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PART I 

INTRODUCTION 

Th is r eport deal~ with t he ground-water conditions of 
part of an area in southern Ontario investigated by the Geological 
Survey in 1936 and 1937 . The eLtire area covers approximately 
800 square miles . I t consi sts of King, Markham, Sca rborough, 
Vaughan, and 1.lfuitchilrch . townships, York county; Albion and Toronto 

1 Gore townshi ps , Peel county; and Pickering township, Ontario county. 

A gradually diminishing annua l r a infall over the 5_ 
year period 1931 to 1936 , culminat ing in the extremely dry sea. son 
of 1 9M, brought a.b out a. lowering of the ground-water l evel that 
r esul ted in serious water shortages in many localities. Many 
farmers found themse lves virtually without water, and the supplies 
of some villages dwindled to quite insufficient amounts. The 
water supplies throughout the entir e a r ea. a. r e der ived fo r the 
most pa.rt from ground water. The principal object of this report 
is, conseauently, to a.id those who a re in need of new or further 
supplies. 

As the gro-4\.d wate r is directly related to the 
geology, both bedrock and superficial deposits were ~tudied 
and mapped. All available information pertaining to some 8 , 700 
wells was r ecorded and 2no water srunples wer e oollected for 
analysis, T. H. Clark (19 96) and H. N. Ha.instook (1 ~37) ma--pped 
the superficia l geology, and a lso directed the collection of 
wa t er data . Dr. C. lark was ab ly assisted in the field by J. 
H. Dougl a s, J. W. Britton, D. K. Sta.dlema.n , G. w. Matheson, 
M. E . Woods, and E . C. S. Gould, and Mr. Ha. instook by J. H. 
Dougla s , P. D. Bugg , M. E . Woods, W. B. Gray, E . A. Gray, W. 
E . Tweed, and J. P, Cla.noy. J. F . Caley, ass i sted by M. c~ 
Gardiner, studied the bedrock S orma.tions. 

Thanks a.re here extended to the farmers throughout 
the area for their co-oper ation and willingne ss to supply infor­
mation re garding their wells . Valuable ass istance was given 
by the we ll dril l ers and by sever al municipal authorities who 
willingly supplied a ll aiTailable data. 

To H. c. Rickaby , Deputy Mi ni ster of Mine s for 
Ontario, and R. B. Harkness , Ontar io Natural Gas Commissioner, 
thanks are her e expressed for the ir hearty co-operat ion in the 
work. 

Publicat ion of Results 

The essential information pertaining to g~ound-water 
conditions is being issued in reports covering each township in 
the a r ea . Township authorities will be supplied with the infor­
mation covering their respective townships. I n addition, per­
tinent data. on each wel l have been compiled , and may be obta ined 
from either the Chief Geo lo gist, Geological Survey, Ottawa, or 
the Provincial Geologist, Ontario Depa rtment of Mines , Toronto. 
Wben requesting such addit iona l informa tion, the applicant shoul d 
clear ly sta te the exact loca.t :tan~ giving the lot and concession 
of the district a.bout which data are r equired. 

With ea ch r eport is a map consisting of two figures~ 
Figure 1 shows the surface format ions that will be encountered , 
and Figure 2 shows the pos ition of a ll wel ls f or which records 
a.re avai l able, together with the class of well at ea.ch location. 

The material conta i ned in Pa.rt I of this report refers to the 
entir e area. comprising al l the townships mentioned • . The gener a l 
discussion of gr ound water is universally applicable. Pa.rt II 
deals specifically with the gr ound-water conditions Qf one town.ship. 
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GLOSS.ARY OF TERMS USED 

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

Aquifer . A geologic formation or structure that 
trannmits ¥~ter 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, clay, and 
marl that are older than the glacial drift . 

Contour . A line on a I!la'F passing through points that 
have the same elevation above sea-level . 

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

Escg_rpment. 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 
loose unconsolidated materials that were deposited by the continental 
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 }foraine or Moraine . A ridge or series of 
ridges formed by glacial drift tful.t was laid down at the margin of 
a moving ice-sheet. The surface is characterized by irregular hill s 
and undrained basins. 

(2) Kame Moraine. Assorted deposits of sand and gr a:'Vel 
laid down at or close to the ice margin. The topography is similar 
to that of a. termina 1 moraine • 

(3) Drumlin. A smooth , oval hill composed mainly of 
gl ac ial till, which has its long axis parallel to the direction of 
ice movement at tha t~~place. 

(4) Ground Moraine. A boulder clay or till plain deposited 
qt the base of the ice- sheet . The topography may vary from flat to 
gently rolling . 

(5) Glacial Cutwash . Sand and grave l plains or deltas 
formed by streams that issued from the continental ice-sheet . 

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

(7) Bay:-noc1th Bar . A ridge of interbedded sands and 
gravels formed across the mouth of a glacial-lake bay . 

(8) Glac ial-lake Deposits . Sand , silt, and clay plains 
formed in gl acia l lakes during the retreat of the ice-sheet. 
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Ground Water. The sub-surface vm. ter below the 
water-table in the zone of saturation. 

Hydrostatic Pr essure. The pressure that causes 
water in a well to rise above the po int at wh ich it was first 
encountered . 

Impervious or Impermea.b lefl· Beds such as fine clays 
or shale a re cons id ered to be impervious or impermeable when 
they do not permit of the percept ible pas sage or movement of 
ground wa. ter . 

Pervious or Permeable . Beds a r e pervious or permeable 
when they permit of the perceptio l e p9.ssage or movement of ground 
water , ae for exampl e porous sands, gr ave l, and llandrrtono·. 

Pr e- gl a cia l Land Surface. The surface of th~ l and 
before it was covered by the continenta l ice- sheet . 

Recent I:epos its. Deposits that have been l a id down 
by the agencies of water and wi nd since the disa ppe9.r a.nce of the 
cont inental ice-sheet . 

Unconsolidated Deposits . The mant le or covering of 
a lluvium or gl a cia l drift consi sting of loo se sand , gr ave l, clay , 
silt, and boulders that overli e the bedr ock. 

Water-tab l e . The upper limit of the part of the ground 
saturated vrith wat er. This may be very near the surface or many 
feet below it. 

Perched Water. Water separated from a n underlying 
body of ground woter by nnsaturated rock. 

Wells . Holes sunk into the earth so as to rea ch a 
supply of ·wR. ter. 
to as dry ho l es . 

\;rhenimo water is obtained they a. re referred 
Wells are divided into four classes: 

(1) Flowing Artesian Wells. Wells in which water is 
under sufficient hydrostatic pr es sure to f low above the surface of 
the ground at the well. 

(2) Non-flowi ng Artesian We lls. Wells in which the 
~~ter is under hydrostatic pr e ssur e sufficient to raise it above 
the level of the aqu ifer but not above the l eve l of the ground 
a t the well. 

(3) Non-artesian wells. Wells in which the water does 
not rise above the water-table or the aquifer. 

(4) Inter mi ttent Non-artesian Wells. We lls that a re 
intermittently dry. 

