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ABSTRACT 

, ' 

1 
1 

1 

preliminary estimates suggesi; that at least 10% of the present 

watex requirements of l\1ontreal could be drawn from the sub- surface. 

1 \ ' 

Data collected from 1951-3 from 161 wells, ranging iti depth 

from 8 ~eet to 919 feet, were used in this ~tudy to 

the nature 01 the ground. Water level d?ta indicated that he 

ground watex f10w of the Island is radially outwards from i s 

topographically high areas. 

The dominant hydrogeochemical zone of Montreal is one of 

calcium bicarbonat,e 1 which correlates wi th the palJeozoic 
,/ 1 

j 

limestones found extensively on the Island. ~vo other minor 

zones are supe+,im~osed on this. One is magnesi'um-rich, in 

the V/est of the Island, 'associated with the Be~kmantovm 

Dolomite. The other is sod~um-rich; found ~ast and north of 

Mount Royal, a gabbroic s"tock, and appears to be associated 

with this ,and minor "~ntrusions, rather 'than ,Quaternary-marine 
~ ~ 4 

clays. !s.,fcarbonate is by ~ar;'~he most important anion, whilst 
, 

sulphate' and chloride achieve significant concentrations 
'J 

,~locally. '\, 

p:. 
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gëOCfimiqUC souterr~ne 
de l'Ile de Nontrial 

f-l. 

Department of Geological Sciences 
" 

M.Sc. 

RÉSUH~ 

" 

Des éval uat· ons préalables suggèrent qu 1 au moins de 1 O·~ des 

besoins act elles en eau de Montr~al pourraient ~tre tirés de 

dessous la surface. 

Pour inter réter la nature du terrain dans cette étude on a 

utilisé de données recueillies de 1a51 à 1953 de puits, 

s'étendant en profondeur d~ 2 ID à 280 m. Les données du 
1 

nive,u d.Jl'.au. indiquaient que l'eau souterraine de l'Ile 

s' écou 1 e ,) ~diaJlement . au ci"'hors des zon es topog ra phiOl>es élevées. 

Le bicarbonate de calcium jans la zone hydrochimique dominante 

correspond au.x calcaires paléozoiques qui sont très' repandr 

sur l'Ile. Surimposées la-dessus se trouvent deux.zones de 

·moindre importance. L'une, à l'ouest de' l'Ile, est riche en 

magnisium associé au dolomite de Beekmantown. L'autre, riche 

en sodium, se. trouve à l'ouest et au nord,de Mount Royal, et 

semble être associée à ce culot de gabbro ct à des autres 

intrusions mineures plutôt qu'aux argiles marines quaternaires. 
1') 

Surtout le bi~arbonate es~ l'anion le plus -important, tandis 

que le sulfate et le~hlorate atteignent en quelques endroits 
• v 

des concentrations importantes'. 
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CBAPTER 1 INTRODUCTION 

1 . 1 Purpose 

There will be aD increase in demand for water from 300 million 

gallons per day (mgd), to an e~~imated 450 mgd by 2,000 A.D. 
~, l" 

ir· ,J tiJ 

on Montreal Island. (Nontreal Urban Cornmunity,1972). Since 

there rnay be a progressive deterio;àtion in the quality of the 

present surface sources of water, i twill be useful ta know the 

chemical zonation and basic flow pat~ern of ground water fu 
./ ' 

arder t9 plan further development. ~ 
-1> , 

1 .2 $cop,e 

Adams and Leroy, 19d~, were the first ta consider the chemistry 

of the ground water wi thin the Island of Montreal, followed by 

1. 

Cumming in 1915. Subsequently Pollitt made an extensive field study 

,in 1951-3, but did not publish"any results. Other hydrogeo-

chemical 6tudies have been carried out in neatby areas by 

Tremblay (1968) and Freeze (1964). 

The scope of this thesis has been defined by the data collected . , . 

by Polli tt in the most recent comprehensive study in 1951-3 

(Fig. 1.1 artd Tables 1.1a and 1.1 .b). The da~a are of two 

types, lithological and chemical,of whic~ ~he latter is de-

tailed and reliable while the former is less specifie and has 

been augmented from'other sources,mainly Clark's thorough map-

ping and reports of 1952 and 1972.and from personal field obser-

vation.. Chemical data with a milli-equivalent per litre {meq/l} 
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FIGURE 11 

MAP TO SHOW THE DISTRIBUTION OF THE ORIGINAL DATA 

ON MONTREAL ISLAND 
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TABLE 1 .1 a ORIGI~.'\L D.\T:'\ SHEESf - CHE:'-IICAL. 

DEP\RT'\lS'\"T OF 'lI':r:S -\'\'O TECH!':IQ\L 5URVEYS 
acrA\O. Q\f \ -, r~ \lj:\r 5 -,.., ";'\"'.' I;:'j'('-::'II?IAI. \-; \Ir. uS SECI.lC:::I 

t ... atC'r A:1:l1vs~s ?c~ort (p;,rts per :>lillion) 

taboratory ~unber 
Field Number 
Loc~tion 

6887 
PN-53-16 

Source of t':a ter 
5ampling Point 

WeIl no. 6 
A. Degrosbol.s· 

, 12-3rd Ave. South 
Collector 
Analyst 
Date of Sampling 
Stora<Je (days) 
5ampling Temp. Oc 
Test Temp. Oc 
Diss. ~ygen (02) 
Carbon Oioxide 
pH 
Colour 
Turbidity 
Al~h-ph) 
Alk. as CaC03 (:-:eO) 
Suspended ~~tter:-

Dried at 10,oC 
Ignited at-S,OoC 

Residue on Eva~.:­
Dried at 105 C 
19nited at S,OoC 

Ignition Loss 
Conductance at 25°c~ 
Hardness as CaC03 :-' 

Total 
Carbonate 
Noncarbonate 

Calcium (Ca) 
Magnesiul'l (:-':g) 
Iron (Fe) Total 

Diss. 

r 

Alumiriium (Al) 
Mar.ganese (Nn) 
SodiuM (:'\a) 
Potassiûm (K) 
Carbonate (CO;:,) 
Bicarbonate (HC03 ) 

Sulpha te (504 J 
Chloride (Cl) 
Fluoride (F) 
Phosphate (PO",) 
Nitrite (XO;) 
Nitrate (;\;°3 ) 

Silica (Si02 ) Grav. 
Col. 

Boron (B) 
Sum of Constituants 

KMicromhos 

Remarks 

25.3 

8.4 
5 

slight 
2.~ 

309 

'f 

"1459 

.54.7 
5-l-.7 
0 
9.2 
7.7' 

307 
6.8 
3.1 

370 
97.1 

. 215 

-, 0.20 

10.8 

1027 

6896 
PM-53-17 

Montreal' area 
WeIl no • .5 

G. Renaud 
3o-4th Ave. South 

K., Pollitt, G.S,C. 

6897 . 
~1-53-1B 

\':ell no. 2 
J. !\lurray 
7-'+th Ave. 

August to September 19~3 

25.3 25.3 

'à.2 8.0 
5 5 

slight slight 
0 0 

251 344. 

823 . 821 

146 233 
146 ?33 

0 0 
24.8 50,0 
20.5 26.1 

123 97 .0 
8.0 7.6 
0 0 

306 420 
64.8 50.6 
10.1 '- 37 .1 
0.5 0.6 

0 0.4' 

17 .. 8 20.6 

480 497 

3. 

North 

t 



, ........ 
,. 

(1 TABLE 1.11 ORIGINAL DATA SHEET LITHOLOGICPL .-
(J rU~~R.!:_ S~f.~S ..Ji911JM.~~ _____ 195!._ 

~ .. ~. cI) cl ~. 

Dopth 
Well 1 to 

110 0 Nome AddroBo No. 1 Typo Elev. Dopth , water Aqu1 fe~ __ . ___ . Remarko 

P~!-l Continental Can 3455 Cote de L1e990 l Dr. 135 200 -13 Llmeotone ~6 Te.\l. J.r. 151.-

... 2 Barraute Lu~~e~Coo 100 stinoon Blvd. 1 'g If 134. 50 .. 12 n , 

-3 BUloonnetto eut stone 1 5001 Cote de L19soe 2 Il 
1 13:; 150 -16 t! 

16' 1 
1 

-4- st. Groix Convent ·st. Croix street 5 tl 1 126 250 -6 ..... -
i , 
.. 104 

, 
··5 ~yerot, McKenna. & Harricon l02~Montee 'st. LRurent 10 II 212 -27 Limestpne 1 

, " -6 Terry Uaohlnery Co. 100}0 Monteo S't. Laurant 100 11 99 110 1 -17 , 
\ 

1 
1. 

\ 

"'7 ~ebster Induatrleo Ino. 10090 ~ontne si. Laurent 11~ Il 913 89 ! <l"13 \ , , 
\ ' 

.. g Thibault Ioa Co. 2760 Roadlng 51 \l 50 333 -14 . LlmeQtono \ 
-9 RU8ael-Hlpwel1 Enginea S101 Metropoliten Blvd~ 62 Il $1 160 1 _ Il fi .oA..,~. ':1.1 

-10 V/m. Cu Hall, FlOl"liltltl 175 EMton 61 Il 100 72 -2 n \ '\ 

1 \ 

: \ 
" 

.. 
-11 ~lmhurst Ua1ry 7460 UpPDr Laohino Rd& 6:; Il 153 360 -15 ~ 
-12 CotG dOB Neigea cernetery 4601 Coto dao Neigoa 110 ft 4ô6 4156 1 -50 -.... 
-13 Pratt Park Dunlop Ci; LaJo1e 15 Il 31'5 770 -60 " 

v' 
,. 

