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IN TROD UC TIGN 

Information on the ground-water resources of east-central 
Alberta and western Snskatchewan was collected, mostly in 1935, during 
the progress of geological investigations for oil and gas. The region 
studied extends from Edmonton' in the west to Battleford in the east, 
and from township 32 on .the south to township 59 in western Alberta, 
township 63 in eastern Alberta., ~nd in pa.rt a.s far north a.s township 
56 in western Sa.sk<i.tchei,vano 

This region is crossed by North Saskatche~~n and Battle 
Rivers, and includes other more or less permanent streams. ~liost of 
the lakes within the area. , h~~ever, are a lkaline, and water is 
obtained in wells from two sources, namely, from water-bearing sands 
in surface or glacial deposits, and from sands in the underlying bedrock. 

A division ha s been made in the wel l records, in so far as 
possible, between gl acial and bedrock water-ber,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 particula rly with this type of well. No detailed 
studies were made of the gl acial ma t er i a ls in relation to the water · supp1~r 
nor were the glacial depo sits mapped adequately for this purpose. In 
almost all of the region investigated in Alberta, and in al l but the 
northeast part of the region studied in Saskatchewan, water can be 
obtained from bedrock. In a few places, however, the water from the 
shallower bedrock sands is unsatisfactory, and deeper drilling may be 
necessary • 

. The wa.ter records were obtained mostly from the well owners, 
some of whom had acquired the1 la.nd after the water supply had been found, 
and hence had no personal knowledge of the water-bearing beds that had 
been encountered in their wells. Also the elev?, tions of the we lls were 
ta.ken by aneroid barometer and 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, town authorities, and 
drillers in their efforts to obtain water supplies adequate for their 
needs. 

In collecting this information several field parties . were 
employed. These were und er the direction of Professors R. L. Rutherford 
and P. S • Wai:ren 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 a l supervision of G. s. Hume. 

Ti.lblica tion of Results 

The essential informat ion perta ining to ground-water conditions 
is being issued in reports.that in Sa.slm.tchewan cover each municipality, 
and in Alberta. cover ea.eh square block of sixteen townships be ginning at 
the 4th meridian and lying between the correction . lines. The secretary---.... 

· treasurer of each municipality in Saskatchewan and .Alberta. will be 
supplied with the information covering that municipality. Copies of the 
reports will also be aVa.ilable for study at offices of the Provincial 
a.'nd Federal <]Government Departments. Further assistance in the 
interpretation · f the reports may be obtained by applying to the Chief 
Geologia.t}. Geol0gica.l :Survey, Otta.We.. Technica l terms used in the 
reports are defined in the glo ssary. 



How to Use the Report 

Anyone desiring infonnation concering ground water in any 
particula r .. ~ 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 wPlls sunk in the gl acia l drift, or whether 
a better supply may be obta ined at greater depth in the und er lying 
bedrock formations. Thfl. well s in glacial drift commonly show no 
regional level, as the sands or gr ave ls in which the water occurs are 
irregula rly distributed and of limited extent . As the surface of the 
ground is uneven, the best means of comparing water wells is by the 
elevs.tions of their water-bea ring beds. For any particular well this 
elevation is obtained by subtr~ating the f i gure for the depth 0f the 
well to the water-bearing bed f rom that for the surface ele~at ion at 
the well. For convenience both the elevat ion nf the we ll s and t he 
elevation of the water-bearing bed or beds in each wel l are given in 
the well record tables. Where water is obtained from bedrock, the name 
of the formation in which the water -bearing sand occurs is ~lso listed 
in these t ab l es , and this information should be used in ccnjunction with 
tha t provided on bedrock formations, pages 4 t o C ~ which describes 
these formations and gi ves their th iclmess and sequence . Where the 
level of the water -bearing sand is known, i ts depth at any point can 
easily be calcul~ted by substracting its el evation, as given in the · 
well record t ables, from the elevation of the surface at that point. 

·With each report is a map consisting of two figures. 
Figure 1 shows the bedrock formations that will be encounter ed beneath 
the unconsolidated surface deposits. Fi gure 2 shows the position o~ 
all wells for which records a r e available , the c l ass of wel l at each 
location, and the contour line or lines of equa l surface elevat ion. 
The eleve.tion at any loca tion can thus be roughly judged from. the neqrest 
contour line, and the r ecords of the wel ls show at what levels water 
is ·likely to be encountered ,. The depth of the well can then be 
calculated, and some informat ion on the char acter and quantity of water 
can be obtained from a study of the records of surrounding wel lso 

.I 

GLOSSARY CF TEmf.S USED 

Alkaline. The tenn 11 a l kaU:ne" has been applied rather loosely 
to some ground wat ers that have a peculiar and disagreeable taste. In 
the Prairie Provinces, wate r that is commonly described as alka line 
usua·1 1y conta ins a l a r ge amount of sodium sulphate and magnesium sulphate, 
the principal constituents of GlauberT s salt and Epsom salts respectivel;­
Most of the so ca lled a l ka line waters are more correctly termed sulphate 
waters, m15cy of which may be used fo r stock without ill effect. Water 
tha t tasteBstrongly of common salt is described as sa l ty. 

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

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

Buried pre-Gla cia l Stream Channels o A channel ca rved into 
bedrock by a stream before the a dvance of the continental ice- 3heat, and 
subsequently either partly or wholly filled in by sands , gr ave ls, and 
boulder clay deposited by the ice-sheet or l ater agencies. 

Bedrock. Bedrock, as her e used, refers to p:irtly or wholly 
consolidated deposits of gr avel, sand, silt, clay, and marl that a re 
older than the gl acial drift. 

Coa l Seam• 
material .f'onne f'rom 
burial. 

' The same as a ·coa l bed. A deposit of carbonaceous 
'""'-'~'--"':r-pJ..ants---by--pa.rtial decomposition e.nd 
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Contour. A line on a map joining points that ha.Ye the same 
elevation above sea-level . 

Continenta l Ice-Sheet. The great ice-sheet th11t co1rered most 
of the surf~ce of Canada wnny thousands of years ago. 

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

Flootii: Plain . A fln. t p'.l.rt in o. river "V::i.lley ordinarily above 
vro.ter but covered by water "·hen the rizer is in flood . 

Glacial Drift . The loose, unco~zolidated surface depo sits 
of sand, gravel , and clay, or a mixture of these , th'.1.t were deposited 
by the continental ice-sheet. Clay containing boulders forms part of 
the drift and is referred to as glacial till or boulder clay. The 
glacial drift occurs in several formsi 

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

(2) Terminal Mor aine or Moraine . ,\ hilly tract of country 
formed by gl acial drif:-S th'lt ·was laid dovm at the m:-J.rgin of the continental 
ice- sheet during it s retreat. The surface is characterized by irregular 
hills and undrained basins. 

(3) Glacial Ou·1,.vash. Sand and gravel phins or deltas formed 
by streams that issued from the continenta l ice-sheet. 

(4) Glacial Lake Deposits . Sn.nd and···cla.yipla.ins fdnimd in 
gl acial l akes during the retreat of the ice - uheet . 

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

Hydrost~tic Pressure . The pr essure thqt cause s water in a. 
well to rise a.boye the point at which it is first encountered. 

Impervious or Impermeable. Beds, such a.s fine clays or 
shale, are considered to be impervious or impe!.'meab le when they do not 
permit of the perceptible pas sage or movement of ground ,,ra. ter . 

Pervious or Permeable . 'Beds are pervious when they permit 
of the perceptible pas sage or movement of ground water, as for example 
porous sands , gravel, and candstone. 

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

Recent Deposits. Deposits th.A.t have been l a.id down by the 
agencies of ~~ter and wind since the disappearance of the continental 
ice-sheet. 

Unconsolid 2_ted Depos its. The n'1.ntle or covering of a lluvium 
and glacial drift consisting of loose sand, gr~vel, clay, and boulders 
th~t overlie the bedrock ~ 

Vfater- table. The upper limit of the p9.r t 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 obtained they are referred to as dry holes. 
Wells in which water is encountered are of three classes 0 

(1) 1Nells i~ which the water- is -under suf'ficient pressure to 
i'low above the surface of the ground . 
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(2) We lls in which the wat er is under pres8ure but do e s 
not rise to the surface. 

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

BEDROCK FORMATICNS OF WEST- CENTRJ.L SAS.KATCFJEl'.'.:,_N AND Et,_ST-C:SNTRLL ALBERTA 

The formations th<1.t outcrop in west-centr a l Saskatchevm.n are 
an extem'ion of .similar formations th"'. t 0ccur in east-central Alberta . 
They a re of Upper Cretaceious age , and consist entirely of relatively 
soft shq_ les and sc..nds , with some bands of hard sandstone and l !:tyer s of 
ironstone nodules. The succession, cha r acter , and estimated t hickness 
of the formations ar e shown i n the f ollowing table ~ 

Formation 

Edmonton 

Bearpaw 

Pa le and 
Vari egated 
Beds 

Birch I.Ake 

Grizzly ~ ear 

Ribstone Cr-eek 

Lea Park 

Cha r a cter 

Grey to white, bentonit ic sands and 
sandstones with gr ey and gr eeni sh 
shales; coa l seams prominent in some 
ar eas , as at Castor, Alberta . 

Dark shales , gr een sands with smooth 
bla ck chert pebble s ; partly non-
marine, wi th vvhite bent onitic sands , 
ca rbona c eous shal es or thin coa l 
seams similar t o -bno se in Pale Beds ; 
shales at certa in horizons cont a in 
lobster claw nodules and mar ine fossils; 
at ot her horizons a re abundant selenite 
crystals. 

Li ght grey sands with bentonite ; soft, d~rk 

grey and light gr ey shales with se l enite 
and irons t one; ca rbonac eous shales and 
coa l seams; abundant selenite crysta ls 
in certa in l ayers . 

Gr ey sand . and sandstone in upper part; 
middle part of sha l es and sandy shales , 
thinly laminated; lower part with grey 
and yellow weathering sands ; oyster bed 
commonly at base . 

