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PART I 

INTRODUCTION 

This report dea. U with the ground-"Wa ter conditions of 
pa.rt of a.n a rea in southern Ontario· investigated by the Geological 
Survey in 1936 and 1937. The eLtire area oovers approximately 
800 square miles. It consists of King, Markham, Scarborough, 
Vaughan, and ''li'hitchnrch . townships, York county; Albion and Toronto 
Gore townships, Peel county; and Pickering township, Ontario county.1 

A gradua.lly diminishing annual rainfall over the 5_ 
year period 1931 to 1936, culminating in the extremely dry sea.son 
of 193~, brought a.bout a lowering of the ground-wa.ter level that 
resulted in serious water shortages in many localities. Many 
farmers found themselves virtually without water, and the supplies 
of some villages dwindled to quite insufficient a.mounts . The 
water supplies throughout the entire area. a.re derived for the 
most part from ground water . The principal object of this report 
is, consecuently, to a.id those who are in need of new or further 
supplies. 

As the gro'lltd water is directly related to the 
geology, both bedrock and superfici..al deposits were 15tudied 
and mapped. All available information pertaining to some 8, 700 
wells was recorded o.nd 210 water samples were collected for 
analysis, T. H. Clark (19 i 6) and H. N. Ha.instook (1~37) ma.'Pped 
the superficial geology, and also directed the collection of 
water data.. Dr. Clark was ably assisted in the field by J. 
H. Douglas, J. W. Britton, D. K. Stadleman, G. W. Matheson, 
M. E. Woods , and E, c. S. Gould, and Mr . Hainstook by J. H. 
Jouglas, P. J. Bugg, M. E. Woods , W. B. Gray, E. A. Gray, W. 
E. Tweed, and J.P. Clancy. J. F. Caley, assisted by M. c. 
Gardiner, studied the bedrookSormations. 

Thanks are here extended to the farmers throughout 
the a r ea. for their co-operation and willing;ne~s to supply infor­
mation regarding their wells . Valuable assistance was given 
by the well drillers and by several municipal authorities who 
willi•gly supplied all available data. 

To H. C. Ricke.by, Deputy Minister of Mines for 
Ontario, and R. B. Harkness, Ontario Natural Gas Commissioner, 
thanks are here expressed for their hearty co-operation in the 
work. 

Publication of Results 

The essential information pertaining to g:found-water 
conditions is being issued in reports covering each township in 
the area. Township authorities will be supplied with the infor­
mation covering their respective townships. In addition, per­
tinent data on each well have been compiled, and may be obtained 
from either the Chief Geolo gist, Geolog~oal Survey, Ottawa., or 
the Provincial Geologist, Ontario Department of Mines , Toronto . 
When r equesting such additional information, the applicant should 
clea rly state the exact locattan~ giving the lot and concession 
of the district about which data are required. 

With each report is a map consisting of two figures~ 
Figure 1 shows the surface formations that will be encountered, 
and Figure 2 shows the position of all wells for which records 
are avai l able, together with the class of well at each location. 

The material contained in Pa.rt I of this report refers to the 
entire area comprising all the townships mentioned • . The gener al 
discussion of ground water is universally applicable . Pa.rt II 
de~ls specifically with the ground-water conditions 9f one township. 
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GLOSSARY OF TERMS USED 

Alluvium. Deposits of earth, clay, silt, sand, gravel, 
and other material in lake beds and in the flood plains of modern 
streams. 

Aquifer. A geologic formation or structure that 
tranrunits water in sufficient quantity to satisfy pumping wells 
and springs. 

Bedrock. Bedrock, as here used, refers to partly 
or wholly consolidated deposits of gravel, sand, silt, cl~y, and 
marl that are older than the glacial drift. 

Contour. A line on a ma-p- passing through points that 
have the same elevation above sea-level. 

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

Esc9_r pment . A cliff or a relatively steep slope 
separating level or gently sloping areas. 

Flood Plain. A flat part in a river valley ordinarily 
above water , but covered with water when the river is in flood. 

Glacial Drift. A general term. It includes all the 
l oose unconsolidated materials that were deposited by the continenta l 
ice- sheet , or by -waters associated with it. Clay containing boulders 
forms part of the drift and is referred to as glacial till or boulder 
clay. Glacial drift occurs in several forms: 

(1) Terminal lforaine or Moraine. A ridge or series of 
rid ges formed by glacial drift t~t was laid down at the margin of 
a moving ice-sheet. The surface is characterized by irregular hills 
and und.ra.ined basins. 

(2) Kame Moraine. Assorted deposits of sand a.nd gra:vel 
l aid down at or close to the ice margin. The topography is similar 
to that of a terminal moraine . 

( 3) Drumlin. 
glacia l till, which has its 
ice movement at tha t"~p lace . 

A smooth, oval hill composed mainly of 
long axis parallel to the direction of 

(4) Ground Mor a ine. A boulder clay or till plain deposited 
Rt the base of the ice-sheet. The topo ~raphy ma y vary f rom flat to 
gently rolling. 

(5) Glacial Cutwash . ~and and gravel plains or deltas 
formed by streams thqt issued from the continental ice-sheet. 

(6) Shore Line. A discontinuous escerpment, which 
indicates the former margin of a glacial lake. 

( 7) Ba;r-ci_o,1th Bar. A ridge of interbedded sands and 
gravels formed across the mouth-of a. glacial-lake bay. 

(8) Glacial- lake Deposits . Sand , silt, and clay plains 
formed in glacial lakes during the retreat of the ice-sheet. 
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Ground Water . The sub- surface water be low the 
water-table in the zone of saturation . 

Hydrostatic Pressure. The pressure that causes 
water in a well to rise above the point at which it was first 
encountered. 

Impervious or Impermeable~ Beds such as fine clays 
or shale are considered to be impervious or impenneable when 
they do not permit of the perceptible passage or movement of 
ground water. 

Pervious or Penneable . Beds are pervious or per meab l e 
when they permit of the perceptiole p9.ss0.ge or JTlovement of ground 
water, as for example porous sands, gravel, 11nd no.11dct6no. 

Pre-t;lac i11. l Land Surfac e . The surface of the land 
before it was covered by the continental ice-sheet. 

Recent :Ceposi ts. Deposits that have been laid down 
by the agenc i es of '<Irater and wind s :i.nce the disappe'3.rance of the 
continental ice-sheet. 

