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INTRODUC TIC·N 

Information on the ground-water resources of east-central 
Alberta. and western Saskatchewan was collected, mostly in 1935 1 during 
the progress of geological investigations for oil and gas. The region 
studied extends from Edmonton· in the west to Battleford in the east, 
and from township 32 on the south to township 59 in western Alberta , 
township 63 in eastern Alberta , ~nd in part as f ar north as township 
56 in western Saskj)_tchewan. 

This region is crossed by North Sasko.tche'Wan and Battle 
Rivers, and includes other more or less permanent streams. Most of 
the lakes within the a rea, however, are a lkaline, and wn.te r is 
obtained in wells from two sources , namely, from water-bearing sands 
in surface or glacial deposits, and from sands in the underlying bedrock. 

A division has been made in the well records , in so far as 
possible, between gl acial and bedrock water -be!'.ring sands. In 
investigations for oil and gas, however, the bedrock wells were used to 
trace the lateral extent of geological formations, with the result that 
the records deal more particularly with this type of well . No detailed 
studies were made of the gl acial ma teria ls in relation to the water . suppbr. 
nor were the glacial deposits mapped a.deqUn.tely for this purpose . In 
a.bnost a.11 of the region investigated in Alberta , a nd in al l but the 
northea.st part of the region studied in Saskatchewan, water ca.n be 
obtained from bedrock. In a few places , however, the water from the 
shallower bedrock sands is unsatisfactory, a.nd deeper drilling may be 
necessary • 

. The water records were obtained mostly from the well owners, 
some of whom had acquired the1 land after the water supply had been found, 
a.nd hence had no personal la:lowledge of the \11JB. ter-bearing beds that had 
been encountered in their wells . Also the elev".l tions of the wells were 
taken by aneroid barometer a.nd are , consequently, only approximate . In 
spite of these defects, however, it is hoped that the publication of 
these water records may· prove of value to farmers, tovm authorities , and 
drillers in their efforts to obtain water supplies adequate for their 
needs. 

In collecting this information severa l field parties were 
employed. These were under the direction of Professors R . L. Rutherford 
and P. S • Wa1:ren of the University of Alberta, C. H. Crickmay of 
VMicouver, and c, O. Hage, until recently a member of the Geological 
Survey. The oil and ga.s investigations of which these water records are 
a part were undertaken under the gener a l supervision of G. s . Hurne. 

Jublication of Results 

The essential informat ion pertaining to ground-water conditions 
is being issued in reports.that in Saskatchewan cover ea.eh municipality, 
and in Alberta cover each square block of sixteen townships be ginning a.t 
.the 4th meridian and lying between the correction . lines. The secretary---..... 
treasurer of each municipality in Saskatchewan and Alberta will be 
supplied with the info::-matiori covering that municipall ty. Copies of the 
reports will also be available for study at offices of the Provincial 
and Federal GGovermnent Departments. Further assistance in the 
interpretation ·f the reports may be obtained by applying to the Ch~ef 
GeologiB.tJ Geological ;survey, OttaWa. . Technical terms used in the 
reports are defined in the glo ssary. 



How to Use the Report 

Anyone desiring information concering ground water in any 
particular .. ~ locality will find the available data listed in the well 
records. '_'These should be consulted to see if a. supply of water is 
likely to be found in shallow w~lls sunk in the glacial drift, or whether 
a. better supply may be obta ined at greater depth in the und er lying 
bedrock formations. Thh wells in glacial drift comrronly show no 
regional level, a.s the sands or gr avels in which the water occurs are 
irregularly distributed and of limited extent. As the surface of the 
ground is uneven, the best means of comparing water wells is by the 
eleV9.tions of their water-bearing beds. For any pa rticular well this 
elevation is obtained by subtracting the figure for the depth 0f the 
well to the water-bearing bed from that for the surface ele~ation at 
the well. For convenience both the el evation . ·1f the well s and the 
elevation of the water~bearing bed or beds in each well a re given in 
the well record tables. Where water is obtained from bedrock, the name 
of the formation in which the water -bear i ng sand occurs is ~lso listed 
in these t ab les, and this i nformation should be used in conjunction with 
that provided on bedrock form?..tions, pages 4 t o IEf, whi ch describes 
these formations and gives their thickness and sequence. Where the 
level of the water-bearing sand is known, its depth at any point can 
eaAily be calculated by substracting i ts elevation , as given in the· 
well record tables, from the elevation of the surface at that point. 

With each report is a map consi sting 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 records are avai lable, the class of wel l at each 
location, and the contour line or lines of equal surface elevation. 
The elevc.tion at any location can thus be roughly judged from. the nearest 
contour line, and the records of the wells show at what levels water 
is likely to be encountered. The depth of the wel l can then be 
calculated, and some informat ion on the character and quantity of water 
can be obtained from a study of the records of surrounding wells. 

,I 

GLOSSARY CF TEmt.s u~:ED 

j\. lkaline. The term 11 alknlble" 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·11y contains a large amount of sodium sulphate and magnesium sulphate, 
the principal constituents of Glauberrs salt and Epsom sa lts respectively. 
Most of the so called a lkaline waters are more correctly termed sulphate 
waters, ~ny of which may be used for stock without ill effect. Water 
that tastesstrongly of common salt i s described as sa lty. 

Alluvium. Deposits of earth , clay, silt, sand, gravel, and 
other material on the f lood pl ains of modern streams and in lake beds. 

Aquifer or Water-b ear ing Horizon. A porous bed, lens, or 
pocket in unconsolidated deposits or in bedrock that carries water. 

Buried pre-Glacial Stream Channels. A channel carved into 
bedrock by a stream before the advance of the continenta l ice-eheet, and 
subsequently either partly or wholly filled in by sands, gravels, and 
boulder clay deposited by the ice-sheet or l a t er agencies . 

Bedrock. Bedrock, as here used, refers to pirtly or wholly 
consolidated deposits of gr avel, sand, silt, clay, and marl that are 
older than the glacial drift. 

Coa l Seam P · The same as a -c oa l bed. A depo-sit of oarb<maceoue 
material i'onned f'rom ~~l decomposition e.nd 
burial. 
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Contour. A line on a map joining points that ha:\e the same 
elevation above sea-level. 

Continente.l Ice-Sheet. The great ice-sheet thflt coYered most 
of the surf~c e of Canada many thousands of years ago . 

Escarpment. A cliff or a relatively steep slope separating 
leve l or gently sloping areas . 

Floo63: Plain. A fh t p'l.rt in a river vn.lley ordinarily above 
WP.ter but covered by water ,,-hen the river is in flood . 

Glacial Drift. The loose, unc o~8oiidated surface deposits 
of sand, gravel , and clay, or Q mixture of these , th'.lt were deposited 
by the continental ice-sheet. Cl~y containing boulders forms pQrt cf 
the drift and is referred to as glacial till or boulder clay. The 
glacial drift occurs in several forms~ 

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

(2) Termim.l Honi.ine or Mor!:line . ,\ hilly tract of country 
formed by gl acial drift th'lt was laid doi,1m 8.t the m~rgin of the continental 
ice- sheet during its retreat . The surface is characterized by irregular 
hills and undra ined basins . 

(3) Glacial Ou~J'.11'3.Sh. Sand and gravel pbins or deltas formed 
by streams that issued from the continenta l ice-sheet. 

(4) Glacial Lake Deposits . Srrnd and:-cltlyiplains ·fdrmad in 
glacial lakes during the retreat of the ice-uheet. 

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

Hydrost~tic Pressure . The pressure thqt causes water in a 
well to rise abO\'e the point at which it is first encountered . 

Impervious or Impermeable . Beds , such as fine cl~ys or 
shale, are considered to be impervious or imper.meab le when they do not 
permit of the perceptible passage or movement of ground water. 

Pervious or Permeable . ·Beds a re pervious when they permit 
of the perceptible pas saEe or movement of ground water / as for example 
porous sands , gr ave l, and sandstone . 

Pre- Glacial Land Surface . The surface of the land before it 
wa s covered by the continental ice-sheet . 

Recent Deposits. Deposits th'"lt have been l aid down by the 
agencies of ~~ter and wind since the disappearance of the continental 
ice-sheet. 

Unconsolid2.ted Deposits . The I'k'l.ntle or covering of a lluvium 
and glacial drift consisting of loose sqnd , gr '.lvel, clay, and boulders 
that overlie the bedrock . 

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

Wells. Holes sunk into the earth so as t o reach a supply of 
water. When no water is obta ined they are referred to as dry holes. 
Wells in which water is encountered are of three classes• 

(1) ~re lls itl which the water- is -under suf'ficient pressure to 
flow abo,.re the surface of the ground. 
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(2) Wells in which the water is under pre srnre but do es 
not rise to the surface . 

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

BEDROCK FORtvlATICNS OF WEST-CENTRI.L SI.SIG\.TCFID1.'.:i.N AND EL2T- C1'.;NTR!i. L ALBERTA 

The f ormations thqt outcrop in west-central Saskatche-wa.n are 
an extend on of .similar fonna tions th"'. t occur in east-central Alberta. 
They are of Upper Creta ceious age, and consist entire ly of relatively 
soft shq,les and S'.lnds, with some bands of hard sandstone and lrtyers of 
ironstone nodules, The succession, chara cter , and estimated thickness 
of the formations are show:a. in the following table 1 

Formation 

Edmonton 

Bear paw 

Pale and 
Variegated 
Beds 

Birch W.ke 

Grizzly Dear 

Ribstone Cr-eek 

Lea Park 

Cha.racter 

Grey to whit0, bentonitic sands and 
sandstones with gr ey and greenish 
shales; coal seams prominent in some 
areas~ as at Castor , Alberta. 

Dark sha.les~ g,.reen S9..nds with smooth 
black chert pebbles; partly non-
marine, with white bentonitic sands , 
carbonaceous shales or thin coal 
se'Ulls similar to "cb.o se in Pale Beds ; 
shales at certain Eorizons contain 
lobster claw nodules and m.'3.rine f ossils; 
at. othE: r horizons a re abundant selenite 
crystiils. 

Li ght grey sands with bentonite ; soft , d~rk 
grey and light gr ey shales with se lenite 
and ironstone ; carbonaceous shales and 
coal seams; abundant se l enite crystals 
:..n certain l ayers ? • 

Grey sand arid sandstone in upper part; 
middle part of shales and sandy shales, 
thinly la~inated; lower part with grey 
e.nd yeJ Jr.w vrnathering sands ; oyster bed 
commonly at base. 

Mostly dark grey shale of marine or1g1n, with 
a few m~..IlO!: sanr: horizons; selenite crystals 
an1 nodules up t o 6 or 8 inches in diameter 

Grey sands and sandstones at the top and 
bottcm~ with i ntermediate sands and shales 1 · 
thin coal seam i,n the vicinity of Wa inwright; 
mostly non···:.1ai·ine; but midd le shale in some 
areas is marine. 