GENERAL DISCUSSICN OF GRCilllD Y1'ATER 

Almost al l the water r ecovered from beneath the earth ' s 
surface for both domestic and i ndustr i a l uses is meteor ic water , that 
i s , water derived from the atmospher e . Most of this water rea ches 
the surfa ce as r a i n or snow . Pr->.rt of it i s carried off by s t reams 
as run-off; part evaporates e i ther dir ectly from the surfa ce and 
from the upper mantle of soil , or i ndir ectly through t r anspir ation 
of pl ants ; ~nd the remainder sinks into the ground to be added to 
the ground-water supplies. 

The proportion of the total precipitation that sinks 
below the ground will depend l a r ge l y upon the type of soil or surfa ce 
rock, and on the topo gr aphy ; mor e wat er vri l l sink into sand and gravel 
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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 . Li ght, 
continued precipitation will furnish more water to the underground 
supply than brief torrentia l floods, during which the llUil-off may 
be nearly eaual 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-water supplies. 
Li ght rains falling during the growing season may be wholly absorbed 
by pl ants . The auantity of moisture lost through direct evaporation 
depends lar gely upon temperg_ture , wind, and humidity . 

Because of the lar ge consumption of ground water in 
eettled a reas, it may seem surprising that precipitation can furnish 
an a.deoua te supply. However, when it is borne in mind th<:l.t a. layer 
of water 1 inch deop over an area of 1 square mile amounts to approxi­
mately 14,520,000 imperial gallons, and that the annual precipitation 
in this area, for example, is about 30 inches , it will be seen that 
each year come 435 ,600, 000 gallons fall on ea.ch 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 
ga llons. The annual concumption of water in this are~ is not lrnown, 
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 that precipitation is adequate 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 surfo.ce of the zone of 
water- saturation . Water that sinks into the ground finds its way 
dovmward to where it either rea ches this ~~ter-table or comes in 
crmb1.ct with an impervious l e.yer of rock . Such a layer may stop 
further downward percolatitl.m, resulting in perched water. If the 
wa t er-tab le 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 cont,,,.ined water 
will not flow read ily, and weals sunk in such rocks may obtain little 
or no supply of W8. ter. Such rocks are considered impervious. Those 
rooks on the other hand that readi ly yield their water to wel ls are 
called V1iater -bearing beds or aquifers . Sand and gravel, porous 
sandstone, and sand form r;ood aqu ifers. 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 water-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 be low this level will ha-ve a 
permanent supply. If, however , the annual precipitation were to 
decline over a · ·p:eriod of years , 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 underg:rmiml. 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 t he 5-year period 1929 to 1935 . 

Although springs are utilized 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,fOO, 
obtains its public water supply from such a source. Tvlro types 
of wells are in common use, namely dug wells and drilled wells , 
the former outnumbering the latter by about ten to one. In places 
where the aquifer yields its water slowly, dug wells, because of 
their greater stor age capacity, are more satisfactory than drilled 
wells . However, if proper precautions are not taken, dug wells 
are more likely to become contaminated by polluted surface wnters, 
especially in barnyards. Ground we;ter for industrial and commer­
cial uses, where l arge quantities are required, is commonly obtained 
from the deeper drilled wells . When drilling such wells, the more 
shallow and perhaps smaller supplies can be cased off and drilling 
continued to where adequate supplies a re encountered . 

The wells have been class ified as artesian ~nd non-artesifl.n, 
and artesian wells are subdivided into flowing artesian and non-flowing 
artesian . A four th class, ca lled intermittent non- a•rtesian, comprises 
those wel l s that dry up periodically . 

DESCRIPTIC1NS CF FORNiA TinNS AND THEIR WATER- BEARING PRCPERTIES 

Bedrock Formations 

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

11'• 

lcaley, J. F.: Palaeozoic Geology of the Toronto-Hamilton 
area, Ontar_io, Geol . Surv ., Canada, Mem . 
244, p. 12 ( 1940) • 

System Formation 

Lockport 

Silurian 
Medina 

Queenston 

Meaford 

i 
j' .. Dundas ; 

Ordovicianj 

Table of Formations 

-Thlchie s ~' 
(Feet) 

151 + 

Lithology 

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

74··± :. Red, green, and grey shale; 
grey, sandy, and shaly 
dolomite (Cabot Hea-d) ; 
gr~y , magnesian and argillaceous 
limestone (Manitoulin); 
grey sa:nds·tone (Whirlpool). 

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

120 ± ' Grey, bluish, and brownish 
j shale, with thin layers of 
i limestone; calcareous sandstone 
I and ar enaceous shale. 

550 ± Grey and blue shale; thin, 
sandy bed11; thin, lenticular, 
limestone beds. 
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100 - 250 : Dark grey to nearly black, 
slightly bituminous sha.le. 

550 Chiefly grey limestone, 
in places clolomi td.c and 
shaly; sandstone and arkose 
at the base . 

Granitic and altered volcanic 
and sedimentary rocks. 

Precambrian 

These rocks consist of granitic and altered volcanic 
and E'edimentary formations that underlie the Palaeozoic sediments 
unconforw.ably . They are not an important source of water in the 
area . Water contained in these rocks prob"-bly occurs in joints 
and fissures. From the few wells th..<tt 118.ve reached the Precambrian , 
the water is reported to be highly mineralized . 

Trenton and Black River Formations 

The Trenton and Black River formations consist 
predominantly of grey and blue-grey limestone, and are at least 
550 feet thick. Thin la~rs of shale occur in some parts of the 
succession, and dolomitic limestone may be present in the lower 
part of the Black River beds . Coarse sandstone or arkose , resting 
unconformably on the Precambrian, is known to occur in some localities. 

Water found in these rocks occurs in cracks, fissures, 
or solution channels, and along bedding planes . The limestone itself 
i£ too fine i!Yained and co!_rrPact· to be water. yieldi:rig , but the coarze 
sandstone or arkose may contain a consio.erable auantity of vmter . 
vrater derived from these formations is commonly highly mineralized 
and unfit for domestic use . 

Collingwood Fnrmation 

The CollinE;t~Ood formation consists of dark grey to 
black, fine-grained, thin-bedded, bituminous shale. It is about 
30 feet thick . Water recoverable from these rocks occurs largely 
in fractures and along bedding planes; the shale itself is too 
fine grained to yield its WB.ter freely. The water obtained is 
usually too saline for either domestic or stock purposes . 

Billings Formation 

The Billings formation is a thin, and evenly bedded, soft, 
bituminous shale that weathers dark grey, bluish, or even yellowish . 
On fresh s 1..i.rfaces it is dark grey to nearly black, with distinct brown 
and green shades in many places. Much pyrite occurs in the darker 
parts. 

The shales are exposed on both Rouge and Little Rouge 
Rivers a short distance above highway No. 2 . They also outcrop 
on Duffin Creek, where they may be seen on lot 15, cons. II~~hd III, 
and on lot 13, con . IV, Pickering tp. No other exposures of this 
formation occur in the area , but the shales underlie all that part 
east of a line joining the mouth of Rouge River and Lemonville . 