Unconsolidated Deposits . ~he mantle or oovering of 
a lluvium or glr-l.cial drift consisting of loose sa?:J.d , g;ravel, clay, 
silt, and boulders that overlie the bedrock. 

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

Perched Water. Watf:lr sop8.n.ted from an underlying 
body of ground wn ter by urisa tura ted rock . 

·wells. Holes sunk into the earth so as to reach a 
supply of WR. ter. '.:fheniino water is obtained they a.re referred 
to as dry ho l es . Wells are divided into four classes : 

(1) Flowing Artesian Wells , Wells in which water is 
under sufficient hydrostatic pressure to flow above the surface of 
the ground at the well . 

(2) Non-flowing Artesian •Nells. Wells in which the 
~~ter is under hydrostat ic pressure sufficient to raise it above 
the level of the aquifer but not above the level of the ground 
at the well . 

(3) Non-artesian wells . Wells in which the water d oes 
not rise above the ~~ter -table or the aquifer . 

( 4) Intermittent Non- artesian Wells . Wells that are 
intennittently dry. 

GE:NERAL DISCUSSIC.:N OF GRCUND Y•rATER 

Almost all the water recovered from beneath the earth's 
surface for both domestic and industria l uses is meteoric vro. ter, that 
is, WR.ter derived from the atm0sphere . Most of this water reaches 
the surfac e as rain or snow . P'l.rt of it is carried off by streams 
as run-off; part e-vaporates either directly from the surface and 
from the upper mantle of soil, or indirectly through transpiration 
of plants ; 11.nd the remainder sinks into the ground to be added to 
the ground- water supplies . 

The proportion of the total precipi te.tion that sinks 
below the ground will depend largely upon the type of soil or surface 
rock, and on the topography; more water ¥rill sink into sand a.nd grave l 
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for example, than into clay; if, on the other hand , the region is 
hilly and dissected by numerous streams , more water will be immediately 
drained from the surface than in a relatively flat area . Light, 
continued precipitation will furnish more water to the underground 
supply than brief torrential floods , during which the run-off may 
be nearly equal to the precipitation. Moisture falling on frozen 
ground will not usually find its way below the surface, and , there­
fore, will not materially replenish the ground-we.ter supplies. 
Li ght rains f8.lling during the growing season may be wholly absorbed 
by plants . The auantity of moisture lost through direct evaporation 
depends lar gely upon temper 9.ture , wind, and htunidi ty. 

Because of the lar ge consumption of ground water in 
settled areas, it may seem sur prising that precipitation can furnish 
an adeouate supply. However, when it is borne in mind th<:1.t a layer 
of water 1 inch deop over an area of 1 square mile amounts to approxi ­
mately 14,520,000· imperial l!,a llons, e.nd that the annual precipitation 
in this area , for example, is about 30 inches, it will be seen that 
each year some 435 ,600, 000 ga llons fall on each square mile . If we 
estimate that only 10 per cent of this , namely 43,560,000 gallons , 
is cont ributed to the underground supplies, it will be seen that the 
annual recharge for the entire area of 800 sauare miles is 34 ,848 , 000 , 000 
gallons . The annual consumption of water in this area is not known, 
but an estimate based upon per capita consumption shows it to be only 
about one-tenth of the annual r echar ge as estimated above . It seems 
reasonab le then, to conclude tha t precipitation is adeauate to furnish 
supplies of ground water for the area. 

In most regions of the world where precipitation is 
effective, there is an underground horizon known as the ground-water 
level or "water-table", which is the upper surfe.ce of the zone of 
water- saturation . Water that sinks into the ground finds its way 
dovmward to where it either rea ches this water-table or comes in 
contact with an impervious leyer of rock. Such a layer may stop 
further downward percolati~n, resulting in perched water . If the 
water- table is at or near the surface, there will be a lake or swamp; 
if it is cut by a valley, there will be a stream in the valley. 

All rocks are to some degree porous , that is, the indi­
vidual grains or particles of which they are composed are partly 
surrounded by minute open spaces or pores. Water stored within the 
rocks fills these spaces . A fine-grained rock such as shale, lime­
stone, or clay may have such small pores that the contained water 
will not flow read ily, and weills sunk in such rocks may obtain little 
or no supply of WRter. Such rocks are considered impervious. Those 
rocks on the other hand that readily yield their water to wel ls a r e 
called water-bearing beds or aquifers . Sand and gravel, porous 
sandstone, and sand form cood aqu i fe rs. A clean gravel constitutes 
one of the best types of aquifer, as it is sufficiently porous to 
yield its water freely . 

Many shallow wells that derive their water from below 
the ~~ter-table have become dry. In many cases this is due to the 
lowering of the water-table below the bottom of the well. So long 
as the annual recharge is equal to or greater than the loss through 
consumption and underground drainage , there will be no lowering of 
the -water-table, and hence wells sunk below this level will have a 
perm.anent supply. If, however , the annual precipitation were to 
decline over a ·pnriod of year s , the quantity of water available for 
recharging the underground supply would necessarily decrease, and 
if it were to decrease to a point where loss through consumption 
and undergtmlnd drainage was greater than the annual recharge, the 
level of the water-table would be lowered and some wells would go 
dry. Such a decline in precipitation occurred in the general area 
under consideration during the 5-yea.r period 1929 to 1935. 

Al though springs are utiliz-ed in some parts of this 
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area, the chief method of recovering ground water is by means of 
wells. The quantity of water obtained from springs is usually 
small, but the town of Markham, with a population of about l, f OO, 
obtains its public water supply from such a source. Two types 
of wells are in common use, namely dug wells and drilled wells, 
the former outnumb ering the latter by about ten to one. In places 
where the aauifer yields its water slowly, dug wells, because of 
their gre~ter storage capacity, are more satisfactory than drilled 
wells. However, if proper precautions are not taken, dug wells 
are more like ly to become contaminated by polluted surface wnters, 
especially in barnya r ds . Ground w!!;ter for industrial and commer­
cia l uses, where l arge quantities are required, is commonly obtained 
from the deeper drilled wells. lftlhen drilling ts-Uch we lls, the more 
sha llow and perhaps smaller suppl ies can be cased off and drilling 
continued to where adequate supplies a. r e encountered . 

The wells have been classified as artesian Qnd non-artesiRn, 
and artesian wells a.re subdivided into flowing artesian and non-flowing 
artesian. A fourth class, ca lled intermittent non-a:irtesian, comprises 
those wells that dry up periodically. 