-143t,'Vluteur'Park Bloomfield & Rornard 16 11 211-3 - l' 210 -30 
• 1 

-15 ·Do'n1nlon Preaervins 8455 st. Dominique 27 li 11~5 S5 0 L1meetone t- . 
"16 Transit Dry Kl1no 9500 st. Lan~enco 25 ~- ~~'~ ""5 fi "-

~~- : ~_ ... '!'\..7VJ 

-17 Frontensc Brewery 5930 de Go,ope 91 Il 212 :<-490 -33 fi l' .. 
-18 Llon Vlnegal' 1~537 Drolet 30 ri 174 575 -- --... I? 

: .::-
. ~ ; 1 

Q~. .. () .. ,\\ Il-!. ,) K. fo tr.+t-
l' 
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balance poorer than 10% were discarded. 

Hydrologie data such as base flow and evapotranspirati~n rates 

were taken frdm l'lork done by Freeze-.:.'<.in 1964 '--in the Laclïine-St • 

... 
Jean ar~;:", vlhich is mainly ta the south oî the St. Lawrence 

/ 
River. \ 

AlI data were recorded and processed using computer systems 

developed bv the Depart111eJ.t--of Geological Sciences at McGill, 

Universi tv. Further discussion of the type and.reliability of 

the data and its retrieval can be found in Appendix A. 

Samples of printouts processed by the PLAN programme an:!' 
{j. 

included as Appendix D, whJ.lst calculations of saturation 

indices and other parameters form A~pepdix C. 

This investigation consis"ted of' a study of the hydrochemical 

species of the ground watex: of Montreal Island. This was to 

locate any hydrochemical zones and to ascert~n if they corre-

la ted 1,'li th the geo10gy. The first fOur chapters or the thesis 
o 

introduce the environment and geology of the predominant1y 

limestone rocks of ?vlontreal, and the factors which determine the 

genera1 mode of occurrence of ground wa ter. Thi s sequence 

allows emphasis to be placed on the hydrogeological traits of 

the system which have relevance in the subsequent discussion of 

ground water composition and f10'1,'1. Chapter 5, on the chemistry 

of water, includes reference to the four major cations, Ca2 + 

K+ , the four major anions, HCO;, C03-, SO~-, 

, . 
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Cl- and to'the factors controlling their presence in water, 

v especially that of limestone terrains. Finally analyses are 

ïnterpreted by means of Sch0eller diagrams and horizontàl and 

vertical plots, 50 tpat explanations could be given of the 
o 

location of hydrochemical zones oq Montreal Island. 

y 
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CHAPTER 2 

" 

. Locat~on 

8. 

GE:\"EAAL DESCRIPTION OF THE AREA 

, 1 
Montr~al Island is locat'ed in the St. Lawrence Lowlands in th~" 

southwe~t part of the Province of Quebec; Canada (Fig. 

1 
tween longitudes 73 b 23' and 73°28' west, anâ latitudes 

and 45°43' north. It is bounded by the St. La~rence River'to 

'the south an.d eas~. ~d t;he Riviè;e dés prairi"es to the, north. . ~," , 
) 'il ' 

and has an lirreguiar triangular shape of area 122,941 acres 

l'l {-L.;l.joie and Baril, 195~). It is 32 miles in length and has a 

maximum width from Car>tierville to LaSall&e of 10 miles (Fig. 2.1 

points 4 '~d 5). 

\ ' 

Physiography 

Montreal has elèvati~ns Qetween 60 feet and 760 feet above sea 

level (Fig. 2.2): 
l , 

The lowest land is near the northeastern tip, 
"; 

of the Island, whi~e the highest is in the area of Mount Royal 
>] 

" 

(Fig.:2.1 point 6). 

2.2.1 
! 

(=opoaraph'l 
-

The top09r~phy i9 for the most part fIat and reflects 

~he struct~re of the underlying Palaeozoic strata, modi­

f~ed by a complex'pattern of low morfinic rid9.~s and' 
1 \ 

Qi~cial activity. Bare outc"rops of flat.rock are confined 
1 /1 

~:~nly 'to thé east of the Island, (Lajoie and Baril, 1954,,). 
\ 
\ 

2.2.2 Dra:irfagg 

The Island is drained by small creeks which xl~w into the 

~, ' 
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St. Lawrenee River or the Rivière des Prairies,which ar~ 

part of the Ottawa River -:- S~ Lawrence River system. 
/'>1 ( 

The larges.,.t streams flow SW - NE, sometimes in abandoned 

channels of the major rivers. The streams tend to be 

intermittent, meandering, and often poorly entrenched, 

though the rever~? is true of the last feature if clay 

is encountered. Drainage 01 the smoother ~lay a~eas i1 

facilitated by secondary ditches, but free water flow 

from these~areas is frequently impeded by natural barriers 

of stony tiYI or bedrock (Lajoie and Baril, 19?'4). The 

presence of the following great soil groups, Dark Grey 

Gleisolic soils, Half-Bogs, Bogs and Alluvial soils ,,_ aIl 

of which characterise poor drainage ca'nditions~ shows 

there is a relatively impermeable cover (Lajoie and Baril, 

1954) • f>'luch construction in the last 15 years has modi-
~ 

fied the natural drainage in detail. 

2.3 Climate 

The climate of the ~egion is hurnid continental with a mean ~nua~ 
r 
temperature of 45°F. The summers are warm, but the winters are 

very cold, with tempe ratures as low as -27°F. The coldest month, 

January, has an average temperature of 17°F, while JUly, the 

hottest, has an average temperature of 71°F (Table 2.1). The 

last spring frost is in May while the first autumnal one is at 

the beginning of October. This represents about 140 frost free 

days (Tremblay, 1968, p 50). Historica~ly, total precipitation 

has ranged from 52 inches to 29 inches per annum but a mean for 

the vears shown in table 2.2 i5 43.8 inches (Table 2.2). 



Station: l\1cGill University O,!?servatory 
1 

\1 

,\ 

j , 
~ 

<A ~ 
1 , • 
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1 
( 

TABLE 2.2 

nm ANNUAL PRECIPITATION OF THE YEARS ~45 TC 1954 
,"'-

.JsI 

Year Pr~ci12ita:tion 

(inches )-

1945 49.36 

1946 43.89 

1947 44.10 

1948 38.05 

1949 38.47 

1950 43.55 

1951' 45.11 

1952 47.65 

1953 :36.37-

1954 51.72 

t Mean annua1 precipitation over 10 year period is 43.8 înches 
1 

Station: McGi11 University Observatory 

Note: 10 inches s~ow equal 1 inch rain 

., 
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About" one third of fuis is in the form or snow, and at least six , 
1 months each year are affeeted by snowfall. The 'remaining two 
! t 

thirds of the precipitation oceurs during the growing season,at 

which tim~ eva'potransp~ration is responsible for a 10ss of about 

54% ~I the an~iPitatioIL (Freeze, 1964, p 8), 

Cl' 

2.4 HydroloqicaJ Cycle in ~ontreal . 

Ground water level depends on c1imatic conditions. Figure 2.3 
'1 

(Brown J 1967, p. 102) shows ,the annual ground water hydra,graph in 

a weIl in London, Ontario (Fig. 2.1 point 7). Unfor:tunately no 

weIl hydrograph. ~s availab1e f:rom Montreal, howev~r a simi14r 

pattern'is like1y sinee the climatic conditions of bath Montreal 

and London are comparable. The only difference is the later 

spring in Montreal which causes "the maximum recharge ta oecur 

in April/May, at time of ice breakup. ra"ther tha!! in March as 
\ 

shm'ffi on the hydrograph. 

Fluctuations in the London hydrograph are apparently eaused by 

c1imatic contraIs since this weIl is ;:rot affè~ted by local pump-

ing. There is an increase in water level from a winter low at 

the end of January, to ~ seasonal high at the enq of March. A 

decline sets in until September, at, whiCh time an increase to a 

second peak in Dec~1tlber occurs. Since the pre~ipitation is uni­

formly distributed (Brown, 1967, p.100), other factors must in-
\. 

"-
f1uenee ground wa, ter levels. The maximum recharg\i t~kes place 

in the spring at time of breakup,before increases in evaporation 

qy sclar energy and transpiration by plants occur. Subsequently, 
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ground water storage is depleted by vegetatio~ '"during the grow­

ing season, and by natll;l:"al flow to discharge areas'. Recharge 
--~.., 

'again ocçurs during the autwnn. wh en' plant demand is reduced, and 

continues until infiltration is reduced by freezing of the water 

in the pore spaces. and precipitation is in the form of snow 

( Br own , 1 967, p. 1 02 ) • 
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CHAPTER 3 GEOL03Y 

1 
The quantity and the 'quali ty of ground water in any region depends 

in sorne measure upon the texture' and the mineralogie composition 

of the rocks,so that the lithology and the stratigraphy ~e a 

guide to the development of ground water supplies. Aecordingly, 

the hydrogeologieal eharacter -or eaeh .:formation has been dEl'l>-

cribed in this chapter. 

The earliest ackno"lledged work on the geology of Montreal was 

by Sir ~villiam Logan in 1863. This has been supplemented by 

many studies of which the most recent r,:;enz by T .H. Clark in 

1952 and 1972 who gave detailed reports of -'che stratigraphy and 

geological history of the Island. 

3.3 Stratjarap-~ 

The stratigraphie succession applicable to the Island of Montreal 

is shown in Table 3.1 (Clark, 1972). 

The area is underlain by preeambrian metasediments, paragneisses 

and igneous rock types, but there is no outcrop of such on Montreal 

Island. There are two exposures of anorthosite near Gartierville 

similar to the precambrian ~~rin anorthosite.b~t the relationship 
... 

to the lùeal' sedimentary work5 is in doubt, and they may be glacial 

boulders rather than true outcrops. Carnbrian Potsdam Sandstone 

" 
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is the lowest mernber of the Palaeozoi'i:'s and i t crops out on the ... 

southern shore of the extreme western end of the Island at' Ste. 