Mos tly da r k gr ey shale of marine ori gin, with 
a few minor sand horizons; selenite crysta·ls 
and nodules up t o 6 or 8 inches in diamet er 

Grey S!:tnds and sandstones at the top a nd 
bott om, with intermedia te sands and shales1 
thin coal seam in the vicinity of Wa inwr i ght ; 
mostly non-ma rine, but midd le shale in some 
area s is mar ine . 

Dark gr ey shales and sandy shales with nodules 
of ironst oneJ a sand 70 feet thick 110 f eet 
below the top of the f ormati on in the Rib­
stone a r ea , Alberta. 

Edmonton Format ion 

Thicknes s 
Feet 
1,000 to 
1,158 

300 to 600 
'Whins 
r apidly to 
the north­
we st 

950 to l,~'JO 

in Czar-Tit 
·"Rills area~ 
may be thin.­
ne:r- el sewh9rv 

100 in west , 
but less to 

east and 
south 

Maximum, 100 

Maximum, 325 
at Viking; 
thins ea st­
ward 

05• to 1,100 

The name Edmonton formation was f irst applied t o t he beds 
containing coal in the Edmonton a r ea , and later to the srune beds in 
adjoining ar eas . The formation has a t ota l thickness of 1, 000 to 
1,150 f eet, but is bevelled off eastward and the east edge of the formation 
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follows a. north,1est line from Coron'.'l.tion through Tofie ld to '.:'. point 
on North Sa.sb.tchewan River <>,bo ut midw.:ty between Edmonton n.nd" Fort 
Sn.sko-;.tchewan . No Edmonton beds occur northec..st of this line, but 
the formation becomes progr essively thicker to the southwcrnt due to 
t he fa ct thn.t the beds incline in th't t direction qnd the surfac e 
bevels acro ss ther.i. . 

The Edmonton form"'..t ion consists of poorly bedned grey a nd 
gr eenish clay sh-:c l es , coal sell.ms , and sands '?end sandstones th"'..t 
contain chy o.nd 'l white materh l lmown as bentonite . This material 
when wet is very st icky '1.nc swells great ly i:m. volume , and when dry 
tends to gi're n. white appe11.n.nce to the j eds cont'l ining it. Such 
beds a r e relati"e ly impervious to vrater , e,nd .0 ,t the surface produce 
the "burnsw of barren grounc1 ·where vegetation is scanty or e'bsent. 

Water is relative ly abundant in the Edmonton fonnntion , which 
contains much ss..nd , com.monly in the fonn of isohted l enses distributed 
irregul'1.rly through the formqtion , Consequently, there is little 
uniformity in the depth of we lls e1;en within 'J. small n.re[l . ·water a lso 
occurs commonl y with coa l sefl.ms and , unlike the S'1.nd lenses , these beds 
a r e much mor e regular and persistent . In contra st with tho water from 
the bentonitic sands , whi ch is genen.lly 11 soft11

, water from the coa l 
se"'.ms , e;s the W'"'.ter from the sha llow surf'.l. c e deposits , may be 11 hard11

• 

The bns'.1 1 beds of the Edm0nton form'ttion USU?cl ly 1!10nt '.'l. in fresh vrater , 
but this m:i.y become bn.cki sh loca lly where the und erlying Be:J.rpaw beds 
·contain hi ghly n l kn.line or s~l ty wu ter. 

Bear paw Form'ltion 

In southe rn Albertn., where the Be'.'.l.rpaw f orm ..... tion is thickest, 
the beds composing it are llc'1.inly shales th .... t hn.ve been deposited in 
sea water . In the a rea north of t ownship 32 the form.,_tion thins to the 
northwes t '1.nd becomes a shoreline deposit compos ed of sh?,les conte.ining 
bentonite , impure sc..nds, and thin con. l seams . In some areas , as a t 
Ryl ey 2nd ne'lr Mon i tor, and in the Neutral Hi lls , the Bearpaw contains 
pebble beds . At Ryley these a re consolid'J.ted into n conglomer nte , 
but mo st l y the pebb l es !"1.re loosely distributed in shQle or sandy beos . 

In the area immedie.tely north of tovmship 32 the Bearpaw 
occupies n. widespr ead beit bene~th the g l QCio. l dr i ft , but farther 
northwest the belt m.rrows , !"1.nd a t Ryley and northwestward it is only 
a few miles wide . This belt crosses North Sask:l.tchewan River about 
midvmy between Edmonton !"1.nd Fort Sasb.tchewan . Bearpaw beds form the 
mo. in bedrock deposits of t;he Neutr'.ll Hills .. FarthPr south, where 
they ha'Te an expo sec1 thiclmess of at least 400 feet , they cont':l.in 
gr een sands , '.-1.nd beds of mar ine sh9.le interfinr;er with the bentoniti c 
shales and sands of the underlying form...,_tion . To the north, on the 
bn.nks of North Saskat.cheW':l.n Ri ver, the di-·ision between the Bee.rpr-tw 
and the overlying and underly ing forill'.ltions is indefinite , ~nd the 
thickness of beds of Bearp?.w age is r e l e. tiYely sme,11. 

The W>.ter in the Ryley area is f rom the Bearp'.lw form'"l.tion , 
and is S'.llty. In other areas to the south the marine Bearpaw 
formation carries gr een sand beds th'\t yield fresh W'.3.ter , but commonly 
a much bet ter suprly is found by drilling through the Beqrpaw into the 
underlying Pale Beds . 

In Sask:ttchewan, Bear paw beds occur southeast of Maclin and 
south of Luseland and Kerrobert . Only the basa l beds are pr esent , ftnd 
these contain green sands that are commonly wa.ter-bea.r1.ng . 

Pal e and Va:rie gated Beds 
! 

Underlying the Be~rpaw formation is a succession of bentonitio 
sands, shales , and sandy shal13s conta ining a few coal seD.ms . The upper 
part of this succession, due ~o the be1 :'Jnitic content, is commonly 
li ght coloured 9.nd has been describ ed a" the Pale Beds , whereas the lower 



part is darker, and is knovrn. as Variegated Beds. In part, dark shales 
are pre8ent in both Pale and Variegated Beds; others are gr eenish, grey, 
brown, ano dark chocolate , ca rbonaceous types. The sands may a lso be 
yellow, but where bentonite is present it imparts a light colour t o the 
beds. Both Pale and Variegated Beds are cha r acter ized by the presence 
of thin seams of ironstone, commonly dark reddish, but in part purplish, 
Selenite (gypsum) cryst~ ls a re, in places, abundant in the shales. 

The best sections of Pale Beds exposed in the region are 
in the Tit Hills, southwest of Czar. These hills carry a thin capping 
of Bearpaw shales, beneath which, a nd a round Bruce lake, more than 200 
feet of Pale Deds are exposed. The total thickness of Pa le and Variegated 
Beds in the Tit Hills area is about 970 feet. Variega.ted·'Beds outcrop 
near Hawkins on the Canadian National Railway west of Waim~ight , but no 
area exposes the complete succession, which is considered to comprise about 
200 feet of beds, 

Records of we lls drilled into the Pale and Variegated 
Beds do not, in genere.l , indicate lateral persistence of sands for long 
distances, nor any uniform average depth to ~~ter-bearing sands in a local 
area. This points to the conclusion that the sands are mainly local lenses, 
but as such lenses are numer ous, few wells fail to obtain water. In the 
Cadogan area many f lowing wells have been obta ined .from sands about midway 
in the succesEion. In western Saskatchewan Paleland Variegated Beds occur 
over a wide a r ea from Maclin and 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 
a re almost wholly concealed by glacial drift. 

The water from the sands of the Pale and Variegated Beds 
is gener ally soft. The supply, apparently, is dependent in part on the 
size of the sand body that conta ins the w:::1.ter and in part on the ease with 
which water IDEl.Y be replenished in the sand. Small sand lenses surrounded 
by shales. may be filled with water ·that h::1.s infiltrated into them, but when 
tapped by a well the supply may be very slowly replenished- In many 
instances such wells yield only a small supply, althou·gh this is commonly 
persistent and regular. 

Birch lake Formation 

The Birch lake formation underlies the Variegated Beds, 
but in man~r a r e1=1.s the di vision 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 thickne ss of the f ormation in this area is qbout 100 feet, and 
a lthough this is dominantly sand a central par t is composed of a lternating 
thin sand and shale beds, At the bace of the formation, 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. 31 tp. 47, r ge . 7, 
W. 4th mer. In both upper and lower parts of the formati on the sand is 
commonly massive and outcrops t end to consolidate into hard, nodular masses 
from a foot to a ff!W feet in diameter . Apparent ly these are formed through 
the deposition of salts from the water that finds e.n outlet at the outcrops. 
In f a ct, in some ar eas the sand may be traced a long the side of a hill by 
the presence of small springs or nodular nm.sses of sandstone• 

The Birch lake formation occurs under the drift and in 
outcrops in a large area south of North SaskatcheW3.L River and northeast 
of a line from Willingdon to Innis.h-ee and Minburn. East of this area 
the southwest boundary is more irregular, but outcrops are persistent on 
the banks of Battle R'iver from a fErit miles north of Hardisty to and 
beyond the mouth of Grizz~ Bear Coulee in tp. 47, rge. 5. It is believe d, 
too, that a large a r ea ~ear Edgerton and Chauvin is underlain by the Birch 
I.a-ke formation and that it extends southeastward into Sa s~tohewun a round 
~Anitou Lake ~and southeast to Vera~ 
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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 loses its 
identity in western Saskatchewan . Deep wells drilled a t Czar, Castor, 
a·nd elsewhere no longer show the Birch Lake a s a- clear ly recognizable 
sand formation , so th~t its southern 11mit beneath younger forma tions 
is 1m.known, Wh er ever it occurs arc- a sand , however, it is water -bearing, 
a lthough in some a reas the sand is apparently too fine to yield any 
considerable volume of water . In other areas, however, it persistently 
yields good wells . There is no appar ent uniformity in the character of 
the water , which is either hard or soft in different we lls in the same 
generf:l.l a r ea . Direct cont"l.ct with surfaca· vraters th0.t c ~ ntain calcium · 
sulpha tes ma.yin time change a "soft" wate r well to a"hard" water we ll, 
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 sanos . In part this a ccounts for the ch~nge in 
character of the vc-::.ter ·in a. we ll, a feature tho.t ho. s been noticed by 
ma:rv well owners~ 