Some water occurs along the bedding planes of this 
formation, but the ouantity recoverable ~.s small and the water saline. 
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Dundas Formation 

The Dundas formation is prevailingly a blui sh grey, 
thin-bedded sha le that weathers somewhat lighter. There is, 
however, some ve.ria tion from compact, blue, argillaceous shale 
to buff or yellowish , silty , and f r eouently arenaceous rock. 
Hard bands , hath ca lcareous and arenaceous, occur interbedded 
with the shale; they r a r e ly exceed a foot in thickne ss , the 
average being onl y a few inches . The formation i s about 550 
fpet thick. It outcrops on Humber and ~est Humber Rivers in 
Vaughan and Toronto Gore townships r espectively, and underlies 
the drift throughout most of Vaughan and King tO",vnshi ps together 
with the wei::tern pr.i.rt of Whi t chi.m.ch, .- Ma r kham, and Scarborough 
townships a nd a small part of ea.ch of Albion a nd 'l'nronto Gore 
townships. 

1;·a ter occurs a lone the bedding and joint pl ane s 
of the shales, but the rock itse lf is too dense to y ield its 
water readily to wells. ·where t:re formation occur s at or near 
the surface, small ouantities of water suitab le for domestic 
needs may be obta ined fr om the upper 50 feet . \/'.fa ter olJtained 
deeper in the formation is commonl y t oo sal i ne for either domestic 
or stock uses . 

Meaford Formation 

The Meaford f ormation 3.S a who le consists of grey 
to bluish and even brownish , fissile shale with interstratified 
hard l ayer s that vary in composit ion f rom impure ca lcareous 
sandstone to rather pure crystal line limestone . It i s exposed 
on a sma ll l tributa ry of 1!\'est Humber River in Toronto Gore a nd 
unc~erlies the gl e cia l drift near the extr eme we stern part of 
the a r ea . It i s known to be about 115 feet thick on Credit 
D. iver a short Cl i s t <i.nce southwest of the area . 

The sha l e of t h i s f ormation is too compact t o be 
a. good source of wnter . Fells penetrating the formation have 
yielded moderate nue.nti t ies of wate r pre sumab ly f rom bedding 
pl anes a nd .4oint cra cks , but in most instances the wate r is 
saline and not suitable f or domestic needs . 

O.ueenston Fonna ti on 

The Queenston formati on consists of brick-red , 
thin-bedded, compact shale . It does not outcrop in the present 
a rea, but underlies the gl acia l drift in the northwest part 
of Albion and Toronto Gor e townships . The rock is a very poor 
source of water. It has been penetr ated by a few wells, but 
the quantity of wat er obtained is small and commonly too sa line 
for domestic use . 

Medina Formation 

The Med ina. formation over lies the O.ueenston, and 
forms the basal part of the Silurian system in Onta rio. It 
has been divided into three members , which, in ascending order , 
a r e : Whirlpool sandstone , Manit0ulin do lomite , and Cabot Head 
shale. 

Whirlpool Member. This member is typically a resistant, 
light grey , fine to med i um- grained sandstone. It usua lly occurs in 
beds of consider ab l e thickness, but , where seen in its entirety, the 
upper few feet a re commonly more thinly bedded than the lower part. 
Wave marks are common, but a r e best developed in the upper, t h inner 
beds . The sandstone outcrops in the northwestern corner of Albion 
town.ship , where it lies a t the base of the Niagara escarpment. Its 
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thickness within the area is not known, but wells drilled for 
natural gas a few miles to the west of the area show 20 feet 
of sandstone present. No wells have penetrated this rock, so 
that its water-bearing properties are not definitely known , 
However, where it lies below 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 
,,,ithin the area, but, o.s seen a few miles to the west, it consists 
essentially of buff weathering, r;rey , magnesian limestone, in 
pr.rt argillA.ceous, and dispos ed in even beds from 2 to 8 inches 
thick. The lower few feet show thin interbeds of soft grey or 
bluish grey shale from 2 to 4 inches thick. This rock underlies 
the glacial drift in the northwestern part of Albion township, 
and is about 25 feet thick. 

Small auantities of water can be expected to occur · 
along bedding planes and i n solution cavities in this rock, but, 
as none of the wells examined penetrates this member, little 
definite information is available re garding it s vrater-bearing 
properties . 

Cabot Head Member. This member consists typically 
of red, green, and grey shales, sandy dolomite, shaly dolomite 
and ferruginous lL~y beds . It does not outcrop within the area, 
but can be seen in the railwn.y cut at Limehouse a few miles to 
the west . It underlies the glacial drift only in the extreme 
northwest part of Albion tovmship and is at least 40 feet thick. 
The shales do not form good aquifers due to their fine-grained 
texture, and the calca reous beds are few and too thin to hold 
much water. None of the wells e~amined penetrates the Cabot 
Hea.d beds, but they are not thought to be an important source 
of i.va. tcr in the a rea • 

Lockport Formation 

The Lockport formation consists of magnesian limestone 
and dolomite, commonly light grey to bluish, fine to coarsely 
cr ystalline, in pl a ces ouite por ous, and disposed in beds from 
2 to 4 feet thick, with both thicker and thinner beds locally 
developed. Jointing is gener a l throughout the formation; it is 
commonly vertical but very irregular . ';feathered surfaces may 
Fhow joint cra cks as much as e. foot wide. These rocks may be 
seen in the extreme northwest part of Albion township, where 
they constitute the upper, cliff-forming member of the Niagara 
escarpment. The formation is perhaps 150 feet thick, with only 
the lower 50 feet occurring in the area of this report . 

Appreciab le quantities of water may occur in joint 
cra cks, in solution cavities , and along bedding planes in this 
formation. We lls encountering these openings yield sufficient 
water for f~rm requirements. Numerous springs issue a t the 
base of the Lockport formation where the contact with the under­
l y ing irepervious Cabot Head is exposed by the topography . Some 
of these springs are reported to flow as much as 3,000 ga llons 
a n hour. 

Unconsolidated Deposits 

During the Pleistocene or gls.cial epoch, grea t e.ccumul ations 
or--ice formed at va rious centres in northern Canada. This ice moved 
out in a ll directions from these centres and covered l a r ge regions with 
whn.t has been called the continenta l J.ice-sheet . As the ice advanced, it 
p:Lo.ked up great quantities of loose rock debris, which was deposited when 
the ice-.f.i..""8..lly melted. This material is unconsolidated , and is commonly 
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called glacial drift . The ice-sheet advanced and retreated 
several times and on each retreat left an a ccumulation of drift 
on the surface over which it passed , 

The area was entirely covered by one or more continental 
ice-sheets during Pleistocene time, and the final retreat of the ice 
left the bedrock surface covered to a variable depth with a mantle 
of gla cial drift . This drift, tot;ether with flood plain depoai ts 
of alluvium, constitutes the unconsolidated deposits iri the ar~a . 
Most of the glacial drift cons i sts of boulders and pebbles of 
various compositions and sizes embedded in a matrix of clay to 
form a more or less impervious mass known as bould er clay. Irregu larly 
intermingled with this impervious mass, and also lying above , be low, 
and between successive boulder-clay sheets , are beds, po ckets , and 
lens es of sands and gr ave l s that fonn the water-bearing members or 
aquifers of the drift . The following types of unconsolidated deposits 
occur in the e.rea : (1) ground moraine ; (2) termina l moraine; (3) kame 
moraine; ( 4) outwash sand and grave l; ( 5) fo; l a cial-lake deposits; 
(6) interglacial deposits; and (7) a lluvium. 

