; with surface vra.ters th~.t c ·nb.in calcium 
sulphates may in time change a 11 soft" water v.rell to a" hard" water wel l, 
and many wells are not sufficiently cased to prevent the percolation 
of water from surface sands into the well , and hence into the deeper, 
soft water producing san0s. In p'.lrt this a ccounts for the ch~nge in 
cha.r::tcter of the water in a well, e. feature tlw.t has been noticed by 
marw well owners . 

Grizzly Bear Formation 

The type locality for the Grizzly Bear formation, 
which underlies the Birch lake beds, is near the mouth of Grizzly 
Bear Coulee, a tributary of Battle River with outlet in tp. 47, rge. 5~ 
The form.'\ tion is mainly compo sed of dark shales~ thnt were deposited in 
sea w~ter. At the mouth of Grizzly Bear Coulee two shale sections, 
each about 100 feet thick, '.lre sepa r ated by a zone of thin sand beds. 
rt is now Eecognized th':l.t the upper section is the Grizzly Bear shale, 
and that the lower one, very similar in character '.lnd also deposited in 
sea water, occurs in the next lower format ion, the Ribstone Creek. The 
Grizzly Bear Sh':l.le contains a thin nodular zone '.lbout 50 feet above the 
base, that is, at o.bout the centre of the form'l.tion. This zone is sandy, 
and is believed to yield water in various wells . Other trutn sands, in 
pla ces water-bearing, are qlso present . The impervious nature of the 
Grizzly Bear shales makes the overlying Birch Lake s0 .nd a strong acquifor, 
as water co.lleots in the sand above the sh<:.le. The contact of the Birch 
Lake and Grizzly Bear forrn.'1.tions can be t raced in some places by the 
occurrence of springs isEuing from the base of the Birch Lake sand even 
where this is not exposed, 

Grizzly Bear shales occur in a road cut on the south 
side of Battle River near the highway bridge at Fabyan. The shales 
in this area are about 100 feet thick . It is thought they extend as 
far west as the Viking gas fi eld, where they have been recognized in 
samples from deep wel ls. It is probable , however, that the shales thin 
westv.~rdra.nd thicken eastward so that their gener a l form is a wedge 
between both higher and lower sand beds. The position of the thin edge 
of the wedge to the west is unknown, but evidently the Grizzly Bear 
marine shale underlies a. large area in east-centra l Alberta extending into 
Saskatchewan ma.inly in the area south of Battle River. 

Ribstone Creek Formation 

The type area of the Ribstone Creek fonnation is on 
Ribstone Creek near its junction with Battle River in tp. 45 1 r ge . 1, 
W. 4th mer. At this place the lower sand beds of the forme. tion are 
well exposed, The upper part of the lowe r S<:tnd member of this 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 cistance from the river, there is a. 
12 foot zone of carbonaceous and coaly beds in two layers, each about 
2 feet thick, separated by 0 fe et of shale. Above this are 90 feet of 
dark shales that are thought to hs.ve been deposited in sea water, that is, 
they a re marine shales. These marine shqles in turn are overlain by a 
sandy zone about 20 feet thick contri.ining oysters in the basal part. 
This sandy zone is the upper sand member of the Ribatone Creek formation. 
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It thickens to the east and west fr0Ill the Grizzly Dear a rea but is 
probably at no place much more than 50 feet thick. 

The lower sa.nd member of the Ribstone Creek format ion 
also varies in thickness from a minimum of ~bout 25 f eet. On the 
banks of Vermilion Cr eek , north of Mc..nnville, the basal sand is ...,_t 
lea.st 60, and may be 75,feet thick. It is overlain by sh~ly sand ~nd 
sandy shale beds, whi ch replace the sh~l e beds in the centr~ l part of 
the foI'lna.tion as exposed at· the mouth of Grizzly Bear Coulee. In the 
Wa:inwright a r ea , where the formation ha. s bee~:i drilled in deep wells / 
the basa l sand is 60 feet thick ; with the centra l part compo sed of 
shale conta ining sand streaks~ The upper sand member is ~bout 20 f eet 
'thick in this area . The tota l thic:mess of the f ormation in the 
Wainwright area is 100 to 200 feet, but this increases t o the west and 
in the Viking are~ exc eeds \>OJ feeto 

The Ribstone Creek forma t ion is wide ly exposed in a 
northwest-trending belt in east-c entra l Alberta. . The southwest boundary 
of this nrirthwest-trend ing belt passes through the mouth of Grizzly 
Bear Coulee in tp. 47$ r ge . 5, a.nd beyond to the Two Hills area in tp~ 
54, rge. 12, whereas the northeast boundary cro sses North Saskatchewan 
River southwest of Elk Point and extends northwest to include an area 
slightly north of St , Faul des Metis and Vilna to tp •. 60, r ge . 14. 
Within this belt water wellS are cormnon in the Ribstone Creek sands, 
which a. re a Jmost without exc eption w::i.ter-bear ing in some part of the 
formation. The limits of the belt t o the northeast determine the 
limits of water from this source, but to the southwe st of the belt, 
as here outlined, w~ter may be obta ined in this fonn~tion by drilling 
through 1he younger beds that over lie it. The Ribstone Creek sand s 
a.re a prolific source of water in many pl a ces a.nd henc e the distributinn 
of this forma. tion is of consider able economic importance. Where the 
formation consists of upper and lower sands with a centra l shale zone 
only the sands are water-bearing; a lthough thin sand members may occur 
in t he shale. Wher e the form~tion is large ly sand the ·distribution of 
water may be in any part of the fonll'lti on, although the upper and 
lower sands a r e perhap s the better aqt; .'. -''ors. To the east of Alberta, 
a long Ba ttte River and Rig Cou.H e in Sa sl:a tchewan, the Rib stone Greek 
sa:nds are marine• Harine co;:.Ji tio:'J.s appar ently become more prevalent 
to the southeast and it is believed thn.i in this dir ection the sands 
a.re gradually repla ced by I!'.ar:i.;Je s~1a. l es. Thus a t some di stance 
southeast of Battleford the Ribstone Creek formation loses i t s identity 
and its equiva.lents a.re shales in e. mar ine succesi:ion. 

Lea Park Forrna tion 

The Lea Park f ormation is l a r gely a marine shnle, and 
only in the upper 18~ feEt i s there any water . In the Dina. area south 
of Lloydminster the upper beds of the Lea Park consist of silty shales 
~bout 110 f eet t hick underla iu by silty s~nds 70 feet t hick. Below 
thes e sands ar e m.s. rine sha les only, and these yield no fresh water 
either in east-centra l Al berta or west-c entr~ l Saska tchewan. The sand 
in the upper Lea Park f ormat ion is t hus the lowest freshwater aquifer 
within a very large ar e~ . The extent of this sand in the Lea Park, 
particula rly to the northea st, is not known, but a s the strata. in ea st­
centra l Alberta have a southwest inclination, progressively lower beds 
occur at the surface t o the northeast . Thus .at a. short distance beyond 
the northeast bounda ry of the Rib stone Creek f ormation, as pr eviously 
outlined, the sand in the upper Lea Pa rk r eache s the surface, a nd 
repre sents the l a st bedrock ~.aquifer in tha t direction. Farther northea st 
water mu::>t be obtained from gl a cia l or surfe.ce deposits only. In 
Alberta. this area wi thout fresh water in the bedrock inc ludes the country 
nor:t'h of North Sask'.3.tche~~n River in the vicinity of Frog Lake and a 
~J .. n.r ew ar ea extend ing; t o and beyond Beaver River . In thi s a rea , however, 
more fr6sh wat er streams '3.r e prE> sl'irrb th."l:o .farther south, and bush laJt.tls 
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help t o rete. in the surface waters . The a. r ea northeast of North 
Sa skatchewan River in Saskatchewan is a lmo st wholly within t he 
Eea Park formation? where water ca n b e found only in surfa ce deposits. 

WATER ANA. LYSES 

Intr oduction 

Analyses wer e made of water samples c ollected from a l a rge 
number of we lls in we st -centra l Sa.3kat chewan . Their purpose was to 
de termine the chemica l c haracteristics of the wa t ers fr om different 
gee.lo gica l horizom, a nd thereby as s i 'st' in ·mlriITil}.g corr01D. tions of··ther., · .; . 
strata. in w1· ich the Vv1l.te r s occur . Al though thi s was the ma.in 
objective of the ana lyses , i t mra ~~:ca l so realized that a knowledge of 
the minera l cont ent of the wa t er is of inter est aand value to the 
consumer. The a nalyses were a ll made in the l aboratory of the Water 
Supply a nd Borings Section of the Geolo gica l Survey, Ottawa . 

Discus sion of Chemica l Det er minations 

The dissolved minera l constituents vary with the ma teria l 
encountered by the wa ter in its migr ation t o the reservoir b ed. The 
minera l salts present a r e r eferr ed to as the tob.l dissolved solids , 
a nd they r epresent the re fl idue when the water is complete ly evaporated. 
This is eypressed quantitatively a s 11 parts per milli<mn , which 
refers to the proportion by weight in 11 000 1 000 parts of wat er. A 
salt when dissolved in water separat es int o two chemica l units ca lled 
"radicals", and these 8.re expressed as such in the chemica l ana lyses .. 
In the one group i s included the m~tallic e lements of ca lcium (Ca. ), 
magnesium (Mg), and sodium (Na), and in the other group are the 
sulphate (S04), chloride (Cl), and ca rbonate (c 03 )' r a dica ls. 