DESCRIPTICNS CF FCilliA TI0NS AND THEIR l/VATER-BEARING PRCPERTIES 

Bedrock Formations 

The bedrock formations that underlie the area are listed 
i n the follovring table: 1 

lcaley, J. F.: Palaeozoic Geology of the Toronto-Hamilton 
area, Ontario, Geol. Surv ., Canada, Mem . 
244 , p. 12 ( 1 940) • 

Tab l e of Formations 

===========================-_,.~.,,._,_,-=~==---=====~=- .,.....,..... ..................... __. ... 
System Formation 

Lockport 

Si lurian 
Medin_"l 

Queens ton 

Meaford 

i 
!' .. . Dundas 

OrdoviciaJ 
! 
i 
! 
; 

ThicknesE:i 
(Feet) 

151 + 

Lithology 

Light grey dolomite; some 
brownish, bituminous, 
dolomiteat top . 

74 ± Red, green, and gr ey shale; 
grey, sandy, and shaly 
dolomite (Cabot Hea'(j_)J 
grf!!y , magnesian and argillaceous 
lime stone (Manitoulin); 
grey sandstone (vVhirlpool). 

340 - 400 : Red, in part sandy, shale. 

120 ± . Grey, bluish, and brownish 
! shale, with thin layers of 
i lime stone; oalcareous sandstone 
I and a renaceous shale. 

Grey and blue shale; thin, 
sandy bede: thin, lenticular, 
limestone beds . 
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100 - 250 

550 

Dark grey to nearly black, 
slightly bituminous shale. 

Chiefly grey limestone, 
in places dolomitd.c and 
shaly; sandstone and arkose 
at the base • 

Preca.mbr ian\ Granitic and altered volcanic 
and sedimentary rocks. 

Precambrian 

These rocks consist of granitic and altered volcanic 
and sedimentary formations that underlie the Palaeozoic sediments 
unc0nfor mab l y . They a.re not a.n important ::;ource of vrater in the 
a rea. . Water contained in these r ocks prob'-3.bly occurs in joints 
and fissures. From the few wells that ha.ve reached the Precambrian , 
the water is reported to be highly miner alized . 

Trenton and Bl a ck River Formations 

The Trenton and Black River formations consist 
pr edominant l y of gr ey and blue- gr ey limestone, and a. re at least 
550 feet th ick . Thin lay~rs of shale occur in some parts of the 
succession , and dolomitic limestone may be pr esent in the lower 
part of the Black River beds . Coarse sandstone or arkose, resting 
unconformab l y on the Pr ecambrian, is kno¥m to occur in some localities. 

Water found in these rocks occurs in cracks, fissures, 
or solution channels , and a.long bedding planes . The limestone i tse lf 
ie too fine vY8.inod and CO!J!P8.'ct· to be water yieldin.g , but the coarse 
sandstone or a r kose may contain a consicer able ouantity of water . 
V1i:i.ter derived f rom these formations is commonly highly mineralized 
and unfit for domestic use . 

Collingwood Formation 

The Colline;wood formation consists of dark grey to 
black , fine - gr ained , thin-bedded, bituminous sha l e . It is a.bout 
30 feet thick. Wa. ter recoverable f r om these rocks occurs l a r ge l y 
in fractures and along bedding pl3.nes ; the shale itself is too 
fine gr ained to yield i ts water freely . The ·wa ter obtained is 
usually too saline for either domestic or stock purposes . 

Billings Formation 

The Billings f ormation is a thin, and evenl y bedded, soft, 
bituminous sha l e that weathers dar k grey, bluish, or even yellowish . 
On f r esh S 1.Jrfaces it is dark grey to nearly black, with dist i nct brown 
and gr een ehades in many places. Much pyrite occurs in the darker 
parts. 

The shales a.re exposed on both Rouge and Little Rouge 
Rivers a short distance above highvva.y No . 2 . They also outcrop 
on Duff i n Creek, where they may be seen on lot 15, cons . l:I~~and III 
and on lot 13, con . IV, Pickering tp . No other exposures of this 
f onna.tion occur in the area. , but the sha le s underlie all that part 
east of a. line joining the mouth of Rouge River and Lemonvi lle. 

, 

Some water occurs a.long the bedding planes of this 
f ormation, but the oua.ntity recoverable ;.s small and the water saline. 
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Dundas Formation 

The Dundas fonnation is prevailingly a bluish grey , 
thin-bedded shale that weathers somewhat lighter. There is, 
however, some variation from compact, blue, argillaceous shale 
to buff or yellowish , silty , and freouently arenaceous rock. 
Hard b8.nds , hoth calcareous and arenaceous , occur interbedded 
with the shale; they rarely exceed a foot in thickness, the 
average being only a few inches . The formation is about 550 
f pet thick. It outcrops on Humber and West Humber Rivers in 
V'lughan and Toronto Gore townships respectively, and underlies 
the drift throughout most of Vaughan and King townships together 
with the western part of Whi tch1m.ch , . Markham, and Scarborough 
tovmships and a small part of each of Albion and Toronto Gore 
townships. 

y,ra ter occurs a long the bedding and joint planes 
of the shales , but the rock itself is too dense to yield its 
vrater readily to wells . "Where the formation occurs at or near 
the surface, small quantities of water sui ta-ole for domestic 
needs may be obtained from the upper 50 feet . V'.ia ter o0tained 
deeper in the formation is commonly too saline for either domestic 
or stock uses . 

Meaford Formation 

The Meaford formation as a whole consists of grey 
to bluish and even browni sh, fissile shale with interstratified 
hard layers that vary in composition from impure calcareous 
sandstone to rather pure crystalline limestone . It is exposed 
on a r:;mal l l.tributary of 1f\Test Humber River in Toronto Gore and 
uncerlies the cl e.cial drift near the extreme western part of 
the a rea . It is known to r:e about 115 feet thick on Credit 
River a short distance southwest of the area . 

The shale of this formation is too compact to be 
a good source of water . \~Te lls penetrating the formation have 
yielded moderate r.ue.ntities of water presumab ly from bedding 
planes and .ioint cracks, but in most instances the water is 
saline and ;not suitab le for domestic needs . 

Queenston Formation 

The Queenston formation consists of brick-red, 
thin-bedded, compact shale. It does not outcrop in the present 
area , but underlies the glacial drift in the northwest part 
of Albion a. nd Toronto Gore townships. The rock is a very poor 
source of water . It has been penetrated by a fmvwells, but 
the quantity of water obtained is small and commonly too saline 
for domestic use. 