Ground Moraine . This type of gl a cial drift is chiefly 
boulder clay laid dovm at the base of the ice-sheet, and consists 
of a heterogeneous mixture of cl ay , boulders, and pebbles enclosing 
irregularly distributed lenses and po ckets of water-laid sand and 
gravel. 

Pore spaces in the boulder clay are very small , and 
much of the contained water is not r ecoverable through wells . 
However , where the clay is sandy, small domestic supplies may be 
obtained from it, and l a r ge r supplies, for industri a l or municipa l 
purposes , can be expected from the included lens es and pockets of 
sand and gravel . 

At most plo.ces in the ground- moraine areas , water is 
obtained at depths of about 40 feet or less, but owing to the 
heterogeneous cha r a cter of the deposits , it is not possible to 
predict the depth a t which water may be encountered in any particular 
locality. 

Terminal Moraine . Part of the load carrie d by the 
continenta l ice-sheet was dropped at its front or margin during 
pauses in the general retreat of the melting glacier . This 19£-d 
consisted of nu terial gathered during the a dvanc e of the ic;:.e-Sheet, 
and was deposited as a mixture of boulder clay, silt, sand, and 
gravel. Str eams flowing from the melting ice carried away a large 
p~rt of the silt , sand , and f iner grave l, l eavi ns chiefly compacted 
boulder clay and heaps of loose boulders as terminal moraine . In 
general, such material carries very little recoverable water , except 
where small lenses of sand or grave l are present . 

Kame Moraine . The hil l y region in the extreme north 
pa r t of Markham and Vaughan townships is composed of boulder clay, 
sand , and gravel , 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 southward; it is overlain by still mo:r:-e sand . 
This hilly area probably represents a terminal moraine, the sand 
and gravel being a mixture of outwash and karne deposits resulting 
from loc a l r eadvances of the i ce-front during its general retreat. 

The typical terminal moraine part of the hilly re gion 
contains favourable aquifers at depth , but shallow wells do not , in 
gene ral, yield adequate supplies . Water is obtained at depths of 
from 38 to 150 feet , with the deeper wells producini; the more permanent 
and larger supplies. In the sand and grave l areas, however , where the 
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deposits repr esent outwash a.nd kame conditions, .domestic supp,lies are 
obtained within about 17 feet of the surface. 

Outwash Sand and Gr avel. Sand and grave l carried out 
from the front of the me lting ice-sheet and deposited on plains at 
or near such a front may form important aquifers . These deposits 
ar e porous , a nd readily absorb rain f a lling upon them . If they 
r est on imper vious clay , which would prevent downward percolation 
of the water, they may become saturated t o withi n a few feet 
of the surface . Sha llow wel l s in such deposits can be expected 
to y i e l d adequate domest ic supplies . If the deposits are thick 
and contain extensive gravel l enses , they may yi e l d supplies 
suff ici ent for industria l or municipal uses . 

Glac i a l-lake Depo1:its . These deposits include the 
s ilt, sand , and gr ave l deposited in gl ac i a l Lake Iroquois. Most 
of the deposits consist of fine sand and silt, with the gravel 
oecurring in the form of bay-mouth bars . The sandy deposits 
vary from a thin veneer to a t le.8.st 10 feet in thiclmess; the 
gr ave l rJep0s i ts reaeh a t h ickness of 40 feet . Such depos i ts 
a r e very porous , and will yield their water freely t o shallow 
dug wells . 

Interglacial Deposits . These deposits are exposed in 
Scar borough s.nd Pickering townships , a long the shore of Lake vntario, 
where they consist typically of stratified sand over lying a grey , 
peaty clay. The clay is almost impervious and very l ittle wate r 
can be expected from it. The stratified sand , however , does 
contain water, and springs issue from the contr:t ct of the sand 
s.nd under l ying clay in the cliffs 8. long Lake Cntario . Unless 
the sand is so fine as to partly _clog we lls that a r e dug or 
dril l ed in it, a f<J.ir suppl y of water should be obta ined. 

Alluvium. Al luvial deposits consist of clay, silt, 
sand , and grave l laid d()l,lm as f lood-plain deposits a long the 
valley bottoms of many streams . Locally these deposits may 
become very extensive . The water- be!l ring properties of a lluvial 
depos i ts ar e variab le, but , in gener9. l, such deposits form 
favour ab le aau ifers. They are porous , ~nd readily yie ld a. 
p9.rt of the ir eontained 111/B. ter , a l thouc;h. in places their 
porosity rna.y be greatly reduced by the presence of fine silt 
and clay . This type of depos it may be expected to yield moder ate 
domestic supplies through shall0w wells; Pnd larg;er supplies 
if the deposits a.re extensive . 

WATER ANP.LYSES 

Both the kind and quantity of miner a l matter dissolved 
in a natural water depend largely upon the structure and chemical 
composition of the rocks with which the water has been in contact , 
W8. ter may be polluted by or r,anic matter or its de composit ion 
products. 

Two hundr ed and eighty samples of wel l water from the 
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area were analysed for their minera l content in the l aboratory of 
the Water Supply and Borings Section, Geo lo gica l Survey, Department 
of Mines and Resources, Ottawa. The analyses are given in parts 
per million, that is, in parts by wei ght of the constituents in 
1, 000 ,000 parts by volume of vra.ter . No exami!lA.tion was made for 
bacteria, and hence a water that may he termed suitable for use 
on a basis of it s mineral content might be condemned by reason 
of its bacterial content . Bacterio lo gical ana lyses are made by 
the Provincial Department of Hea lth , Toronto . As a rule, waters 
high in bacteria have been contaminated by polluted surf11ce water. 

The following minera l constituents include all that 
are norma lly found in natura l ·waters in qu.i:mt i ties sufficient to 
have any pract ica l effect on the value of waters f or ordinary 
uses . 

Silica (Sir2 ) is dissolved in small ~uantities from 
r.J.lmost a ll rock:S:-... It is not obj ectionab le except in so far as 
it contributes to the formation of boiler scale . 

Iron (Fe) in combination is dissolved from many rocks 
as wel l as fr-om iron sulphide deposits with which the water comes 
in contact . It may a l so be dissolved from well casings, ·water 
pi pes , and other fixtures in auantities large enough to be objectionable, 
but separates as the hyd r ated oxide upon exposure of the water to 
the atmosphere. Excessive iron in water causes staining on porcelain 
or enamelled vm .. re, and renders the water unsuitable for l aundry 
purposes. In the table of ana l yses accompanying this report, 
alumina is included with the iron and both are reported as the 
oxides . 

Ca lcium (Ca) is dissolved from almost a ll rocks, 
though in grea.ter cuantities from limestone, dolomite, and gypisum . 
Magnesium (Mg) is similarly dissolved from many rocks, but 
particularly from dolomite. These constituents impart hardness 
to water and are active in contributing to the form0tion of 
boiler scale. The sulphate of magnesia (Mgff'4 ) cor.Tb ines with 
water to form "Epsom salts 11

, a nd renders the water unwholesome 
if pr esent in l a r ge amounts . C8. lcium salts in minor ouantities 
have no injurious effects . 