The ana lyses L~dicate only the amounts of the previously 
mentioned r adica ls: thus neglecting any silica , a lumina , potash, 
or iron that may be present . It will be noticed that i n most instances 
the tota l solids a r e a ccounted for by the su:n t ota l of the r a dica ls as 
shown by the arJ.A. l yses o ActuaJly _, the residue when the water is 
completely evaporated still r etains so:ne combined water of crysta llization, 
so that the fi gu:'le s for the "total so lids 11 a r e higher than the sum 
tota l of the r a.d::..ca. ls a.s .determ:'..ned., '~'These r ad ica ls a. re also 
"oalcula t ed in assumed com'binations11 t o ind ica. t e the theoretica l amounts 
of different sa l ts pr esent in the water. The same method WB.S followed 
in ea.ch ana lysis , s o that the table p;i:· esents a c 0ns istent record of 
the different compounds pr esent . 

Mineral Constituent s Present 

Ca lcium. Ca lcium (ca) in the Vira ter comes f rom mineral 
particles present in the surface deposits, the chief source being 
limestone, gypsum, and dolomite . Fossil shei ls provide a source of 
calcium, a s does a lso the d ecomposition of i gneous rocks . The common 
compounds of ca lcium a r e r;~H1 lcium carbonate (CaC03) a nd ca lcium 
sulphate (Ca S04). 

Magnesium . Magnesium (Mg) is a common confit±tuent of many 
i gneous r ocks a nd,. therefor e , very prevalent in ground water. Dolomite, 
a ca rbonate of ca lcium a nd magnesium, is a lso a source of the minera l. 
The sulphate of magnesia (MgS04) combines with water to form "Epsom -
salts" and r enders the water unwholes ome if pres ent in l a rge amounts. 

Sodium , Sodium (Na) is derived from a number of the important 
rock-f'onning minerals, so that sodium sujipha te a nd ca rbonate a re very 
common in ground waterso Sodium sulphate (Na2 S04 ) combines with water 
to fonn 11 Glauber's sa ltn and excei:sive amounts makm:i- ·the water unsuitable 
for dr~ng purposes , Sodium carbonate ::(NazC'03 ) or 11bla ck alkali"" · 
waters are mo stly soft, the degree of softness depen0 ing upon the r a tio 
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of sodium carbonate to the c a.lcium a. nd magnesium salts . 17a.ters 
containing sodium carbonate in excess of 200 parts per million 
a.re unsuitable for irrigation purposes1 • Sodium sulphate is less 

"The extreme limit of salts for irrigation is taken to be 70 parts 
per 100,000, but plants will not tolHate more than 10 to 20 parts 
per 100,000 of black alkali (alkaline carbonates and bicarbonates)" 
Frank Dixey in 11A Practical Handbook of We. ter Supply'', Thos. Murby 
& Co ., 1931, p~ 254, 

harmful. 

Sulrhates. The sulphate (so4 ) salts r eferred to .in these 
analyses are ca lciurr. sulphate (eaS04), magnesium sulphate \~bZ~4) , 
and sodium sulph~te (Na2S04). 

Chloride. Chlorine (Cl) is with a few exceptions , expressed 
as sodium chloride (NaC1) 2 trnt is, common table salt . It is found 
in all of the analyses, most of the waters containing less than 200 
parts per million, but some as much as 21 000 or 3 , OOO parts. These 
waters have a brackish taste . 

Alkalinity . The alkalinity determined in these wu. ter 
analyses is based on the assumption that the only salts present in 
the samples that wi ll neutralize acids a re carbonates, and that, 
consequently, the degree of a lkalinity is proportional to the amount 
of the ca rbonate radica l (CD3) 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 a ther that will stand up (persist) for 2 minutes. Han:lnus 
is of two kinds , temporary and permanent. Temporary. hardness is 
caused by calcium and magnesium bicarbonates, which are soluble in 
water but are precipi tattd as insoluble normal carbona tes by boiling, 
as shown by the sca le that forms in teakettles, Permanent hardness 
is caused by the presence of cr, lcium and magnesium sulphates, a nd is 
not removed by boiling, The two forms of ho. rdness -, are not distinguished 
in the water analyses . Waters gr ade from very soft

2 
to very hard, and 

can be classified according to the following system : 

The"Exarnina tion of 'v'ifr1 terc and Wate r Supplies", Tr..resh & Beale, 
page -21, - i<-rourtlCBd . 1933 • 

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

A w,.,ter with 50 t<:i lCD de grees of hardness may be sa id to be 
moderately soft. 

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

A water with more than 200 and less tha:r. 300 degre ss of hardness 
may be said to be hard·~. 

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

Hard waters are usually high in calcium carbona. te, Almost 
all of the waters from the 'glacial drift are of this type , especially 
those nh:t associated with se.nd and grave l deposits tha t come close to 
the surface. 
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In soft wa.ter the cc.lcium cc.rbonate has been replaced by 
sod i um carbonate, due to natural rec.gents pr esent in the sand and 
clays . Bentoni te a nd gl auconi te r:..re two such reagents lmown t o be 
pr esent . Montmorillinite , oce of the clay- forming minerals , has the 
so.me pro perty of softening w::i.ter , ~wing to the absorbed sodium tha. t 
is c.va ila.ble for chemical reaction • 

1 
Piper , A. M. "Ground Wat0 r in Southwestern Pennsylvania", 
Penn . Geol . Surv., 4th srriC;s . 

If surface wn.ter reaches the lovver sc.nds by percolo.t ing 
through the higher beds it may be highly charged ~,,i th ca lcium sa lts 
before r eri.ching the beclroc~ formations cont'.l ininr, bentonite or 
gl auconito. The ~ompleteness of the exchc.nge of ;.loium c~rbonato 
for sodium carbo!1flte will, therefor e , depend upon the length of tlln.e 
tha. t the wu ter is in conta ct with the softening r eagent, and :?.lso 
upon ~he o.mount of this mo.terial present . The r'tte of movement of 
underg:gounrl.r'wa t er will , consequontlyy, be a f a ctor in determining the 
extent of the r eaction. 

The amount of iron pr esent in the water wn.s not determi ned, 
owing to the possibilities of contami nation from t he iron cas ings in 
the we lls. Iron i s pr esent in most w.<J.ters, but the amount :mn.y be 
small . Upon exposure to air .La r ed pr ecipitate forms , the water becomes 
acid, and , hence , has a corrosive action. ;Then iron is pr esent in 
l a r ge amount s the wn.ter :has an inky taste . 

WATER ANALYSES IN REL\. TH N TC; GEOLOGY 

Glacial Dr ift 

The quality of the wnter from glacial drift depends l ar ge l y 
on the nature of the deposit fr or.1 which it comes and on the n epth of 
the c.auifer below the surface . Gl acial deposits may be divided roughly 
int o thr ee types . 

(1) . Sand and gravel beds th~t form the surface deposit, such 
as outwash :materi"'.l and glacial l ake sands . 

(2) . Buried outwash and interglachl depo::.:its between two tills 
of boulder clay o 

(3) . Pockets or lenses of sand anc r ravel irregul a rly d i str ibuted 
through the till. 

Water from surface sand' d~posits i s normal l y 1how in di ssolved 
salts , the t oh l being generally less thc.n 1 , 000 parts per mill ion. 
Where l a r ge amount s of l imestone occur in the gl a cia l s~nd and grave l 
beds a characteristic constituent of the glacia l water is ca lcium 
carbonate , the amoun t pr eEent varying from 300 to 700 part s per million . 

Water f rom buried outwash depo s its contains more dissolved 
sa lts than the sur fa ce sands , as the water in order to reach them has 
to percolat e through overlying~ti l l. Ra in water contains carbonic acid, 
which :rots as a solvent and disso lves n. great deal of calcium, magnesium , 
and sodium f rom the rock- forming minera l s . Sulphate sa l ts are commonly 
present , though their proportions vary gr eatly in the different w~ter s . 

The shc.les th~t a. r e incorporated in the drift are high in calcium sul phate , 
so tha. t the !:lmount of shale pre rent will modify the qua lity of the rater . 
The oxidized upper part of the dri~ contqins lesf sulphate than the 
deeper, le ss oxidized boulder clay . The charactur of the water in the 
buried outwash depod ts will , therefore , depend · large l y on the 
compo~ ttion and amount of till that overlies it . 
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Water from irregular ly distributed sand and gr ave l beds 
will vary in its content of dissolved so. lts depending upon the 
character of the rnn.terial surrounding the reservoir beds . As the 
water in this type of deposit does not f low to any marked extent , 
it is apt t o be mor e highly impr egnated with soluble salts than where 
the underground movement is more r apid , Soft water in the drift is 
mostly confined to shallow we lls in sands low in ca lcium carbonate. 
Waters from glaci~ l lak~rclays are sometimes high in soluble salts: 

The srunple from a well in glacial lake clay on N .w •. } sec .. 27 , tp . 
42, r ge . 17, h<>. s 11; 040 parts per ini llion of soluble sa. l ts , largely· 
:mn.gnesium sulpho:>te o.nd sodium sulphn. to. The sample from SE . -~ sec. 
13, tp . 42, rge, 16? which is oelieved to come from glacial lake 
silts, h~ s a very differ ent compositiono The t ota l solids in it 
ar e only 440 parts per million, of · hich 250 are co.lcium co.rbono.te . 
The greo.t difference in these waters is due to the high soluble salt 
content th.Qt is asEocio. ted with the lake clays but absent in the 
silts . Avero.ge Cirift wa.ter canto. ins between 1,.000 o.nd 3 1 000 parts · 
per ~illion of dissolved miner ~ l salts. 