Dark grey shales and sandy shales with nodules 
of irons t one; a sand 70 feet thick 110 feet 
below the top of the formation in the Rib~ 
stone a rea, Alberta. 

Edmonton Formation 

Thickness 
Feet 
1,000 to 
1,150 

300 to 600 
-hhins 
rapidly to 
the north­
we st 

950 to l,OJO 
in Czar-Tit 
'1Iills area J 
may be thin-­
ner elsewhi;irc 

100 in west , 
but less to 

east and 
south 

Maximum, 100 

Maximum, 325 
at Viking; 
thins east­
ward 

05<> to 1,100 

The name Edmonton formation was first applied t o the beds 
containing coal in the Edmonton a r ea , and later to the same beds in 
adjoining areas. The formation has a total thickness of 1~ 000 to 
11 150 f eet, but is bevelled off eastward and the ea.st edge of the formation 
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follows a northvest line from Coron'3.tion throut;h Tofield to ':'.. point 
on North Sa.sk'ltchewan River qbout midW::ly between Edmonton 'lnd Fort 
So.sl'.:-:.tchewan. No Edmonton beds occur northec..st of this line , but 
the form9.tion 'becomes progressilrely thicker to the southwest due to 
the fact that the beds incline in th'1.t direction <J..nd the surface 
bevels a.c ro ss thE:I!l . 

The Edmonton form". tion consists of -poorly bed<'t~d grey and 
greenish clay sh':'..les, coal se9-ms , anc1 sands '1.nd sandstones th"-t 
contain clo.y and '.l white materio.l known as bentonite . This materia l 
when wet is ~ery sticky '1.nC swells gre'ltly i~ volume , '.l.nd when dry 
tends to gi•.re a white appe'ln.nce to the ~ed s cont~_ ining it. Such 
beds are relati'·ely impervious to water , e.nd .<J..t the surface produce 
the "burns"" of ba.rren grounc1 V'rhere vegetation is scanty or t..~sent. 

·water is rehtively abundant i n the Edmonton fornrtion , which 
conta ins T'IUch s~nd , commonly in th i:: form of isoh.ted lenses distributed 
irreguhrly through the form'1.tion ~ Consequently , there is little 
uniformity in the depth of wells ei,-en 1iri thin '.l srm:l.11 are'1. . ·water also 
occur s commonly with cofl.l seFtms and , unlike the S'1. nd lenses , these beds 
are much ::nore regular and per sistent . In contrast with tho water from 
the bentonitic S"l.nds, whi ch is gener'3.lly 11 sof t 11

, water from the coal 
s e.,_ms , c:-s the w:>.ter from the shal lovr surf3. c e deposits, may be 11 h a. rd". 
The bn.sal beds of the Edmnnton form'1.tion usually uonb.in fresh '.'r'.lter, 
but this may become brackish locally where the und erlying Bearpaw beds 
-contain highly [1.llm.line ·or Sfll ty wu ter . 

Berrrpaw Formation 

In southern .Albertfl, where the Bearpaw f orm".tion is thickest, 
the beds compo s ing it eire mcdnly sh2. les th ..... t h'.lve been deposited in 
sea water. In the ?.. r ea north of tovmship 32 the form'1.tion thins to the 
northwe s t 'lnd become s a shoreline deposit compos ed of sh<>.les cont'..'.ining 
bentonite, impure sands, n.nd thin con.l sea.ms . In some 'l.re'ls , :cs o. t 
Ryley '.lnd ne'.lr Monitor, o.nd in the Neutral Hills , the Be'.lrpa.w cont'.lins 
pebble beds . At Ryley these 'lre consolid'.ltod into "- conglomer'1.te , 
but mostly the pebbles a r e loosely distributed in sh'lle or S'1.ndy be0s . 

In the area. immedir:-.tely north of tov-msh ip 32 the Bearpll.w 
occupies a widespr e~d belt beneath the gl fl cia l drift, but fqrther 
northwest the belt n'.lrrows , :end t Ryley and northwestw'1.rd it is only 
a. few miles wide . This belt crosses North Sa sk::-.tchew<J.n River 'ibout 
midwuy between Ednonton nnd Fort Sask,.,tchewan . BearpD.w beos form the 
main bedrock deposits of i:;he Neutr'1.l Hills . Farther south, where 
they hn."'Te an expos ec1 thickness of .,,_t le::i.s t 400 fe et , they cont':'.in 
green sands , ~nd beds of marine shale interfincer with the bentonitic 
shales and sands of the underlying form". tion . To the north , on the 
banks of North Saskn.t.chewr:m Ri-ver , the di-·ision between the Bee.rpR.w 
and the overlying and underlying for~tions is indefinite , qnd the 
thickness of beds of Bearp"..w age is rehtiYely sr:i.<:>.11. 

The vnter in the Ryley area is f rom the BearpD.W form'1.ti on, 
and is Sll.lty . In other '.l re'.ls to the south the mD.r ine Bearpaw 
formo.t ion carries green Sf"l.nd beds th'1_t yield fresh water , but commonly 
a much better suprly is f ound by dri lling through the Bearpaw into the 
underlying Pale Beds. 

In Sa.sbtchew::in, Bearpa.w beds occur southeg_st of Maclin and 
south of Luseland and Kerrob ert . Only the basal beds are present , ftnd 
these conta in green sands that qre commonly "W"':l.ter-bea.ring . 

Pale ll.nd Variegated Bed s 

Underlying the Be~rpaw fonn~tion is a succes sion of bent-onitio 
sands, shales , and sandy shales confa.ining a few coal seams . The upper 
p'.lrt of this succession, due ~o the be1 :'")nitic content, is commonly 
light coloured g_nd has been described ao the Pale Beds, wherea s the lower 
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part is darker, and is known as Varie ga ted Beds . ~n part, dark shales 
a. re pre sent in both Pa le and Variegated Beds; others a.re gr eenish, gr ey, 
brown, ano dark chocolate , ca rbonaceous t ypes. The sands may a lso be 
yellow, but where bent onite is nr esent it impqrts a. light colour t o the 
beds. Both Pa.le and Variega t ed Beds a r e char acterized by the presence 
of thin seams of ironstone, commonly dark r eddish, but in part pur pli sh, 
Selenite (gypsum) cryst~ ls a r e , in pl a c es , a bundant in the sh~les . 

The best sections of Pale Beds exposed in the region a re 
in the Tit Hills , southwest of Czar . These hills carry a thin capping 
of Bearpa.w sha l es , beneath which , a nd a round Bruce Lake, mor e than 200 
feet of Pa le Deds a r e exposed . The tota l thickness of Pa l e and Varie ga ted 
Beds in the Tit Hills a r ea is about 970 feet . Variegated ·'Beds outcrop 
near Hawkins on the Canadian Na tiona l Railway west of Wa imlllri ght , but no 
area exposes the compl ete succession, which is considered t o comprise about 
200 feet of beds, 

Records of we lls drilled into the Pa le and Variega ted 
Beds do not, in genere. l, indi cate latera l pers istence of sand s for long 
distance s , nor any uniform average depth to v:ater-bear ing sand s in a loca l 
ar ea. T1is po ints t o the conclusion that t he sands are ma inly loca l lenses, 
but as such l enses are numer ous , f ew wells fa il t o obta in water . In the 
Cado gan a r ea many flowing we lls have been obta ined f rom sands about midway 
in the succesEion. In western Saskatchewan Pa le land Variegated Beds occur 
over a wide a r ea from Maclin and Kerrobert northea.st through Wilkie t o the 
Eagle Hills; south of Ba ttleford. Numerous outcrops occur in the a rea. 
south of Unity a t Muddy Lake , but south a nd east a round Biggar t hese beds 
a re a lmost wholly concea l ed by gl acia l drift. 

The water from t h e sands of the Pale and Va riegated Beds 
is gener a lly soft . The supply, appa r ently, is dependent in part on the 
size of t he sand body tha t contains the ~~te r a nd i n part on the ease with 
which wa t er may be r epl enished in the sand . Small sand l enses surrounded 
by shale1i. may be f illed wi th wa tcr · th~ t h·1s infilt r ated into them, but when 
tapped by a well the supply may be very s lowly r ep l enished . In many 
instance s such we ll s yield only a sma ll supply, a lthou·gh this is commonly 
persistent and regula r. 

Birch Lake Fonnation 

The Birch Lake formation under lies the Variegated Beds , 
but in man~r a r eas the divis ion is not sharp . The type a r ea of the 
formation is a long the north shor e of Birch Lake south of I nnisf r ee , 
where a section 65 feet thick, compos ed most ly of sqnd , i s expos ed . The 
tota l thickness of the f ormation in this a r ea is ~bout 100 feet , and 
a lthough this is domi nant ly sand a c entr a l par t is composed of a lternating 
thin sand and shale beds . At t he base of the f onnati on, i n a number of 
places, is an oyster bed., and this i s exposed in a road cut in a sect ion 

. 73 fe et thick on the east side of Buffa l o Cou l ee in sec . 3 , tp . 47 , r ge . 7, 
W. 4th mer. In both upper and lower part s of the f ormation the sand is 
commonly mass i ve and outcrops t end to consolidate into hard , nodula r masses 
from a foot t o a fe-w feet i~ diameter. Appar ent ly these are formed t hrough 
the deposition of salts from the water t hat finds s-.n outlet o. t the outcrops. 
In f a ct, in some a r eas the sand may be t r a ced a long the s i de of a hill by 
the pre sence of small springs or nodular m_11.sses of se.ndstnne . 

The Birch Lake f ormation occur s und er the drif t a nd 1n 
outcrops in a l a r ge a rea south of North Sa skatchewn.~ Ri ver and northeast 
of a 1 ine from Willingdon to Inni.sf:ree a nd Minburn~ East of this a rea 
the southwest bounda ry is more irregular , but outcrops ar e pers istent on 
the banks of Battle Ri ver from a feit miles north of Hardi sty to and 
beyond the mouth of Grizzly Bear Coulee in tp . 47, r ge . 5 . It is believed, 
too, that a l a r ge a r ea r.ear Edgerton a nd Chauvin i s und erlain by the Birch 
La-ke for:m..~tion a nd that it extends southeastward into Sa skaEtohewnn around 
~~nitou Lake ~and southea st to Ver a . 
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It is thought that the Birch Lake formation thins 
eastward from its type section a t Birch Lake, and that it los es its 
identity in western Sas~tchewan . Deep wells drilled at Czar, Castor; 
a·nd elsewhere no longer show the Birch Lake as a: clearly recognizable 
sand form~tion, so that its southern limit beneath younger formations 
is UL.known. Wherever it occurs a:o a 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 
wields good wells. There i s no appar ent uniformity in the character of 
the water, which is either hard or soft in different wells in the same 
gener9.l a r ea . Direct cont'3.ct with surfn.C'."" ' 17aters th.,. t c ~ntain ca lcium · 
sulphates may i n time change a 11 soft" v·ra ter well to a" hard" water wel l, 
and many we lls 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 f'3. rt this a ccounts for the ch~nge in 
chara cter of the w~~ ter ·in a we ll, a feature t hc,t has been noticed by 
man~ well owners. 