Sod i um (Na ) is found in e ll natural waters in various 
combinations , though its salts constitute on ly a sma ll part of the 
total dissolved minera l matt er in most wa ters in hur.i.id re gions. 
SodiiL-rn salts mH.y be present as a result of pollution by sewage, 
or of contaminP,tion oy sea water either directly or with that 
enclosed in marine sediments. No estimate of potassium (K) has 
been made , and any tha t may be present has been included a s 
sodium. Moc.P.r a te quantities of these oonsti tuents have little 
effect upon the suitability of a water for ordinary uses, but 
water s containing sodium in excess of about 100 parts a million 
may reouire ca r eful operation of steam boilers to prevent foaming. 
Waters containing l a rge quantities of sodium salts are injurious 
to crops e.nd are , therefore, unfit f or irrigation. The quantity 
of sodium salts may be so l a r ge as t o render a water unfit for 
nearly a ll uses. 

Sul phate (SG4) is dissolved f rom deposits such as 
gyp sum and sodium su l phate . It is also formed by oxidat ion of 
iron sulphides and is, therefore, found in mine waters. Sulphate, 
in combination with calcium and ma gnesium, causes formation of 
boiler sca le; it also increase s the cost of softening the water . 

Chloride (Cl) is a constituent of all natural waters 
and is dissolved in small quantities from rocks. Waters from 
well s that penetrate brines or salt deposits contain large ouantities 
of chloride, usua lly as sodium chloride (connnon salt) and less 
commonly as calcium chloride and magnesium chloride. Sodium 
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chloride is a chara cteristic cons t ituent of sewn.ge , and any loca lly 
abnorma l qwmtity suggests pollut ion from this sourc e , However, 
such abnorma l quantities should not, in themselves , be taken as 
positive proof of pol l ut ion in vi ew of the many sourc es from 
which chloride may be derived. Chloric'les imp~rt n salty taste 
to wat er, and if present much i n excess of 300 parts a million, 
r ender it unf it f or domestic use , 

The term "tota l dissolved solid c" i s applied to the 
r esidue obtained vrhen ri. sample of v·m..te r is eV8.poratod to dr yness . 
Wa ters nre consider ed h i gh in dissolved miner a l solids when they 
canto. in more th'3.n 500 part s a. million . Waters containing up to 
500 part s a million may be ac cepted for domestic use .provided they 
ar e otherwi se satisfactory , but a content of 1, 000 part s a million 
does not prohibit domestic use if no better suppl y is QVai l ab l e . 
Residents ac customed to the vm.te r s roe.y use those that ca rry much 
mor e than 1, 000 p'.lrts a million of tot<i.l dissolved solids i,dthout 
inconvenience, although persons not used t o highl y miner a lized 
wn t ers would find them ob jectionabl e . 

Hardness is a condition imp~rted to waters ch i efly by 
dissolved calcium a.nd magnesium compounds . It her e refers to the 
soap- deictroying powe r of water, that is, the amount of soap tha-t 
must first be used t o pr ecipitate the above compounds before a 
lather is produced. The h~rdnosn of water in its original state 
is i tr tota l h"lrdness, and is cl8.SE'ifien ris "pen:i.e.nent 11£'. rdness" 
and "temporary hardness". Permanent hardness remaini: after the 
water has been boiled . It is caused by miner al salts that canno t 
be r emoved from solution by boil i ng , but it can be r educed by 
treating the water with natur a l softeners , such as ammonia. or 
sod i um ca r bonate , or with many manufactured softeners . Temporary 
ha rdness can be eliminated by bo iling, and is due to the presence 
of b icarbonates of calcium and magnesium . WatE:'rs containing l arge 
quant ities of sodium car bonate and sma ll amounts of calcium and 
magnes ium compounds a r e soft, but if the latter cornpounds a.r e 
pr esent in l a r ge oua.ntit i es the water is ha r d . The following tab l el 
t~ lr ' 

1 Thr esh , J.C. and Beale , J . F . , "The Examination of Water s and Water 
2upplies" , London, 1925 , p . 21. 

may be used to indicate the de gree 0f ha r dness of a vmter : 

Tota l Hardness 

Part s per million Character 
0 - 50 ••••..••••••••••••.••• Very soft 

50-100 •••••••••••••••••••••• Noel er a tely soft 
100-1 50 , •••.••••••••••••••••• Sl i ghtly hard 
150- 200 •••••••••••••••••••••• Moder ate l y hard 
200- 300 ....................... Ila.rd 
300 -~ .......... . ........... • Ver y har d 

The water samples an~ lysed were taken from depths 
of fr om 7 to 462 feet , and with 51 exceptions a ll are from gl a cia l 
drift. They shovv little \Tariation in either the t otal dissolved 
solids or the guant i ties of the individual constituents. As 
far as miner a l content is concerned, the waters are ouite suitable 
for domestic and stock pur pos es as well as for moct industrial 
uses. Softening would be desir ab l e f or laundr y purposes , None 
of the drift wD..ters ana l ysed contains suffic i ent salts t o r ender 
i t in jurious to crops and so unsuitabl e f or irrigation, 
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PART II 

MARKHAM TOWNSHIP, YORK COUNTY, ONTARIO 

Physical Features 

Ma.rkhPm tov"!lship is situated in the east-central part 
of York county, and has an area of a.pproxima tely 120 square miles. 
The village of Markham, the largest of a number of small villages 
within the t~nnship , has a population of a.bout 1,000, and lies 
a.bout 20 miles northeast of the oity of Toronto. 

The surface of ~.arkham township is fairly flat, though 
numerous, low, rounded hills produce a gently undulating aspect in 
many localities. Surface elevations decrease from about 825 feet 
above sea-level in the northern part of the township to about 600 
feet in the southern part. An irregular, hilly region in the extreme 
northwest corner of the township rises to an eleve.tion of 1,025 feet. 

Rouge River e.nd Little Rouge Creek, together with their 
numerous, small tri~utaries cross the township .in a general southerly 
direction. Many of the smaller creeks 1 which are dependent upon 
grou•d water for t he ir flow, are dry or nearly so except at times 
of spring floods, or after heavy and prolonged rain. Most of the 
valleys have gently sloping sides, with stream beds less than 50 
feet below the general level of the surrounding country. In me.ny 
places the sma ller valleys lose their identity or become mere 
ditches in the surface, 

Geology 

Bedrock Fonnations. · No · exposures of bedrock a.re to 
be seen in Ma~~ ~ownsnip, and no records of wells penetrating 
bedrock were QVB.ilaLle. However, both outcrops and deep-well 
records outside the township indicate that the entire a.re.a. is 
underlain by a fine-grained, thin-bedded, marine shale of Ordovician 
age, which is at le~ st 300 feet thick. In the eastern part of 
the township this consists of the dark grey to nearly black 
shale of the BillinEs formation, and in the western part of 
the bluish grey shQle of the overlying Dundas formation. Inter­
bedded with these shales are thin limestone beds and sandy layers 
from 2 to 6 inches thick. 

Unconsolidated Deposits. Throughout most of the 
township the upper part of the drift consists of ground moraine, 
which is chiefly~ heterogeneous mix~nrerof"cl~y~ bau1ders;.and 
pebbles, and which encloses irregularly distributed lenses and 
pockets of water-la.id sand and gravel. 