Beo.rpaw Formation 

The Bearpo.w formation cons ists of dark marine shales o.nd 
b eds of green sand. Water from these so.nds. ho.s a toto.J_ solid count 
r an ging from 300 to 1>600 parts per million and a. hardness of more 
than 300 degrees . Calcium c~rb ono.te is very :mo..rked in o. 11 s~"Tl.ples, 
due , perhaps , t o the proximity of the water sands t o the glacial 
drift. Sodium sulphate is the chief so.l~ pres ent, followed by 
calcium carbonate, magnes ium sulphate; magnesium carbono.te, and 
sodi um chloride in dec~easing SJIDount3o These waters are distinguished 
from the overlying dr.ift waters by being relatively low in total 
dissolved solids, and in containing no calcium sulphate and only 
moderate amounts of sodium sulphate, magnesium sulphate, and magnesium 
carbonate o 

Pe.le Beds 

Pale Beds unjerl.J.o the Be1.:i:pa·N formation. Total solids in 
waters from the<:: e b9ds vap- fro;n 700 to 1,30.:; parts per million . The 
water is, in most inste.nces ) roft ,, as :i.t cont3.ins sodium carbonate in 
excess of calci~:n and rnagnesill:'1 carbo:::iates ) but vhen mixed with surface 
water high in calcium carbonate, it vrill become ha.rd. The high 
concentration of sodh:n sa J.ts, especially sodium carbonate , in 
contrast with the calcium and ma.g::.esium salts distinguishes this water 
from that in Bearpaw sands. The Pa l e .Bods include much bentonite , and 
it is this mineral that acts ' as a water softener within the fonnation. 
The f ollowing analyses a.re typical of ~~ters from the Pa l e Beds : 

SE . se~c· . 16, NE-. sec . 3 -~~ • ... .... s.~?._ • __ 7., SE . sec , 21 

Salts tp538, r geo 21 tpo39 , rge . 25, tp.37 1 r ge . 24 , tp . 38 ,rge . 23 

73 18 53 35 

52 14 45 38 

Na. 2c-o3 297 G79 464 562 

297 158 266 437 
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Na.Cl 31 45 46; 130 

Total solids i 760 l 1,020 940 1,260 

Hardness 100 I 20 30 75 

Vo.riega ted Beds 

In SenlFi.c Rur':l.l Municipality, S'3.sb. tchevvan, are a number of ·wells 
that have water very s:imilar in character to th0 t found in the Bearpaw 
formation. These wells ta.p an horizon that corresponds with the Vari egated 
Beds in Alberta, although they h<:tve not been sepf'.rated from the Pale Beds . 
They ure less bentonitic than the Pa.le::.Beds and darker in colour. The 
water is hard and ha.f" ~ low dissolved solid content. The three analyses 
given below show a great deal of similarity and su ggest ~ common horizon. 

Salts 

MgC03 

: ~MgS04 

iNW . sec. 21, 
j tp.41,rge . 26 

250 

1109 

149 

- --· ·--- ------~ 
.... 

98 

Na.Cl 12 

Tote.lrrsolids ! 640 

Hardness 600 

NW. sec. 3, 
tp.41,rge,28 

3!5 

80 

104 

132 

12 

640 

600 

Ribstone Creek Formation 

SE~ sec. 28, 
tp.40,rge .2r.: 

125 

155 

69 

386 

18 

78() 

500 

Chemical analyses of water from 7ne Ribstone Creek formation vn.ry 
more than in the Pale Bods~ the reason being that at severql different 
horizons the sedfo1ents show c•1 nsiderable laten.l variation . Th;, formation 
includes both marine and non-marine beds, thin coa l seams being present in 
the basal p':l.rt of the f ormation a.round Paynton, whereas south of Lashburn, 
on Battle River , marine fos sils were found in strata consider Pd to be at 
approximately the same horizon . The water an~ lyses show s:imilarities ~~thin 
limited areas, but long distance correlat ions can__~ot be made safely except 
for the saline waters th9.t occur in the flowing wells a t Vera , Muddy Lake , 
and at the south end of Trr:i.mping Lake. Ana lyses of these wa.~ers a.re given 
in the following tabilie: 

• • , l .. . • ~I .. . ' I • • • , ' • 
Salts tp .41,rge $ j tp .41,rge ~rl tp.41 ,rge . i tp.35 1' 

SE.sec 25 'SE sec 22 1 i NE sec 36 sw· sec 7 ·SE sec 30 :-TSW seclO 

24 I 24 , !\ 24 , ! 
tp . 41,rge ~tp :38_, rge •I 

24 , 22, i rge .8 '.) , 

CaC03 73 73 73 198 1Q8 i 90 - - -
CaS04 ! - - - .... m- l -
- -
MgC03 38 38 38 52 69 52 

- -
MgSo4 - i - - - - I ... 

i -
' 

' 
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Na2C03 129 119 129 11 106 1Z5 

Na.2S01 55 55 61 61 49 43 

Na.Cl 2, 929 3,036 2,690 2,863 3,531 3,861 

Total solids 3,840i 3, 460 3,120 3,200 3,86CJ 4,460 

Hardness 135 90 110 100 130 130 

The similarity in these anlayses suggests u common source bed. 
The distance between the Tramping Lake we ll '.J.nd the Vera wells is about 
40 mil~s. This water, which i& thout:.ht to come from the basal sand of 
the Rib stone Creek form.a ti on, is not typical of W'.l ter from the same 
stratigraphical horizon i :1 the vicinity of Battle River, one reason being, 
possibly, thRt at Battle River the stream h~s cut through the Ribstone 
Creek formation exposing the sand members along its banks. This may 
ca.use a more rapid movement of t~e underground -·.-ater in this area than 
farther south, ?-nd it is known that the r~te of flow is ~ controlling 
f actor that gnverns the change of calcium carbom. te t o sodium ca rbonate 
when the softening reagents of bentonite or r, lauconite a re present in the 
sand. 

Some of the soft waters fr0m the Ribstone Creek formation cannot 
be distinguished from those of the Pa~. e Deds, wh Prea.s others a re auite 
different. The following an~lyses illustratetsome of the different types 
of water from this formation: 

i 
Se.sec. Ind .Agent i SW.sec. NE .sec, ~S e.sec. NE .sec. NW.sec. 
11, tp. · Little 24, tp. 36, tp. ;26. tp. ' 36 . tp. 22. tp . 

' 46 , r ge . Pine I.R. 46, r ge . 43 , r ge . :4 3, r ge •. 41, r ge '! 42. rge. 
Sal ts 28 21 18 l8 24 23 

CaC03 90 90 410 73 35 73 125 

Ca.S 04 

MgC0 3 07 59 168 38 31 38 97 

MgS04 64 

Na2C"'3 217 392 283 592 129 196 

Na2S04 1 644 777 2,518 225 522 61 ·; l, 541 

Na.C 1 249 63 76 12 83 2,690 71 

Tota l solids12,220 1, 340 3,000 ! 620 
! 

1,200 . 3,120 il, 900 

' Ra.rdness 280 160 750 ! no 35 no 600 

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

Cone lusions 

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

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

(3) Most waters from glac ial till carry total solids a.mbunting 
to between 1, 000 andnS,OOC parts per million. 
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(4) Bedrock waters are commonly low in dissolved salts. 
Exceptions to this are to be found in water from the Ribstone Creek 
formation. 

(5) Water from the Bearpo.w formation is hard . An average 
of ten wells gave a total solid content of 1, 100 parts per million . 

(6) Vfo ter from the Variegated Beds resembles that from the 
Dearpaw formation. 

(7) Waters from the Pale Beds is mostly soft• An average 
of ten wells gave a total solid of 11 000 p~rts per million. 

(8) All soft waters contain sodium carbonate (Nazc0 3), which 
is present in water from the Pale Beds and Ribstone Creek .formations 
·but absent from the ~earpaw formation and V~riegated Beds. 
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RURAL MUNICIPALITY CF PARKDALE, NC' . 498, 
SASKATCHEWAN 

Physical Features 

The ma.in topo graphical feature in this municipality is 
the abrupt rise in the land to the east of Jackfish Creek , a 
stream that, in township 49, marks the division between areas 
of thin and thick drift. The ntunerous stream channels that 
enter the main valley from the northeast extend back about 6 
miles. The abrupt rise is caused by a morainal deposit of 
boulder till several hundred feet thick, which, unlike most 
deposits of this type, is comparatively flat on top, resembling 
a plateau, and is fairly well drained. The boulder till that 
forms the surface deposit is very rocky in certain localities, 
indica. ting tha. t considerable erosion has taken place. On the 
lower land of tp. 49, rge. 18, west of Jackfish Creek, the 
surface deposits of es.nd and boulder till rarely exceed 25 feet 
in thickness. 

Geology 

No outcrops of beorock are exposed in the municipality, 
and only wells that have tlrille0 through the drift are in tp. 49, 
rge. 18. These encountered a shale, presumably the Lea Park 
formation, On section 4 , in this township, the top of the shale 
was re~chen at an elevation of 1,849 feet , and no noticeable change 
was noted in the formation to a further depth of 300 feet. Un 
the high , platea.u~like country east of Jackfish Creek no tests 
have been made to bedrock, so it is impossible to place the 
elevation of the bedrock surface in the remaining part of the 
municipality . As the general level of the plateau in tp. 49 , 
rge. 16, is more than 2,300 fe et, or about 500 feet above the 
lovrer land west of Jackfish Creek, it is possible that pe.rt of 
this rise is due to the presence of higher beds, stratigraphica.lly. 

Water Supply 

So far as known all wells in the municipality obtain their 
water from sand and gravel bodies within the glacial drift. In 
tp, 49, rge. 18, where the drift is comparatively thin, some wells 
obtain a seepa ge supply on top of the underlying shale; elsewhere, 
however, the water obtained is within the drift . 

As in all glacial drift deposits the elevations at which 
the water horizons occur vary greatly from pla ce to place, any 
uniformity over a. large area. depending on the presence of outwa.sh 
or interglacial deposits. The latter were not detected, but out­
wa.sh deposits of gravel and sand a.re com.mon. M.ost of th~se are 
small, a.ncl a.re buried beneath boulder till, and those that reach 
the surface are mostly small, isolated pockets or lenses. Cne of 
these buried outwash deposits is found on the ea.st side of tp. 51, 
rge. 10, another, a.round the town of Gla.slyn, may be associated 
with the upper pa.rt of Jackfish Creek drainage channel, and 
several other . smaller deposits yield a. good supply of water . 
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There are areas , however, where no definite water-bearing 
horizons are known, the sand and gravel occurring as pockets or 
lenses of very limited size. The upper 50 feet of the drift 
contains a large number of such deposits . Fortunately, there are 
very few areas where no sand or gravel has been found in the 
upper 100 feet of drift, the dry holes being usually confined to 
a single farm rather than to a district. 