Medina Formation 

The Medina formation overlies the O,ueenston, and 
forms the basal part of the Silurian system in Ontario. It 
has been divided into three members, which, in ascending order , 
are: Whirlpool sandstone, Mani'l10ulin dolomite, and Cabot Head 
shale. 

Whirlpool Member. This member is typ ically a resistant, 
l i ght grey , fine to medium-grained sandstone. It usually occurs in 
beds of consider ab l e thickness , but , where seen in its entirety, the 
upper few feet are commonly more thinly bedded than the lower part, 
Wave marks are common, but are best developed in the upper, thinner 
beds. The sandstone outcrops in the northwestern corner of Albion 
township, where it lies at the base of the Niagara escarpment". Its 
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thiclrn.ess within the area is not lrn.own, but wells drilled for 
mi. tural gas a few miles to the west of the area show 20 feet 
of se.ndstone present . No wells have penetr ated this rock, so 
that its water-bearing properties are not definitely known, 
However, where it lies be low the water-table this type of rock 
should form a good aquifer , due to its relatively high porosity . 

Manitoulin Member. This member does not outcrop 
:•rithin the area, but , a.s seen a few miles to the west , it consists 
E:ssentially of buff weathering , grey, rnagnesian limestone, in 
pf'.rt argillp,ceous, anr'J disposed in even beds from 2 to 8 inches 
thick . The lm'l'er few feet show thin interbeds of soft grey or 
bluish g;rey sha le from 2 to 4 inches thick. This rock underlies 
the gl~cial drif t in the northwestern part of Al bion township , 
and is about 25 feet thick. 

Small ou~ntities of vmter can be expected to occur· 
a long bedding planes and in solution cavities in this rock, but , 
as none of the wells examined penetrates this member, little 
definite information is available regarding its vrater-bearing 
proper ties . 

Cabot Head Member. This member consists typically 
of red, green , and grey sha les, sandy dolomite, shaly dolomite 
and ferruginous limy beds. It does not outcrop within the area , 
but cs.n be seen in the railway cut at Limehouse a few miles to 
the west . It underlies the glacial drift only in the extreme 
nor thwest part of Albion tovn1ship and is a t least 40 feet thick. 
The shales do not form good aquifers due to their fine - grained 
textur e, and the calcareous beds a.re few and too thin to hold 
much water . None of the wells eY:amined penetrates the Cabot 
Her,d beds, but they are not thought to be an important source 
of water in the area . 

Lockport Formation 

The Lockport fonnation consists of magnesian limestone 
and dolomite, corrrrnonly light grey to bluish, fine to coarsely 
crystalline, in places ouite porous, and disposed in beds from 
2 to 4 feet thick, with both thicker and thinner beds locally 
deve l oped . Jointing is general throughout the formation; it is 
commonly vertical but very irre gular. i;Iea.thered surfaces may 
~how joint cracks as much n.s p_ foot wide. These rocks me.y be 
seen in the extreme northwest part of Albion township, where 
they constitute the upper, cliff-forminE member of the Niagara 
escarpment. The formation is perhaps 1 50 feet thick, with only 
the lower 50 feet occurring in the area of this report . 

Appreciable quantities of water may occur in joint 
cracks, in solution CP.vitiei::, and along bedding planes in this 
form~tion. Wells enoounterin6 thes e openings yield sufficient 
water for farm requirements. Nwnerous springs issue at the 
base of the Lockport fonnation where tho contact with the under ­
lying i mpervious Cabot Head is exposed by the topography . Some 
of these springs a. re reported to flow as much as 3 , 000 ga llons 
an hour . 

Unconsolidated Deposits 

During the Pleistocene or gl e. cia.l epoch , great a ccumulations 
or--ice formed at various centres in northern Canada. This ice moved 
out in ~ 11 directions from these centres and covered large regions with 
what h_qs been called the continenta l ~ice-sheet. As the ice advanced , it 
picked up great quantities of loose rock debris, which wn.s depos ited when 

. the ice--.f:_L.""8..lly melted . This material is unconsolidated , and is commonly 
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called g lacial drift . The ice-sheet advanced and retreated 
several times and on each r etreat l eft an a ccumulation of drift 
on the surface over which it passed . 

The area was entir e l y covered by one or more continental 
ice - sheets durini; Pleisto cene time , and the fina l retnmt of the ice 
left the bedrock surfa ce cove red t o a variable depth with a mantle 
of glacia l drift . This drift , to[;ethe r with flood plain deposi t s 
of a lluvium, constitutes the unconso lidated depos its iri the ania . 
Most of the gl acia l drift c ons i s t s of bou lders and pebbles of 
various compos iti ons and sizes emb edded in a matrix of clay to 
form a more or l ess impervious mass known as boulder clay . Irr8gu l ar l y 
inte rmingl ed with this impervious mass , and a lso lying above , b e low , 
and between succese,ive boulder-clay sheets , a r e beds , po ckets , and 
l enses of sands and gr ave l s that fonn the water-bearing membe r s or 
a qui fe rs of the drift . The following types of unconsolidated deposits 
occur in the 8. rea: ( 1) ground moraine ; ( 2 ) te rmina l moraine ; ( 3 ) lmme 
mor a ine ; (4) outwash sand and gravel; (5) f_; l a cia l - l ake deposits ; 
( 6 ) intergl a cial deposits; and (7) a lluvium . 

Gr ound Mo r aine . This type of gl a cial drift is chiefly 
boulder clay l a id down at the base of the ice- sh eet , and consi sts 
of a heterogeneous mixture of cl ay , boulders , and pebbles enclosing 
irr egul a r l y distr ibuted l enses and po ckets of water - laid sand and 
grave l . 

Pore spaces in the b oulder clay a r e very small , and 
much of the contained water is not r ecoverabl e through wells . 
However , whe r e the clay is sandy, small domestic supplies may be 
obtained from it , and l a r ge r supplies , for industri a l or muni cipal 
purposes , can be expe cted from the included l ens es and pockets of 
sand and gr ave l . 

At most pl a ces in the ground- moraine areas , water is 
obtained a t depths of' about 40 feet or l e ss , but owing to the 
heterogeneous character of the deposits , it is not possibl e to 
pr edict the depth a t which water may b e en countered in any particu l a r 
loca lity . 