The hilly region in the extreme northwest part of the 
township is composed of boulder clay, sand and gravel. Exposures 
occur in road cuts at or near the tops of the hills. Some of 
these exposures are entirely boulder clay, others entirely sand. 
At one locality a. 6-foot layer of boulder clay overlies well-bedded 
sand and is in turn overlain by more sand and loess. The whole 
e.rea probably repreE"ents a terminal moraine, the sand and gravel 
being a mixture of outwash and ke.me deposits, and the combination 
a result of local readvances of the ice-sheet. 

Sand is plentiful immediately south of the village of 
Unionville. As this seems to be superficial at many places and 
thickest in the valley of Rouge River, it may be an ancient flood­
plain deposit of the river made before it had out down to i~e 
present cha.nne.:.. E:.rewhere alcng the river these sands a.re 
associated with varying ~ua.ntit ies of gravel, and in lot 26, 
con. I, as well as in oth~r localities, many freshwater shells 
(pelecypods and gastropods) occur, Similar sands and gravels, 
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containing minor quantities of clay, ma.y be seen at various plaoes 
along the smaller streams. They are especially common in Don 
Rive r Valley throughout concessions I and II and along its 
tributary to the east in concessions II and IIJ. 

Drumlins are scattered throughout the northern half 
of the township. These are low, smooth, elliptical or dome­
shaped hills composed chiefly of boulder clay with some gravel. 
They average ~ mile in length , and are roughl y tw'o or three times 
as lo~g as they are wide. Many are less than 25 feet high, 
a lthough some rise to nearly 50 feet. 

The variations in the thickness of drift were not 
determined, as only one of the record ed wells appears to have 
rea ched bedrock. ·well No . 26 1, on lot 20, con . III, was drilled 

~~ell numbers used in this report refer to those wells on which 
data have been compiled, as indicated on page 2 of this report. 

to a depth of 450 feet, and a lthough the aquifer wa s reported a s 
gl a cia l drift, ana lysis of the water shows a sodiu~ chloride 
content sufficiently h i gh to suggest that the wate r has been 
in contact with the underlying marine shale. The we ll is of 
the flowing artesian type, and it is pr obable that:· it has passed 
through the drift and is drawing its supply from the conta ct 
of drift and underlying bedrock. This would indicate a thick-
ne~s of 450 feet of unconsolida ted deposits at that loca lity. 

The following table indicates the minimum thickness 
of drift at several loca lities~ 

Well No . Concession Lot Depth Aquifer 
(Feet) 

23 I 28 120 Drift 
60 I 30 125 Sand 
55 I 30 140 Drift 
62 I 30 120 Grave l 
65 I 30 120 Gravel 
72 I 30 110 Grave l 
13 I 32 128 Grave l 
25 I 34 llO Drift 
31 I 34 172 Gravel 
72 I 35 150 Sand 
2 I 37 190 Sand 
9 II 2 100 Drift 

14 II 3 148 Drift 
23 II 5 120 Grave l 

8 II 7 146 Sand 
28 II 12 100 Sand 

5 II 33 150 Drift 
l III 1 140 Drift 

12 III 10 160 Gravel 
l III 26 160 Drift 
8 III 26 200 Drift 

11 III 4 140 Sand 
12 III 10 160 Grave l 

9 III 13 125 Grave l 
11 IV 4 130 Drift 
15 IV 14 130 Gravel 
14 IV 33 202 Drift 

2 v 6 140 Clay 
10 v 24 100 Drift 
26 v 35 160 Gravel 
29 v 35 340 Gravel 
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Well lfo, Concession Lot Depth Aquifer 

(Feet) 

9 VI 1 126 Gravel 
29 VI 5,. 

C • 150 Gravel 
10 VI 23 135 Sand 

2 VI 31 135 Sand 
13 VII ·5 144 Gravel 

9 VII 7 107 Sand 
5 VII 16 175 Drift 

15 VII 23 100 Drift 
9 VII 28 169 Quicksand 
7 VII 32 136 Sand 

10 VIII 17 202 Gravel 
10 IX 3 185 Sand 
37 u 10 104 Clay 

5 IX 12 225 Grn.vel 
3 IX 21 180 Gravel 

Logs of most of the wells in Narkham township 
are not available, The following lo gs 1 furnished by Mr . Hiltz 
of 1Nhitevale , illustrate the char acter of the ma.terials inter­
cepted in rfrilling wells i n parts of the township. 

Well No . 16, con. I, lot 28 Feet 
Clay •• , •.•.•••• ~ 
Quicksand .••••• 55 
Gravel . • . • • • • • • 26 
Total depth •• , • T3I 

Well No, 20, con. V, lot 4 Feet 
Clay • • • • • . • • • • 100 
Gr~vel •••••••• 11 
Total depth . . . TIT 

1'lfell No . 9, 

Well No. 2, 

con.II, lot 2 
Drift ••• 0 ••• 

Gravel ...... 
Total depth . 
con. v, lot 6 
Drift ....... 
Gr avel ....... 
Total depth .. 

Feet 
--99 

1 
TOO 

Feet 
140 

2 
142 

Well No. 9, con. IX, lot 27 Feet 
- 48 

Well No. 14, con. IX, lot 29 Feet 
Clay .......•. Clay • • • • • • • • • ~ 
Gravel ••••••• 7 Sand • • • • • • • • • 3 

Total depth • • E38 

Well No. ?, con. V, lot 6 Feet Well No. 'I con • IX, lot 21 Feet . . 
Clay ......... -50 Clay . ......... -rs 
Gravel ....... 4 Gravel . ....... 
Total depth .. 54 Clay . ......... 

Sand •••••••••• 
Total depth 

Water Supply 

Markham township is well supplied with gr ound water 
for domestic and stock purposes, and it is believed that supplies 
sufficient for municipal and smaller industrial uses a.re obtainable 
in some parts . About 86 per cent of the wells a.re of the dug type 
and about 83 per cent a.re supplying water from depths of 40 feet 
or less. A survey of the well records shows that a.bout 83 per 
cent of the wells have a permanent water supply sufficient for 
the present demands made upon them; the remainder constitute dry 
holes, wells tha.t go dry periodically, and wells that went dry 
appe.rently as a result of the la.st period of extremely dry weather 
(1931-1936). 

All wells in Markham township, with one possible 
exception, derive their water supply from glacia l deposits . In 
describing the principal water-bearing beds, no a ccount is taken 
of their age with respect to the successi~e advances and retreats 
of the ice-sheet, as the wate~-bearing properties of the aquifers 

2 
-58 

2 
77 
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seem to be independent of their Fosition within the drift. 

Sand and gravel pookets and lenses within the 
glacial drift, as well as outwash sands and gravels and porous 
beds lying between successive layers of boulder clay, are the 
chief sources of ground water in the township. In most wells 
the statements of owners and drillers as to the character of 
the aquifer were accepted. In many wells the principal aquifer 
is listed as glacial olay, material that normally yields little 
water. In wells where the yield is considerably greater than· 
should be expected it is possible that the glacial olay may be 
mixed with sand or even consist of fine sand or silt with a 
pore space large enough to yield at least pa.rt of its water. 

The intake area includes almost the entire surface 
of Markham township as well as areas to the north and northwest. 
Ra.in falling upon sand and gravel will penetrate rapidly, .and 
~uch material is widespread in various parts of the township, 
as well as to the north. Contours drawn through the water levels 
of non-artesian wells show a. gradual slope from north to south 
across the township. The movement of water through an aquifer 
takes place down the hydraulic gradient, and hence it is probable 
tha.t areas to ·the north contribute to the ground-water supplies 
recovered in Markham township. 