Light precipitation will lower the water level in the 
wells and l akes , and as rainfall is the source of all ground 
water a serious problem arises when this supply shows signs of 
depletion. The amount of water present in an aquifer will depend 
on its size and porosi~y. The latter is generally very good in 
this municipality, but the size of the sand or gravel body cannot 
be estimated without sinking several test holes. 

It is possible that aquifers exist below those already 
tapped,. 

Township 49, Range 16 • The topography of this township 
is typical of most of the land in the municipality . It is part 
of a plateau, as the country on the whole is quite flat and 
marked by occasional small ridges of boulder till trending north­
west and southeast. Several parallel streams and deep gull ies 
enter Jackfish Creek and provide drainage to the southwest. These 
gullies were formed by the large volume of water that flowed from 
the melting ice-mass that once covered this country. N..any of 
them dry up after the snow waters have been carried avra.y in the 
spring of ea.ch year, and others are occupied by small streams. 

The deposit left by the glacier is largely boulder till. 
Its thickness is not definitely known, as no wells have been 
drilled through it, but is probably as much as several hundred 
feet. Sand and gr~vel pockets and lenses in the drift are 
water-bearing. The possibilities of water in the bedrock 
beneath the drift will depend on whether sand is present in 
beds higher Btrnt~niphmtl.ly t.btn ·thoeo on the lower land to the 
south and west. If the drift is less than 400 feet thick such 
possibilities are good . 

The upper part of the drift provides by far the greatest 
amount of water . Wells deeper than 50 feet e.re the exception, 
and most of them are about 30 feet deep or less. The a.mount of 
sand and gravel in the drift depends upon the degree of snrting 
that took place during periods of fluctuation in the ice-front. 
Deposits of limited lnteral extent centre around sections 27 and 
28, along the upper p:1.rt of the ravine that leads to the south­
west. These deposits occur at elevations between 2,290 and 2,312 
feet. Within this area, in section 21 , is a large spring that has 
an elevation of 2,225 feet. The difference in these two levels 
seems too great to suggest that the spring is from the upper 
horizon, but it is quite possible that it may come from one about 
50 feet lower. 

Another spring, on section 18, has an elevation of 2,122 
,feet, much lower than that of any aquifer encountered in any of 
the wells, and also lower than that of the dry hole on SE., section 
8. As springs are commonly indicative of either gravel deposits 
or the tops of impervious beds of sha.l~ or clay, it seems probable 
an aquifer is present at the low level of this spring, and that 
deep drilling, about 200 feet on the higher land, will be required 
to reach it. The possibility of the water rising to any great 
height in the wells seems rather remote. 
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The upper horizon in the drift is not r epresented on SE, 
seotion 8, severa l wells having been sunk to a depth of as much 
as 101 feet without enoountering either sand or gravel. Deeper 
horizons may be present, as indica ted by springs along the gullies, 
and the low a.auifer represented by the spring on section 18, if it 
extends this f a r, would be rea ched at a depth of a.bout 200 feet. 
It is possible, too, that other water horizons may lie betvrnen 
these two levels, but owing to the extremely variable nature of 
the boulder till, it is impossible to predict their oc0urrence. 

Township 49, Range 17. Jo. ckfish Creek cuts across t he 
southv.rest corner of the township a long the western edge of a 
large moraine. The land rises r a ther abruptly to a comparatively 
flat plain dissected by numerous para llel streams and stream 
channels th~t drain into Jackfish Creek. These gullies a.re 
typioal of the western face of the mora ine, and at one time 
carried a large amount of water J'rom the melting ico as it retrea. t­
ed to the northeast, 

All wells in this township are in gl a cial drift a nd most 
of them are less than 30 feet deep- The water supply vnries from 
good to poor, but none of the wells is dry. The water horizons 
represented have a vertical range of 5• 0 feet between the south­
west and northeast corners of the township, a. r ange about oquul 
to the difference in relief. The upper 30 feet of the dr i ft 
conta ins a fairly la.rge amount of sand and gravel, but owing to 
the limited supply of water obtained by some of the wells, the 
deposits are probably in the fonn of pockets or lenses r a ther 
than continuous beds. The elevations of the aquifers follov1 
the surface contours f a irly closely, but the wells on sections 
14 and 15 at a lower .elevation than thnae to the northeast carry 
only a sma.11 supply of wn. ter, wherea s if t hey were in the SQ.me 
aquifer the pressure and supply would be great8r. 

A spring on section 18 ha s an el eve.tion of 1,862 feet, 
a.nd may represent the b~ se of the drift at this place. 

Township 49, Range 18. Ja.ckfish Creek cuts across t he 
northea st corner of this tovmship, and marks the boundary between 
tw'o different types of surfa ce deposits. To the northeast of t he 
oreek the deposit is a. rocky boulder moraine, whereas to the south­
west the drift is much thinner and the surfn.ce deposits more varied. 
A large area of sand and sandy soil borders Russell Lake and extends 
ea.st and north to Jackfish Creek , These sands were deposited by 
glacial waters before the outlet through Ja okfish Cre ek wa s 
established. 

No bed.rook outcrops are exposed in the township, but several 
wells have struck shale a t shallow depths. A deep hole drilled on 
section 4 encountered Lea Park she.le at a depth of 19 feet, or an 
elevation of 11 894 feet, and continued in similar rock to a depth 
of 415 feet~ In a well on section 31 sha le was encount ered at an 
elevation of 1 1 892 feet. Therefore, Lea Pa rk shale underlies the 
drift at least in the western pa.rt of this township. 

The water supply, with two exceptions, is obta ined from 
wells less than 25 feet deep. The t wo deeper wells are on 
sections 2 and 14 and nre 70 and 100 feet deep respectively. 
Available information indica tes that both are in gl~cial materinls 
nnd if so the shale surfa ce, which occurs at a hi gher elevation 
to the west., must slope to the en. st~ with Je.ckfish Creek fJither 
occupying a depression or lying within a pre ... glacia l dra ina ge 
channel• 



,.. 19 -

The main water horizon south of Russell Lake has an eleva­
tion of about 1,860 feet, and wells in it are all less than 20 
feet deep and yield a good supply of hard water . The drift here 
is considered to be thin, with the water-bearing sand near its base • 
Where this aquifer is missing a fair supply of water may collect as 
seepige at the base of the drift or at the top of the shale. This 
seepage supply is best in wells located in a basin or depression on 
the shale surface, where water collects from a fairly large 
drainage area. 

In the area of sand, north of Russell le.ke, water is 
obtained at very shallow depths at the base of the surface sand 
deposit. The drift that underlies this sand may also contain 
sand or gravel lenses or pockets that yield a fair amount of 
water. In section 31 the thickness of the drift is only 24 feet. 
Unless water is obtained in a sand or gravel pocket within the 
drift a seepage supply must be looked for on top of the shale. 

The well on ID11" . section 14 struck a good supply of water 
at a depth of 100 feet and elevation of 1,759 feet. As this is 
much lower than the shale surface to the west, it is possible 
that this well is in bedrock. On the other hA.nd, the shale 
surface in the township to the south showed a marked slope to the 
east into the basin of Jackfish Lake , indicating that the well on 
section 14 may be in glacial materials. This is probably the 
better interpretation, as no water we.s encountered in the shale 
on section 4 below 19 feet, at an elevation of 1,849 feet~ 
Bedrock sands generally have a wider extent than the pockets and 
lenses typical of deposits in the glacial drift. 

Township 50, Range 16. The glacial material that fonns 
the surface deposit in this township has the nppearance of a 
ground moraine in that it is relatively flat, but there is some 
evidence to indicate that it has been modified since first 
deposited. The large concentration of boulders a long the west 
tide of the township suggests considerable stree..m erosion. Uther 
morainal characteristics are several, deep, narrow lakes and 
small morainal ridges. The evidence available indicates that the 
drift is extremely thick, although the exact thickness has not 
been determined. The surface is about 500 feet above the neRr­
est outcrops of bedrock strata, and much of this difference in 
elevation may represent the thickness of glacial ma.teri~ls, 
although the bedrock surface mny rise in this direction or be 
represented by higher beds stratigraphically. A deep test well 
is the only means by which the exact chA.ra.cter of the deposit 
can become known,. 

During the pe.st 2 years the water-table in this townsh:i.p 
has lowered apprecb.bly. This is shown by the lower levels of 
the lakes and a decrease in the v~ter supply from pockets, lenses, 
or beds of sand and gravel within the glacial material. Most of 
these wells are less than 50 feet deep , with a few approaching 
100 feet. Owing to the extremP variability of the deposits it 
is difficult to group the aauifers of these wells into definite 
horizons that might be usef1.i.l in locating new wells . The large 
number of gravel· ·aquifers indicates that considerable sorting has 
taken plaoe within certain limited areas . Such an area lies in the 
northwest corner of the township. It is evident from the map 
that Jackfish Creek had its origin in this are~, and that the 
gravel deposits there may have been deposited by the waters that 
fo:nned the creek channel. The elew. tions of the agu.ifers indicate 
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a small slope to the northwest. The gravel .deposits may rep­
resent a series of pockets rather than a single bed, but the 
possibilities of striking water in the upper part of the deposit 
are everywhere very good, and this applies to the land adjoining 
Curry Lake as well. On the slightly higher land to the south 
most of the wells have an aquifer between elevations of 2,275 and 
2,311 feet, but this horizon is not continuous and does not 
afford an adequate supply. Deeper digging at widely separate 
points has indicated another hori:rnn betw-een elevations of 2,225 
feet and 2,240 feet. This horizon ha.s been encountered on 
sections 2, 10, 18 1 and 25, and has yielded a very good supply 
in eaoh case. It appears, therefore, that this can be con­
sidered a fairly extensive deposit of sand and gravel in the 
drift, and that water should be encountered at this level at 
intermediate points. Nothing definite is known about lower 
horizons that may be reached by still deeper drilling. 