Grizzly Bear Formation 

Tne type loca lity for the Grizzly Bear formntion, 
which underlies the Birch lake beds , is near the mouth of Griz zly 
Bea r Cculee, a tributary of Baitle River with outlet in tp. 47 , rge. 5. 
The form.,_ tion is mainly composed of dark shaHls::. tl'rnt were deposited in 
sea w~ter . At the mouth of Grizzly Bear Coulee two shal e sections, 
each about 100 feet t hick, are separated by a zone of thin sand beds. 
It is novv vecognized t ha t the upper section is the Grizzly Bear shale, 
and that the lower one, very sirnib.r in character and a lso deposited in 
sea wat er , occurs in the next lower formation , the Ribstone Creek . The 
G~izzly Bear sh~le conta ins a thin nodular zone about 50 feet above the 
basep that is, at o.bout the c entre of the formn.tiqn . This zone is sandy, 
a~d is believed to yield water in various wells. Other th.:l.n sands, in 
places water -bearing, are n. lso pres ent. The impervious nature of the 
Grizzly Bear shales makes t h e overlying Birch Lake sn.nd a strong acquit-er , 
as water collects in the sand abov':l the sh'.lle . The contact of the Birch 
Lake and Grizzly Bear formations can be traced in some places by the 
occurrence of springs isEuing from the base of the Birch Lake sand evert 
where this .is not exposed, 

Grizzly Bea r shales occur in a road cut on the south 
side of Batt}.e River nea r the highway 'bridge a t Fabyan~ The sha les 
in this ar ea a r e c.bout l 'Y') feet thick. It is thought they extend as 
far west a s the Viking gas fi e ld, wher e they have been recognized in 
samples from deep we lls, It is probable, however, that the shales thin 
westward ~and thicken eastward so that their gener a l form is a wedge 
between both hig:i.e!' and lower sand beds. The position of the thin edge 
of the wedge to :che west is U.."'lknown, but evidently the Grizzly Bear 
marine shale underlies a large area in east-centra l Alberta extending into 
Saskatchewan mainly in the area south of Battle River. 

Ribstone Creek Formation 

The type area of the Ribstone Creek formation is on 
Ribstone C~eek near its junction with Battle River i n tp. 45, rge. 1, 
w. 4th mer"' At this place the lower sand beds of the formation are 
well exposed . The upper part of the lower s~nd member of t hi s formation 
outorops on the north side of Battle River , in the northeast pa.rt of 
sec. 26 1 tp. 47, rge. 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 ca rbonaceous and coaly beds in two layers, each about 
2 feet thick, separ ated by 0 feet of shale. Above this are 90 feet of 
dark shales that a re thought to hlive been deposited in sea water , that is, 
they a re marine shales. These marine sh~les in turn a re overlain by a 
sandy zone about 20 feet thick corrtu.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 n. nd we st fr cm the Griz~ly Dear a ren. but is 
probably at no place much more than 50 fe et thick . 

The lower sand member of the Ribstone Creek formation 
also varies in thickness from a minimum of about 25 f eet. On the 
banks of Vermilion Cr eek, north of Mannville, the bn.sn.l sand is '.:'. t 
least 60, a nd may be 75,feet thick. It is overla in by sha ly sand and 
sandy shale beds, whi ch repl a ce t he sh~le b eds in the centr~ l part of 
the formation a s exposed t '. the mouth of Grizzly Bear Coulee . In the 
Wa inwright a r ea , where the formati0n ha s been drilled in de ep wells, 
the ba sa l sand is 60 fe et thick , with the centra l part composed of 
shale conta ining sand str eakse The upper sand member is about 20 feet 
thick in this area . The tota l thickness of the f ormat ion in the 

. Wainwright a r ea is 100 to 200 feet, but this increases t o the we st and 
in the Viking ar ea exceeds 300 f eet. 

The Ribstone Creek forma t ion i s wide ly exposed in a 
northwest-trending belt in e'J.st -o entra l Alber t::;. . The southwest boundary 
of this nnrthwest-trending bel t passes thr ough the mouth of Grizzly 
Bear Coulee in tp. 47, r ge . 5, n.nd b eyond t o the Two Hills area in tp~ 
54, rge . 12, whereas the northea st boundary cro sses North Saskatchewan 
River southwest of El k Point and extends northwest t o include an a rea 
slightly north of StQ Daul des Metis and Vilna to tp •. 60 1 r ge . 14. 
Within this belt water wells n. re corrrrnon in the Ribstone Creek sands , 
which a r e a lmost without exception water-bearing in some part of the 
formatioL. The limits of the belt to the northeast determine the 
limits of wat er from this source, but to t h e southwest of the belt, 
a s here outlined , we.t er may be obta ined in this f onnqt ion by drilling 
through yhe younger beds that overlie it. The Ribstone Cr eek sands 
a r e a prolific source of water i n many pl a ces and hence the distribution 
of this formation is of considerable economic importance. Where the 
formation consists of upper and lower sands with a centra l shale zone 
only the sands a re wnter-b earing, a lthough thin sand members may occur 
in t he she.le . Wher e the form?, tion is l a r ge ly sand the ·distribution of 
water may be in any part of the formation , a lthough the upper and 
lower sands a r e perhap s the better aquf$ers. To the ea st of Alberta , 
along Battie River and Big Coulee in Saska tchewan, the Ribstone Gre ek 
sands a r e marine . ~arine conditions appar ently become more preva lent 
to the southeast and it is believed that in this direction the sands 
aro gradually r ep l a ced by marine shales, Thus a t some dista nce 
southea st of Ba ttleford the Ribstone Creek formation loses its id entity 
and its equivalents a r e sha l es in a marine succes~ion. 

Lea Park Formation 

The Lea Park formation is l a r gely a marine shQle, and 
only in t he upper 181 f eet is there any wat er. In the Dina area south 
of Lloydminster th e upper beds of the Lea .Par k consist of silty sha les 
~bout 110 f eet t hick under la in by si lty sands 70 feet t hick. Below 
these so.nds are marir_e sha. l es only, and these yield no fre sh water 
either in east-centra l Alberta or west-c entr~ l Sa skatchewan. The sand 
in the upper Lea Pa r k formation is thus the lowest freshwater a quifer 
within a very l a r ge a r ea . The extent of this sand i n the Lea Park, 
particula rly to the northeast , is not known, but a s the stra t a in ea st­
centra l Alberta have a southwest inclination, progressively lower beds 
occur at the surface to the northea st. Thus -.a t a short distance beyond 
the northea st bounda r y of the Ribstone Creek formation, a s pr eviously 
outlined, the sand in the upper Lea Park r eaches the surfa ce , a nd 
repre sents the l ast bedrock ~aquifer in that direction . Farther northeast 
water mu et be obtained fr om gl a cia l or surfa ce deposits only. In 
Alberta this area without f resh wn.ter in the bedrock includes the country 
north of North Saskatchewan River in the vicinity of Frog Lake and a 
l ·krg.r: ar ea extending to and beyond Beaver River . In this area , however, 
more f're-sh water st!'"erun.s_-are---pr-e-s.errb-khall .farther south, a.nd bush la.J11.ds 



- 9 -

help to retA.in the surface w~ters. The a rea northea st of North 
Saskatchewan River in Saskatchewan is aJmost wholly within the 
~ea Park formation, where water can be found only in surface deposits . 

WA TER ANALYSES 

Intr oduction 

Analyses were made of water samples collected from a large 
number of wells in i; est-centr a l Sasks.t chewan . Their purpose Yms to 
determine the chemica l charact eristics of the waters from different 
geolo gica l horizon::, and thereby .'lf ei 'st' in ·J1kl-rbi.n, g correlo. tions of·:the­
stra.ta. inwl· ich the w:i.ters occur . Although this -was the main 
objective of the analyses, it iwa~r.also r ea lized that a knowledge of 
the mineral content of the water is of interest gand value t o the 
consumer . The analyses we re a ll ma.de in the 19.bora tory of the Water 
Supply and Bar ings Section of the Geolo Gical Survey, Ottawa . 

Discussion of Chemical Det erminations 

The dii::solved mineral constituents vary with the material 
enc ountered by the vfilter in its mi gration to the r eservoir bed. The 
minera l salts present a re referr ed to as the tob.l dissolved solids, 
and they r epresent the redidue when the water is completely evaporated. 
This is e:irpressed , quantitatively as "parts per milli0n'' , which 
refers to the proportion by weight in l,000,000 parts of water . A 
salt when dissolved in water separates into tvvo chemica l units called 
"radic11. l s", and these are expressed as such in the chemica l analyses .. 
In the one group is included the m~tallic elements of ca lcium (Ca), 
magnesium (Mg) , and sodium (Na), and in the other group are the 
sulphate (S04), chloride (Cl) , and ca rbonate (co3)' radicals. 

The analyses indicate only the amounts of the previously 
mentioned radicals, thus neglecting any silica , alumina , potash, 
or iron that may be present. It wil l be noticed that in most instances 
the total solids are a ccounted for by the sum total of the r adicals as 
shown by the an11. lyses. Actually, the residue when the water is 
completely evaporated still retains some combined water of crystallization, 
so that the figufes for the "tota l solids" are higher than the sum 
total of the r ad ica ls as .determined. 'l'These r adica ls a re o.lso 
"calculated in assumed combinations" to indicate the theoretical amounts 
of different sa lts pr esent in the water . The same method was followed 
in ea.eh ana lysis, so that the t ab le presents a consistent record of 
the different compound s present. 