Terminal Moraine . Part of the load carrie d by the 
continenta l ice - sheet was dropped at its f ront or ma rgin during 
pauses i n the general r etr eat of the me l ting gl a cie r . Thi s l~ 
co ns isted of rmter i a l gathe r ed during the a dvanc e of the ice-Sheet , 
and was deposited as a mixture of boulder clay, silt, sand, and 
gr a ve l . Streams flowing from the melting ice carri ed away a l a rge 
p~rt of the si lt , sand , and f i ner grave l , leavins chiefly compa cted 
boulder clay and heaps of l oos e boulders as terminal moraine . In 
genera l , such material carries very little recoverable water , except 
where small lenses of sand or gravel are pr es ent . 

Kame Mo raine . The hilly region in the extreme north 
part of Markham and Vaughan townships is composed of boulder clay, 
sand , and gr ave l , Exposures show in road cuts at or near the tops 
of the hills; some of these are of sand , others of boulder clay . 
At one pla ce a 6- foot l aye r of boulder clay overlies well - bedded 
sand , and wedges out southwar d ; it is overla i n by stil l mo~e sand . 
This hilly ar ea probabl y represents a t erminal mo r a i ne, the s and 
and gravel being a mixture of outwash and kame deposits resulting 
fro m l oc a l r eadvances of the ice-front during its general retr eat . 

The typical terminal moraine part of the hilly re gi on 
conta i ns favourable aquif ers at depth , but shallow wells do not , in 
gene r a l , y i e ld adequate supplies . Wat er is obtained at depths of 
from 38 to 1 50 feet , witj1 the deeper wells producing the more permanent 
and larger suppli es . In the sand and grave l areas, however , whe re the 
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depo::>its represent outwa.sh and kame conditions, domestic supp_lies a re 
obtained within about 17 feet of the surface. 

Outwa sh Sand and Gravel. Sand and gravel ca rried out 
from the front of the me lting ice- sheet and deposited on pla ins at 
or near such a front may form important aquifers. These deposits 
are porous, a nd r eadily absorb rain f a lling upon them. If they 
r es t on impervious clay , wh ich would prevent downward percolation 
of t he water , they may become satur ated to within a few fee t 
of the eurfa ce . Sha llow well s i n such depos its ce.n 'be expected 
to y i e l d adequa t e domest ic supplies. If the deposits are thick 
and contain extensive gr Qvel l enses , they may yi eld supplies 
sufficient for industria l or munic ipal uses , 

Gla c ia l-lake Depod ts. These deposits include the 
~il t, sand, and gr ave l depos i ted in r-; l ac iA.l Lake Iroquois. Most 
of the deposits cons is t of fine sand and si l t , with the gr ave l 
occurring in the form of bay-mouth bars . The s::indy deposits 
va r y from P.. thin veneer to a_ t 1011.st 10 feet in thickness ; the 
gr ave l dep0s it s r each a thickness of 40 feet . Such oeposits 
a. r e ver y porous , and will y i el d the ir water free l y t o sha llow 
dug we lls. 

Interglacial Deposit s . These depos i ts are exposed in 
Scn.r borough and Pickering tovmships, a long the shor e of Lake (mtarin, 
where they cons i st typica lly of strati fied sand overly i ng a grey, 
peaty clay . The clay is almos t impervious and very little wate r 
can be expected f rom it. The stratified sand , hovrnver, does 
contain water, and springs issue from t he cont~ c t of t he sand 
and under l ying clay in the cliffs 1-1 long Lake C'ntario , Unl ess 
the sand is so fine as to partly clog we lls that a r e dug or 
dr illed in it, a f~ ir suppl y of wate r should be obta ined . 

Alluv i um . Alluvi al oeposits consist of clay , si l t , 
sand, and gravel l a i d dovm as flood - pl ain depos i ts a long the 
va lley bottoms of many streams . Local l y these deposits may 
become ver y extensive. The wn. t er-"be11ring pr operties of a lluvial 
deposits a r e variab l e , but , in gener~ l, such depos i ts f orm 
f avourable 9.aui fers . They ~re porous , ~nd readily yield a 
p~rt of the ir contained water, althou~h. in places their 
r orosi ty rn~qy be gr eat l y reduced by t he presence of fine silt 
and clay . Th i s type of depos i t may be expected to y ield moder ate 
domestic supplies throubh shall0w we lls, und l a r ger supplies 
if the depos i ts a r e extensive . 

WATER ANLLYSES 

Both the k ind and auantity of minera l matter dissolved 
in a natural water depend l a r ge l y upon the structure and chemica l 
compos ition of the rocks wi th which the water has been in cont~ct. 
WR. tor may 'be polluted by organic matt er 0r i ts de composition 
products. 

Two hundr ed and ei ght y samples of well wat er from t he 
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area were analysed for their mineral content in the laboratory of 
the Water Supply and Borings Section, Geological Survey, Department 
of Mines and Resources, Ottawa. The analyses are given in parts 
per million, that is, in parts by weight of the constituents in 
1, 000,000 parts by volume of v~ter. No exami~~tion was made for 
bacteria, and hence a water that may he termed suitable for use 
on a basiu of its mineral content might be condemned by reason 
of itc bacterial content. Bacteriological analyses are made by 
the Provincial Department of Health, Toronto •. As a rule, waters 
high in bacteria have been contaminated ·by polluted surface water . 

The following mineral constituents include all that 
a re normally found in natural waters in qu0.nti ties sufficient to 
have e.ny practical effect on the va l ue of waters f or ordinary 
uses. 

Silica (SH'2) is dissolved in small riuanti ties from 
almost all rocks. ··rt is not objectionable except in so far as 
it contributes to the formation of boiler scale . 

Iron (Fe) in combination is dissolved from many rocks 
as well as fr-om iron sulphide deposits with which the water comes 
in contact. It may a lso be dissolved from well casings, water 
pipes, and other fixtures in quantities large enough to be objectionable, 
but separ ates as the hydrated oxide upon exposure of the water to 
the atmosphere. Excessive iron in water causes staining on porcele.in 
or enamelled ware , and renders the water unsuitable for l aundry 
purposes. In the table of analyses ac companying this report , 
alumina is included with the iron and both are reported as the 
oxides. 