Township 50, Range 17~ The thick deposit of boulder 
till in this township has a fairly flat surface . The highest 
part, along the east side, slopes gradually to the west , where 
Jackfish Creek and some of its tributaries provide good drain­
age. The drift covers all trace of the underlying bedrock, 
which was not even encountered in any of the deeper wells. 

Sarrl and gravel pockets, lenses , and beds within the 
glacial drift act as reservoirs for the required water supply. 
The source of this water is the annual rainfall, part of which 
finds its way into these porous beds• During years V1•hen the rain­
fall has been below normal the water-table has been lowered in 
many of the wells. These wells are mostly less than 25 feet 
deep. On the higher land in the east-central pa.rt of this town­
ship the elevation of the aquifer lies between 2,250 and 2,262 
feet, but as the surface slopes to the west the elevation of the 
water horizon will be lower in that direction . There are 
possibilities of a buried gravel deposit along the northern 
part of Jaokfish Creek. Gravel was struck in wells on sections 
28 and 35 at elevations of 2, 222 and 2,213 feet respectively. 
As gravel wells are fairly numerous in the township to the east 
it appears that this is a small buried outwash deposit at the 
headwsiters of Jackfish Creek. 

A lower aquifer has been tapped in at least three wells 
on sections 6 1 12, and 22, at depths of 85 , 77, and 110 feet, 
or at elevations of 2,166, 21 250, and 2,162 feet respectively. 
The two deeper wells are in a fine sand and yield only a 
moderate supply of water. The other, on section 12, yields a 
limited supply in a blue clay. The fact that the two deeper 
wells encountered water at almost the srune elevation does not 
necessarily imply that the sand bed is continuous between them, 
though from a study of the glacial deposits it is evident that 
pockets or lenses of sand or gravel are in many places confined 
to a zone, and in this respect simulate a single sand bed. 

The water possibilities at depth , especially in bedrock 
strata, can only be determined by making a test. Shale underlies 
the drift in the township to the southwest at an elevation of 
1,892 feet, but it is possible that higher beds stratigraphically 
are present in this township, and in the event that they include 
sand members they should make good aquifers. 
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Township 50, Range 18. The deposit of gla.ckl drift that 
fonns the surface covering in this township increases in thick­
ness from the southwest corner to the northeast. Pn section 31 in 
the township to the south bedrock sha.le 1,1ra.s reached in a well a.t 
a. depth of 24 feet. Deeper wells to the northeast did not, 
however, penetrate the drift. The deepest of these is on section 
24, where a. good supply of wa.ter wa.s encountered a.t a. depth of 
110 feet. Here the elevation of the aquifer is more than 2, 25 t 
feet a.s compared with less than 1,900 feet on section 6. The 
difference may be due to thicker glacial material , provided that 
the bedrock sur fa ce does not rise to t]1.e northeast. 

The elevations of the wa.ter horizons show a gradua.l rise 
to the northeast from 1,864 to 2,220 feet. This rise is very 
uniform, and many of the wells report a gravel aquifer. The 
aquifer, however, does not seem to be a. continuous deposit, e. s 
flowing wells do not occur on the lower land. It is, therefore, 
concluded that the gr avel and sand in the we lls a.re represented 
by a series of pockets and lenses rather than E.1- single ·bed , and 
that the .upper part of the drift contains considerable sorted 
material, which , as a who l e , forms a good water h0rizon . The 
source of the water is from the annual precipitation . 

Lower e.ouifer s will uncl.oubtedly ·oe found in the areo.s 
of thicker drift, but no definite information will be ave.ila.ble 
until tests a.re ma.de. Should these deposits be continuous to 
the lower land, flowing wells should result where they are tapped. 

If the underlying bedrock strata below the drift is a 
shale, possibilities of obtaining water in it a.re poor , but 
should an overlying bedrock sa.nd be present, water would probably 
be found in it. 

Township 51 1 Range 16. Boulder till, in pla.ces very 
rocky, forms the surface deposit in this township . The area. is 
com pa.re. ti vely fla. t, and typical moraina.l de posits are few . McLeod 
Lake partly fills a. gently slopinr_i; depression bordered by very 
rocky land, and the country west of Birch Lake, in the northeast 
pa.rt of the township, is likewise flat and stony. 

The water supply is ol:Jta.ined from wells at various depthe 
that tap sand and gravel deposits in the glacial drift . The 
thickness of the drift is not kno11m and can only be determined 
when deep wells ha.ve penetrated it. The deepest well, on NE . 
seotion 30, is in glacial w~terial at 78 feet, and the drift ma.y 
be more than twice that thickness. 

The wells fa.11 into two groHps , which seem to inc'icn.te 
two distinct water horizons . The upper horizon yields a good 
supply e.t a.n average depth of 30 feet , and at elevations that 
vary somewhat within the limits of the township. South of 
McLeod La.ke the elevation is between 2,258 and 2,224 feet. 1.'J"ater 
occurs in gravel in most of these wells, and it is possible tM.t 
the gra.vel beds a.re pa.rt of the buried outwa.sh deposit to t he 
south at the head of Ja.ckfish Creek. North of McLeod Lake the 
elevation of the aquifer is between 2,209 and 2, 227 feet , with 
one well, on SE. section 30, a.t an elevation of 2, 257 feet. The 
general uniformity of these l evels suggests a continuous sQ nd 
horizon. West of McLeod Lake this upper horizon is either absent 
or does not yield the reauired amount of water, A lower water 
horizon, between elevations of 2 1 177 and 2,199 feet, is reached a.t 
depths between 60 and 80 feet. It is also encountered farther 
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north, on sections 30 and 35, and is apparently sufficiently 
continuous to serve as a good aguifer for the greater part of 
the township, if it becomes necessary to tap it. The water in 
the drift comes from ra.infa.11, and the height of the water-table 
has a. direct relationship to the annual precipitation . A succes­
sion of dry sea.sons might, therefore, seriously imperil the 
water supply . 

Townehip 51, Range 17. The surface deposit in this town­
ship is a thicklJoulder till that is relatively flat on top. 
Its thickness has not been determined, as the deepest well is in 
glacial ma.teria.l a.t a depth of 93 feet. So fa.r as known no wells 
have penetrated the drift on this plateau, a.nd it is, consequently, 
impossible to estimate either its approximate thickness or the 
nature of the underlying bedrock. 

Several water horizons are represented by wells of various 
depths. Most of the wells are in the upper 40 feet of the glacial 
deposits, and have encountered sand and grave l deposits that are 
believed to represent a series of sepirate pockets or lenses 
rather than a single bed. The elevation of this zone is between 
2,200 and 2,250 feet. Some of these deposits of sorted material 
may be several miles in lateral extent, and the direction of 
drainage of the buried material is believed to be towards the 
west. 

A lower aquifer occurs at an elevation of 2,155 feet on 
section 4 and a.t 2,159 feet on section 10, and wells at a.bout 
the same elevation encountered water in gravel in seotions 17~ 
24, and 32. The similarity in the elevations of this lower 
aquifer is suggestive of a continuous horizon or a zone in which 
sand and gravel is quite abundant - These zones mark a retreat 
of the ice front followed by an advance, and the magnitude of 
this fluctuation controls the amount and extent of the gravel and 
sand present~ Evidence to suggest that in this instance it was 
comparatively small is the dry hole 100 feet deep .on NW . section 
18, which reached an elevation of 2,162 feet. This is lower than 
the elevation of the aquifer on section 19, but the well may not 
have reached that aquifer as a slight slope to the southwest 
would account for the difference in altitude . On the other 
hand, this aquifer may be composed of isolated gravel and sand 
deposits, and dry holes may result where one of these is not 
encountered in digging. 

Township 51 1 Range 18. The eastern half of this township 
is typical of the high, flat, plateau-like plain that extends to 
the east and south, its surface broken only by a few small 
mora.inal ridges that trend east and west . The western part 
slopes gently to the lower land in the township to the west . 
The surface deposit is a boulder till that varies considerably in 
composition from place to place. Small areas of marshy ground 
a.re found on seotions 17 and 20, and numerous springs occur on 
this slope. 

The water supply is obtained from these springs and from 
wells that vary in depth from 8 to 115 feet. These wells are 
all in the glacial drift, but a.t least two horizons are rep­
resented. The lower horizon is much the more important as it 
supplies the greatest amount of water . The springs on sections 
301 20, and 17 are believed to represent the level of this 



- 23 -

horizon. From the large number of springs that occur at approx~ 
ims.tely the same elevations for a considerable distance, itis 
concluded that a sand or gravel bed sloping gently to the west 
must come close to the surface. The elevations of the springs 
are 2,129 feet in section 30 and 2, 112 feet in section 20, and 
this horizon can be traced to the east and south by the well 
records . The elevation rises slightly to the east: on sections 
24 and 25 it is 2,145 and 2, 168 feet ·respectively; on section 17 
it has an elevation of 21 057 feet; and on section 10 its elevation 
is 2,130 feet. Farther east the rise is very small; in fact the 
well on section 12 , at an elevation of 2,123 feet, may be on the 
same horizon. It would appear from this evidence that an outwash 
deposit dipping slightly to the west is buried by boulder till 
that increases in thickness to the east. This outwash deposit 
can be expected to yield a good supply of water wherever it is 
encountered . A dry hole was sunk on section 15 to a depth of 
135 feet without striking sand or gravel . The elevation at 
the bottom is 2,106 feet, and iP lower than the level of the 
outwash deposit in the immediate vicinity~ A similar dry hole 
was dug 2 miles ea.st , and may indicate a narrow strip running 
east and west where the sand and gravel a.re absent. 