Mineral Constituents Present 

Calcium.. Calchun (ea) in the water come s from mineral 
particles present in the surface deposits, the chief source being 
limestone, gypsum, and dolomite~ Fossil shells provide a source of 
calcium, as does also the decomposition of igneous rocks . The common 
compounds of ca lcium are 0~~lcium carbonate (CaC03) and calcium 
sulphate (CaS04) ~ 

Magnesium . Magnesium (Mg) is a common cons±±tuent of many 
i gneous rocks and, therefor e , very prevalent in gr ound water. Dolomite, 
a carbonate of calcium and magnesium, is a l so a source of the mineral . 
The sulphate of magnesia (MgS04) combines with water to form "Epsom -
salts" and renders the water unwholesome if present in large amounts .. 

Sodium. Sodium (Na) is derived from a number of the importA.nt 
roc~orming minera ls, so that sod ium su~phate and ca rbonate a r e very 
common in ground vvaters. Sodium sulphate (Na2S04 ) o-ombi.nes with water . 
to form "Glauber' s salt" and e:xcefsive amounts Ill.El.kla+-the water unsuitable 
for drizj.king purposes. Sodium carb-ona-te :(Na~ ) or "black alkali'~' · 
waters are mostly soft ,· the degree of softness ~epeno ing upon the ratio 
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of sodium ca rbonate to the calcium Rnd magnesium salts . \.'Taters 
containing sodium carbona t e in excess of 200 parts per million 
are unsuitable for irrigation purpo ses 1 • Sodium sulphate is less 

11 The extreme limit of salts for irrigation is taken to be 70 parts 
per 100,000, but pl ants will not tolerate more than 10 to 20 parts 
per 100,000 of bla ck .a lka li (alkaline cn.rbonates and bica rbonates)" 
Frank Dixey in ·11 A Pro.ctical Handbook of We.ter Supply', Thos . Murby 
& Co., 193~, P• 254 . 

harmful. 

Sulphates . The sulphate (so4 ) salts r eferred t o _i n these 
analyses a r e calcium sul phate (eaS04) , :magnes ium sul phate \MgSn4) , 
and sodium sulphate (Na 2S04 ) •. 

Chloride. Chlorine (C l) i s with n. few exceptions, expressed 
as sodium chloride (NaC l), that is, common table salt . It is found 
in a ll of the ana lyse s , most of the wa t ers conta ining le s s than 200 
parts per million, but some as much as 21 000 or 3 , OOO parts. These 
waters have a bra ckish taste . 

Alkalinity. The a lka linity determined in these water 
analyses is based on the assumption that t he only salts pre sent in 
the samples that will neutra lize acids are ca rbomtes , and that , 
consequently, the degr ee of a lka linity is proportiona l to the amount 
of the ca rbona t e rad ic~ l (C03) present . 

Hardness . The hn.rdness of wate r is the t ota l hardness , and 
has b een determined by the amount of a st~ndard soap solution r equir ed 
to form a l ather that wi ll stand up (persist ) for 2 minutes . Bardru;.as 
is of two kinds, temporary and permanent . Temporary. hardness is 
caus ed by ca lcium and magnes ium bicarbonates , which are soluble in 
water but a re precipitat~d as insoluble normal ca rbona t es by boiling, 
a s shown by the scale that forms in teakett les ~ Perm.n.nent hardn es s 
is cau sed by the pr esence of CQlcium and magnesium sulphates , and is 
not removed by boiling . The two forms of ha rdness • ar e not d istinguished 
in the water ana l yses . Water s gr ade f rom very soft

2
t o very hard , and 

can be class ified a ccording to the following syst6m : 

The"Exa.mina tion of Wa t e1'13 and ·water Supplies", Thresh & Bea le, 
page -;:n, - .£<'ourth-.8d . 1933 • 

A wa t er under 50 degr ees (that is t part s per million) of 
ha rdness may be said to be very soft. 

A w~ ter with 50 to l CD degr ees of hardness :mo.y be said to be 
mod er a tely sof t. 

A wat er with 100 t o 150 degrees of ha rdness may be said t o be 
moderately hard . 

A water with more than 200 and les s t ha:r. 300 degress of hardness 
may be sa id to be hard ~. 

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

Hard waters a re usua lly high in ca lcium carbona. te. Almost 
all of the waters f rom the gla cial dri~ a r e of this type , especially 
those nht associa ted with sand and gr avel deposits that come clo se to 
the surface. 
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In soft water the ca lcium ca rbonate has been repl aced by 
sodium carbonate , due t o na tura l r eagents pr esent in the sand und 
clays. Bentoni t e and glauconi t e r>. r e two S 1 lch reagents known to be 
pr esent . Montmorillini te , one of the cln.y - forming miner a ls , has the 
same property of softening water , ~wing t o the absorbed sodium that 
is n:va ilablo for chemica l r eaction • 

1 
Piper , A . M. "Ground Wa ter in Southwestern Pennsyl wi.nia 11

, 

Penn . Geol . Surv. , 4th s eries . 

If surface 'Dn.tor r oa ches the lower sn.nds by percolating 
through the h i gher beds it may be hi ghly charged ·,1ri th ca lcium. s t1. lts 
before r eaching the bedroc~ formations conta. ining bentonite or 
glanconite. The co~pl9teness of the exchn.nge of ca lcium ca rbonate 
for sodium carbonqte will;o therefor e; depend upon the l ength of time 
that the wa t er is in co~tact with the softenting r eagent , and ~ lso 
upon ~he mnount of this mater i a l pr esent. The r a te of movement of 
undergt;rm:-..:lr"wa t e. wi ll, conseqmm:blyy , be a factor in determining the 
extent of the re~ction. 

The am::iunt of iron p~ · esent in the wn. t er was not determined, 
owing t o the possibilities of contamination from the iron ca sings in 
the wells. Iron is pr esent in most waters , but the amount :may be 
sma ll. Upon exposure to air la r ed pr ecipitate f orms, the water becomes 
a cid, and , hence , has a corrosive action . When iron is present iri 
l a r ge amou..'11.ts the va t e:::- has an i nky taste . 

WATER ANA LYSES I N REL'.. THN TC! GEOLOGY 

Glacial Drift 

The qua lity of the water f rom gl acia l dri f t depends l ar ge ly 
on the natur e of the deposit fr om which it comes and on the depth of 
the aquifer below the sur fa ce . Gl acial deposits w~y be divided roughly 
into three types . 

(1). 

(2) • 

(3). 

Sand and gr'.lve l beds th'3.t form the surfa ce deposit, such 
as outvm.sh m'.l.teric. l and gl acia l l ake sands . 

Buried outwash and i nterglacfa. l depo::i ts between two tills 
of boulder cl ay . 

Pockets er lenses of sand anc gr ave l irregula rly distributed 
thrcug'.1 t:irn till o 

Wat er from sur face sa:i.::~·1 · d~posi ts i s normally 1how in dissolved 
sa lts, the tofal being ge:nemlly less th..'1.n l _, 000 pa r ts per million. 
Where l a r ge amount s of limestone occur in the gl acia l s 0 nd and grave l 
beds a characteristic constituent of the gl a cia l water is ca lcium 
carbonate , the amount preeent varying from 300 to 700 parts per mill ion. 

Wat er f rom buried outwa sh depo sits contains more dissolved 
sa lts than the surface sands , as the water in ord er t o reach them has 
t o percola t e through overlying

7

ti l l. Ra in wa t er contains ca rbonic acid, 
which ~ots a s a solvent and d ~ssolves a gr eat dea l of ca lcium, ma gnesium, 
and sodium f rom the rock- forming minera ls . Sulphnte salts are commonly 
present, though their pro portions vary gr eat ly in the different waters. 
The shales that a re incorpora ted in the drift a r e high in ca lcium sulphate, 
so that the ~mount of shale pre rent will modify the qua lity of the ~~ter . 
The oxidized upper part of the drif't cont~ins les s sulphate than the 
deeper, less oxidized boulder clay. The cha r a cter of the water in the 
buried outwash deposits will , therefor e , depend . l a r ge ly on the 
oompoeftion and amount of till that overlies ite 
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Water from irregula rly distributed sa nd a nd gr Qve l beds 
will vary in its content of dissolved sa lts depending upon the 
character of the rnn.terial surrounding the res ervoir beds. As the 
water in this type of deposit does not flow to o.ny marked extent , 
it is a.pt to be more highly impr e gnated with soluble sa lts thQn where 
the underground movement is more r apid. Soft wat er in the drift is 
mostly confined to sha llow we lls in sands low in ca lcium c E.. rbonate. 
Waters from glacial l a ker clays are sometimes high in soluble salts: 

The sample from a. we ll in glacial lake clay on N .W •. } s ec. 27, tp . 
42 , rge . 17, h".s 11 1 040 parts per million of soluble salts, hrgely 
mn.gnesium sulph~te a nd sodium sulphate . The sample from SE . i sec. 
13, tp. 42, r ge , 16 1 which is believed t o come f rom glacial l~ke 
silts, h cs a very differ ent compo s ition. The tot~ l solids in it 
a r e only 440 parts per million, of ·vhich 250 a r e ca lcium carbom te . 
The grea t difference in these wate r s is due t o the high soluble salt 
content tho.t is asrncio.ted with t h e lake c la.ys but a b sent in the 
silts . Average dri ft water contr:cins b etween 1,000 ::i.nd 3 , 000 parts · 
per million of di ssolved mineral sa l ts . 

Ee~rpaw Formation 

The :Rea rpo.w formati on consists of da rk IllD. rine sha.les and 
beds of green sa nd. Wat er from these sands. ho.s a t ofo.l solid count 
ranging from 300 to 1,600 parts per million and a ha rdness of more 
tha n 300 de grees. Calcium c~rbonate is very ma r ked in a ll so.mples, 
due, perhaps , t o the proximity of the ·wate r sands t o the glacial 
drift. Sodium sulphate is the chief sal~ present, followed by 
calcium carbonate , magnesium sulphate , magnesium carbonate , and 
sodium chloride in decreasing :romount-a . The se waters ar e distinguished 
from the overlying drlf't waters by being r e latively low- in t otal 
disso l ved solids, and in cont aining no calciurr, sulphate and only 
moder ate a.mounts of s odium sulphate , magnesium sulphate , a.nd magnesium 
carbonate. 