Grizzly Bear Formation 

'.Co.e type loca lity for the Grizz ly Bear form8.tion, 
which underlies the Birch Lake beds, is near the mouth of Grizzly 
Bear Coulee, a tributary of Ba-ctle River with outlet in tp. 47, r ge . 5., 
The form~ .. tion is mainly composed of dark sha.His~ thnt were deposited in 
sea W9.ter . At the mouth of Grizzly Bear Coulee two shale sections, 
ea.eh about 100 feet thick, are separated by a zone of thin S'lnd beds. 
It is now eecognized th'3.t the upper section is the Grizzly Bear shale, 
and that the lower one, very simib.r in ch.qracter n.nd a lso deposited in 
sea water, occurs in the next lower format ion, the Ribstone Creek . The 
Grizzly Bear sh'3.le contains a thin nodula r zone about 50 feet above the 
base, that is, at about the centre of the formation. This zone is sandy, 
and is believed to yield water in various wells . Other thin sands, in 
places water -bearingp are ~ lso pres ent, The impervious nature of the 
Grizzly Bear shales makes the overlying Birch L:tke sr-..nd a strong a cquit'er 1 

as water co.llects in the S8.nd abovo the she.le. The contact of the Birch 
Lake and Grizzly Bear fornm.tions can be t r a ced in some places by the 
occurrence of springs issuing from the base of the Birch Lake sand even 
where this is not expos ed . 

G~izzly Bear shales occur in a road cut on the south 
side of Batt:te River near the highway 'bridge at Fabyan . The shales 
in this area a.re abo~t 1~1 feet thick. It is thought they extend as 
f a r west a s the Viking gas fi e ld, where they have been recognized in 
samples from deep we lls, It is probable , however, that the shales thin 
westwardrand thicken eastward so thst their genern. 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 unknovm, but evidently the Grizzly Bear 
marine shale underlies a large area in eGst-centrnl Alberta extending into 
Saskatchewan mainly in the a rea south of Battle River. 

Rib stone Creek Formn. tion 

The type area of the Ribstone Creek forma tion is on 
Ribstone Creek near its junction with Batt le River in tp . 45, rge . 1, 
W. 4th mer • At this pl a ce the lower sand beds of the f orm.a tion are 
well exposed . The upper part of the lower sand member of this f onnat ion 
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 it1 
higher on the bank and at a short distance from the river, there is a 
12 foot zone of carbonaceous and coaly beds in two l ayers , each about 
2 feet thick, separated by 0. fe et of shale~ Above this are 90 feet of 
dark shales that are thought to have been deposited in sea water , that is, 
they are lllLlrine shales. These marine shqles in turn are overlain by a 
sandy zone about 20 feet thick corrtn..ining oysters in the basal part. 
This sandy zone is the upper sand member of the Ribstone Creek formation. 
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It thickens to the east a nd west fr<'ITl the Grizzly Dear a rea but is 
probably at no place much more than 50 feet thick. 

The lower SQnd member of the Rib stone Creek formation 
also varies in thickness from a minimum of about 25 feet. On the 
banks of Vermilion Creek, north of Mannville , the bo.so.l Sfl.nd is n.t 
least 60, and may be 75,feet thick . It is overla in by shaly sand and 
sandy shale beds, which replace the sh:cle beds in the centr'\.l po.rt of 
the formation as expos ed at· the mouth of Grizzly Bea r Coulee . In the 
Wainwright area, where the formation has been drilled in de ep wells, 
the basal sand is 60 feet thick , with the centra l p':l.rt composed of 
shale conta ining sand streaks. The upper sand member is about 20 feet 
thick in this area . The total thickness of the f ormation in the 

. Wainwright area is lGO to 200 feet, but this increases t o the west and 
in the Viking area exceeds 300 feet. 

The Ribstone Creek forma t ion is wide ly exposed in a 
northwest-trending b elt in e').st-oentr?.,l Alber tn_ . The southwest boundary 
of this n nrthwest-tx-ending belt passes t hrough the mouth of Grizzly 
Bear Coulee in tp. 47, r ge . 5, and beyond to the Two Hills a rea in tp~ 
54 1 r ge . 12, whereas the northe'3.st boundary crosses North Saskatchewan 
River southwest of Elk Point and extends northwest to include an area. 
slightly north of St, Daul des Metis and Vilna to tp ., 60, r ge . 14. 
Within this belt wa ter wellS are common in the Ribstone Creek sands , 
which a re almost without exception vvater-bear ing in some p~rt of the 
formatioL. The limits of the belt to the northeast determine the 
limits of water from this source, but to the southwest of the belt, 
as here outlined, w<>.ter may be obta ined in this f ormqtion by drilling 
through ;'the younger beds that over lie it . The Rib stone Creek sands 
are a prolific source of water i n many places and hence the d istributinn 
of this formation is of considen.ble economic importance .. Where the 
formation consists of upper and lower sands with a. centra l sha le zone 
only the sands a.re ~~ter-bearing, a lthough thin sand members may occur 
in the shale , Where the form<>, tion is l a r ge ly sand the distribution of 
water may be in any part of the fonnation , a lthough the upper and 
lower sands a r e perhaps the better aqut~ers. To the east of Alberta , 
along Battte River and Big Coulee in Saskatchewan, the Ribstone Creek 
sands are marine , Marine conditions a pparently become more prevalent 
to the southeast and it is believed that in this direction the sands 
ar~ gradually repla ced by marine shales , Thus a t some distance 
southeas t of Battleford the Ribstone Creek formation loses its identity 
and its equivalents are shales in a marine succes sion. 

Lea Park Formation 

The Lea Par k formation is largely 'l marine sh'.:1.le , and 
only in the upper 18/ feEt is there any vm.ter. In the Dina are:a south 
of Lloydminster the upper beds of the Lea .P'\. r k consist of silty shale s 
~bout 110 feet thi ck underlain by si lty sands 70 feet t hick. Below 
these sands are marine sha. l es only, and these yield no fresh water 
either in east-central Alberta or west-centr 'll Saskatchewan. The sa.nd 
in the upper Lea Park formation is thus the lowest freshwater aquifer 
within a very large are~ . The extent of this sand in the Lea Park; 
particularly to the northea.st , is not known, but as the strata in ea st­
centra l Alberta ha ve a southwest inclination, pro gressively lower beds 
occur at the surface to the northeast , Thus .a t a short distance beyond 
the northeast boundary of the Ribstone Creek formation, a s pr eviously 
outlined, the sand in the upper Lea Park r eaches the surface , and 
represents the l ast bedrock ~. aquifer in that direction . Fa.rther northeast 
water must be obtained f rom gl a cia l or surf~ce deposits only. In 
Alberta this a r ea without fresh water in the bedrock includes the country 
nor:t'h of North SaskatcheWB.n River in the vicinity of Frog lake a nd a 
~:la.rgy area extending to and beyond Ben:ver River. In this area , however, 
more i're-sh water strea.m.s~ ..a.re- ~~han.J'a.rther south, a nd bush laJ'.dS 
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help to retA. in the surface waters. The a rea northeast of North 
Saskatchewan River in Saskatchewsn is a. Jmo st wholly within t he 
Eea Park formation, where ~~ter can be found only in surface deposits . 

WA TER ANA.LYSES 

Intr oduction 

Analyses were made of water samples collected f rom a large 
numb er of we lls in we st-c entra l Saskatchewan . Their purpose was to 
determine the chemica l c h'.'.racteristics of the wa ters f rom different 
geo lo gica l horizom , and ther eby !lfs i'st'in ·mlrlmil!-g coI"reln.tions .of ··the­
stra ta in w1ich the waters occur . Although this wa s the main 
objective of the ana lyses , it wa~0a lso realized that a knowledge of 
the minera l content of the water is of inter est ~and value t o the 
consumer . The ana lyses were a ll rn.'lde i n the h.bo r a tory of the Water 
Supply and Borings Section of the Geolo i; ical Survey , Ottawa . 

Discuss ion of Chemica l Det ermina tions 

The d issolved minera l const i tuents va ry vi t h the material 
encourrtered by the wa ter in its mi gr ation t o the r eservoir bed . The 
minera l salts present a r e r eferred t o as the t ota l dissolved solids , 
and they r epres ent the r e didue when the water is completely evapora ted. 
This is eYpressed - quantitatively a s nparts per millicin" , which 
refers t o the proportion by we i ght in 1 , 000 1 000 p3.rt n of water. A 
salt when dissolved in water separ a tes into two chemica l units ca lled 
"radicals" , and t hese 8. re expr essed as such in the chemica l analyses ., 
In the one group is included the mP°tallic e lements of ca lcium (ea ), 
magnesium (Mg) , and sodium (Na ) , and in t he other group are the 
sulphate (S04), chloride (cl), and ca rbonate (c o3)' r ad ica l s . 

The ana lyses indicate only the amounts of the previously 
mentioned r ad ica ls, thus ne gl ecting any silica , a lumina , potash , 
or iron that may be pr esent . It wil1 be noticed that in most instances 
the tota l solids a r e a ccounted for by the sum total of the r ad ica ls as 
shown by the anA. lyses. Actua lly, the residue when the water is 
complet e ly evaporated still r etains some combined water of crysta llization, 
so tha t the fi gures for t he "tota l solids" a r e hi gher than the sum 
tota l of the r ad ica ls a s ,determined . TThese radicals a r e al so 
"calcula ted in assumed combinations" to indica t e the theoretica l amounts 
of different sa lts pr e sent in the water. The same method was f ollowed 
in each analysi s , so t hat the t able pr esents a cons i stent record of 
the different compound s present . 

Mineral Constituents Pr esent 

Ca lcium. Ca lcium (ea) in the water comes from minera l 
particles pr esent in the surface deposits) the chief source being 
limestone, gypsum, and dolomite . Fossil shells provide a source of 
calcium, as do e s a lso the decomposition of i gneous rock s . The common 
compounds of ca lcium ar e ~o~lcium ca rbonate (CaC03) and calcium 
sulphate (CaS 04) ~ 

Magnesium . Ma gnesium (Mg) is a common constituent of many 
igneous rocks and, therefore , very pr evalent in ground wat er . Dolomite, 
a carbonate of ca lcium and magnes ium, is a lso a source of the mineral . 
The sulphate of magnesh (MgS04) combines with water to form "Epsom · 
salts" and r enders the water unwholesome if pr esent in l a rge amounts . 