The higher aauifer is found in very shallow wells in 
limited areas in the eastern half of the township . One of 
these wells is on NE . section 3 at an elevation of 2 1 193 feet, 
and the well on SE. section 23, at an elevation of 2,221 feet, is 
believed also to be in this upper a.auifer. As the wells a.re few 
and widely distributed, it is believed that they occur in 
isolated pockets and lenses within the drift, and in this 
res~ect are quite different from those that i1.tp the lower 
horizon just described . 
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WELL RECORDS---R ural Mu nici pali ty of .... .... P~P;.~c1.~l~ .... K~--~.e., ... Sa.s.k.at.ch.e 
I I 

LOCATION I I I ~:~.:;~.~.-;: PRINC IPAL WATER·B&AR INO BED i I TEMP., USE TO - - TYPE DEPTH ! ALTITUDE i-- - -- CH ARACTER OF WHICH I YIELD AND REMARKS 
WELL j I I I OF OF W e:LL I I No • I l&b<>n ..,. Above ( +) OF WATER WATER I WATER · ~ ' Sec Tp. R&e. Mer. WELL • WELL I lcvcll , Below (-} Elev Depth Elev. Geo'.o&ical Horizon I (in °F.) 19 PUT -~1 - ~ _ j_ I _ I -1- __ !____ j Surface ~ -- -· ~ - ·--- '---~-- _ _ I ---

l ME I l 49 116 3 I dug 40 2260 I I 11 224~ Glacial ha rd I I D Poor ,sur ply 1n sand 2 SE 8 4g bored 101 2353 Rle. cia l clay 

' 
I Dry hole in blue clay 3 1m: I 8 I I I dug I 26 2351 - 1 8 1 233 3 1 26 232 gla c1 el hard 

l 
D . S. Good supply • NE 8 '. bored I '1!5 2345 - 35 1 2310 i 75 227 gla c 1a l hard • N • Good s upply , poor water. 5 SE 9 I dug ' 45 2332 - 25 2307 • 45 22ej glac i al hard l D. ~ . '1ood supply 6 NE 9 dug ~ 2l 2339 - 19 2320 i 21 231 gla cial he.rd 

j 
D. s . ,L1m1 ted supply in fine sand 7 ,SE r lO dug 33 12323 j 33 229 glac ial lak e c he.rd D. s . Good supply 8 SE t l2 dug 90 2271 - 80 2191 90 218 glao1e.l he.rd ,D.S. Poor supply g .SW I 13 dug 33 232g Dry ho l e in yellow clay 10 ·,sw 14 dug 50 2347 - 44 2303 ; 50 229~ glacial D.S . Good supply in sand and gravel 11 jNW _14 dug 40 2345 - 3? 2308 40 230 gl~cial . 
D.S . Good supply in gravel 

hard D. S. Limited supply in fine sand 
1 2 .sw 15 dug 22 2333 - 20 2313 22 231~ glacial 13 iSE 18 spr ing 121 22 

1 hard Laree continuous flow. Ga s seep age 14 jNW 118 " 12 2254 12 224:21 glac i e.l h ard D. S . Poor supply 1n send 15 .NE · 19 " 14 2285 14 22? gla ci al hard 
' D .• ~ . • Good supply in sand I 16 !NW I 19 " 14 2267 14 225 gl aci al ha r d I D. S. Li.mi ted supply 17 NE '. 20 " 22 2299 - 20 227g 22 2 2? gla ci al hard I D.S . L1m1 ted supply 18 

1

?\TVl 1 20 I " 34 2325 I 34 229 gl aci al hard I D.s . Good supply in sand I I 

i 
l'd jSE I 21 I " 2225 I har d D • .3 . Cont inuous .flow 2 0 11'-"W l 24 " 30 2342 

I 
- 1.5 2327 3 0 231 gl ac 1al hard D. S. Good supply 21 SE -- 2? " 3 0 232? - 20 230? 25 230 gla cial herd D. S . L1.m1 t ed supply 22 NE i 28 " ~ 2325 - 25 2300 2~ 230 glac18J. h ard D. S . Good supply in sand 23 SE _ 30 

i " 2282 I - 22 226 0 24 225 gl aci al hard D. S. Good supply in sand an:l gravel 24 NE 31 " 10 2291 I - 8 2283 10 228 gl ac 1 el ha r d D. S. L imi ted seepage supply I 25 SE 32 I I " 14 231? - 11 2306 14 230 ~l ac i al hard D. S . Good supply in sand I 26 NE 32. tt 73 2332 - 62 2270 62 227 glacial hard D.S . Good supply in sand SW 34 I dug 7 2299 - 5 2 294 7 229 gl ac i al hard n. c; . Good supply in fine sand. NW 34 ' 27 2298 - 12 2286 15 228 gl acial h ard D. S. l imited supply in gravel 2? NE 3~ r b~red 93 2337 - 88 2249 9~ 224 gl AC18l bard D. s . ' aood supply in r1ne sand 28 SE 35 j dug 50 2347 - 47 2300 5 0 229 glec ial hard D. S. Good supply in fine sand 29 NW -· 35 ~ " 1'1 2319 17 230 glacial hard D.S . Limited ,aipply of seepage water. 

_ l 'SW ? '9 17 3 dug H5 1746 15 1?3ij glacial hard I D. S . Good supply in gravel I 2 SE 10 " 3 1967 3 196 . " sett D. S . Good supply 3 NE 10 " 7 2051 7 20 " hard D. S . Good supply in gravel 4 NE 11 " 25 211g 25 209 " " D.S . Good supply in olay 5 SE 12 " 40 2190 40 216 " " D. s. L1mi ted supply 
7 SW 15 " 40 2142 40 210 " " D. L1m 1 ted supply iu olay 8 SE 15 ' " 35 2113 35 207 " " D. s . Good supply in clay 9 NE 18 ' snring 

10 NW 24 dug 10 2241 I 10 2231 " " D. Not suff icient 11 SW 28 dug 10 2091 10 208. " " D.S . Limited supply in clay 12 NW 34 dug 20 2235 20 2. 21 " " D.s • Lir'li ted supply in olay and sand 13 NE 35 dug 20 225S 20 223 " ~ D.S. ,Good aunply in gravel 14 SW 3e 70 2264 70 219 " " D. s . Good supply in sand and gravel 

Nora-,AU depths, a.ltit udet, heicht• and elevation• 
civeri above are In feet. 

I 

(D) Dcmndc; (S) Stoclc; (I) Irription; {M ) Municipality; (N) Not UMd.. 
OD S.UU.ple 1Nlll Cot asW.yalL 
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WELL RECORDS- Rural Municipality ot_···--·--~P.azkd.ale ... N.o .. _ .. 49B ... ,. .. ..sa.Akatchell-.n 

·- -1 •- I II " HSIOHT TO WHICH I . . 
LOCATION WATER WILL Rum PRINCIPAL WATER-BEARu·~ --- TEMP. USJt TO 

TYPlt DEPTH ALTITUDS CH 
WELL ·I I I l I OP OP WELL I . CHARACTER OF WHI I YIELD AND REMARKS No . . !ebow oe• Above ( +) OP WATER WATER WATER . ... Sec. Tp. · Rae. i Mer. WELL V.'ELL kvcl) Below (-) Elev. Depth Elev. Geoloilcal Horison (ln "F.) IS PUT 1· 

Surface 
_, __ ,_, __ ,_, z ! I 

49 I 181 3 I I 70 1896 - 25 18? 70 ' 1826 ,glacial hard alk. N. Poor quality 
20 1863 - 3 186 20 1843 " D.S. Good supply 

drilled 41~ 1868 1 

Dry hole. Shale below 19 feet 
17 1877 17 1660 " he.rd D.S. Good supply in gravel 

bored I 40 1860 19 1841 " herd alk. s. 11m1 ted seepage supply 
13 1878 13 1805 " .hard D.S. Good supply in sand 

dug I 14 1881 14 1861 " herd D.S. Limited supply in gravel 
" · 6 1826 6 .1820. · " he.rd D.S. Good supply in gravel 
" 19 1877 - 16 186 19 1958' " hard , D. L1m1 ted supply in eand 

12 1833 · 12 1821 " hard D. Limited supply· in o.le. '1 
100 1859 100 1759 " hard alk. s. Good sup'ply 

12 , 1857 1 12 1845 " hard D.S. Good supply . " I 11 i 19.23 - a 192 11 1912 " hard n.s. Good supply in fine eand 
" I 11 : 1921 4 191? " hard D.S. Good .supply in sam 

14 1884 14 1870 " hard · D.S. Good supply in clay 
24 , 1916 24 isg2 tea Park hlrd. D• L1m1 ted &pply on top ot shal 

bored I 25 1965 2!5 1940 glaoial sort ·n. L1mi ted suppl 

l 50 16 3 bored 80 2334 - ,20 231 80 2254 glacial hard D. s. Good supply in gravel 
l dug 5~ 234& - 52 229 5~ 229~ glacial bard D.S. Good supply in gravel 
2 " 20 2331 - 18 231 20 23111 " " n.s. l1m1 ted supply in gravel 
2 bored 80 23il - 76 223 90 22~1 " " D.S. Good supply in .gravel 
3 bored 00 2313 - 35 227 .35 2278 " '" D.S. Good supply in . gravel 
7 dug 33 233~ . Dry hole in blue cl 
8 " 25 2310 - 23 ' 25 2285 " " D.S. Good supply in ,gravel e ' NE 10 

1 

bored 60 2300 - 5i ' 60 2240 " " D.S. Good supply in gravel 
g : SE 12 dug 01 2301 - 47 5.l. 2250. " " D. L1m1 ted supply in sand and gravel 10 NW 13 dug l& ·2292 - 14 . 16 2276 " " D .s. timi ted supply in cl 

11 , SW 17 ·dug 37 2300 3 '7 1 2263 '" " , \"7ater in gravel 
12 · SW 18 bored 94 2319 - 59 2260 94 2225 · " hard ~ ·. D.S. Good supply in aan. d 
13 NR 19 dug 50 225& - 28 2~2e 00 ,2226 " " ~ : D.s. timi ted eeepeg6 suppl 14 SE 20 " 26 22 72 - 23 2249 26 2246 • " " J ' D .S • Good supply 
10 NW 21 bored 2& :22&9 - .24 : 2245 2f> 2243 " " 1 · D.S. !..imi ted supply -in gravel 16 NE 22 dug 2~ 2268 1 

- 20 · 2248 25 2243 ; " " D. s. tim1 ted seepage supply 17 NR 24 " 20. 229& ,20 2276 " '" .D.S • . Good- supply 19 SE 25 bored 75 2311 - 65 2246 ?5 2236 '" " D. s. Good supply in sand 19 SE 27 1dug 30 2258 - 14 2244 :30 2228 " ·n D.S. : Good supply . 
20 SW 28 bored 36 2273 - 3~ 2239 36 2237 " " D.S. L1m1 ted suppl 
21 · NW , 28 dug 22 2280 . - 20 2260 .22 2258 " " D. s. 