Anne de Belle'vue (Fig. 2.1 point 8). OVerlying this are strata 
1 

of the Beekmantqym, Chazy, Black Ri ver and Trenton Groups whose 

maximum total thickne ss i s about 2,200 feet. They 'range in com-

position from dolomite t.o shaly limestone. They are overlain in 
( 

the eastern an::! northeastern parts of th e Is land by shales of the 

Upper Ordovician Utica and Lorraine Groups (Fig. 3.1). This 
li 

sedimentary sequence is eut by the Mount Royal and ~ther intru-

sions of Cretaceous ~ge. 

Glaçial material overlies most of the Island. 

In general the sedimentary rocks of the area dip gently to the 

'\:\ 0 east. Therc are few outcrops with dips of~~more than 2 • 
,.Q 

Steeper dips are fOlli,d in the eastern part,but even these are 

usually less than 10°. 

The principal fold system is minor and consists of the Ahuntsic 

syncline and Villeray anticline (Fig. 3.1). and plunges gently 

to the north-north-east. The eastern limb of the antialine 

shows the steepest dips. due to the regional dip to the east .. 

The major fault of th~ area is the White Horse Rapids faul t 

which cuts appro:x!imately east-west across the Island.just north 
,/ 

or l\1ount Royal (Fig. 3.1). There are four other prominent east-
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west faults, the Ile Bizard, the Ste. Anne de Bellevue, the 

Pointe Claire and the Lasalle faul ts. as wel-l a;;; a number of 

other minor ones (Fig. 3.2) of varying orientations but of 

which li ttle is known. Faul ts may affect the yields of 

different units by increasing or decreasing the hydraulic 

connection they have wi th ot ~y aquifers. They may act as 

positive or negative boundaries to be superimposed on other-

20. 

wise simple systems o They may also allow passages for saline 

water from depth to migra,te upward and impair an otherwise accelf-

table ground water supply. 

, 
3.5 ~9S~oloaical Characteristics'of Li~esto~~ 

\ 

Limestone can originate from a large number of different 

sedimentary processes such as the inorganic precipitation of 

muds, accumulation of shel1 fragments, etc., thus'not only is 

limestone different from other rock types but it also has 

many varieties of itself. 

The primary porosity and permeability of many of ,these sedi­

ments are TIlodified iapidfy after burial due to compaction.'so 

that the original sedimentary structures are poorly preserved. 
) '\ 

In contra'$t if the rocks\ are r~latively impermeable and dense 
l 

to start with,and the rocks axe not deformed,the sedimentary 

structures may persis~ almost indefinitely. The porosity and 
, ) 

permeability of ~ rock may be primary or secondary. Usually a 

combination of the two occurs in a given unit. In young 1 ime-

stones primary porosity is relatively high,due to incomplete 
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FIGURE 3.2 

, . , 
Small Faul t at St. Vincent de Paul 

( 
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e 

consolidation,while permeab~lity is generally low. Secondary 

porosi ty is due to diastrophic forces caus,i~>g joints and frac-. -

tures (Swinne~ton,19~2,p.660), and most features of geologiç 

structure including folds and faults affect the secondary 

" p~rosi ty. Thick bedded limestones are bri ttle 50 that fold-

ing èan cause closely spaced joints; thinner or unfolded units 

will not be 50 joint~d and henpe have lower secondary torosities. 
1 

Generally joints beco~e tighter and less common with increasing 

depth. 

, " 
'- Sometimes the intricate, series of small joint planes ·and fissures 

,can'be modified by solution into extensive cavelin systems ('Penn 
, - • ~. cf, 

~ al., 1936). Similarly, re-precipitation of calcite can occur 
) 

causing a diminution in secondary porosity: Other mineralogic 

changes are possible. The alteration of calcite to dolomite 

cân cause,_ a 1)1> reduction in volume wi thin a rock which will" 

result in additional pore space (Davis and DeWiest,1966,p.353) 
( . 

assuming there is no local reprecipi~ation of the calcium ions 

as calcite. 

The'predominant feature of ground water in limestone terrains 

is its capr~cious distribution. Théis (1,936, p.33) points out 

~hat Palaeozoic limestones rely on their secondary openings, 
, 

often unpredictably disposed, to store and transmit wa ter'. 
q 

Piper (1932/P~69) notes that limestones of olqer system? can 

be ~ery dense and contain no primary pore spaces other'than 
~" 

minute openings in the bedding planes; again not conducive for 

ground \Vater supply. 

.. 
\ , 

, 
, 

l , 
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3.6 Hydroaeology of the paJaeozo1c Sedi~entary Rocks of Montreal Island 

The h~drogèol09Y and generalised history of ~he Palaeozoic rocks 

of Montreal are now discussed in terms of their lithological and 

~hydrological characteristics (Clark~1972.and Brown, 1967). The 

surface appearances of these units are illustrated in a series 

of' photographs reÎerencedat the appropriate points. Values of 

the hydrological properties.have had to be generalised as no 

field tests 'have been made. Published details ~f the principal 

aquifer characteristics Îor the Island of Montreal are summarised , 

in Table 3.1,along with typical' values of porosity, permeability, 

specifie yield a~d ranges of weIl yield. Freeze (1964,p.14) 

suggested the occurrence of three hydrogeological units namely· 

sandstone, carbonate rocks and shale,and gave likely values of 

transmiss~vities (Table 3.2). 

3.6.1 Potsdam Formation 
o 

As mentioned above, the aldest rock which crops.out on 
~ 

the Island appears ta be the Potsdam Sandstone (Fig. 3.3). 

It has a màximum reported thickness of 1696 feet. It is 

a thin to medium bedded white quartz sandstone which is 

weIl fractured on the surface. It i5 comp~sed principally 

of variably cemented, often rounded and frosted sand grains. It 

is brittle,and hence weIl jointed,and'is weathered inta 

many fracture zones. It thus possesses both primary and 

5econdary porosi ty and permeability.and so serveS as an 

excellent aquifer with ind0idual well yields' up to 
<f' 

1 
,: 

600,000 gallons per clay (gpd) .in thé area to the west of 
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TABLE 3.2 .... 

THE HYDROGEOLOGIe maTS OF THE ISLAND OF MONTREAL 

(AFTER FREEZE,1964,p.14) 

Hydrogeologie ~omponents 

.Y!lii 

Sandstbne Potsdam Formation 

. 
Carbonate' 'Beekmantown Group 

Chazy Group 

Blaek River Group 

Trenton Group 

, Shale Utiea Group 

Lorraine Group-

Transmissivity 

gpd/ft 

1,000 to' 20,000 

500 to 7,000 , 

300 to 400 

</ 
24. 
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FIGURE 3.3 

The Potsdam Formation 
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Montreal Island. From the standpoint of potential 

"ield and water quality, the Potsdam formation is the 

best of the aquifers found in the Palaeozoic rocks of 

Quebec (Brown, 1967, p.110), although on ~lontreal its 

26. 

aquifer potential is r~duced because of its smal1 area 

of outcrop and the depth at,which it is found. Freeze 

(1964) considered the formation to have the highest 

potential transmissivity of local units (Table 3.2). 

3.6.2 Beelsmantown Qroup 

The presence of reworked sands in the basal beds of the 

overlying Ordovician Beekmanto\m Dolomite,indicate that 

an interval of 'marine regression and erosion followed 
, 

deposition of the Potsdam sediments. The'Beekmantown 

Group is about 1000 feet thick, it has a variety of 

features making it an acceptable aquifer. These are a 

moderately weIl developed joint system enhancing'fissure 

flow, bedding characteristics varying from thick ta thin, 

mud cracks, cavities in place of den~e dolomite,and 

ro~nded sa.nd grains with a calcareous cement liable to 

weathering (Clark ,1952,pp.24-31), which promotes the de-

velopment of secondary porosity and permeability. It < 

weathers to flat,rectangular fragments ëmphasising the 

joints and bedding characteristics. 

3.6.3 Cbazy GroYR ., 

Following a period of erosion the Beekmantown Group 

was overlain by the Chazy limestone, which is at least 
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280 feet thick. This is fossiliferous, and locally 

dolomitic,and has a great variety in both lithology and 

degree of bedding. The beds ar~ usually less than 

1 foot thick. It has numerous shale horizons but these 

do not interfere with its total capacity as an aquifer; 

rather they _t~d to enhance a horizontal permeabili ty 
t~{ 

i~ prefer~?c~ to a vertical one (Fig. 3.4). This prevents 
"" ~, 

mixing, theoretically enabling ch emical analyses of 

ground water to finger print the strata from which they 

\Vere obtained. 

A minor unconformity separates the Chazy from the over­
ff 

lying Blac!" River Group whose three formations total 60 

feet,or less than 5%> of the whole thickness of the sedi-

ments round on the Island of Montreal. The basal pamelia 

formation i~dolornitic but the top two formations, the 

LeJ;'ay and Lowvil1e.are of limestone with bedding ranging 

from 2 inch es to 2 feet.and containing intercalated shale 

horizons. The Leray formation is massive and forms 

granular weathering products. while the Lovrville is more 

thinly bedded with sorne brecciation. AlI three forma-

tions are ~inr grained an~ possess numerous joints. 

Sorne of th ese may be 3k inches wide which enhance i ts 

aquifer potential by fracture flow (Figs e 3.5a and 3.5b). 

3.6.5 Xrenton b[QuR 

The Black River Group is succeeded by the Trenton Group 
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FIGURE 3.4 

't\l~'Chazy Group 
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FIGURE 3.5a 

-' The Black Ri ver Group 
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FIGURE 3.5b 

Jointing in the Black River Group 
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", 

whose average estimated tnickness is 800 feet and whose 

total outcrop area, some 138' 'mi 2 , is greater than tha t of 
"," 

any oth~r group on the Island. The group is subdivided 

'" locally into three formations: the Tetreauville, at the 
, 

top, the Mçntreal and the Hile End formations. 

The Mile End formation, the lowest presedt,is only 25 

fcet thick but i5 weIl stratitied (F}gs. 3.6a and ~.6b). 