- Sodium. Sodium (Na) is derived from a number of the important 
roc~orrnillgIDiiierals, so that sodium su~phate and ca rbonate are very 
common in ground wa. ters, Sodium sulphate (Na2 so4 ) omnbi.nes with 1.vater . 
to fonn 11 Glauber 1 s sa ltw o.nd e:xcefsive a.mounts maut--the water unsuitable 
for dri:tjking purposes . Sodium ca rbone:te ~a.zCD3 ) or 11bla ck alkali't' · 
waters are mostly soft, the degree of softness depen0 ing upon the r a tio 
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of sodium ca.rbon11.te to the calcium and magnesium salts. ·waters 
containing sodium carbonate in excess of 200 parts per million 
are unsuitable fo r irrigation purposes 1 • Sodium sulphate is less 

"The extreme limit of salts for irrigation is taken to be 70 parts 
per 100 , 000 , but plants will not tolerate more than 10 to 20 parts 
per 100 , 000 of black alkali (alkaline carboTI£.tes and bicarbonates)" 
Frank Di xey in .,,A Practical Hn.ndbook of We.ter Supply" , Thos . Murby 
& Co ., 193~, pa 254 . 

harmful . 

Sulfha:ces . The sulphate (so4 ) salts referred to _in these 
ana ly ses are calcium sulphate (ea.S04), mQgnesium sulphate \MgSn4 ) , 
a:nd sodium sulphate (Na2S04) •. 

Chloride. Chlorine (Cl) is with a few exceptions , expressed 
as sodium chloride (NaClL th'3.t is, common table salt . It is found 
in all of the an.qlyses~ most of the waters containing less than 200 
parts per milliun, but some as much as 2 1 000 or 3 , COO parts . These 
waters have a bra ckish taste . 

Alkalinity. The alkalinity determined in these water 
analyses is based on the assumption th'.lt the only salts present in 
the samples that will neutralize a cids are carbonates , and that , 
conseauently, the degree of a lkalinity is proportional to the amount 
of the carbonate radica l (C03) present . 

H8.rdness . The hardness of water is the tot'.ll hardness , and 
has been determined by the amount of a stqndard soap solution required 
to form e. lather that will stand up (persist) for 2 minutes . Banlru;.ns 
is of two kinds, temporary and permanent . Temporary. hardness is 
caused by calcium a nd magnesium bicarbonates, which "I.re soluble in 
water but are precipitat6d as insoluble normal ca rbonates by boiling, 
as shown by the scale that forms in teo.kettles . Permanent hardness 
is caused by the pres ence of c:-,lcium and magnesium sulphates , and is 
not removed by boiling. The tvrn forms of hardness ' are not dist inguished 
in the water analyses . Waters gr ade from very soft

2 
to very hard , and 

can be classified according to the following system' : 

The 11 Examin'3.tion of ':'n.te1:i and Wate r Bupplies" , Thresh & Beale , 
page -21,- i•'ourt!C.8d . 1933 • 

A water under 50 degrees (that ist parts per million) of 
hardness may be said. to be very soft. 

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

A water with 100 t o 150 d egr ees of ha rdness may be said to be 
moderately hard . 

A water with more than 200 and less thar. 300 degr ess of hardness 
ma.y be said to be hard~ . 

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

Hard waters a r e usually high in calcium carbonate . Almost 
all of the waters from the glacial dri~ are of this type , especially 
those nht associated with sand and gravel deposits that come close to 
the surface . 
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In soft water the ca lcium ca rbonate has been replaced by 
sodium ca rbonate, due to na tura l r eagents pr esent in the sand o.nd 
clays . Bentoni te a nd glauconi te :?. r e two s1 i.ch reagents lmown to be 
pr esent . Montmorillinite , one of the clay-forming minerals , has the 
same pro perty of softening w8.ter, ~wing to the absorbed sodium tha. t 
is available for chemica l r ea. ction • 

1 
Piper , A . M. '1 Ground Wate r in Southwest ern Pennsylvania", 
Penn . Geol. Surv ., 4th series . 

If surface water reaches the lower so.nds by percolnt ing 
through the h i gher beds it may be highl y chs.rged -;•r i th ca lcium sa l t s 
before r eaching the beoroc~ formations containi ng bentonite or 
gl anconite . The completeness of the exchange of ca lcium ca rbonate 
for sodium carbona t e will , therefor e , depend upon the length of time 
tha~ the wat er is in contact with the s often~ng r eagent , a nd a l so 
upon ~he runount of this mater i a l pr esent. The rate of movement of 
under g:goumlr1w11.ter will , consequmr:hlyy , be a factor i n determi n i ng the 
extent of the r eaction . 

The amount of iron p1·esent in the water was not det ermined, 
owing t o the possibilities of contami nat ion f rom the iron cas ings in 
the we lls . Iron is pr esent in most vr'.l.ters , but the ':1.mount may be 
sma ll. Upon exposure to a ir la r ed precipitate f orms , the water becomes 
ac id, and , henc e , has a corrosive a ction. ·when i r on i s pr esent iri 
l a r ge amounts the wat er has an i nky taste . 

iNATER ANALYSES IN REL:'\. TH N TC! GEOLOGY 

Glac i a l Drift 

The quality of the water f rom gl acia l dri ft depends l ar ge ly 
on the natur e of the deposit f rom which it comes and on the depth of 
the aquifer below t he surface . Gl a cia l deposits may be divided roughly 
into thr ee types . 

(1). Sand and gr'.l.vel beds th'.l.t form the surface deposit, such 
a s outv1Ush materi'..'. l and gl a cia l l ake sands . 

(2) . :Quried outwash and inter gl a c ia l depoEi ts beti.'V'een two t i lls 
of boulder clay . 

(3) . Pockets or lenses of sand anc gr ave l irregula rly distr ibuted 
through the till. 

Water from surface sa:md' d~posits i s norm'.l.lly "!how in di ssolved 
sa l ts , the t ob. l being general ly less tho.n 1 , 000 parts per million. 
~nere l a r ge amounts of limestone occur in the glacia l sqnd a nd grave l 
beds a cha r a cteri stic constituent of the glacia l water is ca lcium 
carbona t e , the amount pr esent var ying f r om 300 to 700 parts per mil lion. 

Wat er f rom buried outwash deposits contains more dissolved 
sa lts than the sur fa ce sands , as the wn.ter in ord er t o r each t h em has 
to percolat e through overly ing" t ill. Ra in water contains carbon ic acid , 
which ll:ots as a solvent and d:i,s solves a gr eat deal of ca lcium, magnes itml1 
and sodium f r om the rock-forming minera l s . Sulphate sa lts a re commonly 
pr esent, though their proportions va ry gr eatly in t he different wate r s . 
The sha. l e s th~t ar e incorpora t ed in the drift a r e high in ca lcium sulphate , 
so tha t the <:tmount of sha le pr e rent will modify the qua. li ty of the 1Na ter ., 
The oxidized upper par t of the dri~ cont~ins less sulphate than the 
deeper, l ess oxidized boulder clay . The cha r a cter of the water in the 
buried outwa.sh deposits will, ther efor e , depend. l a r ge ly on t h e 
oompoe t tion and amount of til l that overlies it . 
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Wa ter from irregula rly distributed sa nd a nd gr~ve l beds 
will vary in its content of dissolved sn. lts depending upon the 
chara cter of the rnn.terio.l surround ing the res ervoir beds . As the 
water in this type of depo Ei t does not flow to o.ny marked extent , 
it is apt to be more highly impregnated with soluble sa lts than where 
the underground movement is more r a.p id, Soft water in the drift is 
mostly confined to shal low we lls in sands low in ca lcium c~rbonate . 
Waters from glo.ci~ l l akbrclo.ys a. r e sometimes high in soluble salts : 

The sample from a we ll in glac ia l lake clay on N .w •. i sec . 27 , tp . 
42 , r ge . 17, hQ. s 11)040 pa rts per million of soluble salts , h r ge ly 
!llD.gnes iu:m sulphll'te and sodium sulphate . The sampl e fr om SE . i sec. 
13, tp. 42, r ge , 16, which is believed t o come f rom glac i a l l ake 
silts , h~ s a very differ ent compos i t ion , The t oto. l solids in it 
a.r e only 440 po.rt s pe r million, of ·v-hich 250 o. r e C'l lcium carbomte . 
The gr eG.t di fference in these wo. ters is due t o the hi gh soluble salt 
content tmt is o.srnchted with the lo.ke clo.ys but ab sent in the 
silts . Avor o.ge dri ft ·water conto.. ins between 1, 000 '.lnd 31 000 parts · 
per million of di ssolved miner~l so.ltso 

Eeo.rpaw For:mo.tion 

The Bearpo.w form.a tion consists of dark mo.r ine sho.les o.nd 
bed s of gr een so.nd , Wat er from these so.nds. hi:-.s o. toto. l so lid count 
r an ging from 300 t o 1 , 600 parts per million o.nd o. hardness of more 
them 30'.J de gr ees , Ca. lcium C'trbomte i s very rnn. r ked in a ll S'.:llllpl es , 
due , perhaps , t o the proximity of the water sands t o the glacial 
drift . Sod ium sulphate is the chief sal~ pres ent , followed by 
calcium carbonate , magnesium sulphate , magnesium carbonate , and 
sodium chloride in dec r ee.s ing srrnount-a . These waters are distinguished 
f rom the over lying dr ift wat ers by being r e l at ively low in t ota l 
disso lved sol i ds , and in containing no ca lcium sulphate and only 
moder ate amounts of sodium sulphate , magnes ium sul phate , a nd magnesium 
carbonate . 

Pa l e Beds 

Pale Beds underlie the Bear paw formation. Total solids in 
waters f rom the ~ e bed s vary from 700 t o 1 1 308 parts per mill i on . The 
water is, in most instances , sof t, as it conta ins sodium carbonate in 
excess of calcium and rnn.gnes ium carbonates , but >1hen mixed wi th surface 
water high in ca lcium carbonate , it vri ll bec ome hard . The hi Gh 
concentr at ion of sodium sa l ts , espec i a lly sod ium carbonate , in 
contras t with the calcium and magne s ium sa l ts distinguishes this water 
from tha t in Bearpaw sands . The Pale ~Bcds i nc lude much bentoni te , and 
it is this miner a l tha t acts 'as a water softener within the formation . 
The following analys es ar e typica l of ~~ter s f r OT!l. the Pa l e Beds : 

SE . sec . 16, NE . sec 0 3 , S1FI . sec . 7, SE . sec . 21 

Sa lts tp . 38 , r ge . 21 tpe39 1 r ge • 25 , tp . 37 1 r ge . 24 , tp . 38 ,r ge . 23 

CaC03 73 18 53 35 

CaS04 

MgC03 52 14 45 38 

MgS04 

Na 2cu3 297 679 464 562 

Na2S04 297 158 266 437 
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Na.Cl 31 45 4Q, 1 30 

Tofa l solid s i 
' 

760 1, 020 I 940 1,260 
; · 

Hardnes s 100 20 ! 30 75 ii l 

Vflrie ga t ed Bed s 

In Senhc Run .l Municip8. li ty , SG.skatchewan, a r e a numb er of wells 
th8t have wo. ter ver y s imila r in cha r a cter t o t h?.t f ound in t h e Bearpo.w 
fonnation . The s e we ll s t ap an horizon th'l t corresponds wi t h the Va ri egated 
Beds in Alberta , a l t h ou gh they h>:>.ve not been sep0.r 8.tod f r om the Po. le Beds , 
They a re l e ss benton i t ic t hqn t he P<i. le~Beds a n d dar ker i n colour. The 
wa t er i s ha r d a nd h.'l.f a low di ssolved solid content . The thr ee a n..9. l ys es 
given below show '.1. gr e::i. t def'.l of s i mila rity and su ~· ge st f3. common horizon . 