Yale Beds 

Pa.le Beds underlie the Bea rpaw formation. Total solids in 
wat ers f rom these beds vary from 700 to 1 1 300 parts per million . The 
water is, in most instance s , soft , as i t conta ins sodium carbonate in 
excess of calcium a nd magnesiun carbonates , but when mi xed wi th surface 
water high in calcium carbonate , it will b e come hard . The high 
concentration of sodium salts, especially sodium ca rbonate, in 
contrast with the ca lcium and magnesium salts distingui shes this water 
from that in Bear!JaW sands. The Pale~.Beds include much bentonite , a nd 
it is this mineral tha t a cts ' as a ¥ater softener within the formation. 
The following analyses are typica l of waters from the Pale Bods : 

SE . sec . 16, NE • sec . 3 , S'iN • sec . 7 1 SE . sec. 21 

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

CaC03 73 18 53 35 

CaS04 

MgC03 52 14 45 38 

MgS04 

Na.2c-o3 297 679 464 562 

Na2S04 297 158 266 437 
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NaC l 31 45 46; 1 30 

Tota l solid s i 760 1, 020 I 940 1, 260 
;· 

Ha. r:dness 100 20 ! 30 75 q 
l 

Vo.riega ted Beds 

In Senlu c Run. l Mun.icipa li ty, SG.sk-3. t c hewan, a r e a. numb er of wells 
that have vm.te r very similar in c ha r a cter t o th.,.t f ound in t h e Bearpo.w 
formation. These wells tap an h ori zon thn.t cor r esponds with the V'l.r iega.ted 
Beds i n Albe r ta , alth ough they h<:.ve not been sepnr ated f r om t h e Po. l e Beds . 
They a r e l ess b entoniti c thqn the Pale~Beds and darker in colour. The 
wa t er is ha r d and ha~ a l ow di sso lved solid c ontent . The thr ee ana l yses 
gi ven b e low show a gr eQt denl of s i mila rity and su gge st ~ common h or i zon . 

Salts 

MgC 0 3 

~ ~MgS 04 

,NV'J . sec. 21, 
j tp . 41,r ge . 26 

2 50 

1109 

14 9 

- -- ·--- --------

98 

NaCl 12 

To te. l rrsolids ! 640 

Hardness 600 

Ri b stone 

NVv . sec. 3 , 
tp . 41, r ge . 28 

3(f 5 

~ o 

104 

132 

12 

640 

600 

Cr eek Formati on 

SE ~ sec. 28, 
tp . 40,r ge . 2n 

125 

1 55 

69 

386 

18 

78 ') 

500 

Chemi ca l ana l yses of water fr om the Rib ston e Creek fo nn~tion var y 
mor e than in the Pa l e Beds , the r eason being that a.t sever 'l. l different 
h ori zons the s edi11ents show c 1ns i derable later'l.l variation . The f onna t ion 
i ncludes both mar ine a nd non- marine b eds , thin coal seams being pr esent i n 
t h e basa l p~rt of the f ormabion a. round Paynton , whereas south of Lashburn, 
on Batt l e Ri ver , mar ine f o ss i ls we r e f ound in str ata. c onsider e d to be a.t 
<tpprox i mate l y t h e so.me hor izon . The wat er an.'J..lyses show s hnila rit i es vd thin 
11mi t ed a r eas , but l ong di stance corre l a.t i on s ce.nnot b e made safe ly exc ept 
for t h e saline waters th?.t oc cur in the f l o 'ling wells at Vera , Muddy lak e, 
a n d a t the south end of Tn.mpi ng lake . Ana l yses of these ira. -Ie r s a. r e gi ven 
in t h e f ollowing tab~e : 

i 
25 . SE 22 'l NE 36 SW 30 siN == 

. sec. , I .. s ec. J . • sec. • sec 10 . sec . ' I • sec • , I 
Sa l ts tp ,.4 1,rge . tp , 41;rge ~ r tp . 41,rge . 1 tp . 41, rge .tp .38,, r ge •

1 
tp.35 , 

l~ 
I 

24 24 , 24 , I 24 , 22 , l r ge . 20 , 

Ca C03 73 73 73 1 98 108 ~ !JO - - - i 

Ca.S 04 ... - - M m- -
-
MgC 03 38 38 38 52 6 9 52 

- - .. -
MgSo4 - - ... - - -

' 

, 
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NazC03 12 9 119 129 11 106 1Z5 

Ns.2SO~ 55 55 61 61 49 43 

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

Tota l solid s 3,R1l0i 3, 460 3,120 3, 200 3, 860 4 , 460 

Hardness 135 90 110 100 130 13'i 

The similarity in these anlayses suggests a common source bed , 
The distance betw-een the Trampi ng Lake v.re ll '..md the Vera we lls is nbout 
40 miles . This vm.t er, which i s thought t o come from the basal sand of 
the Rib stone Creek formation , is not typica l of V''.l ter f rom the same 
stratigra phica l horizon in the vicinity of Battle River$ one reason be ing, 
possibly, that a t Battle River the stream has cut through the Ribstone 
Creek f ormation expos ing the sand members a long it s banks . This may 
ca use s. more r apid movement of the under ground ·water in t h is a rea tha n 
f a rther eouth, and it i s known that the ra.te of f low is 9. controlling 
f a ctor that g0verns the change of calcium carbon9.tc t o sodium c~rbonate 
when the softening reagente of bent onite or g l~uconite are pres ent in the 
sand. 

Some of the soft waters from the Ribstone Creek formation cannot 
be distinguished from th0se of the Pa l e Deds, whereas others o. re ouite 
different. The follo1J1ring ami.lyses illustra.tetsome of the different types 
of water from this format ion : 

" i : ' 

Se . sec . Ind .Agent ; SW.sec . NE-. sec. ~Se . sec . NE . sec . :NW . sec. 
11, t p . Little 24 , tp. 36, tp . ' 26. tp . . 36. tp . 22 . tp . 
46, r ge . Pine I .R. 46, r ge . 13 , r ge . 43 , r ge •. 41 , r ge 4 42 . rge. 

Sa lts 28 21 18 l 8 \ 24 23 

CaC03 ' 90 90 410 73 35 73 125 

CaS J4 

MgC0 3 07 59 168 38 31 38 97 

MgS 01 64 

Naze 13 217 392 2<13 592 129 196 

Na2so4 I 1, 644 777 2,518 225 522 61 .jl, 541 

NaCl j 249 63 76 12 83 2 ,6 90 71 
! I 

L-

Tota l s_olid s ! 2, 220 1, 340 3, 000 620 1> 2GQ :J ,120 :l,900 

Hardness 280 160 750 llO 35 llO ·r 600 
i 

The above chemic9. l analyses show such a wide rane:e in the 
dissolved salts pr esent jn the different waters in the Ribstone Creek 
forma tion t~"l. t they cannot be used for correlation pur poses over a large 
a rea. . 

Conclus ions 

(1 ) In most instances water f r om gl a cia l drift is ouite 
different from water from bedrock. 

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

(3) Mos.t waters from glacia l till carry tota l solids ambunting 
to between l, ooo andnS,OOC parts per million . 
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(4) Bedrock waters are commonly l ow in dissolved salts. 
Exceptions t o this are to be found in water fr om the Rib stone Cr eek 
formation. 

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

(6) Water from t he Variegated Beds r esembles that from the 
learpaw formation . 

(7) Waters from the Pal e Beds is mostly soft . An average 
of t en we lls gave a tota l solid of 1: 000 p~rts per million. 

(8) All soft water s conta in sodium ca rbonate (Nazco3) , which 
is pres ent in water from the Pa l e ~ sd s and Ribstone Creek-formations 
but absent from t he D~arpaw fonnat ion and Variegated Beds. 
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RURAL :MUNICIPALITY (F REFrnD, NC:. 379, 
f ASKA TCHEWAN 

Physical Features 

Reford Municipality is a plain-like or very gently 
rolling country ~ounded on the southwest oy the deep valley of Tramping 
I.e.ke. Several lakes, including Coldspring, Aroma., and Landis, occupy 
a broad, southerly draining valley, but the lakes have no stream 
c~nnections. Gther than a small area of sandy land to the northwest 
of Aroma. Lake and west of Coldspring Lake, the soil is in general g;ood 
for farming. 

Genlcigy 

The entire municipality is covered by glacial drift, 
so that no outcrops of bedrock appear. A cnnsiderable neposit of gravel 
occurs north of Cathkin, and gravel has been reportea in several wells 
~ut forms no widespread aepo~its. Pale Beds underlie the drift and have 
been penetrated in a few deep wells. 

Water Supply 

The main source of water is from sand and gravel beds 
irregularly distributed through the drift, but a few wells have pnnetrated 
to the underlying formations ana have found water-bearing sands at various 
depths , No widespread water-bearing beds are known in the drift, so that 
the depths to water at any locality cannot be predicted. In a few areas 
there is evidence of a grouping of numerous sand a.nd gravel beds into a 
single water-bearing zone, but even in these areas there is apfe.rently 
'Ve"Iry little connection between the separate sand or gravel bodies eno0untered. 
as the water rises to ouite different elevations in different wells. The 
source of all water in the drift is rain. 

Township 37, Range 18. All the wells in this township 
are in glacial drift. To .the"west of Landis, in the central part of the 
township, i~ a lake more than 2 miles long th~t haf an elevation of 2,071 
feet. Several wells in the township obtain their wn.ter at elevations of 
from 2,070 to 2,110 feet, and one near the lak•. on section 22, obtains 
its water from an elevation of about 2,050 feet. This aquifer is apparently, 
in the zone of sand beds already referred to, though the average elevation 
of the aquifers in other wells is a.round 2,090 feet. It w0uld seem, 
therefore, that the depression occupied by the lake cuts through this zone 
of water-bearing sands, and no doubt the lake may owe its permanency in part 
to this fact. PreEume.bly this sandy zone offers a. source of water for the 
entire tcrwnship. Here, a.E in other .areaF, the top of the zone is pro·oably 
less well defined tha.n the lower limits, as higher in the drift the eand 
bodies are not as numerous a.nf. more irregularly distri.buterl. . Thus, wells 
that obtain water at the higher elevations in the drift show a much greater 
variation in the levels of their aquifers than in the deeper wells. No dnubt 
too, aE indicaten by regional evidence, still lower aquifers exist in this 
area. than have been reached by any wells. 