The succeeding Montreal for'matiol1, whose h.o r:r<::ooers, 

the St. IVdchel and Rosemount total 300 f~et in thick-

ness, has' a great variety in qoth litho!ogy and bedding. 

It is basiGully a dense, crystalline limestone and ·thus 
" Q 

has a lac!>: of primary poro5H:y and permeability. How-

ever, i t has many bedding planes and weutbeZ's c;lsiIy 

(Fig. 3.7). Theze secondary featurcn Gubstantially out­

V/eigh the. negative prirnary Qnes to give it reasonable 

aquifer potential. 

The uppermost f?rmation, the Tetreauville, is similar 

to the Montreal formation as both are dense. It differs 

îrOID i t, however, because of i ts li thological uniformi ty~ 

and its regular bedding, not exceeding 6"inches in thick­

nens, i5 marked by shaly partings (Fig. 3.8). Bedding 

joints capable of transmitting water appear in excavations 

to have a vertical spacing in the range of 5 to 10 feet. 

An exalllination of a tunnel, the Park Avenue 'Collector" 

(Fig. 2.1 point 10), about 8 feet in diameter and ~ mile 
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FIGURE 3.6a 

The- Mi1.e End Formation of the Trenton Gr~up 
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FIGURE 3.6b 

Detail of the Mile End Formation 

\ 

f 
i 
" 

( 



34. 

( 

FIGURE 3.7 

The Montreal Formation of the Trenton Group 
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FIGURE 3.8 
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The Tetreauville Formation of the Trenton Group 
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long, being driven in this formation,showed it-to be 

" remarkably devoid of water. Thus since the bedding and 

vertical joints ~re often poorly developed·except wh en 

exposed in surface excavations, its aquifer potential 

is less than the other formations of this group. 

3.'6:6 JJ:t.ica and Lorraine §ro'ups 

The Utica Group of black, occasionally pyritiferous, 

shales and mudstones ·overlies the Trenton. There are 

minor interbeds of limestone and sandstone~ Both this 

and the overlying Lorraine Group genera~ly baveta poo;ly 

developed fracture system except in the upper weathered 
~ 

zone which is a few inches thick. 

3.7 Aguifer Potentia~of th~ Sedimentary Rocks 

The carbonate rocks of the Bee~ntown, Chazy,. Black River and 

Trenton Groups,are ch~acterised~ thin to thick beds from kss 

than 1 i·nch to about 2 feet, and -poorly to moderately weIl de­
\ 

veloped vert'ical and horiz.ontal joints. A~though the extent Qf 

fracturing and development.,:,of other openings of these rocks is 

not ever~vhere the same,and tho~gh there is considerable varia-

.tion in their aquifer potential~they May be considéred a~one 

hydrogeolog ical unit because there is nat a major aquiclude wi thin 

'the carbonate sequence. 

<-
Wells yielding from 100,000 gpd to 700,000 gpd have been developed 

in aIl of. these groups,·though not s~cifically on 'the Island. 

An average yield is about 10,000 gpd (Brown, 1967, p.119}, and 

" , 
, 
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from the next chapter this can be seen' to be weIl l'li t'hin the 

recharge capability of the aquifer. 

H1idroaeoloay of the Ianeous and Ass ocia ted Rocks 
~ 6: Il 

The Palaeozoic" sediments of the J.\lontreal 1rea were intruded 

during Cretaceous 'time.by plutonic igneou~ rocks whose rem­

nants now form a series 01 eight h{l~s. Th'? se' were called ~the 

Monteregian Hills by Adams 'in 1904:\'Iho took the name from Mount 

Royal the only prominent hill on the Island of l<1ontr42al. 

Nount Royal, in the south cêntral part oi the Island,has an 

area of about 3 mi 2 and an elevation 'of 760 fee't (Fig. 2.2'). 

It consi sts principally of two p1utonic rock types. The most 
o 

abundant, 90{ 'of the area, is older. It i5 a J:ncdium-coarse 

grained, variably ço1oured gabbro, of diverzc composition 

(Fig. 3.9). The younger is a medium grained and light coloured 

nepheline-syenite. There are dykes and $i11s related to each 

type in the immedia tely sjurrounding sedimentary rocks. As one 

goes outward from ,the mountaiI" they become less common. Most 

of the dykes ar~ from one to two feet wide, a1though they 

range dO"mward to paper thrnness and upward to a maximum oi 

1 2' :f eet (Fig. 3 0 1 O) • 

.1 

Certain of the mineraIs of these rocks are ~usual. They are 
t 

cheroically alkàline and the amphiboles, specifically hasting-

site, are more abundant~than the pyroxenes. A more detailed 

mincralogical inventory is givên by Clark (1952,pp.84-92). 

\ . 
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FIGURE 3.9 

,Essexi t,e (A) with Country Rock Inclusion o:f 

Trenton Liroestone (B) both ~t by Calcite Vein (C) 

• 

38. 



39. 

( 

FIGURE 3.10 

Dyke at St. Vincènt de Paul 
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The contacts of the intrusions are marked in places by horn-

feising of the utica shale. There is aiso evidence of meta-

morphism of the limestone, of ti1ting, crumpling and breccia­
r 

tion. In many places on the north and west sides,the limestone 

dips outward from the roountain, but thi s is only of local signifi­
~ . 

canee. To the north of the Summit Circle of .\lJestroount (Fig. 2.1 

point 11), the crystalline limestone has been subjected to in-

tense local crurop1ing (Clark. 1952, p. 109) (Fig. 3.11 JI but this 

roay not have noticeably enhanced the permeability of the rock. 

Although intrusives are general1y impervious, certain wells 

have yielded up to 80,000 gpd in areas close tQ the cO!'tact 

with the country rock, where the intrusives are t"ractured. 

Almost the whole area i5 covered by unconsolidated Recent and 

Pleistocene sediments (Fig. 3.12) resulting froro: 

a) glaciation during the Wisconsin stage, 

b) marine. invasion during the recessional phases of glaciation, 

and 

c) alluvial deposit:ion during and fo1101.'ling the withdrawal 

of the Champlain Sea ;from the are a (Brown, 1967, p 114). 

In general the thickness ?f the surficial deposits increases 

from the flanks of Nount Royal towards the river banks, though 

there appears to be a ridge of less deeply buried rock running 

approxirnately parallel to Bldury,between La9aucheti~re and 

Ontario streets (Fig. 2.1 points 12, 13 and 14 respectively), 

and having a width of about ~lf a mile (Stansfield, 1915, p. 

48). The who1'e sequence is a farrago as indicated by Prest 
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FIGURE 3.11 

Local crumpling oÎ the Trenton Limestone 
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FIGURE 3.12 

SURFICIAL DEPOSITS OF THE ISLAND OF MONTREAL 
(AFTER MA? PUBLISHED BV THE SERVICE D'URBANISME DE MONTRÉAL 1966) 
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, 
and Keyser (1962,p.10) who gave the following descr~ption 

"b~sal stony till is overlain by a complex of till and strati-

fied sediments follaved by yarved clay silts'. These are over-
\ 

Iain by an rr upper sil t till which in turn ..g,i ves place upward to 
\ - \ 

marine sediments followed by fluvial and bog deposits~ The 

maxi!]lùm thickness i s over 100 feet .. 

f 

, \l' 

There is a large viume of marine sand and gravel on the flanks 

of Mount ,Royal whic6' reprèsents shoreline deposits of the reced­

ing Champlain Sea. ,j'ttJave action reworked the ice ~ontact strati-

fied, sediments.deposited initial1y as t?e mountain emerged from 

beneath the .ice of the last glaciation. For instance. this type 

of reworked deposit comprises the bulk of the 100 feet of drift 
, 

along the prominent Upper Lachine Road scarp (Fig. 2.1 point 15>. 

The unit is "self-draining" (Prest and Keyser, 196~~ p. 31 ) 0 Sub­

sequent uplift led to estuarine and fluvial conditions,and in 
~ 

places the resulting deposits contain a-high percentage of ~hale 

and limestone particles that are l~,osely pac~ed and water bear­

ing. They are usually less than 10 feet.'thick but locally attain 

a thickness of 40 fect. Fluvial sand and graveJ. occur in a 

long strand frOm LaSalle (Fig 2. 1 point ;;) to Parc 

Maisonneuve <,Fig. 2.1 point 16) (Prest and Keyser, 1962, p. 31 ) • 

Marine clay, 1:hough widespread elsewhere 'in the St. L.-"lwrence 
, 

Lowlands, tends to. be confined to the eastern and southern 

margins of th~ Island. 
;--51 
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\, Th!? aquifer poten t ial of the Pleistocenl2 depos i ts iS I for the 

-. 

most part.dependent on the continuity of zones of different g~ain 

size characteristics'. Most of the coarse grained Pleistocene 

sediments are those that nave been sorted ta varying degrees by 

melt water that flowed from a waning glacier. Other coarse 

granular deposits are found along river terraces, al?ng the 

shores of glacial lakes and inland seas. These terrace and 

alluvial sands constitute sorne of the best aquifers in the St. 

Lawrence Valley wi th sorne wells, thouçj1 not on the Island i tself, 

~developing yields of up to 1.5 mgd. There is however a buried 

valley of the St. Lawrence in the southern central part of the 

Island (1"i9.2 .. 1, points 12,13,20,15,1) which i5 an excellent aquifer 

.i' and is utilised by sorne companies as a source of groW1d wa ter. 

Fortunately, the quality of the water has bccome acceptable for 

direct use, by the repl.acement of trapped saline .'!ater with 

fresh t'later despite the marine stage of the evolution of sOIlle 

of these materials. 

Till, which was deposited directly by the glacier with 1itt1e 

or no sorting by running water, is genera1ly a poor aquif'er but 

may,in places,contain lenses a~ockets of coarse sediments 
\ 

that forro small local aquifers (Brown, 1967, p.113) • Nei ther of 

the tills, one of which is basal and highly compacted,has sig-

nificant potentia1 as an aquifer except for small local domestic 

supply. 