: mr.r. sec . 21, NW. se c . 3, SE ~ sec. 28 , 
Salts i t p . 41,rge . 26 t p .41,r ge . 28 t p , 40 ,r ge . 20 

C?.. C03 250 3q 5 12 5 

C8. S04 

MgC 03 110 9 ~ () 1 55 

:· :MgS 04 14 9 101 R 9 

--- · .. 
No. zC03 

.... 

Na 2s o4 98 132 386 

NaCl 12 12 18 

To fa l r-s olids j 640 640 78') 

Ha rdness 600 600 500 

Rib stone Cr eek Format ion 

Chemica l ana l yses of vr,.,_ter f ro!Tl the Ribstone Cr eek f o rm". t ion vary 
mor e than in t h e Pa l e Beds , the re'l.son b e i n g tho.t at s ever 9. l dif f e r ent 
h orizons the s edfo1ents show c m:=lidon.ble la t er't l var iat ion. The f onnation 
include s both marine and non-marine b eds , thin co~ l seam s be ing pres ent in 
the ba sa l p'lrt of the f ormab i on a round Paynton, wher eas south of La shburn, 
on Battle River, marine fo ss il s wer e f ound in s trata. con::ider ed to be a t 
9. p proxima.t e ly t h e same hori zon . The wat e r a no. lyses show s hnila riti e s ·11d. thin 
lhni ted '1. r eas , but long dis b .nc e corr e l a tions CP.nnot b e ma d e sa fely except 
for the sa line wat ers t h <?.t occur i n t h e flo·vin g we ll s a t Ver o. , Muddy Lo.ke , 
and a t the south end of Tr 9.mping Luke . An1i l yses of these wa-.ers a r e given 
in the f ollowing tqb~o: 

SE · se c 25 i SE sec 22 i J NE sec 36 S1iv s e c 7 I SE s e c 30 ~ seclO • • ' .. • ; • • ' ' . . . . , : • 
Salts t p ,.41,rge . tp. 4l;r ge 4r -l:p . 4 1 , r ge . 1 tp . 41,rge . tp .38,, r ge ·I tp . 35 , 

24 24 , ! ~ 
I 

24 , ! . 24 , 22 , i r ge . 20, 

Ca C03 73 73 73 l9R 108 ' !)O - - - - ; 

Ca S04 ..... - - .... m- -
- -
MgC03 38 38 38 52 69 52 

- - -
MgS04 - - - - - ... 

, 



- 14 -

Na.zC03 129 119 129 11 106 1Z5 

Na.2SO~ 55 55 61 61 49 43 

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

Tota l solids 3,R4o: 3: 460 3,120 
t 

3,200 3,860 4 , 460 

Hardness 135 90 llD 100 130 1311 

The similarity in these anl ayses suggests a common source bed. 
The distance betw-een the Tr8.mp ing Le.ke v.re ll 'J.nd the Ver a. wells is about 
40 miles. This water, which is thought to come from the basa l sand of 
the Rib stone Creek form~ttion, is no t typicn l of water from the same 
stratigraphica l horizotl in the vicinity of Battle River , one reason being, 
po ss ibly, th<:i.t at Battle River the stream ·3as cut through the Ribstone 
Creek formation exposing the sand members a long its banks . This may 
cause a more r apid movement of the under grounci 1.va t er in th i s a rea than 
f a rther south , '.1.nd it is known that the r a te of f low i s a controlling 
facto r that gr~verns the change of ca lcium carborn.te t o sodium ca rbonate 
when the softening reagents of bentonite or glauconite are pre sent in the 
sand. 

Some of the soft wa t er s from the Ribstone Cre ek formation cannot 
be distinguished from these of the Pale Deds , whF r eas others a re ouite 
different. The f ollowing ana lyses illustratetsome of the different types 
of water f rom this forma tion : 

Sa lts 

Caco 3 

Ca S04 

Na.Cl 

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

28 .... 

90 

07 

217 

( 1,,644 

J24 9 
1 

80 

59 

392 

777 

63 

Tota l solids;2,220 1,340 

Hardness 280 160 

SV'I . sec . 
24 , tp . 
46, r ge . 

21 

410 

168 

64 

2 , 518 

76 

3, 000 

750 

i ' 
NE·. sec , ;S e . sec . NE.sec , NW . sec . 

22 . tp. 
42 . r ge , 

36 ' tp. ' 26 • tp . . 36 • tp. 
43 , r ge .. · 43, r ge . 41, r ge.; 

18 . ~8 . \ 24 

73 35 

38 31 

2(l3 592 

225 522 

12 83 

'320 1, 260 

110 35 

23 

73 125 

38 97 

129 196 

61 ::1, 541 

2 , 690 71 

3 , 12 0 : 1, 900 

n o· ·1 600 
i 

The above chemica l ana lyses show such a wide r ange in the 
dissolved salts present in the different waters in the Ribstone Creek 
forma tion tha t they cannot be used for correla tion purposes over a large 
a rva. 

Conclusions 

(1) In most instances wa t er f rom gl a cia l drift is ouite 
different from wate r from bedrock. 

(2) Some of the bedrock Jii:orizons ca rry waters that show definite 
chemica l char a cteristic s . 

(3) Mos.t waters from glacia l till carry total solids run.bunting 
to between l, OOO a.ndn5,00G p~uts per million .. 
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(4) Bedrock waters are commonly low- in dissolved salts. 
Exceptions to this are to be found in wat er fr om the Ribstone Creek 
formation . 

(5) Water from the Bearpn.w formation is hard. 11.n avera ge 
of ten wells gave a total solid content of 1,100 parts per million . 

(6) Water from the Variega tea Beds resembles that from the 
tea.rpaw formation . 

(7) Wa ters from the Pale Beds is mostly soft. An average 
of ten wells ga.ve a tota l solid of 1,000 pRrts per million. 

(8) All soft waters contain sodium c a rbon~ te (Na 2co3) , which 
is present in water from the Pale ~3ds and Ribstone Creek.formations 
but absent from the Dea rpaw formation and V~riegated Beds. 
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RURJ..L MUNICIPALITY OF N.u'ill IPOSA, NO. 350, SASKJ:..TCH'Emli.N 

Physical Features 

M3.riposa municipality is bounded on the east by 
tho deep depression occupied by Tramping I..e.ke, which has an 
elevation of 2,018 feet and above which the land rises nbruptly 100 
to 150 foot. A deep ravine, now without a strea.m, trends easterly 
across the municipality to Tramping Lake, and probably represents 
a former drainage cours0 for glacinl waters. A moraine, with a 
characteristic north'west trend, lies in the vicinity of Broadacras, 
and is in part covered by lnke clays. North of Broadacrea are two 
hills, known as Ear Hills by reason of their prominence. They aro 
composed of boCded so.nds with n runa.11 amount of gravel, and uro 
believed to be krunes that uccumulats:lin u crevice in the glacial ico 
or at the junction of h•o ice fronts. In front of the moraino 
previously mentioned urc lako silts and clays. The wholo municipo.li~y 
is a gently rolling drift pluin. 

Geology 

Tho surfo.co of tho municipality is covored by a doposit 
of glacial materiul that in places on tho cast is 200 feet thick, but 
thins to the west. Several. wells penetro.to the drift to the undorlying 
Pa.le Beds, vrhich, from regional informution, a.re kn.own to bo present 
everywhero in the nrunicipality. 

Wo.tor Supply 

The water supply oo:mes ma.inly from wells tha.t encounter 
sand or gravel beds in the drift, but a faw- wells penetrate the drift 
and obtai..~ their supply from sands within tho Pale Boda. In the 
aroo.s cov~red by lake clays the w0lls are deep, and, ~B the clay is 
sufficiently impervious to prevent downward percolation of rain-vm.ter, 
the underlying sand and grnvel beds of the drift do not yk .. ld a.a 
abundantly as elsewhere. Hence rrumy wells in these arena have had to 
be drilled to the Pule BG<ls for their supply. In a sandy o.rea in 
the south'west pa.rt of the municipality water is obtcined from shall<7N 
wells. This is ra.in-wator that has accumulated in the sand whore it 
rests on more impervious bods. 

West Ho.lf' T_~?f.._P 341 Range 20. In this a.rea ~ter 
is obtained both from the drift and from tho underlying Pale Beds. 
Mlny of the wells in the drift are exceptionally deep, up to 210 feet, 
but the doepeat of thom docs not roach the level of Tramping Lnke. 
Probably the gro:vols from which the wo.ter is derived in these wells ia: 
near the base of the drift. The ubsotco here of shallow, water-bearing 
sand and gravel precludes the possibility of shallow wells. Tino deoper 
zones, ono nt e.n elevation of about 2,040 foet und the other 150 feet 
deeper, are both considered to bo in the Po.le Bods , although the 
information with respect to tho upper one is not conclusive. This uppor 
zone has only be~n reported from two wells, one on N~. erection 30 at 
a depth of 245 feet, and the other on SE. section 20 at a depth or 
230 foet, and at both places yi '.:': .i!s ho.rd water. In SE. section 20,, 
however, the yield was not sufficient, and the well was deepened to 
383 foot whore a furth0r supply wue obtained. This ·water, as is that 
from a well 300 foot deep on SE. section 4, is sort, 

~sh_i:e_~~t Range 21., Most of the wells in this 
township obtain ~heir wa~er from sands and gravels in the glacial driti. 
between olo>~t1ona of 2,110 and 21 190 feet, Thora is no continuous. 
widesp~cud aquifer, so that neither the depth to nor the presence of 
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wnter-beuring beds can be predicted, but, due to their preval ence, very 
little difficulty has been experienced in r eaching ono nt any 
location. Jin exception is the well on ffi~ . section 26, which, because 
of tho high s~fnce elevation, did not go sufficiently deep to reach 
the top of this zone. A few we lls obta in water in the Po.lo Bods 
underlying tho drift. Those do not show us marked n roguluri~y of 
olovation us might be expected, duo probably to tho methods of drilling 
whereby the aquifer is not r ecognized when oncounter edo In n well 
on SE. section 14 an aquifer wnB encounter ed at u depth of 275 f eet nt 
an altitude of 21 036 foot, but the well wus continued to u second 
aquifer at a depth of 400 f oot and an ol ovntion of 1,911 feet. The 
U}per aquifer is probably the srune us that r e corded at 2,040 f oot in 
the township to the east, and which in that area did not give a 
sufficient supply in one well. In a well on ffi~ . section 14 neither of 
the two aquifers reported from SE. section 14 is recorded, and a lower 
one at a depth of 496 feet or an e l evation of l, 819 feet was reached. 
This well was plugged with fine sand, and it would appear from the 
records that it must ha\·e passed through two or possibly three water­
bearing zones before reaching its final depth. 