Calcium (Ca ) is dissolved from almost all rocks, 
though in gree.ter ouanti ties from limestone, dolomite, and gypisum . 
Magnesium (Mg) is similarly dissolved from many rocks, but 
particularly from dolomite. These constituent s impa rt hardness 
to WB.ter and a re a ctive in contributing to the formation of 
boiler scalE'. The sulphate of mag;nesin. (i':1 g~~ C4) cor:,o inRs with 
water to form "Epsom salts", and renders the water unwholesome 
if pr esent in l a r ge 0.mounts. C8.lcium salts in minor ouantities 
have no injurious effects . 

Sod ium (Na ) is found in s 11 natural waters in various 
combilliltions, though its salts constitute only 8- small pa.rt of the 
total dissolved mineral matt er in most waters in htrr'.1id regions. 
Sodium salts may be present as a result of pollution by sewage, 
or of contamin8. tion oy sea WA. ter e ither directly or with that 
enclosed in marine sediments. No estimate of potassium (K) has 
been made, and any thftt may be present has been included as 
sodium. MoQerate quantities of these constituents have little 
effect upon the suitability of a ~~ter for ordinary uses, but 
waters containing sodium in excess of about 100 parts a million 
may reouire careful operation of steam boilers to prevent foaming. 
Waters containing large quantities of sodium salts are injurious 
to crops e.nd are, therefore, unfit for irrigation. The quantity 
of sodium salts may be so 18.r ge as t o render a 'Nater unfit for 
nearly a ll uses . 

Sulphate (SC:14) is dissolved from deposits such as 
gyp sum and sodium su l phate . It is also formed by oxidation of 
iron sulphides and is, therefore , fotmd in mine waters. Sulphate , 
in combination with calcium and magnes i um , causes forma tion of 
boiler scale; it also increase s the cost of softening the water . 
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chloride is a cha r acterist ic const ituent of sewnge, and any loca lly 
abnormal quantity suggests pollution from this source. However, 
suoh abnormal quantities should not, in themselves, be taken as 
positive proof of pollution in view of the many sources from 
which chloride me.y be derived. Chlorides impart n. salty t a ste 
to wn. t er, and if present much i n excess of 300 parts a million, 
render it unfit for domestic use . 

The term "total dissolved solidi::" is applied to the 
residue obta ined vrhen r:. sample of 'Hn. ter i s eV8.pora. ted to dryne ss . 
·wa ters n.re considered h i gh in dissolved miner a l solids when they 
canto.in more tho.n 500 pr.i.rts a million. Waters conta ining up to 
500 parts a million may be a ccepted for domestic use.provided they 
a r e otherwis e sat i sf~ctory, but a content of 1, 000 parts a ~illion 
does not prohibit domestic use if no better supply is QVailable. 
Residents aecust0med to the vnte r s l!lB.Y use those that carry much 
more than 1, 000 parts a milli<m of tot<il dissolved solids without 
inconvenience , a lthough persons not used to hi ghl y mineralized 
iNn ters would find them objectionable. 

Hardness is a condition Lmpr.i.rted to waters chiefly by 
dissolved ca lcium and magnesium compounds. It here refers to the 
soap-destroying power of water , that is, the amount of soe.p tha-t 
must first be used to precipitate the above compounds before a 
l ather is produced. The h"J.rdnoss of ws.ter in its origin.<J.l state 
is its tntal h.<trdness, and is clacsif ierl as "pem.i>nent hc.rdness" 
and "temporary hardness" • Permanent hfi.rdne s s r erna ine after the 
water has been boiled. It is caused by mineral salts that cannot 
be removed from solution by boiling, but it can be reduced by 
treating the water with natural softenerr., such as ammonia. or 
sodium carbonate, or with many manufactured softeners. Temporary 
hardness can be elimirw.ted by boiling, and is due to the presence 
of bicarbonates of calcium and rnagnesium. Waters conta i ning fa.rge 
quantities of sodium carbonate and sma ll a.mounts of calcium and 
magnesium compoundi:: a.re soft, but if the latter compounds are 
present in large ouantities the water is hard. The following table1 
t~ lr • 

1 Thresh, J.C. and BeA.le , J. F ., '' The Examination of Waters and 1ffa.ter 
Enpplies11

, London, 1925, p. 21. 

may be used to indicate the degree 0f hardness of a wa ter: 

Total Ha r dnees 

Pa rts per million Ch.ar e.cter 
0 - 50 •••• " .••.•••••••••••• • Ve.ry soft 

50-100 •••••••.••••••.••••••• 1~ oclera tely eoft 
1 00-1 50 ••••.••••••.•••••.•••• Sl i ghtl y hard 
150-210 ••••••••••••••••••••• J\IIoderately hard 
2 00- 300 •••.••••••••••.•••••• • IIard 
300 + •••••••••••••••••••••• Ver y hard 

The Wdter samples a.ru:i.lysed wero ta.ken from depths 
of from 7 to 462 feet, and with 51 exceptions all are from glacial 
drift. They shovv little variation in either the total dissolved 
solids or the quantities of the individual constituents. As 
far as mineral content is concerned, the waters a re ouite suitable 
for domestic and stock purposes as well as for most industrial 
uses. Softening would be desirable for laundr y purposes. None 
of the drift vmters analysed contains sufficient sa lts to render 
it injurious to crops and so unsuitable for irrigation. 



PART II 

TORONTO GORE TOWNSHIP, FEEL COHT TY, ONTARIO 

Toronto Gore township is si tua.ted .\.n the southeo.st corner of 
Peel county, and has an area of approximately 30 square miles . Its 
southernmost point lies 4 miles southwest of the town of Weston and 
6 miles north of Lake Ontario, 

The surface of Toronto Gore township is that of a relatively 
flat till plain, sloping gently toward the south. Surface elevations 
decrease from about 772 feet above sea-level in the northwest corner 
to about 531 feet in the southern part of the township. West Branch 
Humber River and Mimico Creek, together with their numerous small 
tributaries, cross the township in a genera l southeasterly direction . 
IViany of the smaller creeks are de pendent upon ground water for their 
f l ow and are dry or nearly so except at times of spring floods, or 
after hea vy and prolonged rain, West Br anch Humber River is the only 
permanent stream in the township. Most of the valleys have gently 
sloping sides with stream beds less than 25 feet below the general level 
of the surrounding country. In many places the smaller va lleys lose 
their identity or become mere ditches in the surface. 