Much of the area is thus covered by virtual1y impermeao1e 

deposits (K 10-6 cm/sec), but the strand of gravel previously 
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( 
mentioned has a irmeabilitY nearer 10- 2 cm/sec. This gravel 

cou Id accept more recharge than th~ deposi~s blanketing most 

of the bedrock. T~is 1s discussed in the next chap:er . 
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CHAPTER 4 RECHARGE A:\TI MOVEMENT OF 

GROU~TI \\'ATER 

4. 1 ,Recharge 

As discussed in Section 2.1+ maximUID ground water recharge 

occurs in Montreal at the beginning of the spring. A second 

period of recharge is at the beginning of the autumn,beforeJ 

the ground becomes frozen during the winter o Although average 
\ 

rainfall in this area is 44 inches" Freeze (1964, p. 8) calcula ted 

for the Lachine - St. "Jean area to the southeast of Montreal 

Island (F,ig. 2.1 poin: 22), that the effective recharge is only 

rive inches.due to losses from run off and from evapotranspira-

tion. Montreal itself is much more devcloped and consequently 

run off from paved surfaces is likel.y to be much higher. If 

2~~ of the Island is considcred to be unsui!able for recharge 

then the total volume of water recharg~"2d annually is 

13,505 x 106 g,,-\,110ns (U. S.) or 37 mgd (Appendix B) 0 

Each lithologica1 group, except the Potsdam, which only has a 

very smal1 area of outcrop on the Island, can be considered in 

terms of its recharge and potential yield, a s~ary of which 

is given in Table 4.1 . 

This group i5 .round at the surface in the western part 

of the Island \'lhich is only lightl.y built-up. Assuming 

it i5 recharged only over its outcrop area o:f 11+ mi 2 and 

. . 
r , 
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Bedrock 
aguifer 

Nount Royal 

U~ical Lorraine 

Trenton 

Black River 

,Chazy 

Bcek..?\lantown 

Total area 
of Montreal 

Outcrop 
area mi2 

3 

17 

138 

c 6 

14 
14 

192 

Assuming 5 Il recharge over 
80% oÏ the Island 
Total recharge = 37 mgd 
Present tIemand = 300 mod 

~Î 

Estimated effective 
h - -- ."" rec Rrqe are~ m1 m 

L assuming 0.24 mgd/mi 2 V 

2.5 0.6 
". . .;:: 123 29.5 

2.5 0.6 

12 2.9 

14 3 :4 

154 
~ 

37 

<" 

~ 
.IAlàL'!} U 

c;: 

Estimated potential 
yield qom/mi 2 

25 

144-

70 

nD 

167 

mi 2 = square mile~ 
gpm = U.S. 0a11ons per minute 
OPd = U.S. gallons per day 

RECHARGE ESTI~~TES FOR BEDROCK AQUIFERS 
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o 

not from vertical or Jateral leakage Jrom other groups, 

it can be calculated that it is rechaxged at 3.4 mgd or 

167 gpm/roi2. This repres~nts the amount of water that 

can be withdrawn without mining the ground water 
J-- -~' 

reservoir. Although many high capacity wells are 

found in the fractured dolomites of this group outsid'e 

the Island, -on Mont real i tself ground water abstraction 

bas never beén high, and most oi that which has occurred 

was for domestic purposes,whose total çonsumption lS 

believed to have been weIl within the safe yield. Most 

of the present supply in the \Vest Island is llmnicipally 

1:reated river water. i 

" 

4.1.2 5:ha.z..:y Group 

The·total outcrop area of the Chazy is about the same 

as that of the Beek.mantowIJ ic:>. about 14 mi 2 • However" 

as far as recharge is concQrned,two other factors should 

be considered. More of the outcrop area of the Chazy 

has been built on, thus reducing it5 Qfiective recharge 

area. On the other"hand, since ,the Chazy is a good 

building stone, numerous quarries have been developed 

which act as natural recharge basips where the relath~èly 

impermeable overburden no longer l'linders recharge. On 
fJ • 

balance,the effect of paving is likely to have been more 

important so that saie yields from this 9~ouP a~e likely 
1-" 

to be smaller than those from the ~eekmanto\m, perhaps 

a total of 2.9 IDgd, or 143 gprnlmi 2 • 
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4. 1 .3 Black River Grou-I! 

This group crops out on the Island in two narrow bands. 

the total area of which is only 6 mi 2 • The eastern band 

has been puilt on and the remaining eîfective recharge 

area is only about 2.5 mi 2 • This represents a safe yield 

of 0.6 mgd or 70 gpm/mi 2 • 

4.1.4 Trenton Group 

This group has the largest outcrop area, 138 rni 2 , but 

it has been extensively built on. 'It .i5 covered however 

by an area of gravel, p mi2,' whose permeability (10- 2 

\ 

cm/sec) is higher than the rest of the surficial deposits 

fo~nd on the Island of Mon~real. Consequently it can 

accept recharge not only from precipitation, Dut also Q 

from run off from the less permeable surfacrq,s. The total 

amount of recharge the Trenton receives is about 29.5 mgd 

which represents a saie yield of 144 gpm/mi 2 • 

4'.1 .5 Utica and Lqrra:ï.Ile .y.L9uns 
'1, 

These groups are not considered to have any aquiier 

potential because of their argillaceous nature. How­

~ver, the upper w<?athered zone' is capable of accepting 

S0l1le recha,rge, about 0.6 mgd. 

The average -permeabilities of the overlyin'g materials 

are composite of many high Iy var iable local ones. 

Detailed information concerning extent and permeability 
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surficial units is not available to 

calculate precise recharge in specific areas, however 

6 ~ the order of the total recharge on the Island appears 

'" \lio be about 37 mgd. 

4.2 .Q..~.er.al Factors affecting Elo\'! 

The ground water level is a measure of the fluid potential at 

50. 
1) 

a point. Water will :flot'! from areas of high potential, usually 

recharge arc;:'as $ to those of lovl poten tial, discharge areas. 

The concept of potential was used by Hubbert (19!~0 and 1953) 

who formulated the 'gen-er~l condition as follows (1953, p. 1958) 
,.Ir 

"an clement of water at any point p05sesses potential énergy 

wi th respect to-~i ts environment '1,'ft ich when refer'red to unit 
~ 

mass, we may spèak of as it5 potenti~1,0o 

" 

The potential, 0, of water at a given point thought of 

as the amount of \'lOrk that 'would be required 

mass of thi5 fluid from sorne arbitrarily chosen standard posi-
4 ' ' 

! 

tion and state to the ~osition and state or the point considereâ'. 

In his reasoning Hubbe:t't (194o" p. 84J') tr agreed to consider only 

isotropie media" and he eIllp;:t.oyed only tf the macroscopic p'0in't of 

vievl if the fluid elements \'Je speak of shàll be large ,anough 
, ' 

that the i.rregulari tie'5 of flow due to the medium ne~ not be: 
1 

considered but dnly the statistical resulX' (1940,p.8Q4). 

tvi th these ccndi tians obt§l.ining ne constructed an idealised 



, -

floVl pattern for ground water (Fig. 4.1) ( 1940,p.843) which 

consisted of ril:flow lines everywhere paxallel to -grad. 0 
{' 

.' 

which form an orthogonal system t'li th the family of equipoten­

tial surfaces: ,:0 ::: constan-f'. Toth (1962) suggested that 
, , 

HubbertJs model \Vas incomplete,due to incongruities in the 

51. 

relation between total. hydraulic head and depth belo'w surface? 

in topographical1y 10w areas. He proposed a different flow 
• n, , _ 1 

pattern (Fig. 4.2), the necessary conditions for its validity 
o 

being outlined by Brmin (1967, p.48-9) .. 

Neyboon (1962) discl.lssed the ground \\Tv. ter floV! in a stratified 
JI. l' \ 

medium consis,ti,ng of ct poorly, permeable laxer overlying a 

permc<3ble layer. This model (Fig .. 4.3) ~'las ca1led the Prairie 
\ ' 

Profile, described by f'.le~boom as follows: urhe Pra~rie J'rofile 

cQnsists of a central topographie high bounded at èither side 

by an area 'of 10w eleva tion. ~ Gcologically, the profile is 

made up of'two layers of different permeability, the upper 

làyer having the lmver permeabili ty.. Through the profile is ---, . 

a steady flow of ground water :from the area of recharge to the 

area of diseharge. The ratio o:f permi2~abili ties is such that 

grounà; wat,cr flotv' is essentially downwa.rd through t he ma terial 

of 10'.'1 permeabili ty and latera1. and upward through the under­

lying more permeable layer,'. If' ground water levels ,'/ere 
Co' 

lowered thc ehemistry co~1.d bel changed cJ~·~espondin9lY·. For 

example a rock unit with a :layer of a soluble mineraI, such as 

gypsurn in it, .eould be left above the saturated ZOne and henee 

no longer be dissolved to the Same extent. In contrast a lot';er7" 
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FIGURE 4 1 

,HUBBERT"S IDEALISED GROUND WATER FLOW 

PATTERN CAFTER HUBSERT,1940) 
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FiGURE '- 2 

GROUNO WATER FLOW PA'TTERN 
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FIGURE 4.3 

ME Y BOOM' S .. P RAI RIE P~OFILÈ" GROUND WATER FLOW PATIERN 

(AFTER MEY800M,1962) 
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,ing of potent ial gradients reduces ~he veloci ty of gro,und 

water flow. The lo\\"er the velocity the longer is the contact 

time bctween the water'and rock and hence the water has a 

greater chance to become concentrated in dissolved solids. 

403 Groul1d t,oJater :-lovement in. l\tontrea~ 

55. 