Township 34, Range 22. The wat er supply of this 
township is for the most part from glacial drift, but a few wells reach 
aquifers in the underlying Pale Beds. There is no regularity to the 
altitude of the water-bearing beds in the drift, which occur at 
eleva.tio11s of 2,, 100 to 2, 175 fe et. In a well on NE . section 61 at 
137 feet depth or an elevation of 2,078 feet, brown so~ water was 
encountered. Brown water usually results from contact with 
carbonaceous materials, and in this well the aquifer ma.y thus be in the 
Pale Beds, although conclusive ovidence of this i s lacking. The 
Kerrobert town well, on NE. section 18, flows at a depth of 220 feet or 
an elevation of 11 945 f eet. Gravel is r eported to huvo been 
encountered in it almost at the bottom. To the we st, on the highway 
west of .Kerrobert, Bearpaw or Pale Beds outcrop at an e levation of 
about 2,300 feet. It may be,, therefore, that the top of tho bedrock 
slopes steeply east from Kerrob ert into a deop glacial valley whore 
the Kerrobert town well was drilled. This would account for the 
flowing wall, in that a. considerable head would bo provided by the 
higher area to the west. In the range to the west one well drilled on 
NW. section 9 to a depth of 450 feet obtained wat er that rose 300 feet 
to an el evatioL of 2,,206 feet, which is above the l evel of the 
surface at thG Kerrobert well. This well was undoubtedly in Pale Beds, 
and it seems possible, therefore,, that flowing wells D2.y be obtained 
from those beds in this urea whor e the surface el evation is less than 
2,200 feet. The factors that control the height to whicn · wa.tor will 
rise from the Pale Beds are not well understood, as the water-bearing 
so.nds are pre sumed to b e l enticular and in mD.ny pla ces the source of 
water is not known. · 

Township 35, Range 20, We st of Tramping Lake. Only ~he 
records of a few wells are available in this area . Those show that 
wator cnn be obtained both in the drift and in tho underlying Pule Beds. 
On tho west side of Tro.mping Luke, just above lake level on section 4, 
arc springs, but the position of the aquifer from which these come is 
unknown. Water occurs, however, in o. number of walls in the drift 
between el evations of a.,050 c:md 2,085 feet, n.nd this zone TDD.y be fairly 
constant, although the individual sands from which the water comes 
roay not be extensive . Wutor wus encounter ed b eneath the drift in a 
well on NW. section 19 at a depth of 194 f eet, or an el evation of 1,965 
f eet. This does not appeur, however, to be a persistent water-bearing 
bed, as ·two wells, one on NW . section 17 and the other on SW. section 
20, passed through this nquii'or to another about 90 feet deeper. Thue 
under the wholo area ther e is r eason to expoct a supply of wat er in the 
Pale Beds . In all throe wells from the Pale Beds in this township the 
water is soft., 
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Township 35., Range 21. The drift in this township 
appears to be 150 to 200 f oet thick, and, as a r esult, no outcrops 
of the underlying P~lG Beds a r o known even in tho ravine 100 f eet 
or so deep that cuts a.cross the southern pa rt of tho township. The 
gravel and sruid beds in the drift vary greatly in el evation, ond thero 
nrc no r e cognizable , wid0spr0Qd aquifers to which the depth at a.ny 
specific location can b0 predicted. A well on NE. secti"D. 35 is 
reported to have encounter ed an inch of coal at a depth of 80 f eet, or 
an el evation o.f 21 112 f oet. It doe s not seem probable that this is 
in the Palo Beds, a s in this ar ea gr ave l is r eported on NE. section 13 
at n depth of 2,056 f oot. Thus the only well that is known with 
certainty to have p0notrat od the drift is on NE. section 15 where, nt 
a depth of 365 f eet or an e l evation of 11 C35 f oot, soft water was 
obtained and ros e to 70 f eet from the surface. 

Township 35., Range 22, The southwc stern part of this 
township is cover ed by gla cial l ake san,-ts in which we lls obtain water 
at shallow depths . The wat er has accumulat ed wholly from the annual 
pre cipitation, a s the sand is underlnin by r el atively impervious clays. 
Most of the we lls: however, obtain their wat er from sand and gravel 
beds nt various elevations in the drift. Those beds are mostly of 
local occurrenco, but one zono, at Dn el evation of 21 110 to 21 120 feet, 
appoars to bo more widospread, yielding wat er in sections 23, 24, 30, 
a.nd 32. The el Gvation of the base of the drift is not dofinit oly 
known. A well on NW . section 22 obtains wat er at a depth of 90 f oot, or 
an olovation of 21 067 f eet. This may be in the dri~, but is more 
probably within the Pale Beds, although wells that have penetrated to 
deeper horizons in the Pale Beds did not, as might be expected from a 
formational sand, encounter wat er at this l evel. Severa l wells obtain 
soft wator from the Pale Beds, although tho lovel from which this water 
comes is different in each well. It is not known whether this 
indicate s a number of horizons or ina ccuracy of information, but it is 
probable that the water-bearing sands ar e f airly continuous. It is 
certain, however, that water can bo obtained in this area from the 
Pale Bods at o.n el evation of about 1,850 to 21 000 f eet. 

Townsh~ ·:i 36, Ranges 20 and 21, West of Tramping Lake. 
Most of the wells in t his ar ea obta in their water supply from so.nd 
o.nd gravol deposits in the gl a cial drift at depths up to 118 f eet. A 
fuirly continuous aquifer at el evations between 2,140 und 21 160 f eet 
is indicated by the r ecords, In some pla ces this is not far below 
surface elevation, and the we lls ar e r el atively shallow; in other 
place s wells appear to havo passed through this upper zono without 
obtaining wat er. A still l e ss consto.nt aquifer occurs at el evations 
of 2,080 to 2,100 f eet, probably indicating a zone of sand and gravel 
beds at this l evol r ather than any continuous singl o b ed. The log of 
the Canadian Pa cific Railway Tramping Lake we ll seems to indicato that 
the basG of this zone closely corresponds to the ba se of the drirt1 

although the infor:ma.tion available is not conclusive . Below the 
drift, in the Pale Beds, one wat er-bearing zone is indicated at an 
elevation of 1,910 t o 1,920 f eet, and another is r eported about 70 feet 
lower, perhaps in Variegat ed Beds . The wat er from these zone s is soft. 
The se formational, water-boQring sands undoubtodly underlie the entire 
area. 

Township 36, Range 22 0 Many of the wells in this 
township obtain their water supply from snnd and grave l deposits in the 
glacial dri~, Very little r egularity, however, is shown by theso 
deposits, their distribution being through at l east 140 f eet of drift. 
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The approximate baso of the drift is probably indicated by the 
poor wuter horizon at an e l evation of 21 061 foot in the well on 
NE. section 21. Several wolls have been sunk below this l ovel 
nnd obtain soft water in tho Pale Beds or, in the case of one well 
on NE. section 18, probably from the still dooper Variegated Beds 
at an elevation of 11 709 feet. Again, as in some of the other 
nreas where water has boon obtained in the Pule Bods, the aquifers 
are difficult to correlate. This indicates that the water-bearing 
sands are either lenticular and numerous, or that the r ecords of the 
levels at which water was encountered have not been accurately 
noted. 
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JU\i,LYSLS OF 'J1~TZR s,.,_; Pl~S l":f;CM RURAL LUI'.ICIP;TI TY OF MARIPOSA NO. 350, SASKATCHEWAN . 

! 1 . . l l~ -tJ. T~ ~aTT·---Cons_t-it;en_t_;-~-~- .. ·r-- --·--1-co;s-t itu~nt~; C&l•..ilated i n a s sumed ' I s 
! ' I e~ " ' l s - f Analyr ed; ! Combinations ~ ource 

- :

0 -~ ::~1;-f ~=r.~~1=~:~:~;r::f ;;r,;:: !-;~~,.-c·;l~!~~~~:~t,r,;:3 ~~~if ::~+~g-~01t~:::~:~1Na::·t- ~a::t::d. 
2 ~E 18 I 34

1
1 22 1 ~o I 1040 I 14 i 9 \357 I 156 1 130 1500 i 60 -, 35 I 1

1 
31 I \ 454 I 231 ! 215 1 " " 

I ' . i I I ! I I I ! 

3 !sw 6 !· 'i§ ! 22..J. 2'60 i 3320 ! 21 ! 11 1· 1212: 234 ~340 1 595 1 65 1 53 i ! 38 ; 527 I 346 12211 I Pale Beds (?) 
I ! I ! ; 

1
1 i l ! l , I i 

1
. High NaCl. 

I I I I ! I I I I f i ; ' ' 

4 fE 25 ! 35 l 22 i 429 j 1680 1• 21 ! 11 1 5721 681 l 153 !415 ! 30 ! 53 j j 38 I 1 336 ! 1008 : 252 I Pale Beds 

5 fsw 36 I 3 5 i 22 J 316 i 1360 . 14 j 71 41410 ! 17 675 ! 30 ! 3 5 ! ; 24 i I 648 i 6o7 i 28 ' " " 

6 r 15 ! 35 ! 21 1 365 ! 2040 I 64 1 13 ! 663: io1?! 104 445 1 220 ! 16o i ! 45 '. I 245 ; 1505 

7 r 17 
1 

35 1 20 
1 

336 1 ,740 1 50
1 

22
1 
54~ 8281 54 !4701 240 1 125 ; : 70 , , 270 

8 ·SW 27 36 I 21 : 288 ! 1940 I 29 i 7 1' 660: 93~ 30 1535 j 60 i 73 j I 24 j ! 459 
' : ~ i ' / ' I I . 

9 ~w , 36 .: 21 i 360 ! 1440 50 I 26 ! 435:. 599l 26 1515 I 280 125 I 
i I l I i I ' I I I 

10 5 I 36 l 22 ! 420 I! 1280 ! 50 l 15; 39~ 496! 48 !460 i 
11 INE 18 ,. 36 i 22 I, 546 1700 : 14 ! 9! 576 621

1 
69 1570 l 

I l I l I I ' : I 

I I I . ! I I ; ; ; 

I · 1 I ! I ' I i ' 
j I ' i I : II i ! ·1 

! I ! I i ! i i : ! I 
I I I l ! I I i 1· ! ; ! 

I I I I I i 
I I i I I I I I I I I 

i I : I I ! 

I ' I I l I I I I I I i I I I 
I 

180 125' i 
' ' 

30 35 •. 

' I 
I 
I 

·! 

90 

52 
I 

31 I , 
I 
I 
I 

! 