Township 37, Range 19. The surface elevations in this 
township are higher than in the township to the east, and in general the 
wells get their water at higher elevations. An exception is the deep well 
at Notre Dame Convent in Leipzig, which was drilled to a. depth of 42'3 feet 
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and presumably bottomed in Pale Beds beneath the drift. The depth to 
the base of the drift is, however, not kno~m, and no rec Jrd is a:vailable 
to indicate whether or not water-bearing sands or gravels occur a.t the 
base. The wells in the drift show no indication of any wide spread 
aquifer, but deeper drilling might revee . .l other horizons in the drift, 
and also should encounter water in the underlying Pale Beds as in the 
deep well in Leipzig. 

To!ffiship 37, Range 20, East of T~.!:E_lPir:_g Lake. In 
general the land surface of this township is fairly level, sloping off 
gently to Tramping Lake where there is an abrupt descent to lake level. 
Many wells obta-in their water a.t elevations of between 2,030 and 2,090 
feet, with a few at higher elevations. Apparently a. well-IP.arked zone of 
sand a.nd gravel, already mentioned as productive elsewhere, occurs at 
about these elevations. The few wells that obt.'1.in i:.rater at higher 
elevations encounter irregularly distributed water-bearing sands or 
gravels in the drift. rne well , 448 feet deep, obtains ~ter from an 
elevation of 1,683 feet , probably in Variegated Beds. The water is soft 
and rises at the w.aximum to 20 feet from the surface. In this well, as 
in the one a.t Leipzig, in the township to the east, no information is 
available on the thickness of the drift nor as to whether a water-bearing 
zone occurs there. The aquifer in the Variegated Beds is probably quite 
widespread. 

Towns~ip 38, Range 18. About half the wells for ~hich 
records a.re available in this township obtain their water at elevations 
of 2,060 to 2,095 feet, and presumably from the deposit of out'lm.sh sands 
and gravels known to be widely water-bearing in this district. The 
remainder of the wells have aquifers a.t higher elevations in the drift, 
which oonta.ins irregularly distributed bodies of water-bearing sands and 
gravels . No wells penetrate the drift, but water horizons are undoubtedly 
present in the bedrock, presumed to be Pa.le and Variegated Beds . 

Township 3_82......1:tange ~· All wells, with the poseible 
exception of one drilled in Gavell village but now abandoned, obtain their 
water from irregularly distributed ·ennd a.n<i gra.irel bed~ in the drift. The 
one in Gavell, drilled to a depth of 225 feet, obtaine0 plenty of water, 
but the ea.sing plugged with fine sand. This is a quite corrnnon difficulty 
with certain sand horizons in the Pale Bens , Rnd leads to the belief tha.t 
this well, at an elevation of 2,025 feet, was in bedrock belovr the drift. 
Other aquifers would probably be encountered at still lower elevations in 
the bedrock formations. 

Tovmship 38, Range 20, East of Tramping Lake. ('ne 
drille ' well, 334 feet- deep-;in this townEhip derived-·softWa.ter, evidently 
from the Pa.le Beds, at an elevation of 11 851 feet. ·All other wells a.re 
believed to be in glacial materials although one, on NE. section 26 , bored 
to a depth of 125 feet obtains Wa.ter at an elevation of 2,023 feet and may 
have penetrated the drift. The bottom of this well is about 5 feet above 
the level of Tramping lake, and the supply of water i n it is poor, but 
whether it would have obta.inerl more water if deepened a. few feet depends 
on the porosity of the materials through which it would pass . The 
elevations of the a.auifers in the drift show very little uniformity in 
the wells in this tovmship, although a few occur between 2, 065 and 2,095 
feet above sea. level. The others a.re higher, and indicate the irregular 
distribution of sand and gravel bodies in the drift. 

Township 39, Rnng~-2:.§.· All wells except one in this 
township obtain their water supply in drift materials at an elevation ~bove 
2,100 feet. This indicates a relatively abundant, though irregularly 
distributed , group of water-bearing sand and gravel beds. Goldspring 
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Le.ke, at an elevation of 2,103 feet, is also fed by springs. Lower aquifers 
may be present in the drift in this township, and sands in the Pale Beds, 
at quite a considerable depth below the bottom of the deepest present well, 
would undoubtedly yield water. 

Township 39 , Range 19. Sand and gra ~Tel beds irregularly 
distributed through the drift-provide all the wnter in this· to-wnship, 
although one well reaches an elevation of 2,053 feet and may possibly 
bottom in Pa.le Beds. A deeper a.nd more uniform zone of water-bearing sands 
may occur in the drift in this township, as has the one to the east, and 
beneath it other aquifers would be expected at various levels in the Pa.le 
and Variegated Bed~, 

East Half Township 39, Range 20 . The deepest well, 
102 feet, in the ea:st'tta.if of this township reaches an elevation of 2,043 
feet, a.nd obtains poor water from black mud that may represent the base 
of the glacial material. All other wells obtain their water from 
irregularly distributed sand or gravel beds in the drift.. Beneath the 
drift, water would be expected in sand horizons of the Pale and Variegated 
Beds. 
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\'I ell 
No . 

20 

L OCA'l' IO N 
r-sec. Tp. Rge. Tt.er. 

RECORD OF ·,·/ELLS IN RURAL L'UN ICIPALITY OF REFORD , No.379, 3A.:JK;.'~C P.Z., :,tJ . 

Type Dept h 
of of 

\'.' ell \.ell 

.1 ti­
tude 
of 

·1 .el l 

'., .n.l'ER IEVLL 
~ibove (+) Elev. 

o r Lho ve 
l: elo1. (-) ~eo. 
Surf nee Level 

.!. Ri r 8 r=-.nL ' .. 1·~r:il~R-
r . .,;i ..,'t T""' /"'"\ r i..-;-
L~.:!..J • ..L _ - ..i.....1.;..... 

Dep th :::1ev . 'i-eo l . 
? t . I :::- izon 

,_; r: v l ' a 1J­

t e: 
c.1.· 

1.r 1 f'r 

\JSE; t o 
·1 .},i ch 
.. eter 
I ~ - , + . 

.., .J. J 

Yi,...·Jc & ~ler:wr'.rs 

- · - - ----- - -- --- - -- - - - - - -- - - - - -- ------------· ----- --- -- -- -
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 
15 
1 6 
17 
l fl 
1 9 
20 

S .E. 6 
S . H . 6 
S . E . 7 
N. \\ .10 
N.E.12 
~ . \', .13 
S . E . 15 
S . E .17 
II . \, • 2f 
l~ . \, • .2 4 
S . E . 26 
n. \, . 22 
S . E. 29 
rr . E.3o 
S . E .30 
l~ . v: . 32 
S . E . 32 
S . E .35 
N . J.1 . 36 
N. E .36 

1 S .E. 2 
2 N.E. 3 
3 N. E. 7 
4 S .E.10 
5 3 . E. 13 
6 IJ . E.17 

7 N. E .1 7 

37 
" 
" 
" ,, 
,, 
., 
" 
" ,, 
II 

II 

" 
II 

" 
II 

I I 

" 
II 

II 

37 
II 

II 

" 
" 
" 

" 

12 ,, 
" 
" 
II 

" 
II 

II 

" 

II 

.. 
II 

II 

" 
II 

II 

II 

" 
" 

19 

" 
" 
II 

II 

II 

II 

3 
II 

II 

II 

" 
II 

" ,, 
" 
II 

" .. 
If 

II 

" 
II 

II 

II 

,, 
II 

Bored ,, 
It 

Dug 
" 

Bored 
Dug 
bored ., 
Dug 

Lo red 
" 
" 

Dug 
Bored 
Dug 
Eared 

" 
Dug 

3- Bored 

" 
II 

,. 

" ,. 

" 

II 

" 
Dug 
Bored 

" 

Dri l led 

38 
55 
53 
30 
32 
64 
29 
51 
50 
26 
28 
60 
34 
68 
36 
36 
35 
50 
92 
40 

60 
3? 
60 
24 
30 
50 

42 6 

2145 
2158 
214 6 
2113 
2130 
2145 
212 2 
2127 
2101 
21 33 
2132 
2145 
.'.:1 34 
2172 
215 7 
216 6 
2148 
:2190 
2212 
2230 

216 0 
2161 
2171 
2177 
2160 
22 11 

2~05 

- 28 
- 23 
- 28 
- 27 
- 20 
- 59 
_::,4 
- 20 
- :25 
- 18 
- 16 
- 40 
- ~ 6 
- 25 
-30 

- 30 
- 30 
-77 
-35 

- .20 
- 80 
- 50 
- 20 
- ::'.5 
- 35 

- ~6 

2117 
~ 135 

211£3 
2050 
21Cl 
.'.: 086 
') r r.: 0 <Jv .·l 

21C7 
"'""""\ ,,.., ... 
t .1 ..._, I l,i 

2115 
~114 

2105 
2108 
"147 
~127 

2118 
:160 
2135 
·· 195 

'."140 
~141 
2121 
215? 
2 135 
2176 

2179 

~8 

55 
53 
3 0 
rz, ') ...,._, 

C4 
:::;9 
c::; ~ 
v .l 

5~ 
')" 
:...U 

2e 
co 
25 
66 
36 
36 
35 
50 
92 
40 

6.0 
37 
60 
24 
30 
50 

426 

:,107 
'". 1 03 
2093 
~ or,~ 

;,G98 
::;Of l 
.... f""'C '"= 
•.J \j .., t I 

::::J 7G 
: ): 1 
::1C 7 
::1 04 
~cc s 
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'.::130 
2113 
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212 0 
21 90 

::'100 
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...i &nd 

~and 

" 
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II 

" ,, 
II 

., 
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.__;0. 1.d 

2111 wend 
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HarJ. 