A simple ground water îlow pattern can be obtained in fvlontreal 

by using Pollitt's ground water levels (Fig. 4.4). These 

ground water levels were from wells of different depths,in 
1 

which the contributions from horizons of possibly different 

potenti~ls were not distinguishable. Nevertheless the pattern 

is plausible and indicates two approximately radial flows. 

One ;i.s froID l\1ount Royal,the major topographically high point, 

and the other is from a sccondary area of high ground in the 

Western part of the -Island. In both cases the directions of 

flow are towards the periphery of. th~ Island. 

-'D'IO of l the upper geological unit s of f'.lontreal, the surfici~l . ~ 

deposits and wideSpread shaly Tetreauville, have a lower 

permeability than the underlying ùnits. This, coupled with 

the topographically high area of r-Iount Royal, provide the 

major components of the Prairie ProfïJ.e of l\1eyboom, as men-
~ -

tioned earlier,'and it would appear that this profile might 

be appropriate for the :flO\"""'~pattern or the Island. 

In Mont~eal the most common fissure orientation is parallel ta 

the beddin~, which tends to enhancc ground water flow in a 

" 

il 
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FIGURE 4 4, 

GROUND WATER LEVElS IN MONTREAL 
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horizontal direction,but local anomalies may occur. Adams and 

Leroy stated (1904, p. 69), "these enlarged fissures evidently 

form an irregular and" compl~x system of l'later channels passing 

through the limestones". This is shown in F1" 4.5, (after 

Adams and Leroy 1904) to show how wells 10c,::'~ted even close to-

gether might or might not produce water,depending on the inter-

ception of discretc fissures cg. weIl A would hit water~ weIl B 

wou Id not o Similarly the quality of any watcr found could vary 

considerably, again depending on the type of fissured rock 

through which the water had flowed, ego weIl C \\Tould have water 

of a calcium bicarbonate type, weIl D probably of a sodium 

chloride type. In !olontreal solut"ion does not seem to have 

pl~ycd a major part in modifying the limestone terrain. Few 

solution fcatures are visible and one cave which was found 

caused considerable interest (Gibb? 1858). Despite jointing 

in a vertical direction,the nearly fIat bedding planes enhance 

the horizontal movement of water, an average flOl\' rate of 
'CIo 

which in Montreal i5 3 cm! clay. \-.'i thin the limestone there 

are innumerable shal e layers ranging from less than ! inch.\to 

1 foot 6 inches in thlckness. l'hese arc aqui tards and tend to 
r 

promote further lateral flo\'l which segregates waters. This re-

duces t!1e chances of water from diffcrent strata and different 

formations mixing and improves the dev~lopment of dhemical 

zonatidn. Furthermor.e there is another modifylng influence; 

that of dykes. According ta Adams and Leroy (1904, p.24) 

U these dykes" in their underground extension for·ming impervious 

walls crossing the :fissures through which water runs,certainly 
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FIGURE 4 5 

SCHEMATIC DIAGRAM TO SHOW THE COURSE OF GROUND WATER 
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have a very important influence locally in determining the 

courses takcn by the subt~rranean waterslr ", Thus the water 
" 

table in'limestone terrains is not continuous,due to the high 

variation of lithology.and it is difficult to map pressure 

gradients since there is little uniformity ln the transmissivity 

of the formations from place to place (Pe~n i..1 al" 1 936 ) • 

'rhis phenBIDcnon howevcr was not apparent from, or' proven by; the 
\ 
1 

data availabJe in Montreal. Furthermore'although there is a 

high degree of i rregul-arity of fio\'! in carbonate, rocles, thosc 

with extensive fractures primarily developed in one direction, 

will have bulk permeabilities that will. be strongly anisbtrQpic, 

Therefore the detailed direction of ground water flow cannot be 

predicted fr~m ~he data in Fig. ~.4 by simply drawing orthogonal 

lines to the ground ",ater contours (Davis and DeWiest, 1966, 

pp. 3.51.~-.5). This characteris:tic wa's not significant in the 

present general study. , , 

l 

The unpredictabi:lity of ground water movement in limestones is 

due to geological and lithological controlseas discussed in 

Chaptcr 3, and it can be seen that Montreal's system is no 

exception. Further in-t;erpretation of ground t'later flow 1s made 

a,fter subsequent discussion of the cherucal zonation of the 

ground waters 
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CHAPTER 5 BYDROGEOCl::IEi'-IISTRY 
if.) 

'" 
Introdust.;j.o,n 1-

One of the earliest references to hydrogeochemistry was by 

Plinius "Tales sunt aquae, quali's terra per quam .fluunt'f. 
r 

(HWaters t<;\ke their nature from the ground through which the y 

flo'!!!'.) \Ilater is a very complex 'chemical substance, and when 

it becomes part of a ground watex flow system it ~s in inti-

mate contact with a variety of mineraIs with a t'Vide range of 

60. 

abundance and chemical propèrties (Table 5.1, Davis and DeWiest. 

1 966. p. 11 2 ) . 
-'" " -

This chapter is composed, of a :review and discussiol'l of the 

'faccts of hydt"ogeochcrnist:ry that are signif'iéant in this study. 

The relative importance of \T2.rious items is demonstra ted by a 

preview and the inclusion of sorne typical data from the- study 

area. The systcmatic presentation of data is in the next 

chapter. ' 

5.2 oS'?J!rc.es and ContraIs of .Ground \~ter ÇOl~stituents 

The source of most"'dissolved ions i5 the mineraI assemblage:in 

-rocks near the land surface. The water that falls as rain or 

snow contains onl)1 small qUfl-ntities of dissolved mineral matter. 

-Typical analyses of rain, are given by Hem (1970, p. 50). Since 

it is bath acidic and oxidising.it' soon begins to react with 

the minerals of the soil and rocks with ,"hich it comes.in con-

tact. and many cornplex inorganic and organic chemical r0actions 
i"" 

take place. The amount and charactcr of the mineraI matt~r dis-
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TABLE 5.1 

DISSOLVED CDpSTITtJENTS IN GRQU;\TD h1AT,EB 

(After Davis and De\~.j est! 1.2.66 LR:.1..1Z) 

(Range of coneent"ration 1.0 to 1,000 mg/l) 

Sodium 
calcium 
Magnesium 

Silica 

Bicarbonate 
Sulphate 
Chloride 

ù (Range of concentr2Ô.on 0.01 to 10.0 mg/l) 

Iron 
Strontillffi 
Potassium 

Boron 

M!NQR _Cm:LSI XIt.TEJiI.S 

e:.rbonate 
Nitrate 
Fluoride 

(Range of coneen t:r a tion 0.00001 to O. 1 mgl 1) 

Aluminium 
sarium 
Lead 
Nickel 

Phosphate 
Rubidium 

,Selenium 
Uranium 

(Range of c~ncentration generally less than 0.001 mg/1) 

Beryllium 
Gold 
Platinum 
Radium 

Silver 
Tin 
Tungsten 

61. 
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solved by precipitation depends on the chemical,composition 

and physical structure of the r,ocks wi th which iil ,has been in 
<1., 

contact,as weIl as the physical con~traints of the system. 

Crystal size of the mineraIs, rock 'texture and porosity, 
, 

regional structure, and degree of fissuring, affect thp- rate, 

and volume' of f10\'l, and area of contact." The physica1 and 

chemical constraints,such as hydrogen and hydroxyl ion concen-

trations, redox potential, temperature and pressure,can infIu-

ence,the activity of water passing over and through the rock. 

Rock temperature increases with depth at the rate of 1.25°F 

per 100_ feet (Davis and De{"Jiest, 1966, p. 303), and increased 

tempera turc raises both the solubili ty of, most inorganic solutes, 

and th? rate of dissolution of rock mineraIs (Hem, 1970, p.41-

2). The efféct of ~oluble' ,impuri ties in rocks on water quali ty 

can be far out of proport:i:on to the relative-abundance of such 

saI ts in the. mineraI composition of the rocks. 

vJa ter i5 most actbe ,- and ch .::nges take pl;ace rapidly, at the 

s1;art of a flow system. The rates of change tend to become 

progressively slower in a given environment as chemical equi-

librium is approached, although this is seldom attaincd. 

Changes are depandant on v/hat degrees the system can be con-

sidered to be open or closed (Hem, 1970, p.51 ). r. If the flow 

system cros~es into a contrasting formation the water may 

suddenly regain its chemical activity relative to the new 

formation. and a ~eries of changes are '~nitiated that proceed 

until it again.approaches equilibrium w.ith its surroundings. 

, . 

o 

,/ 

l 
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For this reason changes in the chemi stry of ground \'la ter are 

normally rapid at the boundaries between formations, and the 
o 

chemistry or the water away from the boun'daries is closely 

re.lat'7d' to the 'enc'losing geologic materials (Brown, 1967. p. 25). 
, ,f\} 

Rocks composeJ of comparatively insoluble material such as 

q,}lartz, may have little effect on the chem~stry of watêr flow-

ing through them o Felspar;s. however. can have an important effect, 

especially if there is ,a good availabili ty of I-ë" ions t~ aid 

solution. Ionie species "in \Vater can thus be enriched by 

chemical attack.but the enrichment depends on 'the constituents 

of the fnvolved rock. 'the two prioe f§lctors are availabili ty 

(Table 592 Hem," 1970, p. 7), and solubility' (Table 5.3, SChoeller, 

1959, p. 55) . The more abundant a s pecies i5. the rr.ore chance 

there is of it being found in solution. The moré soluble a 
, 

component, the greater i5 its activity and variety of trans-

portat~n~ and the greatèrl its final concentration in the 

ground water. A balance exists between these t\\·o but a balance 

which 1 changes from place to place. ,;within the fION system. For 

eX::lmple, the chioride concentration in ground water i5 often 
(J ,. 

low close to recharge areas~ relative to the corkentration in 

discharg~ art~as, because of the general1y 10w availability of 

chloride5 in s~ite of the high solubility and mObility or 

chlorides., Gradual1y the chJpride content of water increases 

because aIl available chloride is dissolved and remains in 

solution. the result i5 tllat near discharge areas, or at depth, 

the chloride ion often predominates. 
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'TABLE 5:2' 

THE A VA ILAB ILITY Ii'l PFI·: OF THE NAJOR 
'~-

ELEl\ET\'TS IN IGNEOUS A~'"D Sm,JE SEDDENTARY ROCI<S 
.. 