' I 
I 
i 
i 
I 

' I 
I 

i 

300 

289 

528 

1225' 

1384 

886 

734 

928 

172 

89 

5'0 I 
I 

43 ·1 
i I 
1 79 I 

\ 114 I 
I 
I 

" " 

" " 

" " 

" " 
II II 

" " 

.::r 
°' lC\ 
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RECORD OF WELLS IN RURAL MUNICIPALITY OF MARIPOSA NO. 350, SASKATCHEWAN. 

Well L 0 C A T I 0 N Type Depth Alti-
No. t Sec. Tp. Rge. Mer. of of tude 

Well Well of 
Well 

1 S.E. 4 34 20 3 Drilled 300 2136 

WATER LEVEL 
Above (+) Elev. 

or Above 
Below (-) Sea 
Surf ace Level 

PRINCIPAL WATER­
BEARING BED 

Depth Elev. Geol. 
Ft. Horizon 

Charac­
ter 
of 

Water 

300 1836 Pale Beds Soft 

. 

Use to 
Which 
Water 
Is Put x 

D.S • 

2 N.E. 5 34 20 3 Dug 130 2236 -120 2116 130 2106 Sand Hard Fe. D.S. 

x.- D. - Domestic, s.- Stock, Alk.- Alkaline, M.- Municipal, Fe.- Iron • 

Yield & Remarks 

Sufficient 

Suf:f icient 



C
\I 

C
\I 

.. , 
a.i 
CD 

I') LO
 

( 
r-1 0 

r--l r-1 'l
 

I 
I 

I 

(
)
l
.
 

0
<

.)
 

r 
(' 

r-1 (") 
r-1 r-1 

~
J
 

.q
i 

, . 

0 l 
• 

) . ) 

) . ! 
;:i 

( 
() () 0 

I 
.!) 

:J 
r
-
lr

ld
r
-
1

 
I 

I 
I 

I 

'l l.J ~
 

U
) 

I 
t'-

' ' 
C

'' 

, 
till . • 
·1

 
' 

:~ 
~ 

: 

t' 
:: 

.
.
.
 

:
:
:
:
:
:
:
:
 

• 
. ~

 

i.; 
f.:) c--

w
 
~· 0 r-1 

• -l 
0 

•..-! 
-

c... 

r-1 
r 

I 
• 

.q
i 

.. 
r 

0 

, 
I 

r 

(
)
.
 

~
 

. 
,. ! 

' 
~ 

I 
I 

Q
) 

r
.' 

r 

: 
: 

0 CD 

rO
 

Q
) 

H
 

0 

: 
: 

: (;'\I 
n

o
 c 

r. 
I t 

J 
t • 

• 

' 
.. L
 

I 
) 

r 
~ 

r 
r 

,-
j 

W
O

 

r 
' 

l
.
 

r (.) 

·Ji 
t • 

' 
~ . ' 

. . . 

l
.
 

) 

) 
r r 

J 
,..~ 

• 
• 

r 
' 

! 

c 
c 

.. c 
•o 

• t 
,.. . 

. l 
r 

(.) 
( 

J 

I 
r 

I 
I 

, 
! 

I 
; 

t r 
i 

(
)
(
)
(
 

( 

'l 
• 

.lW
C

>
 

r 
I 

. ) 

Q
) 

~ -

t.Q
 

:. 
=

 

,.-1 
c
l • 

t') 
: 

:: 

t'J 

,._, 

'!
 

r 
I 

:. 
••I • ".1 

: 

: ; 

) 

) . '' 

t ) 
I
.
)
 

' 

t--1
.1

t 
r
!
O

t
)
 

t 
r 

r 
,. 1 

' 
( 

•() 
l 

, 
( ) 

( 
( 

<.-> t 
l..J 

r-1 
t 

c. 

r' 

( 
0 

c ... 
.. 

' 
I 

) 
• ! 

I 
•
I
 

I 

t. 
() ' 

r 
I 

l 
!>

 
! 

~ 
1 

' 
c ' ' 

C'1 
• l 

' 
~ .. 

) 

( 
(
J
J
>

r
<

 
) 

J 
• 

l 
) 

r 
i 

( 
r 

I 
r 

, 
l 

t. 
(
)
(
.
)
l
,
1

.
 

( 

.U
 

I • 
r
l 

C
)
(
 

t'-1 ... ~ I 

r • 
J• 

( 

( 
) 

I 
( 

! ,.. I 
r 

I 
I 

I 

"' 1 t "' 
. l 

l 
' c 

' 
J I ") ( J 0 

<
) 0 

0 
I ) 

U
 

<
 ) 

0 
l 

•.:) 
<

 
l 

I ) r-1 
C

' 
t'~ 

C
(j \.D 

• 
t;) 

• 
t
, 

t 

'J' 
r-1 r-1 

r -f 
r-1 

'<J 

' r : 

;) 
r , 

'~ 
r 

:: 

=
 

: 
: 

) 
~
 

( 
/
(
 

( 

l 
l 

I .I 
• 

• 
; 

: 
'.I 

: 
: 

• 
) 

) 
) 

) • :< 

t • 

"'Ji 

' 
1 

' 

; 1 

' ' ~ 

• ( 
r-1 

• 2 l 
i..; .

.
.
 _

, 
J 

( 
r-1 

.-! ,..., r-1 
i r-1 ..... ~ d 

r-1 r-1 
r-1 

'
l
 

l 



Vlell 
~o . 
1 
..,, 

""'" .... 
u . ~ • 

;; n • .r:. . a 
.:>.i. 6 

5 I; .E . 10 
6 N. E. 18 
7 ~J . E . l 
e :' .... 1 

10 
11 
12 
13 
14 
15 
1 
1 
18 
19 
"'O 

1 

3 
4 .. 
(, 

7 

1 

3 
4 
5 
6 

8 

u.:.., . ;:·1 

.!'I . ...... 

.6• • .J....o. 

r 
u •-'-' • ....:.. 

~" U .~. t..'\...I 

'7,... 
....,; • ' . v 
r ...... ~,o 
....J. ~. ;::1 
...., .... 36 

l-c .~. ? 
1 •••• 1? 
S . E .19 
.• ~·~ .1 9 
V • ,.!:Q 
t, • ..• zo 
~·~· 

'7 . 
6 

g 
:, . .. . 10 
:"F._.12 

. E.l" 

~. .;'. 

" 
II 

If 

If 

" 
If 

., 

" 
.. 
II 

3 

" 

t! 

,, 
If 

35 
". 
" 

" 
II 

., 

., 
" 
" 
" 
II 

. ,, 
rt . 

" 

" 

" 

0 

" 
" .. 

21 

II 

" 

" 
II 

.. 

If 

" 
,, 

•! 

t..1 

I ,, 
II 

., 
" .. 

II 

" 
II 

II 

,, 

u...., 
rllled 
ug 

....... ore 
1-u 

1 

ored 
II 

II 

....,u 

....... or er1 

II 

..V -:_, 

reci . ~ ~ 
.....;1~ ' a.l. 

rP.d 

Bored 

" 

" 

" 

50 
zo 

lZ·? 
112 

10 
.;.;.o 
~o 

50 
15 

8 
8 

30 
0 

4 
.0 

50 
ov 

0 
·10 
3C 

4 
0v 

112 
194 

4 r; 
v v 

8 
72 

7, 
14 

50 
00 
30 

110 
120 
160 

214[;' - 40 
2150 
2~ 15 - 60 

221~ 

• lows 
-r.~ 

'I'\ - s..4v 

6 

- ~O 
- 33 
- 30 
- 40 
-40 
- 35 

~("'\ 
-.Ju 

__ ,4 

-;LOO 
- 150 
- 130 

- 50 
- G~ 

') 
- ~J 

_,.., o 

1 
.-:t 56 

2072 
21C5 
2004 

23 

''20 
t;'~ 

0 
l~ 

a~ 
"0 

0 
40 

0 
i.JO 
GO 
40 
40 
~o 

20 

1 

0 
2078 
2100 
21~ 0 
1 

Glacial sand 
Pale Bed:s s8nd · 
Sand 

... 1 ?ed 
Glacial Sand 

II 

" sand crl v • 
tr 

Glacial sand 

" 
" 

lue clu 
[J1 

Glacial sand 
Faie Leds 

raen sand· 
• ole reds 

·., so.nd 
Glacial sand 

Glacial sand 

,, 
ravel 

t 

" 

" 

" 
...,ort 
Hard 

" 
.... r 

" .... ~"'" .... 

II 

d 
~.Lo.r 

. ...... 
r. 

. ..,.u.ui• . ..., . 
...., . 

...., . "-" . 

" 

" 

" 

" 
" 

Fe . .,.. .... . 
., 

Fe. · 

" 

Linited 
:uff icien 

" 

Limite 
uff icient 

Li 
eu 

...... 

ited SU 
f icient 

" 
" 

ited 

pl 

'If 

ly 

Lini ted supply 
" suppl 

ufficient supply 
Limite 

. ., 
ur1·1cient 
oor 

II 



.. el 
11-
~·· 0 . 

a 

10 
11 
l': 
13 
14 
15 
16 
17 
l~ 
19 
~o 
21 ,..,,., 
:.,,_., 
,.., ... 

~-r .: .15 
IJ . Y: .16 

. E . 18 
... __.. l 
...., .. .. . 21 
: . . : . 21 
l'~ e T¥; • ')~ 
M • r.'7 
> • ,, • -· 

' .-........ . 
'?.T < ("'i 
~ .... ~ .. 

,.,. ' ....., . . ' 
.i.. ... ,,.3 1t 
~Te Z • 35 

,-,-

,.... ' -, ._. ut, 

1 s . ~ . 1 
.... 
G -'•''• • 
rJ! , ~ 

_, . ., . '· 
4 ._, • ~: . 6 
5 . 1~ • ~. ': . ., ') 
6 I; .L. lt:: 
7 ~.E . 14 
8 H. E .15 
9 

10 
11 
12 
l~ 
14 
15 
lG 
l? 
1.8 
19 

-~ 

r; . \ . . ~~ 
'-, , ro,.... 
u~ ,- • -J . 
..._, • .,c, • ....,'-± 
< ..... .. 
1 ,.- .... -; 
J • -'-'• ...... v 

~~ . ~ . 2~ 
r .:.:... 3o 

-~ r;" t) 
....,, • .LJ.~ )..; 

...... b.04 
8 . \l . ~G 
ILD . 3f 

" ,. 
" 
" ., 
" 
,, 
If 

,, 
., 

" 

'7 i:; 
~ -) ...... ,, 
,, 
,, 
,. 
" 
" 
" 
,, 
If 

" 

., 
,, 
" 

'), 
.__ 

,, 

,, 

,, 

22 

" 
" 
II 

" ,, 
,. 

" ,, 

,, 
" 
" 

'"? 
v ,, 

" 
" 
" 
" .. 
" 

., 

,.., . .) 

" ,. 
,, 

" 
p 

" 

ll 

If 

" 
" 
II 

II 

II 

.... 1"':'llled 
}U'. 