There are two areas in which a relatively large 
percentage of the wells are periodically or pennanently drj. 
The larger of these comprises lots l to 10, eons. V and VI, in 
which about 30 per cent of the wells fall under the above class. 
With the exception of flood-plain sands and gravels along Rouge 
River, the area is occupied by ground moraine showing chiefly 
a clay soil at the surface. Water-table contours indicate a 
dome that conforms approximately with the surface topography. 
Most of the wells that go dry in this region are less than 30\ 
feet deep, and most of them are reported to be either in clay 
or glacial drift. However, several wells have secured e.deq.ua.te 
supplies from more favourable souroe beds at greater depths. 
Well No. 30, lot 4, con. V, secured water in gravel at a. depth 
of 111 feetJ well No. 2, lot 6, con. V, obtained a permanent 
supply at a depth of 140 feet; well Ho. 9, lot 1, oon. VI, 
encountered a good supply in gravel at a depth of 126 feet; 
and well No. 29, lot 5, o.on. VI, obtained water in sand and 
gravel at a depth of 150 feet. In this region the drift is 
thick, and the possibilities of penetrating water-bee.ring sand 
and gravel beds apparently increase with depth. Hence, deeper 
drilling may be expected to result in more permanent water 
supplies. 

In the extreme southeast pa.rt of the township is 
an area comprising lots 1 to 5, oon. IX, and lots 1 to 10, con. 
X, in whioh about 33 per cent of the wells go dry intermittently. 
Some of these wells ha.ve gone dry gradually, others during the 
autumn, and still others only after extended periods of excep­
tionally dry weather. When visited, some of these wells were 
supplying water for as many 1u1 thirty head of stook, but the 
supply is apparently not permanent. With few exceptions, all 
the wells are 30 feet deep or less, and all are reported as 
having olay aquifers. It is probable tha.t "Vrells in clay aquifers 
go dry periodically, not as a result of any fluctuation of the 
genA~al ground-water level, but rather as a result of the rate 
of conS1..1I11ption being greater than the ra.te at which the e.0"oifers 
will yield water to the wells. Such wells may easily be depleted 
if drawn upon heavily, but may gradually regain their fonner 
water level if allowed to stand unused, or if the consumption is 

·materially reduced. In this district, the intermittent nature of 
the wells seems to be due largely to the poor wa tar-yielding 
quality of the- eouroe beds, and deeper drilling is advised to 
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penetrate more porous aquifers. 

Buried stream channels could not be recognized from 
the evidence of the wells. Such channels should contain quantities 
of sand and gravel, and hence form favourable source beds for large 
supplies of groundwater. The occurrence in any locality of a. few 
drift wells tha.t are appreciably deeper than the average mi ght indi­
cate the presence of an underground channel, but the deep drift wells 
a.re scattered throughout the township and hence no reliable conclusions 
~s to buried channels can be ma.de. 

Smnll springs are fairly numerous throughout the town­
ship . They occur chiefly where porous sand and gravel beds or lenses 
resting upon boulder clay are exposed by natural slopes or stream 
valleys . In general they a.re not a.n import!'l.nt source of groundwater 
in Markham township , although in places they supply both stock and 
domestic demands. Many of the springs, especially those that draw 
their water from porous beds of limited extent, give an intermittent 
flow. There are, however, some permanent springs, as in the valley 
of the ea.st tribut.a.ry of Little Don River on lot 48, con. I, 
immediately ea.st of the Canadian National Railway. The permanent 
flow indicates a relatively large extent for the source bed, which 
appears to be sand overlying clay. 

There a.re about thirty-five flowing artesian wells 
in Markham township, and they are present in every concession, 
except concessions IX, X, and XI. The wells range from a fgw 
feet to 450 feet in depth, and all are reported to be drawing 
their water from glacial deposits. In about one-third of these 
wells the water rises to between 1 and·5 feet above the surfa ce; 
in the remainder it rises just high enough to overflow at the 
surface . The rate of flow of the wells was not determined, but 
the following approximate figures were reported: well No. 1, 
lot 42, con. I - 1,000 gallons an hour; well No. 17, lot 19, 
con. II - 15 gallons an hour; well No. 1, lot 26, con. III -
240 gallons an hour . It is not possible to outline areas in 
the township that are favourable for flowing wells, as the 
aquifers a.re probably beds within the boulder clay tha.t are 
irregular in extent, distribution, and porosity. Flowing wells 
mi . ht be encountered almost anywhere within the township. 

Village Supplies 

1iiiarkha.m. Springs a.re the source of water for 
Markham village . They are located on the side of Rouge River 

· Valley about one-ha.lf mile north of two concrete reservoirs 
into which the water flows by gravity. The aquifer is reported 
to be auicksand. The villa ge ha.s a population of a.bout 1,000, 
but the daily consumption from the springs is not known. The 
supply is reported to be adequate under ordinary conditions, 
but hardly sufficient during the BUI!llTler when increased demands 
are made for watering la.>1.m.s. These springs have supplied the 
villa ge since 1916, and must have source beds of considerable 
extent. 

Analyses of Water Samples 

Fifty-six samples of well wa. ter from Ma rkham 
township were analysed for their minera l content in the laboratory 
of the Geological Survey . The samples were taken from depths 
of from 7 to 450 feet, and, with one possible exception, are 
all from glacial drift. They show little variation in either 
the total dissolved solids or the quantities of the individual 
constituents. Sample Nos. 9, 12, 13, and 17 show a. great increase 
in the iron and aluminium oxide content over the other samples 
analysed; the excess iron of No. 17 may have been dissolved from 
the iron pump and well casing. Sample No. 23 deserves special 
. r , . · '.· : ~ .. .... 
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mention. The total dissolved solids is greatly in excess of 
that reported in the other samples due to an increase in the 
sodium chloride content. The water has a salty taste. The 
well producing this water is 450 feet deep, and, in view of 

· the high sodium chloride content, it is probable that the well 
either penetrates the marine shales underlying the glacial 
drift or derives its water supply from the contact of the shale 
and drift. 

Amounts~ of Dissolved Mineral Matter in 
Waters Collected in Markham Township 

Constituent Water from glacial drift 
(55 analyses) 

Maximum Average !Unimum 

Total dissolved solids ........... 
Silica .......... ., ...............• 
Iron (Fe2C3) and alumina (Al203). • 
Calcium , •••••••••••••.••••••••••• 
Ma.gnesitllll ••••••• , •• ~ ••••••••••••• 
Sod i l.llTl •••••••••••• • • • • • • • • • • • • • • • 

Sul p:h.e. te •••••. ,. ..•.•..•.•••••••. • 
C hl or ide ••••...•••••..•.••••.•••• 
Total hardness ••••••••••••••••••• 

H In parts per million 

1, 160 
26 
62 

212 
81 

107 
284 
203 

1,050 

CONCLUSIONS 

42L4 
15 
7.1 

80.2 
25.2 
26~3 
56 .7 
29.9 

354 

160 
2 
2 

11 
10 

3 
10 

2 
160 

This investigation warrants the following conclusions: 

1. · Ground-water supplies of Markham township are adequate for 
domest ic, stock, and municipal purposes. 