1 

·Good supply in gr 
2 SE 31 " 40 2259 - ·3Q 2229 40 2219 . " " D. s. Limited supply in gravel 3 SW 32· ·I " 40 , 2282 - 25 22~7 40 2242 

1 ·rt " D .s . Good supply in 4 NW 30 bored 60 P.2R1 - "--=- .,.,124 1:u"' nftft• " .. D. s. Good supply in 
D .s ,. Good :supply in 

" 
1 

'
1 D. s. 1 Good supply in 

N lniptlon; ( 
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WELL RECORDS - Rural Municipality of... .... F.6rk~.ale ..Na.tb.~9a . .. _§!l§.l@.~c~ewan 
'- - · 51£!!_ ,.c-- •-"• • ·-· -·£ ,... - r •c - · - ::::E" 

LOCATION ' H lUC. HT TC\ WH ICH PRINCIPAL WATER·BEARINO BED I 

WELL ,-- -- . -I ~=E l o~7H Al-J..i;~z • . - - .-i - ---, -- ---- I • -· CHARACTER OF • WHICH i YIELD AND RBM.ARY..S 
No. • . iabow .... Abovll '+) OF WATER WATER WATER 

J 

l WAn.R WQ.L. .RtGX .1 TEMP USE TO 

( I ~- Tp I. R(C. l Mer. WELL j WEU. lcv.cll I Below {-} i Elev J Dcp. th 1

1
. Elev. ! Geo'e(lcal Horl.mn (hl sp,) 16 PUT I ! ' Surface ] , ----------,--- ,--, ,- -~~-,- --. ---~-----,--- ----

1 I NE 1 2 I 50 I 17 1 3 dug f 11 2294 ·1 11 228. 3 \ glacial 1 hard D . • s. Poor supply 
3 ! SW 3 14 2191 14 21?7 " I " D. Limited supply in gravel 

SE 6 • bored I 85 , 2251 / - 81 21?0 85 2166 " " D.3. Limited supply 1n sand 
0 I NE ? ' 20 ' 2228 I 20 1 2208 " " D.S. Good supply 1n sand and gravel 
e 1SE a I 20 I 2263 I 20 ! 2243 " " D.S. Good supply in gravel 

SW 10 I 11 ! 2282 11 :

1

2271 " soft D.S. Good supply in o lay 
8 • NE 10 I dug 36 I 2282 36 2246 " " D.S. Good supply in fine sand 
9 . NB 12 bored ·77 1 2327 J - ?3 2254 77 

1

22.50 " hard n.s. Lim1 ted a.i pply in blue clay 
10. ~ S! 14r dug 161 2280 1 16 2264 " " !>.S. Limited supply in blue clay 
11 

1 

NW 15 25 2276 25 2251 " " D .s • Good supply in c ll!l y 
12 Nl•' 16 1 27 I 2262 27 2235 " " D.S. Limited supply in clay 
13 SE 17 18 2259 18 224.l " sort · D.S. Limited aipply in sand and gravel 
14 SE 18 I 22 222Q 22 220'1 " hard D. s. Good supply 
15 NE 21 I 15 2269 15 2254 • " so~ D.S. Good supply in gravel 
16 SW 2~ 110 2272 110 2162 tt he.rd D. s. Limited sunply in se.nd 
17 NE 24 . dug 14r 2265 14 2251 " soft D. s. Good supply in fine sand 
18 SE 25 I " 52 22?5 32 2243 " hard D.S. Good supply in fine sand 
19 SE 26 I " 6 2272 - l 22?1 ! 6 :2 26.a " eott n. L1m1 ted supply in fine sand 
20 SE 27 .. S 2265 - 3 2262 : 6 2260 · " " n.s. Good supply in fine send 
21 SW 28 15 2237 1 15 2222 " " D.S. Good suoply in sand and gravel 
22 SW 3'5 " I 10 2223 - a 2215 j 10 2213 '" hard D. s. Good aipply in gravel 
23 SE 36 bored 25 2262 ! 2~ 2237 " " D.S. Limited supply in fine se.nd 

l s 
2 s_ 1 
3 NW 
4r s 
5 NW 
6 NE 
7 NE 
8 SW I 

9 NW 
10 SE 
11 ~ 
12 NW ! 
13 SW 
14 1 SW 
lt5 ~ NE 
16 ?-:E 
17 SW 
18 NE 
19 SW 
20 NE 

2 50 18 : 3 
4 : 
5 
6 
7 
8 
9 

10 
20 
21 
21 
24 
,24 
30 
30 
32 
34 
35 
36 
3e1 

dug 
bored 

I dug 

bored 
dug 

tt 

bored 
dug 

dug 
bored 

dug 

dug 
bored 

dug 

14 
22 
15 
23 
17 

2 
75 
50 
60 
35 
14 
14 

i10 I 
10 
10 I 
16 
ID 
25 
18 
18 

1Q35 
19Q 
H~35 
18'76 
1944 
2006 
2101 
2051 
2044 
2156 
216-l 
2234 
22:59 
2013 
2109 
2103 
2147 
2241 1 
2187 I 
2193 I 

i 
I 
I 
I 

I 

• 10 1984 I 

I e 1a6e 
- 10 193 

- 19;2222 

NOTIS: All depths, &lt1tudes, heights and elc:vntiont1 
&ivcn &bovc: arc: Ul f«t. 

14 1921 
22 19?2 
15 1920 
23 1853 
17 1927 

2 2004 
75 2026 
50 2001 
60 1984 
35 2121 
14 2150 
14 2220 

110 2149 
10 2003 
10 2099 
16 2087 
30 211? 
25 2216 
18 2169 
18 2175 

glacial 
tt 

" 
" " 
" 
" 
" 
ft 

" 
" .. 
" 
" 
" 
" 
" 
" 
" 

hard 
eof t 
hard 

h 

" sort 
hard 
" 

soft 
hard 
" 

soft 
" 

hard 
" 

soft 
he.rd 
" 

soft 
hard 

D.S. 
D.S. 
s. 
D.S. 
D. s. 
D.S. 
n. 
D.S. 
D. S. 
s. 
D.S. 
D. S . 
D.S. 
D.S. 
D. 8 . 
s. 
D. S. 
D;.S • 
D. 
D. s. 

Good supply in sand and gravel 
Good supply in sand and gravel 
Limited supply in fine sand 
Good supply in clay and gravel 
Good supply in sand 
Abundant supply in gravel 
Limited supply in gravel 
Good supply in fine sand 
Good supply in fine sand 
Limited supply in fine sand 
Good sup,ly in gravel 
Good supply in sand and gravel 
Good supply in sand 
Good supply in clay 
Good supply in gravel 
Limited supply in fine sand 
Limited supply in f i n e sand 
Good suoply in gravel 
Limited supply in gravel 
Good supr ly in sand 

(D ) Domestic ; (S) Stock ; ( I ) Irri&ation. (M ) Municipality; (N) Not uted. 
un Sample taken for analysis. 



LOCATION 

WELL 
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WELL RECORDS- -Rural Municipality of Park~al e . :~: <? . ~ ... ~~~ ' Saskat chewan 

HEIG H T TO WHI C: H I 

WATl:tR WI LL RISE 1 PRI NC IPA L WATP:R BEARING BE D , TEMP. 
TYPE I DEPTH A LTITUDE - - ·- - -- --1-- -- - - -- ----

YIELD AND REMARKS 
No. 