Bedrock Formations , The greater part of Toronto Gore township 
is underlain by rocks of the Dundas formation of Ordovician age. These 
rocks consist of grey and blue shale, thin sandy beds, and thin, 
lenticular beds of limestone. Numerous outcrops of the Dundas occur 
along West Branch Humber River in lots G to 10, con. IX. The succeeding 
M~:··\ford formation underlies t he northwest corner of the township, It 
consists of grey, blui~h, and brownish shale, with thin layers of 
limestone, CRlcareous sandstone , and arenaceous shale. Outcrops of the 
Meaford occur along several small creeks in lots 11 to 17, con. VII. 

Onconsolidated Formations. The glacial drift covering Torontc 
Gore to\rnship consists entirely of ground moraine, which is chiefly a 
hetero gonous mixture of clay, boulders, and pebbles, enclosing irregularly 
distributed lenses and pockets of wo.tor~l.ctid sand and gravel, In tha.t 
part of the to~nship south of lot 1 (new division), an irregular deposit 
of fine sand is known to occur a t the contact of the ground moraine and 
bedrock, This deposit varies from a few feet to at least 65 feet in 
thickness, It is an excellent source of ground water . 
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Alluvial depos its of clay , silt, sand , and gr avel occur a long 
the flood pl a in of Wes t Br anch Humbe r River, The deposits are thin, 
nnd a r e unimportant as s ources of r,r ound water, The material is derived 
mainl y from the r eworking of gl Qcial drift. 

The thicknes s of the unconsolidated deposits in Toronto Gore 
township vari es fr om a few feet , in o. roa s who re b edrock outcrops, to 
at l east 175 feet in lot 10, con. VIII . Tho gl acia l drift is thickes t 
in wha t appears to be a buried stream channel in the bedr ock . This 
buried chrmnel cros ses the township in a southeasterly direction, 
ext end ing from lots 11 t o 13 (new division), con. VII, to lots 12 to 
15, con, IX . The thickness of the drift varies from 110 to 175 feet, 
Deep- drift wells in the r ema ining par ts of the township are too 
scattered to provide evidence of fur t he r buried stream channels, 

The followinG t abl e indicat es t he minimum thickness of drift 
a t several localities: 

1 Depth 
Well No . Concession Lot (feet) Aquifer 

: ; ----------· ------.. -·---·---·------
3 VII 4 90 quicksand 
6 VII 5 652 shale 
8 VII 5 81 2 sha l e 
8 VII 8 1502 shale 
7 VII 2 N ,D. 3 172 shale 

12 VII 4 N.D. 52 shale 
6 VII 7 N ,D. 23 2 shale 

14 VII 8 N .D . 75 2 shale 
15 VII 8 N .D. 96 c:ni. i;el 

2 VII 12 N .D. 90 ~:r f.\.vel (? ~ 
4 VII 13 N ,D. 120 gravel (? 
3 VII 16 N .D. u2 shale 
5 VIII lt 6t 2 shale 
7 VIII 10 175 clay ( 'l ) 
4 VIII ll 69 2 shale 
~ VIII 14 1202 shale 

12 VI II 15 95 gravel 
5 VIII 2 N .D. 107 [;r ave l 
2 VIII 7 N .D. 116 gravel 
7 VIII 8 N ,D. 60 2 t:; r avel 
2 VIII 11 N .D . 1"2 shale (, 2 

16 VIII 13 N .D . 18 shale 
2 VIII 16 N ,D , 46 2 shale 
6 VIII 17 N ,D . 14 2 sha le 
2 IX 15 96 sand 
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..-,;;::--...:;;:.':""..;::;r"..::--~::;" ;:::.==~--~ :=: -- ··- . .,:.;':.- -= -= =='"= 
: 

1 
Depth 

Well No. Concession Lot (feet) Aqu i fer 

.. ~--- ··-------·· 

1 IX 1 N .D, 1182 gravel 
. 13 IX 4 N .D • 402 shale 

3 IX 6 N .D, 352 shale 
4 IX 12 N .D. 272 shale 
2 IX 17 N .D. 40 shale 
3 x 3 N .D. 1102 shale 
6 x 4 N .D . 78 sand 
8 x 8 1.i .D. 36 2 shale 

13 x 13 N .D. 25 2 
shale 

3 XI 11 ilT .D. 70 2 
shale 

6 XI 12 N .D. •112 shale 
15 XI 15 N .D . 80 2 shale .... 

2 XI 16 N ,D. 40" shale 
5 XI 17 N .D. 4t2 

shale 
5 XII 15 N .D. 75 2 

shale 
3 XII 16 N .D. 7G 2 

shale 
6 XII 17 N .D . 98 2 shale 

: . . . . . . ·-·- ···--·-·-----·-------·---------·---- .... ~----· -·· ..._ . __ ____ ___ .. ---··-------

l,iv'ell numbers used refer to those wells on which data hn. •1 e been 
compiled, as h1dica.ted on page 2 of this report. 

2To bedrt'lck. 

3
New division. 

The supply of g;r ound vm .. ter in Toronto Gore tovn:1shir i:> not 
abunllant, ~1nd throu.Ghont the northern pe.rt of the townshi p is 
insufficient for stock needs . About 59 per cent of the wells in the 
township are of the dug type, and a.bout 59 per cent oote.in their water 
supr ly f r om a depth of 40 feet or less. .A surve~r of the well r e cords 
s hows tha t about 1 2 per ce nt of the ·wells have a permanent water suppl y; 
t he remainder constitute dry holes, we lls t hat p; o dry periodic o.lly, 
~nd wells tha t went dr y apparently a. s a result of the l ast reriod of 
extremely dry weather (1931-1936). 
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Of the 343 wells and spring;s in Toronto Gore township , 218 
obtain their water f rom gl a ci al depos its, 120 f rom bedrock, and the 
r ema ining 5 from unkno;m sources. In most wells, the statements of 
owners and drillers as to the character of the a quifer wo r e accepted, 
I n de8cribing the principa l water-bearing beds in the gl acia l deposits, 
no a ccount is t aken of their age with respect to the successive 
advance s and r etreats of the ico-sheot, s.s t he water-bearing properties 
of the aquifers s eem to be independent of t he ir pos ition within the 
drift, 

In rru:my po. rts of the township, we lls in the boulder clay, 
which covers a l most the entire surfn.ce, have encountered s and and 
e:r avel beds that yield suff icient wat er for domestic needs, but only 
a. limited supply for stock. The l a ck of water in the boulder clay 
is l a r gely due to the fact that the irregularly distributed l enses 
and pockets of sand n.nd gr avel, which occur in the boulder clay o.nd 
ordinarily supply most of the ground ws.ter from it, a.r e not as numerous 
or ext ens i ve as nor mn.lly woul d be expected. This is probn.bly due to 
t he thinness of the gl acial drift overlying the bedrock in many parts 
of the township. 