Very ~:t rd 
HEird 

" 
II 

...:c ft 
T ~ [.. rC 

.. 
II 

., 
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" 
II 

., 

11£..:r ,; 
., 
,, 

" 
n 

.. 

' 
.J • >..J • 

II 

" 
" 
II 

.. 
ll 

._, . 
-1 . u . 

( 

'-' • 
D. 0 . .. . , 

., 

" 
" 
II 

II 

,,_) . ....; . 
., 
" 
" 
" 
..J • 

Suf f ~ c ic~ t 
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" .. 
., 
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,. 
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Well 
No . 
8 N. W. 18 
9 S . E . 19 

10 S . Vl . 23 
11 S . W. 28 
12 N. E . 33 
13 N. W. 34 
14 N. E . 35 
1 5 N. E . 36 

1 
.2 
3 
4 
5 
6 
? 
8 
9 

10 
11 
1 2 
1 3 
14 
15 

16 
17 

N .W. 2 
S . Yi . 3 
N. \'j . 10 
N. E .10 
S . E . 11 
N. W. 14 
S . E . 15 
S . E . 20 
8 . E. 21 
N. E. 22 
S . E . 24 
s. w. 24 
~ . W . 28 
S . E . 32 
N. W. 34 

s . E . 34 
N. W. 36 

1 s .w. 2 
2· N. E . 3 
3 N. E . 4 
4 s . -::: . 5 
5 s . :c . 5 
6 J . E . 6 
7 S . Ii . 8 
8 ! ! • \',' . 12 
9 S . W. 14 

37 
" 
" 
" 
" 
" 
" 
" 

37 
" 
" 
" 
" 
" 
" 
It 

It 

" 
" 
II 

" 
" 
" 

" 
It 

38 ,, 
It 

" 
" 
" ,. 
" ,, 

19 
" 
" 
" 
It 

" 
II 

" 
20 
" 
" 
It 

" 
It 

" ,. 
It 

" 
II 

" 
" 
" 
" 

" 
" 

18 
" ., 
It 

" 
" 
" 
It 

" 

illT T•-ilf 

3 
" 
" 
" 
" 
" 
" 
" 
3 
" 
II 

" 
" 
II 

II 

II 

" 
II 

" 
" 
II 

" 
" 

" 
" 
3 
" 
" 
" 

" ,. 
. " 
" 

21 

Bored 
II 

II 

" 
" 
" 

Dug 
" 

Bored 
" 
" 
" 
II 

Dug 

Bored 
" 

Drilled 
Bored 

II 

Dug 
Bored 

II 

" 
It 

Bored 
" 

Dug 
Eored 
Dug 
Bored 

" 
It 

Dug 

62 
38 
80 
56 
60 
75 
·18 
23 

40 
60 
45 
45 
76 

9 
25 
62 
32 

448 
31 
32 
16 
35 
8 6 

30 
8 0 

70 
71 
33 
31 
40 
99 
32 
65 
50 

2189 
2195 
2220 
2221 
2243 
2238 
2216 
2230 

2118 
2116 
2107 
2115 
2139 
2126 
2107 
2095 
2101 
2131 
2155 
2148 
2125 
212 7 
2157 

2157 
2158 

2159 
2151 
2153 
2176 
2124 
2163 
2129 
~ 158 
2165 

-33 
-40 
-50 
-30 
-60 
-14 
-20 

- 35 
- 55 
- 20 
- 20 
- 14 
- 6 
-15 
- 52 
- 20 
-20 
- 28 
- 28 

- 30 
- 80 

- 52 
- 41 
- 23 
- 20 
-30 
- 20 
- 28 
- 5 7 
- 45 

2162 
2180 
2171 
2213 
2176 
2202 
2210 

~Oe3 
2061 
2087 
209 5 
2125 
2120 
2 092 
2043 
2081 
2111 
2127 
2120 

2097 
2077 

Low 

2107 
2110 
2130 
2156 
2094 
2 143 
2101 
~ 101 
2120 

62 
38 
80 
56 
60 
60 
18 
23 

40 
60 
45 
45 
76 

9 
2 5 
6 2 
32 

448 
31 
32 
16 
35 
78 

30 
8 0 

70 
71 
33 
19 
30 
99 
r:::,9 
vtc.J 

G5 
45 

2127 
2157 
2140 
2165 
2183 
2 178 
2198 
2207 

:20 78 
2056 
2062 
20 70 
2063 
:117 
2082 
2033 
2079 
16c ·~J 

2124 
2116 
2109 
2092 
2079 

21 2 7 
2078 

2089 

~Rnd 
Gla cial gravel ,, ., 

G~cial gravel 
S a nd. 

" c ravel 

So,....,d ., 

Hard 
II 

" 
If 

II 

" 
It 

•I 

Hard 
" 
" ?oor 

Gl . :· r ~ ve l 
Sand 

II 

,, 
" 

Soft 
" 

Gruvel IIe.rd 
8 '"!!1.d ,, 
Variegated beds Soft 
~a~ d Hard 
'.J.ro vel '' 

Sand 
,, 

Soft 
Hard 

" poor 

Sand ,, Hard poor 
Hard 

0ard ?i r e Hard 
2 C'PO " 

., 
It 

2120 Gl~::ial gravel 
2157 
2094 
206 4 
2097 
209 3 
21 20 

., 

., 
,, 

" 
rr 

sa~d ,, 
clay 
sand ., 
::rr.vel 

" 
" 
" ., 
" 
" 
" 

D. S . 
" ,, 
" ,, 
It 

., 
n 

lJ . s . 
D. 
C' ...... . 

D. S . ,, 

" 
D. 

D. S . 
" ,, 
" 
" 
I) • 

D. S . 

" 
" 

D . ~ . 

" 
" ,, 
" 
" 
" 
" .. 

Sufficient 
II 

II 

" 
" 

Limited 
Sufficier.t ,, 

Limi ted 
Foo r SUP"D ly 
Sufficient 

" 
" 
II 

II 

II 

" 
~aters 50 he ad of stock . 
Limited 
Good supply 
Sufficient 

II 

Limited. Dry Hole 108 ' 
Deep . !.re.ny Dry !-roles . 
Sufficient 
Go o d su~nly . Flowed at 

fir st . 
Sufficient 

II 

II 

Li:::nited 
Su fficie~t 

" 
Limited 

II 



Well 
No . 
10 S.W.16 
11 S . E .17 
12 s . v; .19 
13 N. Ii .18 
14 N . ~11 .19 
15 N. E.20 
16 !~ . \'l. 33 
1 7 S . VI . 33 

1 
2 
3 
4 
5 

s . ~ . 6 
N . \, . 9 
!: . E .10 
S . E . 11 
i; . \, . 12 

G IJ .'1 .• 12 
7 S . E . l~ 
e ~ . 1 .1 6 
9 .:, • \, • 18 

io s .: .. 19 
11 }; • I. 20 
12 S .l:. 20 
13 s . •;,. 24 
14 S . E . 26 
15 r: . :r:: . 2 .: 
16 l~ . r: . 20 
17 s . ::: . 32 
le r: .l ... :z-4 

1 
2 
3 
4 
5 
6 
7 
8 
9 

: -: . ',, • 2 
I~. E . 2 
s . .. . 3 
s . I. .12 
s . ~ .1 ~ 

N . 'i .• 13 
S . E .14 
I\.E.22 
s . '1: . 22 

38 
" 
" 
" 
" 
" 
" 
" 

38 
" 
" 
" ,, 

" ,, 
., 
,, 
" ,, 
" 
" 
" 
II 

" 
!t 

., 

38 ,, 
,, 

" 
" ,, 
" 
If 

" 

18 
II 

" 
" ,, 
" 
" 
" 

1 9 
" ,, 
" 
" 
II 

" 
" 
" 
" " 
" 
" ., 
,, 
" 
" 
" 

20 

., 
,. 
,. 
" ,, 
II 

" 

22 

3 
" 
" 
" 
" 
" 
II 

II 

3 
" 
" 
" 
" 
II 

" ,, 

" 
" ,, 
II 

II 

" ,, 
,, 
" 
II 

3 
II 

,, 
,, 
II 

" ,, 
" 
" 

Dug 
Bored 

Bored 
" 
II 

" 
Drilled 

:Jrilled 
Bored 

Bored 
Drilled 

l::ored 

[;)red 
" 

Dug 
Bored 
Dug 
Eored 
Dug 
Eored 
Dug 

Bored 
" 
" 
" 
II 

,, 
II 

" 
Drilled 

78 
78 
35 
80 
85 

102 
45 

200 

72 
48 
20 
54 

225 

2185 
2183 
2166 
2151 
2167 
2244 
2234 
2261 

2178 
2201 
2228 
2241 
2250 

70 2225 
76 2227 
40 2213 
24 2154 
29 2156 
42 2191 
75 .2196 
56 2189 
60 2179 
12 2158 
?5 21?4 
45 21?7 
60 21GC 

30 
60 
34 
50 
28 
40 
35 
99 

334 

2157 
2158 
2157 
~159 

2154 
2159 
2159 
2183 
2185 

- 61 
-68 

-?4 

-89 
-40 

-160 

- 40 
- 30 
-13 
-35 

-100 

- 65 
- 24 

-10 

- 32 

-30 
-10 
-35 
-25 

-15 
-30 
-12 
-38 
- 10 

- 30 
-83 

-11 2 

2124 
2115 

20 77 

:::: 155 
2194 
2101 

2138 
2171 
2215 
2206 
2150 

2160 
~2 03 

2144 

2159 

2149 
El48 
2139 
2152 

2142 
212f 
2145 
2121 
2144 

2l2'J 
2100 
2073 

78 
78 
35 
80 
85 
96 
45 

20 0 

72 
48 
1 3 
54 

:225 

2107 ) 
2105) 
21 31) 
2071) 
2082 
2148 
f. 189 
2061 

2106 
21 53 
2215 
2187 
2025 

Glaeial 
gravel. 