~.~ S«" I Tp. I R&e. ; ~:< 
(abon •ta Above t • ) 1 OF WATER WATER 

OF OF ,W ELL ' .;... I l CHARACTER OF i 
WELL WELL lev<I > Below f - ) I Elev I Depth , E lev. Gco'.ogicnl Horizon (in •y .) I 

Surface , 
1 

I I , 

USE TO 
WHICH 
WATER 
IS PUT 

- - - - --. - · -, - . , - -, I --·, I - -- -, -- -,---
1 I SE 2 51 II 16 3 
2 I NW 2 
3 NW 2 
4 NW 3 
5 NE 6 
6 NE 8 
7 SW 9 
8 SW 12 
9 NW l13 

10 I SW i 17 
11 SW ,18 
12 NE 18 
13 sv.·: 19 
14 NE 120 I 

15 NW 20 i 
16 SW 21 I 

17 NE 22 
18 NW 22 
lg NE 26 
20 SW 26 

1 SW 1 2'l 
22 I SE ' 27 
23 I NE I 27 
24 NW 30 I 
25 NE 30 I 

26 SE 30 I 
7 SE . 32 

28 SE ~ 35 
29 NW 36 I 

1 . NE ! 2 I -51 :17 
2 , NE ·. 4 
3 . SE / 4 
4 SW 10 
5 NE 12 
6 SE 13 
7 SE 14 
8 SW ·10 
g SW 16 

10 SE 17 
11 NW 18 
12 SW 19 l 
13 NE 20 
14 NW 21 
l~ SW 22 
16 NW 23 
17 NE 24' 
18 SE 25 
19 NW 26 
20 SE 30 

3 

bored 
bored 

dug 

dug 50 22?9 • - 38 2241 50 2229 '. g lacial l hard I D. S • . Good supply in sand an d gravel 
" 34 22~8 I - 24: 223 34 I 22241 " 1 " ! D. S . Good supply in sand 
" 40 2284 40 · 22441 " " D. 5 . 1 Good supply 
" 42 

1 
2260 j , 15 l 22451 " sort I D.S •

1 

L1m1 ted supply in gravel 
64 2242 - 34 1 2208 64 2178' " hard D.s. G~o d supply in sand 

" 
" 

bored 
If 

" 
" 

dug 
bored 

dug " -

bored 
" 

dug 
tt 

" 
" 
tt 

bored 
dug 

" 
" 
" 

bored 

70 2289 - 47 I 222a 70 2199
1 

" ~ D. S . Good supply in gravel 
25 2283 - 22 226~ 25 2258 1 " " D.S . Poor s upply 
23 2281 - 27 225 23 22581 " " D ~ • Good supply 1n sand 
12 2257 - 8 224 12 2245 '" " D. S . Good supply in sand 
53 2244 - 58 218 63 2181 " " D.E' . Goo d sup~ly in sand 
40 2230 40 2190 " " D. S . Good supply in sand 
63 2246 - 58 219 63 2185 " " D.: • Good supn ly in sand 
23 2245 - 21 222 23 2222 " 11 :J .~ . G, ·o d supply ln gravel 
25 2245 1

1 

- 23 i 222 . 25 2220 " " D. ~ · See~- age supply in sandy clay 

3? 2246 37 2209 " " D. S . lim1 ted supply in sand 
48 2264 - 33 2231 48 2216 " " D. ~ . Good supply 

28 2255 : 28 2227 " , " D .s . Good supply in fine sand 
33 2246 - 23 \ 222! 33 2213 " J " IJ. S. Goo d supply in sandy clay 
37 2240 - 34 l 220 37 2203 " : ., D. s . Good supply in sand 
35 2258 - 30 I 222 35 2223 " 

1

, " D. s . Good sup ply in fine sand 
26 2252 :... 20 l 223 26 222~ 1 " " D .S . Good supply in sand 
36 2250 - 22 222 , 36 22 1!1 " " D. Limited seepage supply 
40 2252 - 36 

1 
22ll 40 2212, " ' t• D .s . Goo d s up-p ly in sandy c lV 

20 2242 1 20 222~ " l " n. : . G )od sup ply in black sand 
78 2255 - 50 1 220 78 2.- 1 77 " 1 " D. s . Good supply in sandy cla y 
18 2275 l ~ 18 225 " I " D. S. Good supply in sandy clay 
24 2265 - 17 224 24 224 " " D. S . Good supp ly in gravel 
51 2235 - 18 221 51 218 " , 0 D. s. Good supply in gravel 
30 2254 - 2 5 I 222 30 2 22~ • I " I D .s . L1m1 t ed seep age supply in c}V 

? 
80 
2~ 
g3 
22 
10 
12 
80 
30 
72 

100 
80 
37 
44 
47 
16 
60 
40 
20 

101 

2245 
2235 
2228 
2252 
2237 
2200 
2255 
2290 
2259 
2269 
2262 
225'1 
225, 
2241 
2267 
2229 
2233 
2281 
22,3 
2268 

- 30 2222 

I 

L'~·-- I I 

71 
80 
25 
g3 
22 
io I 
12 ', 
80 
30 
72 

eo 
3? 
44 
47 
16 
60 
40 
20 
15 

223 
215 
22C 
2J.5 
221 
219 
224 
221 
222 
219 

217 
221 
219 
222 
221 
217 
224 
222 
224 

glec1el 
" 
" 
" 
" 
" 
" .. 
" 
" 
" 
" 
tt 

" 
" .. 
" 
" 
" 
" 

hard 
" 
" 
" 
" 

soft 
" 

hard 

" 
" 
" tt 

" 
" 
" 
" 
" 
" 
" sort 

D. S . 
n. : . 
D.S. 
D. S . 
D.S. 
D.S . 
D. S . 
n.s . 
D.S. 
D.S . 
D.S. 
D.S. 
D. S . 
D.S. 
D.S . 
D.S. 
D.S. 
D.S. 
D.S • 
D.S. 

Limited supply in sand 
Good supply in clay 
Good supply in sand 
Gcod supply in sand , 
Limited supply in sand 
Gcod supply 
Gee d supply in gravel 
Good supply in gravel 
Gcod s.ipply in gravel 
Limitet supply in gravel 
Dry hole 
Good sunply in sand 
Limited &ipply in clay 
Good supply in sand 
Goo~ supply in fine sand 
Good supply in sand 
Good supply 1n gravel 
Good .supply in gravel 
Good supply in sand 
Good supply in olay 

NOT&- All depthl. al~tudea, bcichtt and elevation. 
liven above a.re m rm. 

(D) Domeetic: (S) Stoc:k: (I} Irription: (MJ Mimicil)lllity; (N) Not uMd. 
Ul) Sampt• taken for aoalyalr. 
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I WELL RECORDS- Rur.al Municipality of ... _ .. P..ar.~4alit . .Nc>:-AU. .. t.. .. l•1kll.ibtDJL. " 

·1 
.. ' . . . 

t H.&IOHT 'l'O WHICH I I 
... 

' LOCATlON WATIUt Wn.L Rm PRINCIPAL WATltR·BEAAJNO BED 
TYPS b&PTH I ALTrTUDlt 

.ftMP. UDTO 
W&LL 

:J:~ 
cw . OP ·wau,. ,,_ l -· 

CHARACTER OP WHICH YIELD AND RSMAJUCI 
No. , Above (+? '0PWATER 

~ H Jtct. Mer. WltLL W:ELi. (•~'le •• Elev. Gto!ockaJ' Hori,aQc 
WATKR WATER 

levell Below - (tu "JP.) ll PUT 
; Surface 

- . j 
I 

21 sw 31 e1 17 3 27 22~6 27 222'1 glaotal aott I D. s. Good supply 1~ aan4 
22 n 38 60 2233 ~o 2173 " " D.S. 90od ,eupplJ' · 
88 8W 31 ,,2 2861 '8 2219 " " n.s. Good aupply in graT•l 

" 

It mr ' 3t 18 8888 18 2210 ... .. D.S. Good auppl1 in 10197 
2D n se 14' 2.2ae l.f. 22~1 " .. D.S. Good supply in ••n4 

r . 
. 

' 
, . ·- ~ .... 

··----

1 N'I l 51 18 3 dug 8 2221 8 221~ gl.o·ial htrd ' D.S. Good supply in tine sand 
2 SW I 51 18 3 bored 100 22~2 ·- 9.2 218' 100 2152 ... " p.s. Good supp~y in tine sand 
3 n I . " 100 217_9 100 2079 ... " D.S • ·Good supply in gravel 

' NE ~ dug 8 2801 e 219~ " aott D.S. Good supply in gravel 
e SE • .. :53 2108 ~ 30 '2073 33 2070 ' " ,ft D.S. Lt.mi ted ai pply in tine aand 
6 NW e 1'1 8077 17 2060 . 

" hard D.S. Good supply in ol8J 
'1 n e 33 '20'18 33 20•2 .. sott D.S. Llmi t ed supply in dark ol.ay 
8 SE e 40 8081 '° 204] '" " n.s. Good .supply 1n olay 
9 SW e 10 2069 10 205g " hard D.S. Good eupply in fine sand 

10 SE lC bored 90 2280 - 8 2212 90 2l3C " soft n.s. Good supply in graTel 
11 NB l~ "' 115 2238 - 86 21'53 115 212~ " har4 n.s. Good a,upply 
12 SE 1~ " 89 2263 89 217~ " " D. L1m1 ted supply 

I 13 $'! l~ " 100 2266 100 216e tt " D. Limited supply in glacial sand 
NW l~ 1 00 2231 - 80 2151 1 00 213 ] " " D. S. Good supply in sand I 

i~ SE 1' bored 135 2241 Dry hole tn blue clay 
16 SW l~ " 30 2087 3 0 205? '" " D.S. Good supply in silt 
1'1 NW 2< spr ing 2112 " D. 3 . Large continuous flow 
18 NE, 2( " '1~ 2213 ?~ 213E " sort D. S. Good supply 
20 ~I 2~ dtlg 20 2241 20 222J " hard D.S. Limited supply in gravel 
21 2~ " 78 222~ - 76 2147 76 214~ .. " " D. S. Suf f icient 
22 SW 2f bored. 73 2241 - 69 2172 73 216E tt tt D~S. Good supply in clay 
23 SE 2~ dug 55 2242 5 5 218~ ,, 

" D. S. Good supply in fine sand 
SE :!J spring 2129 Con tinuoua .flow 

24 NW 3: " 12 2194 12 21e: " soft D.S. Good supply in c.JA y 
2t5 SE 34i " 30 2200 30 217< " hard D.S. Good supply in boulder till 
26 NE 3!5 30 2222 30 219l " Supply exhausted. Gravel aqu i fer 
27 NW 3& " 45 2238 - 43 2195 45 219~ " hard D.S. Good supply in gravel . 
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I 
NOTS-AU depths, altitudet, hei&ht• and clevationa (D ) Domeetic; (S) Stock; (I ) Iniption; (M l Munid pelity; (N) Not uMd. 

I &ivcn above arc in feet. (#) Sample taken for analyala. 
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I 
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