" 
l..ore -

" 

I! 

u..., 
~ o:r.>ed 

" 

.bored 
-L.{..; 

Bol'ec1 
Drilled 
I.Jug - , • rc~L ,, 

" 
" 

,, 
,, 

....,ri :Jecl 
lJi;_g 

I! 

u-rec1 
.Jn e:; 
.ur ille 
.... ,<.;:re-, 

065 
~4 
30 
82 
±0 

50 
104 
l '"'\'1 

JJ 

l~O 
60 
40 
·go 
4C 
45 

,). 

1 ::: 
60 

260 
9 

65 
40 
5 ... ,:, 
~1c 

50 
110 
100 
~29 
4P 
r.r . 
40 
15 

"'lC 
"5 

2200 
;.~131 

2139 
2Z25 
2292 
9 '),-Z ,.., 
~ ... ~ut.... 

~:::34 
~18'"\ 

.,~50 

2~4V 
,.... .., . 

.u, 
210[ 
219~ 
~,0)4 

::17) 

"l ~~o 
~1 .. -r 

2 •·)-."'1 
.. -..1U\. 

->25E 
2160 
22CG 
213C 
2186 

2loG 
2225 
~;r:l5 

2~~<r:: 

226? 
2200 

-70 
-1[ 
- 27 
-40 

-1 
4 <; - " 

-70 
- 50 

-55 
-37 
- 70 
- 00 
-1.:: 

-;~o 

- L 

-GO 
-·10 

- 107 
- SO 

-1~0 
- 30 

q,. 
- 1~ 

- ~5 
- 10 

- 1·2c 
_ '70 

213G 
2113 

, -. r l; 
r:,110 
,...,~O,.... 

Lm, 
r:·;oe 
~101 ,..,, .., . 
.O(>~ 

:-'J58 

81'...'l 
,, J_(' ~ 

i::o 
2118 

...... 1 '1 , 
(, •. i:...L 

21?0 

...,G:J 
2~ 
00 
8~ 
40 
52 
f>O 

104 
100 
1:20 ,.. ,... 

OJ 

40 
90 
4 
45 

;:5 
l'" 
60 

2GO 
9 

6-
40 

.­,; ._ 
00 
50 

110 
100 
390 

48 
' 
-~O 

15 ", .. 
G5 

24-

lf~3;-

'"·107 
':lOr"'· 

-21.50 
~1 
r ;.1()3 

::o9e 
~102 
_,O~ t. 

., r · ~ 
v 

~lf)L 

2145 
21'1.0 
H198 
~151 

n•) 1 
...... ~ ...... ""' ...i.. 

21~~6 
2134 
.... oc 
2110 
::11 
2115 

I) , r"" r­
• Lv;) 

Pale Eeds ~l . sand 
~iaciel 

,. 

II 

~rm 

sand 
cla~ 

sand 
re. vc:l 

nc.r: ~"' 

ruveJ 

sand ..., • 

Glacial gravel 

Glacial sand 

.r {;.] e rec:s 
G 1 UC i R l SB.Yid ,, I! 

"'1[1.Ci.C.l 
sand , ,...._ .... :] 

' -
Glacial clay 

' Glacial gravel 
.... ~ ............... ;, .:. .. 

"'lac.kul 

., ::&r 

Glacial sand 

Jo ft 
1Iarcl 

!I 

,, 

" 
.. 
,, 

II 

;.;Oft 
Har' 

!Iara. 
Soft 
Hard 
C'oft 

Hal'd 

•: 1''e • ,, 
., 

i.J(li t 
Ea.1•rl Fe . 

c... 

II 

.Jo rt 

D.S. 
II 

0 ...., . 
D. S . ., 

" 
., 
II .. 
,, 

•! 

" 

D . t ~ ,, 

" 
" 
I' 

II 

" s. 
.u. 
11 

" 
" 

•! 

,, 

Sufficient 
Limited 

. " 
aters 10 hea 

9 " 
Good supply 
Lill.ited 

" 

" 
ufficie n t 

"·l" Coal 

" 

Limited. sunply 
Sufficient 
Limited supply 
.Abundant ·1 

Sufficient 
-oor 
Limited 
~.-a.ters 75 

II 12 
fl 40 

head 
II 

stoc 
11" " 

t 80 ' 

" 4 
imlted s 

u'...lfficient 

._orses . 
p,. 

II 

LLnited 
tundant 

uUffic1.ent 
" 
II 



"" 

.ell 
fo . 

1 

1 
2 
3 
4 

6 
.. ? 

8 
g 

10 

') 

, 

S . E. 18 

r;. E . 1 
N . 1:. • 
.:.J • 

~ .... . 

V • • 
u . H. 

,., 

4 
5 
? 

"; 'to ... 10 . ...., . 
N . ~; . 10 
"T "T 

J..~. • -
(• ., 
u •.Loi • ...L 

~~..i. . 13 
H . ::Z.15 
~ - \·l . 16 

.., . 

~' 
a...J ••• • .:., ..J 

VeJ.'.Je• 

s.w. 
' Ue.1-J• 

.._, ' ,, . 

'""6 

36 

" 
" 
" 
" ,, 

" 
., 

• v 

II 

.... o 

., 

" 
II 

" 

., 

" 

" 

,. 

., 

., 

.J.. 

... 
~-

,, 

" 
tl 

II 

,. 

II 

" 

" 

" 

" 

~ ..,red 

ored ., 
,, 

Dug 
Dri"'..:!.cd 

ored 
" 
" ,, 
" 
" 

II 

,, 
.urilled 

" 
,)reel 

•• 

....,u_ 
ri:le-

_.ore 

....,~ · 'L ~.led 

" 

... u ..... 

110 

.::0 
52 
48 

6C 
25 

lOE 
7)1 

.... 8 
80 

288 

GO 

?_ 

.__.o 

t'\"' ..... 5 

2::10 

ir' 

_34 

nn '±i..., 

- 20 
- .··5 

- 1o 

- 28 

-l'JC 
- 40 

5 
-5'7 
-...:..0 

~,.:_ 

-lG 

-1, . 
-14 

(', 

- 1:,L -

('\("\ -.i. _, 

- -·0 

215 
2165 

lG 
TT . .... 

,.. ~ 

l 

::: 

41 

., G 

- 2; -

GO 
52 
.J3 

.... :-:o 
,.., 

~ .... 

Glacial gravel 
II 

Glacial gravel 

Glacial sand 

rd 

Glacial sand 

...... t. ., 
.L 

c 

rd 
ft 

.... urd 

!' 

.., "t 

Herd 
...... t 
l . 
-·~ 

... ... . or Varie~ted ...... oft 
-Beds m .. rd 

Glacial sand 

c:. r-

II 

., 

Glacial sand 

~ .., . 
..... • b . . 

i.) . 

'T' 
.Ll•V • 

" 
" 
...... . 
II 

,. 

:...J . ...... . 

..... 
....... . 
...... 
• t.,) • 

...... . ._, . 

.., . 
...., . 

u. i..J. 

J.,.. • ....., • 

" 

" 
" 

ry Hole • 

Limi tfl 
\:u ter 

suppl_ 
O head . 

" 
........ u) 16.ff• t 
Limited supnl' 

.. .. II 

l · en-:;. • 

Li 

• .J. • ~~ .. . 

.... .... ffi.c ic 
:..L'TI:i.. ted 
...,11f'fic ·_eni.. 

.:.:oor s1Tn ~ 

'1~""1J 

" 

i ·~ 

" 

.. 

.. 

g 



- - 26 .. -
.. ell 

Ho . 
4 'flt ., 5 36 . ') ') 3 Drilled 420 22D3 - 70 2183 4£0 183:3 r.r. le "::'pr1<" Soft ... , ~ .Abundant .,lt • ~· • ...... 

.-I eU • 

5 ' .. S . E. 8 " I! " EoreC: 114 ~::45 "~ ~.,;;20 114 2131 Glacial gravel Hird II 8uff ic i e ... 1 t - . J,) 

- G i; . E. 8 " " II !I 54 2240 -44 ,,., ~"' 54 218G I " ,;atc:rs 40 head t •. .I. .·O 
7 ~~ . '; . 0 

,, I• ,, 
" 85 :-·2oC - 45 ::!~21 85 21e1 . " " .. !I Suf~icie~t 

8 S . E. 10 " " ,. Drill.eel 256 22~3 -ec t:l45 ,....r ... 1£-67 1 . - ..... oft t! tt 
'--'' -1 0 

9 1; . ' .. . 10 II 

" ,. I3orecJ. 5:2 r-, - ~ - 4:) ~807 32 2198 Glacial sand .fr rd ., · .. cterc 15 heed t,;wOU 

10 G.~ .13 II ft " " 50 2211: - 10 2r:o2 GO 2lt~;: 
, 

" II .I " V L'......1 

11 l.. • i.J . 16 tt " ., 
Lr~1:~~1 r4L ~ · ,f,5 - .10 ' .. lG5 546 170~4 Variegated Beds ? ..... oft ,. 

l !: . . ... 19 II " 11 bored 70 r::::=3 ., .., !"'.:-J()3 70 r, .-..., 
; _(.•Ch - ... u J ..... -. J t,.) 

13 ~-.,. no II .. " ,, 
105 ...... , ...... - f;O "l l£ 1:35 "').- ·- ,' ' ., 

wJ...,).:. .:_ """l. 
i4 r . ..... . 20 

,, 
" ,. ,. 

f b r_r l~ -b~ 
,... ., ,... r-- r: :- <:.1:70 . Glacial sand F. 

,, ., l •.,1' J -·~ 

15 r- . ~.:2l 
.. ., ,. 

~I'il:..e~1 4E"~ ' . , -:O" .- .... , r '"'I ~ '"'e l ~~ l \ ... ( ' 
1 n,... i , ,. ....... 

f. 
. ( [. ode_,nf t ; ' L - ! . ..; • u. 

lG -~ "' ...... • ,, ., :...c:-ef 4:) . '1 l~ : l ·· ~. ' ' I:r l~J " t.J •• ~ . ..... .:. .J...; 
,..., l ~ .... ,, 

" , ... ~ . . 
~ 14:.- . .- ~ ... .- . " · .. cr1:ers , .... - he 1 '7 

., .. 
: ... lE 5 Glacial sand ·' (. ) .a. ~ .L • .:>v Uu -"±· I.,.) ' L' 

3::: " " . , 
'.!C 

~ ~ ~ "\ ~ 1 , \ :: l ::..1 .. " \I~ 
_ , '-' 

~ ~ l 

19 "' .: ~"Z .. ., " •• l,10 :.l5t.: ·J • 1"" C" 140 n t\ '"1 r 'Pale Beds ? ....;oft " .l'l. l• • ... . h .. 1 - ' .. .... \..r...&. 

0 8 . E . 34 ,, .. ,, 
" 145 .- ... ~ .- 0 ..... _'"' ~45 .... " ' Pale Beds ? ' •r ',.i'.l"ter£ ::; ·J l1eed . . ' \.• -..1. . ~' . 

ntoc' 


	wp_230_c
	wp_230_t