We lls i n the boulder clay that do not encounter a s and or gr avel 
dep~sit are usually unsatisfactory. These wells go dry, not as a r esult 
of any fluctuation in the gene r al gronnd-wa t er l evel, but be caus e the 
r e.t o of consumption is [;r eat er t han the r a t e a t which the aquifer will 
yi el d wat er to the we lls. Such wells may easily be depleted if drawn 
upon heavily, but may gr adur.1. lly r ep~a in their fo rmer l eve l if allowed 
to stand unus ed , or if consumption is Ill£lterially r educed. There is 
no w~.y of ascerta ining where a deposit of water-bearinG s ::i.nd and t; r avel 
may cccur in the boulder clay, unless it outcrops at t he surface or 
ha s been l ocat ed by t est borings. 

The intake area fo r t he r:; round we.t or includes al most the entire 
surfa ce of Toronto Go r e township , as well as a r eas to t he north. 
Water-tc.blo : contours , dre:wn throur;h the water l evels of non- artes i an 
wel ls, show a r.; r adual slope from north to south a cross the tovmship. 
The movement of gr ound wat er thr ouch an a quifer t akes pl a.ce down tho 
hydr n.ulic gr ad i ent, and hence it is probab l e t hat ar eas to t he north 
contribute to t he ground-vmt er supplies r e coverod in Toronto Gore 
t ownship. 

The bedrock fo r rnatieus t hat i mmed i ate l y unde rlie the gl acial drift 
in Toronto Go r e i.:ovmi>hip a r c no t a good source ef g; round wo.t e r, a l thou1:;h 
l~ wells are known to be deriving the ir wat er from them . The wat er 
from tho shal l ow we ll s in the bedrock is usually s atisfa ctory, but that 
fr orr, tho dee12er we lls contains a l a r ge amount of sodium chloride 
(common salt), which r enders it unfit fo r domestic use. Approxima t ely 
6"' per cont of t ho wells that derive t he ir water from bedreck y i eld wator 
thc"t conta ins n.n excessive amount of dissolved solids. A sufficient 
suppl y rf wate r s atisfactory for most domestic pur pos es may be obtained 
fr om the rock whe r e it occurs near the surface, but t he supply 'trill be 
srns.11 o.nd mi ght r eadily be affected by drought . 
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Extensive depcsits of wat er-b earing sands and gr avels occur 
in a buried stream chn.nnel that ext end s in a southeasterly direction 
a cross the centra l part of t he township. Sever al wells derive an 
flbundant supply of ground wat er fr om those deposits. 1'his water is 
under sufficient hydrostatic pr essure to ris e within a few feet of 
the surfa ce . Two flowing-artesian we lls, in lots 11 and 12 (new 
division) , con. VII, obtain their water from the thick gr ave l deposits 
of the buried stream chr:i.nne l to which r eference lms boen made . 'l'hese 
t wo wel ls we r o sunk whore the buried channe l is nnrrov1, and probn.bly 
mo r e such we lls could be obte.inetl in that vicinity. Farther south, 
vvhere the 0hannel is cons ider ably wi clor o.nd deeper, ther e is less 
possibility of obtaining flowing-artes i an wells. Tho ma in source 
of supp ly of t he ground vmt or cont a.ined in tho buried s trotun channel 
is the ar ea to the northwes t of the township. 

Re l atively f ew springs occur in Toronto Gore township , and 
thes e or e not cons ider ed an import o.nt s ource of ground wat er. Sprini;s 
f.;ener ally occur whe r e porous sand E\.nd ro: r avc l beds or l enses r esting 
upon boulder clay ar e exposed by nn.tur~l sl•pes or stream valleys . 
However, in Toronto Gore township, the r elief is so slight that ther e 
ar o only a few pl a ces where such conditions exist. 

Villa.go Supplies 

All the small communiti es in Toronto Gore township obtain their 
wate r from private ly owned wells, the supply coming from both tho cl 11cia.l 
drift a nd the underlying bedrock . 

Conclusions 

'fhis investigation war rants the followin t, conclusions: 

1. Ground-wat er supplies in Toronto Gore township ar o adequate fo r 
domostic needs, but ar e not everywhere suff icient to meet tho 
l ar ger demands for stock or industria l purposes . 

2, Pr e cipitati on appears suffic i ent t o furnish adequat e supplies ef 
r.;r ound water. In times of droug,ht, or during extended periods of 
decr eased r a infall, annual consumption may be gr eater than the 
annuccl r echarge, r esulting in tho lowering of the wat or-tu.ble. 
Somo we lls may go dry a t times, n.nd it may be necoss rcr y to 
deepen such walls. 

3. Tho l o.ck of wells in Toronto Gore townsh i p capabl e of producing 
water sufficient for all farm needs is duo chiefly to the f1.b s enco 
of ext ens ive watcr-b oarini; Sflnd and gravel lenses and po ckets in 
the boulder cl ay. 



18. 

4. In areas whore the !;rouncl-w~ter supply is insufficient, it is 
sue;se sted thrtt more than one well be sunk in an effort to locato 
different sand o.nd gravel l enses, and thereby obtain a sufficient 
aggr egate supply of water. 

5. There is no way of ascertaining wher e a deposit of water-bearing 
s8.nd and i;r n.ve l may occur in tho boulder cln.y, unless it outcrops 
c. t the surfA. ce or lms boon located by test borings . 

6. It is possible to obt!l.in ground water nearly everywher e in tho 
township, but it is not r. l vmys possible to predict the depth at 
which f avourable aquifers will be penetrated. 

7. DrillinG into tho bedrock underlying the glacio.l drift is not 
advis ed, a s water r ecovered from tho bedrock will, in all 
probab ility, be too s ~t l ty fo r domestic use. 

B. Re l atively few springs occu r in Toronto Gore township. They arc 
not considered an important source of ~ater. 

9. It is thou1I,ht that fu rther flowing;-n.rtosian wells might bo 
obt8.inod in the a r en. about lots 11 to 13 (now division), con. VII. 
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