(AFTER HE~1, 1'970: D. 7} 

-: ELEt-lENT S9URCE 

s~~nSTO~~ S~ALE 
. \ 

" fi 

---- -
//-~~OUS 

Calcium 36,200 

:Magnesium 17,600 
'f 

Potassium 25,700. 

So'dicum 28,'100 

Carbon 320 

Sulphur 410 

Chlorine 305 

Nitrogen 46 

Fluorine 715 

I,J 

JI' 

'. 

22,400 

8,100 

.13,200 

. 3,870 

13,800 

9Lt5 

15 

220 

22,500 

16,400 

24,900 

.4,850 

15, 300 

1 ~85o 

170, 

600 

56p 

" 

, c..!I. RBOXATE 

272,000 

45,000 

2,390 

393 

113,500 

4,550 

305 

112 

~I " ,1 

/ 
5' 

\ 
r ;i 
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TABLE 5.3 

" THE SOLUBILITY OF SO:'-!E SALTS FOW..'D 1:\ ROCKS 
.;:;..;.:;.;;;.....;;;. • ..;;..;;..~-'" .... --- i .,,-

(rô.FTER SCHOELLER 1959, P'. blL ) 

~ .!:.iGD=t .IEr:l.~RATUR~ 

x 18°c 
; 

Ca CO;:; ,13 

,/ NgCO./' ' 100 10°C Schoelle~ 1959,p.55 

CaS04u 

" 
2,016 18°c 

NaHC03 96,000 200Ç 

~aZS04 193,000 20°C 

NazCO:;J 213,000 20°C ' '-

MgSO<J; 355,000 20°C 

'NaCl 358,o()O 20°c 

NgClz 546,000 200 ç 

CaCl;z 745,000 . 200 Ç 

Xcommon in f.lontreal 
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This was shmm in 1955 by Chebo~arev, who proposed a metamor­

phism of na tural waters, and suggestcd the following generalised 

schcme,based on over 10,000 analyses, to represent the chemical 

transi tion from recharge towards natural discharge areas: 

HCO; .:. HCOe; - + Cl -> Cl + HC~; ..... SO~- + Cl- .... Cl- + SO~- .... Cl-

5.3, .Çhemical.zonation 

The results of .r;Jany' chernically-based investigations have proved 

the pr~sence 'of chemical zones in ground water. Just as T.('ck 
F ,J 

facies change vffrtically and horizontally, ground water chemical 

zones can be delineated. rhe zones are labelled in terms o~ 

their major ions, and thçse reflect the -environments with which 

the water has been associated. Chebotarev (1955), Schoeller 

(1959), and Charron (1969), consider that the dissolved anions 

de1;ermine best the character of water and its zonation, and that 

any water can be classified into one of three groups, depending 

on the predo~inance of anyof the anions, HCO;, SO~- and Cl 

Dominant' ions are those with greater than 125% (in pteq/l) of 

the reactants,and a combination of t\ro such anions give a 
<{ 

bctter indication of the character of the \'later than just one • 
. 

l'here can .th;J.s be six subgroqps (Herman, 1971, p.8): 

-S?~- -Cl~ SO~- -HCO;sJ - 2-,Cl -S04' Heo; -SO~-, 
, { 

The suqgroup which is :round in any envixonment dep.ends on a 
• 

number of factors,s~ch as proximity to recharge, rock type 

encounter~d, climate, temperature, Eh, pH and the resultant 

concentration of total dissolved solids. The value of\this 

last parameter increases wi th depth due to increased tempe ra-
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tur~ and pressure, for a given residence time. 

Herman (ibid) sta ted that the relative abundance of each anion 

t nds to be associated with specifie coneen~r~tion ranges of 

tlJe total dissolvcd" solids (T.D.S.) and the depth. In waters 

w~th up ta 1000 mg/l T.D,S., in the uppermost zone A, HCO; 

~edominates: the medium depth.zone.B,has T.D,S, between 1000 

and 12,000 tng/l wi th SO~- - Cr most important: zone C is Cl-

rich with greater than 12000,mg/l T.D}S., The T.D.S. of 
1 

Montreal waters range from 161 mgll (lsample no, 5364, of weIl " 

d,epth 750 feet) to 2290 mg/l (samPlJno. 5117, of weIl depth 

490 fect) 1.n/\wh1ch the predominant ions are HCC; + Caz+ and 
" LJ 

SO!- +, caW1
- respecti vely. 

Bach of the three generalised zones can be subdivided further 

on thelr cation content. Near the rech~rge area the system 

tends to he monozonal"zone A, rïch only in bicarbona\e, but 

there can be superimpositio~ of aIl three zones in later stages 

(Herman, 1971, p.1l-2). Vertical zonation is emphasised by, Back 

and HanshavJ (1971, p,1 010), who s~id that any type-;oÎ;,JNater 

c,oul~ be obtained from <.my_ geographic point in nthe Yucatan 
" , , 

Peninsula of Nexico iI the sampling depth weré deepened or 

shortened. He was considering ooly very permeable limestone, 
. ,-

so it is unlikely that the system is quite as simple in other 

cases. It does not, ho'wever, viti~t_e the general concept 
, \ 

:>'"' ....... 

sorne degree of vertical zonat~on is ~~ally present. 
\ '\ ,1 

;-
\'-

r 
1 

that 
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5.4 Tynes Qf Chemical Reactjon in Ground Waters 

Modifications to ground waters can occur due to base exchange 

phcnomel:a. ~nd secondary I\eacti ons between prima ry productg. 

During this proccss different cations are adsorbed and re-

lcased from the surfaces of media possessing an unsati&fied 
! 

negative charge~ Clays are the most common .exchanç~ materials. 

The charge can result from internal electrical imbalance and 
" \ r 

î 

broken bonds round the edges of a species. The frequency of 

such an occurrence increases wi th smnller particles, hence the 

importance of clays in thi 5 respect (Grim, 1968, p. 189) • Any. 

water fJÇ:l.S positive ionic specie5 capable of satisfying qny fre~ 

negative charge, but two factor',?, cbntrol the s0lection of the 

cation which will participate. They.are abundance and charge. 

or valence. The'more abundant.or the roor~ highly charged a 

cation i5, the more likely it i5 to be adsorbed. The secondary 

reactions fall l~to two broad categories, reversible and non-

reversibl~ (Hern, 1970, p.16). Within each class thre~ processes 
~ 

can occur: hydration, oxidativn-reduction ,and hydrolys:îs ,l \ ! 

'( Schoeller,' 1959, p. 55) ~ 

5.5 Activitv a~d Ioni~ Strenoth 

In a reaction a chernical equilibrium is usually attain~d,and 

the law of mass action can be used to quant if y the reaction • . . 
This is true o:f reaction;; involving g~oW1d water. The law 

of mass action is strict+y applicable omly if the solution 

concent~ation'can be corrected to the actiyit~ (Hem 1970 p 18). 
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In solutions above concentrations of 5,800 mg!l NaCl (ionic 

strength 0.1) or the eguivaJent (Hem, 1970, p.19, plate 1), 

electro~tatic effects can alter the mobility of the ions, ' 

and hence influence their reacting ability. The ionic strength 

is a l1lC'i'lS)UC o:f the electrostatic field, and \vith stTength .. l 
lower than 0.1 the correction for activity is s~al1. 

1 
In ~i1!ontreal J the maximum calculated ionic strengt1) l'las O. C4597 , 

while thJ' mi~irnum was' O.od~26. The valués of iorl1c strength, 
" 

, 
, "'1, 

as w<?ll ',s activit:.b:(s, were obtained from à computer programme 

(Hoag, 197$, 1976) and are included as Appendix C. 

AlI hydrolysis reactions influence, or are influenced by, 

pH (Hem, 1970; p.90). Nost ground waters have pH values 

Iranging !rom 6.0 to 8.5, but waters with pHs .outsi~e this 

range are known (Hem, 1970, p.93). In t-lontreal the observed 

range was :from 6.8 (sample no. 5107) to 8.7 (sample no. 5243)"." 

Figure 5.1 :,hows the variation of pH ih Nontreal, and that 
1) 

generally the more alkaline water is found to the west of 

the Island, but no signiÎicant trend is apparent from the 

"amount of data availabls. 

The pH of water represents the int:errelate::I result of a number 
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of chcmical equilibria. The equilibria in a. ground water system 

are altered on pum;ping, therefore,even if a measurement taken 

at the moment of sampling is representative of the origjnal 

equilibrium conditions in the aquifer, when the water is stored 

before analysis.the pH is likely to change as the storage en-

vironment is almost certain to difîer :froID t he original con-

ditions. This is bccause the in situ pC02 of the water will 

probably dif:fe'r from that analysed at the time of testing for 

pH. 
~ 1>" 

_The pC02 controls the concentration of t'he bicarbonate 

ion in solution. Since the equilibrium between the two involves 

the hydrogen ion. the pH is directly affected if the pC02 changes. 

5.7 General G~ochemistry o!,the f>la;or I.2!l.§. 

( 

The dissolved constituents found in ground water are shown 

in Table 5.1' (Davis and DeWiest, 1966, p.112). The majo~ ions 

are described in respect of their possible sources.and the way 
,; 

in which they"react in diff~rent environments. This section 

includes discussion of local sources and SaIlle geological events 

which may have influenced the formation of different hydrochemi-

cal species and zones. The distribution of different ions i~ 

shown on a series of trend maps to illustrate the components 

of the hydrochemical "zones of Montreal. There i5 a full dis­

cussion of Nontreal's zonation in Chapter,6. 