E J;::. ck c 1 ay 
" sand 

Send 
11 Fine 

Plue s&nd 
Sand 
Gravel 
Sond 
Bedrock ? 
3 ffn (1 

Hard 

" ,, 
" 
" 

Soft 
Hord 

Hard 
" 
II 

Soft 
Hard 

70 215~ Glacial sand Hord poor 
76 2151 1 l&c ' ~lay Hard 
40 2173 Glacial sand 11 

16 2138 ° " II 

29 212 7 ., gruve l '' 
42 2149 " sand 11 J..1% . 
75 2121 Blue '' 11 

56 2133 SArir' ,. 

60 · 2119 Glacial gravel " 
12 2146 " So ft 
75 2099 r-:1 (1~· :rard 
45 2132 Glacial gravel" 
60 2106 ,, " 

30 
60 
34 
50 
16 
40 
""' v 

99 
120 
334 

2127 
2098 
2123 
2109 
2138 
2119 
2124 
2084 
2065 
10 51 

Glacial graveliard 
" s:..nc.. '' Foo r 
Sanr: " 
Glacial sand ., 

., 
" cloy 

i;roveJ 
Sc.:r.d 

Sand 

" 
Foor 
:~nrd 

" 

Soft 

D. S . 
" 
" 
" 
" 
" 
" 
" 

D. S . 

" 
" 

D . s . r.r. 

D. 
D.s; 

" 
II 

~ · ..., . 
D . ~ . 

" ,, 
'I 

•t 

" 
II 

D. S . 
C' 
U• 

D • [.; . 

" ,, 
.., . 

D.S. 
II 

., 

Limited 
Suffici ent 

II 

Ponr supply 
Suffi cient ,, 
Limi ted 

" Sand trouble . 

Sufficient 
Limited 
Su ff ic i nr: t 
Sand trnub le . Cavel l 

Village. 
Limited 

' .. uters 10 head 
..:Jufficient 

" 
" 

Limi ted 
Sn f f i c i en t 

" ,, 
LL11i tee 
Sufficient 

" .. 
.Sufficient 

" 
" 
II 

,. 

Sufficient ., 

.. 



Well 
No. 
10 S.W.23 
11 N.E.25 
12 S.W.25 
13 N.Vl.25 
14 N.E.26 
15 S.W.26 
16 S.E.27 
17 S.W.36 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

1 
2 
'7 
0 

4 
5 
6 
7 

s.w. 1 
N.E. 4 
S .E. 6 
S . \: .10 
N.E.10 
S . W.14 
s . r:r .16 
N •1.l . l 7 
N.E.18 
N.W.19 
s. v: . 20 
N.W.21 
N.E.28 
N.E.30 
N.E.32 
N.E.34 
N . l!: .35 
N . w· .35 
N.W.36 

N . W. 1 
8.E. 4 
H.E. 4 
lJ . E . 4 
S . VI . 7 
N . VI . 8 
G • y,' • g 

38 
" 
" 
" 
" 
" " . 
" 

39 
" 
II 

" 
" 
" 
II 

., 
" 
" 
II 

<rt 

II 

" 

n 
II 

" 

39 

" ,, 
II 

" 
II 

II 

" 

20 

" 
" 
" 
" 
II 

II 

18 
II 

" ,, 
" 
II 

II 

,., 

" 
" 
" 
II 

,, 
" 
II 

II 

II 

" 
II 

1 9 
II 

" 
II 
II 

M 

II 

23 
3 

" 
" ,, 
" 
" 
" 
" 
3 ,. 
" 
" 
II 

" 
" 
" 
" 
" 
" 
II 

" 
" 
" 
" 
" 
II 

" 
3 
" 
" 
" 
II 

" 
" 

Bored 
" 
" 
" 
" 
" 
" 

Dug 

Bored 
" ,, 
" 

Dug 
" 

Bored 
Dug 
Bored .. 

" 
" 
" 

Dug 
Bored 
Dug 
Bored 

" 
" 

Drilled 
Bored 

" 
" 

Dug 
Bored 

" 

:30 
34 
86 
42 

125 
85 
87 
15 

64 
108 

50 
70 
30 
30 
50 
42 

100 
90 
50 
38 
38 
44 
75 
28 
85 

118 
65 

1 25 
- 46 
- 60 
125 
- 30 
-40 

.... 80 

2165 
2148 
2151 
2148 
2148 
2159 
2181 
2150 

2313 
2228 
2215 
2205 
2225 
2224 
2192 
2170 
2173 . 
2193 
2165 
2207 
22l4 
221 2 
2230 
2268 
2277 
227 2 
2271 

2158 
2171 
2180 
2180 
2152 
2143 
2170 

-24 
-27 
-46 
-17 

-70 
-80 
-11 

-80 
-40 
-68 

-32 

-35 
- 28 
- 26 

-35 
- 25 
-80 

- 40 

- 25 
- 24 
- 50 
-12 
- 25 
-12 
- 20 

2141 
2121 
2105 
2 131 

2089 
2101 
2139 

2148 
217 5 
213 7 

2138 

2150 
21 79 
2188 

2195 
2243 
2197 

2231 

2133 
2147 
2120 
2168 
2127 
2131 
2150 

30 
34 
86 
:::3 

125 
85 
87 
15 

6 0 
108 

40 
70 
30 
30 
50 
42 
80 
90 
50 
38 
38 
44 
75 
28 
85 

65 

125 
46 
60 

1 25 
30 
40 
8 0 

2135 
2114 
2065 
2125 
2023 
2074 
2004 
213 5 

28 53 
2120 
2175 
2 135 
2195 
2194 
2142 
2128 
2093 
2103 
2135 
2169 
2176 
2168 
2155 
22 40 
219 2 

22 06 

202:) 
21 25 
2120 
20 55 
212 2 
2103 
2090 

Sand 
Gravel 
Send 

Ola.cial sand 

Clay 
Gravel 
S&nd 

Glae-ial clay 
Sand 

Glacial clay 
II 

11 g r c. vel 
" sand 
.S and 

" 
P lue clay 
Send 

Sand 
Gl~cial gravel 
So..n d 

II 

" 

Clay 

....::ind 

Gra.veJ 

:.:and 
Grevel 
~n~ d 

Hard 
" 
" Poor 
" 
" 
" Foor 
II It II 

" 

Hard 
" 
" ;,,.11-:: . 
II 

" 
" 
" 
" 
" 
" 
II 

,, 
" ., 
" 
II 

,, 

HElrj 
" 
II 

., 

" 
" 
II 

D.S. 
" s . 

D.S. ,, 

s . 
D. S . 

D.S. 
" 
" 
" 
II 

" 
" 
" 
" ., 
., 
" 
" 
II 

" 
" 
" 
' I 

D • .J . ,, 
., 
II 

., 

" 

Sufficient 
" 
" 

Good supply 
Poo r •1 

Sufficie n t 
II 

" 
Sufficient 

" 

Poo r supply 
Sufficient 

" 
" 
II 

II 

II 

., 
II 

" 
II 

" 
" 

Limi t e e. 
~ry Hole. School. 
Suff icier..t 

::.>ufficic11t 
Li'"1ited su....,p ly ,, ,, 

Limited sur~ ly 
~nters 2 0 head . 
su~f icient 



24 
Well 

No. 
8 S . V-.10 39 19 3 Dug -34 2186 -2 4 2162 34 2152 Sand Hurd :::i .s. ·1:ater s 25 head 

9 B. W.13 II II II " -25 2159 - 24 2135 25 2134 " " " LL1'.1i ted 

10 N.E.15 " " II Bored - 30 2164 30 2134 " D. ~ufficient 

11 S.W.16 II II " II - 60 21?8 - 25 2153 60 2118 0und '' Fe. D. 3. II 

12 S.E.16 " II II ,, -40 2183 High 40 2143 Gravel " I II 

1 3 S.E.l? " II II " -40 2144 40 2104 " 
,, (.' Pcor s npply ....,. 

14 S .E.19 
,, 

II " II -60 2139 - 20 2119 60 20 ?9 Sarid F . 
,, D.3. Sufficient 

15 N.E.23 II " II Dug - 30 2130 -1? 2113 30 2100 " 
,, " 

II 

l? S .E.26 II ti Bored 30 2135 - 20 2115 30 2105 Glacial gravel ., ., Limited 

18 N.E.26 " (i ,, II -60 ~168 - 6 2162 60 '.2108 1 .hard pm, " 
., .Sufficient 

19 N.W.29 
II II " Dug . 30 2140 30 2110 ,, se.1,d. ' " II 

t " 20 s.v·1.36 " " " " -45 2180 - 35 2145 45 2105 " 
., " II 

21. N.E.36 " II II Bored -35 2194 -18 21?6 35 2 159 " ~revel " ,;,_lk . ff " 

1 s .w. 1 39 20 3 Bored 102 2145 -66 20?9 102 2043 Black mud Poor (" 

u• Sufficient 
2 N.E.12 II " II Dug 30 2154 Low 30 2124 Hard D • .S • II 

3 N.E.14 " " " Bored 90 2150 - f,5 206 5 90 ;'OGO " 
,, Limited 

4 N .E. 22 " II II Dug 16 2163 -13 2150 16 2 14? Glactial gravel II " v.aters 40 hend. 
5 s.w.22 " " II " 22 2163 Low ... ') 2141 Srvvel II II Limited G._, 

6 N.E.24 II II ,, Bored 40 2139 II 40 2099 8rt. vcl II Alf~ . Q Poor supply ....,. 
II " ? S.E.24 II II ?5 2146 -65 2081 ?5 ~0 ?1 " Hard D.S. Li!'lli ted 

8 N.E.::'5 II II II II 5Q 8-43 -48 2095 50 2093 II If Sufficient 
N.E.26 

II II " (I 30 2159 30 2129 Gla,cial gravel '' Alk. 9 
II If 

10 S.W.34 " " II II 59 2183 59 ~ 124 0an d ,, t'ine " " 
., 

11 I'; ;v~. 36 " II If Dug 33 2150 . - 20 2130 33 211? Clay II II " " 
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