2. Precipitation is sufficient to furnish this groundwater . 
In t:imes of drought, or during extended periods of decreased 
rainfall, annual c0nsumption may be greater than the annual 
recharge, resulting in a lowering of the water-table . Some 
wells may go dry at such times, and it may be necessary to 
deepen those we lls so c~ffected. 

3. The existence of numerous small streams with relatively 
shallow valleys indicates that the water-table occurs within 
about 50 feet of the surface. This is borne out by the 
fact that 83 per cent of the wells are less than 41 feet 
deep. 

4. All the grotL.~d water is being derived from glacial deposits, 
except possibly in one well. 

5 . The source beds are .lenses and pockets of gravel,, sand, auick­
sand, and sandy clay in the glacial drift. 

6. The water-bearing beds are irregular in size as well as in 
verttcal and lateral distribution. 

7. The quantity of water recoverable from a well depends upon 
the porosity, thickness, and extent of the Rquifer penetrated. 

8. Even though the water-table may occur within a few feet of 
the surface, the type of material encountered at that depth 
may yield its water so slowly that wells in it are not 
satisfactory. 
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9. It is possible to obtain groundwater at nearly all localities 
throughout the township, but it is not always possible to 
predict the depth at which favourable aquifers will be penetrated. 

10. In the areas of lmme and outwash sand and gravel water is 
obtained within 17 feet of the surface. At most places in 
the ground moraine areas water is obtained at a depth of 
40 feet or less. In the alluvial areas water is obtained 
at depths of 10 +,o 30 feet. 

11. So far as mineral content is concerned, the groundwater 
recovered in Markham township is of good quality and quite 
satisfactory for all ordinary uses. 

12. Drilling into the marine shales underlying the glacial 
drift is not advised. Water recovered from these shales 
will, in all probability, be too salty for domestic use. 
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.ANALYSES OF WELL }VA~~_ FROM MillKHAM TOWNSH:rP1 

Constituents as analysed-----~. I Soan Hardness r- Constituents as calculated in 
(parts per million) , (parts per lj a~swned combinations 
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CD .... j 1 i:i H ~ ..:t, ::s l'f\ ::s ~ o a cno , o . C\J 1 ::> C\J 
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0 II> 0 l .... H fict al aS 0 .Q rl ' 0 I Q) Q) al ' <11 ~ 0 • 0 0 I Cl) ' I 

o ~ e-i......, Ul H '-" o :::a I en o < E-t 114 E-t 'l o o j Ul en en I o I 
IX 35

1 

500 12 4 114 1 17 : 56 , 22 1265 360 200 160 1

1

265127 : , 46 
1 
r: : 31 

VIII 35 520 10 6 103 21 51 15 270 360 220 140 257 111 64 ' I I I : 20 
IX 25

1 
7so 14 4 u2 1 19 I 130 1271300 I 420 220 200 l12so I '111 69 

1
· 111 j 210 j' lus 

I.I 20 840 12 4 155 28I10 85 50 t 365 44o 2801160 t 365 30 79 25 I 47 
IX 40 440 14 4 74 22 21 I 44 17 ,. 250 1360 220 140l185 ·1' 55 I 30 30 281 I 
I.I 45 220 14 4 17 20 28 13 ~ 9 160 1200 70 130 I 43 69 I 37 19 15 : ' 

VIII 202 260 I 20 6 43118 26 10 I 27 1190 170 100 70 1108 I 62 l g I 15 I 45 
VIII 141 240, 12 2 521 24 5 14 : 33 190 240 110 1301,130 I 50141 I 1131

1 

j g 
VII 15 1 900 16 52 146 49 22 172 . 69 340 650 520 130 )40 ! 3h : ~85 I 56, I 47 

VII 29 460 14 6 103 29 12 64 38 285 460 . 280 180 258 I ;23 80 I I ' 30 I 24 
VIII 28 lfoo 14 2 57 16 35 46 15 215 280 I 150 130 142 :55 I I 7 ! 68 : 25: 
VII 20' 760 20 62 100 31 34 67 42 325 1520 I 400 120 i 250 !. 163 64 I I 22 I 69 ! 

VI , 7. 320 14 60 66 16 22 3lf. 9 230 ; 280 ' 170 110 1165 ; 156 I I 50 15 :. 
v 24 360 18 4 80 28 38 15 230 I 360 300 60 200 I 25 ' I I 48 ' ! 

IV 202 220 14 6 46 22 18 16 5 220 . ?20 100 120 115 76 I 15 j 24 'I 8! 
v 3401 4oo 6 6 12 37 lo 51 36 250 1400 200 200 180 ! 59 I 64 I 261 121 

VII 80 520 I 18 4o 97 34 23 I 69 I 53 285 . 54o 440 100 243 ,35 I 86 I 58 124 
VI 25 660 22 6 132 25 21 1154 42 260 I 4h0 l 200 260 260 95 i 109 I 541 112 
v i 580 12 4 I 14o 341 1130 31 300 1560 I 34o 220 1300 168 I l02 I I i 141 ! 

----- __________________ _J ··----··-- ------

l20 
I 

1Analyses by F. J. Fraser and A. H. Bray 
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.ANALYSES OF WELL WATERS FROM MARKHAM TOWNSHIP 

------, I -- ··--- ---- -------·--
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ANALYSIS 01 m.L WA.'l'ERS FROM MARKILW TOWNSHIP 

::= --- I Constituents as ~lyeed Soap Ha.rdneH Co~tit:ente as calculate~ ,~n ~· f 
(parts per million) (parts per assumed combinations 
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Total number of wells 
Dug 
Drilled 
Bored 

Number or flowil'.lg wells 
Non-flowing wells 
Dry holes 
With permanent water supply 
N~n-permanent water supply 

Number from 0 to 40 feet deep 
41 to 80 
81 tol20 

121 to 160 
· 161 to 200 

Over 200 
Of unknown depth 

Number with gravel aqµifer 
Sand aquifer 
Quicksand aquifer 1 Aquifer reported as glacial drift 
Clay aquifer 
Aquifer in bedrock 

Number with hard water 
Soft water 
Salty water 
Not used 

1 Sand, silt, sandy clay, or sand and gravel 
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7 2 
3121 l&'l 151 153 

0 0 
127 125 

31 30 

127 132 
J3 13 

4 0 
7 4 
1 0 

1 
5 

28 24 
27 7 
30 35 
29 32 
43 52 

1 0 

143 140 
1 1 
1 0 

13 14 

otal 
umber,Per 
in. cent 

of 
to ta 

86 
12 
o.6 

; 5~ 3~ 0 Dt~l 1,7~} 
2 

19 236 152 158 97 
o o o o· 0.2 

16 19 13 144 ll 1,541 84 
3 4 l 14 J8 3 285 16 

-
163 184 11 142 1,426 79 
18 33 13 12 170 9 

3 0 l 68 4 
3 5 3 0 37 2 
0 0 2 0 10 ·o. 5 
1 0 0 1 5 0.3 

1 1 13 2 88 4 

20 262 14 
27 206 11 
11 178 9 
34 375 20 
63 779 43 
0 1 

154 1,723 I 95 
1 17 

9
1
5 l 1 

5 
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