5. 7 • 1 .Ci?,lciu.1)l 

The major sourJ1;:e of calcium is the sedimentary rocks, 

where i t OCCUt's as non- silicate miné:ral~ in the car-
, ..... 

bonatE:s s uch as 
, 

aragonite, 'oCaC03 , ~nd dolomi ~e , 
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'. ... 
CaMg (COn >:z • It CÔf9 also be round as the sulphate, ego 

It is an essential constituent of many igneoLls rock 

7 minerals,especially of pyroxepes, amphiboles and fel-
" 

spars. In the last group i tl is most prominent in th e 
1 

• 1 • 

end member - anC?Ithi te, CaAlz S1:;: Oe. ~ Calcium is also - t~1 

found in metamorphic mineraIs, ego tremolite. 

VJaters from igneous and metamorph;i.c rocks have 10'.'1 
~'-

calcium contents since the rate of decomposition of 

the component minerals is slow. The 'decomposition of 

anorthite can be represented as follows (Hem, 1970, 

p.131). (F 
'\ 

CaAl2 Si 2 0 e + H2 0 + 2H+ .... A1 2 S:i:Po(OH) 4- + Ca 2 + 

Given sufficient contact time, the pH may rise to 8.2~ 

at which point calcium carbonate precipitates from the 

S9lution3 On the other ha~d, if the hydrogen ions are 

supplied by sourçes independent of thldissolved carbon 
<t: 

dio,dde spe cies, ca lcium l11ay be brought int 0 solut ion in 

amounts greater than the stoichiometric equivalent of 

bicarbonate .. The concentration of HeOa is controlled 
,P' 

by the pCû:;: (Hem,1970, p.89). 
, 

- . + 
HCOa -- H' + Cû~-

" .' 

~ 

J 

, 
j 

1 
l 
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1+ 
Thus in media reJative1y rich in H ions the reaction 

-tends to the 1eft, and hence HCOn 1s a stable. spccies. 

Howcvcr, when H~cJe relatively scarç;ee ie. about 

pH 8.2, the reaction-Jtends 10 the right \'Ji th the conver­
"> 

sion of )He.Q; to CO~-. In such a system, or where water 

is in contact with solid gypsum, the maximum calcium 

concentration that could be reached wou1d generally be 

determined by'~quilibria in' which gypsum is the stable , 

solid. 

Concentration of calcium can also be influence~ by 

cation exchange phenomena since it may be present in 

the form.of adsorbed ions on negatively charged mineraI 

surfaces as in the zeolltes, ego prehnite, or clays, 
'\ 
ego montmorillonite. 

The llsual range of conCèntration of calcium in ground 

water is 10- 100 mg/l (0.5- 5 meq!l) (Tab1.e 5.4) while 

-on l\lontreal Island it ranges from 9.2 ID?!/l (0.5 meq/l) 

(sample, no. 5316) to 425 mg!! (21.2 meq/l) (sample no. 
f 

5117 ) \'lit h a roean of 89 mg/1 <4.45 meq/l). The areal , 
) 

distxibution of calcium is shO\1m on Figure 5.2. This 

and the distribution of other ions are discussed in th~ 

next chapter. 

')' 
, f 

" 

. , 



if 1 Si1l'tt'ill ""'""""" ____ . .",.--_ 

( 

~. ( 

Ca 
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K 

Cl 

TABLE 5.4 

. , mE' . PR Tl\C IPAL IO~S IN G ROlT.\"D h'AIEE 

Gene.ri!-l ran.oe in mail 
(Davis and De\'.ïps.t 
1266 Pt? J02- i. i O} 

10-100 

dolomite 
1-40 100 

igneous and b . 
h · r,(lne 

Rano~ 

.m9L.1 

9. 2-l~25 

7.7-90.2 

N g a n 

.!!1.9L1 ..!!lf>Sl~1 

89 

29 2.43' 

metamorp 1C • 
>10Ô 1-20 100,000 
,J, 

2.3-536 

1.2-27 

75 3.24 

1-5 
~-' usually 
1 0-800 50<~oo 131-689 353 

) 

(0.2) - <100-(100,000) 25.3- 1359 142 

arid brine r 

30 1000 150,000 1 .6-651 50 

, 1 

It • 
1n water '\'Ïth 1000- 5000 mg/l T,O.S. 

5.78 , 

2.96 

1.41 

74. 
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V a lue s 

Standa;çd 
deyi<\tiol1 (meq/-

2.74 

1 .60 

2.94 

2.80 
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$.7.2 MagDPsiu~ 

\ 

Sedimentary rorms of magnesium include carbonates such 

as magnesite, hydromagnesite and dolomite, and the 
, 

hydroxide brucité. f'.'lagnesium is also round in arg il-

laceous sédiments as ~ndecompos~d fine part~cles,and as 

ions adsorbed orl clay ~ine~als. Carbon, dioxide increases 

the solubility oi" magnesium by conversion or the càrbon­

ate to the more soluble bicarfonate: 

r-1gCO::; -1- Hl(: 0 + CO2 ..... 1>19 ( HC03 ha (Parsons, 1964, p.27) .. 

Magnesium is a constituent bf ~he ferromagnesian mineraIs, 

including olivine, .pyroxcnes·, amphiboles and the dark 

micas. In,altered rocks.magnesium mineraI spècies occur 

in·the clay mineraIs such as chlorite, and also in ser-

pentine. Serpentine is formed fromfue alteration of 

forsterite: 

5M92 Si04 + 8H+
u

+ 2H2 0 - rvIg e (OH) aSi ...:,0'l.o + 41'1g 2 + + H 4 SiO'!: 

(Hem, 1970, p.141) 

This i5 a non-reversible reaction but the ~roducts can 

participate" in subsequent processes. 

U~uallY1if the total dissolved solid' content of gx;ound 

water is less than 400 mg/l the magnesium content is less 

than that of calcium, though the reverse is true of water 

deriving from a dolomitic source, as shown t:y samples 

from the Beekmantown Dolomite in the west of Nontreal 

Island. The usual r~ange of concentration of magnesium 
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in ground water is 1 - Ll-O mg/l (0.1 - 3.3 meq/l) , though 

ground water in dolomiti~ environments may contain up 

to 100 mg/l (8.0 meq/l) '(Table 5.4). The range of 

77. 

magnesium concentrations found in ,the Island ground l'later 

is from 7.7 mgll (0.64, meq/l) (sample no: ,5316) ta 

90.2 mg/l (7.4 meq/l) (sample no. 5101) (Fig. 5.3) with 
,17 

a rnean of 29 mg/l (2.L~ roeq/î). 

5.7.3 Sod,iu,ID 

Sodium is the principal cation of waters draining 

igneous terrains,. deriving from the weathering of the 

sodic felspars. It is ordinarily scarce in carbonate 
. , 

rocks. "'In resistate sediments,sodium
C1 

may be presen t in 
" , 

unaltered mineraI grains,as an impurity in the cementing , , 

material,or as crystals of soluble sodium salts deposited 

,with the sediments,or left, in'them by saline water that 

entered them at sorne later tiroe. 

l'l' l\lost sodium coropounds are Soluble (Table 5."3) and the 

salts go into solution easily, especially irom coarse 

grained-sediments. If the circulation is impaired,as 

in hydrolyzate sediments, the traPP3l'd salts remain for 

,lo~g periods. When sodium has,been brought into solu­

tion, it tends to remain in that ·state. There are no 

important precipitation-reactions that prevent the con-

centration of sodium in \\la'ter from gradually increasin.9. 
, 0 

in the way t ha t èarbona te precipitation contro ls calcium 

conçentrations o Sodium is retained by adsorption on 

1 

'1 "\ ',. 

d 
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mineraI surfaces, especially clays, but thi~ aoes not 

cant roI the solubili ty of ions. 

The Champlain ~a marine episode affected r.lôntréal long 

after the limestone fornations had ?een laid oo\m,but. 

the cherai str~t of the ground w61ter, particula·:rly in terms 
. 

of sodium and chloride, does not reflect this incursion. , 

There ",as a glacial period prior to the Champlain Sea~ 

during which time. till \\·as, deposited,and th'is could have 

acted as a barrier against saline intrusion. Also sub-

s~quent elut mg by fresh 'water of any affected formation 

cou Id ha'\"e renoved any' sea water, assuming that the 

openings which
c 

allowed the sea wa ter in ini t ially were ' 

still effective for eluting after thé Champlain Sea had 

disappeared. 

, 

less than 

concentration' of sodium in glîound \Vater is 
,j 

~OO mg/l (4J-1- meq/l) though brines may con-

The usual 

tain 100,000 mg/le Igne~us and metamorphic terrains 

produce ground ~1ater with a range bf 1/ - 20 mg/l (0.04.-

0.9 meq/ 1). The ,range of sodium concentrqtions round on 

the Island is from 4.6 hg/l (0.2 meq/l) (sample no: 5355) 

to 535 mg/l (23.3 meq/l) (sample no. 51~5) while the mean 
f ~ 

is -75 mg/l (3.3 meq/l) (Fig. 5.4 -and Table 5.4), 

.. 5.7.4 Potassiu:'1 

The concentration of potass"ium is much lower in most 
J 

.-

\ 

1 

l 

1 
1 
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natur~l waters than that oÎ sodium. This is because 

po~as'sium tends t,o be, rE!-incorp~ratèd into solid 

81. 

wcathering products as soon as it becomes available,frolll, 

for example, the weathering or orthoclase: (Herman, 1971~ 

p.17 ) 
o 

r<2A12Sie0J,6 + 2H2 0·... K:aO + .4Si02 + H~1:aS,i209 

orthoclase kaolinite 

pn'se adsorbed into sorne clay mineraI structures i t 
f" 

c~nnot'pa~ticipate readily!in further ~xchange, for 

example. 

Montmorilloni te ~ K -0 illi te (Parsons, 1964,' p. 28) 

Potassium occurs in èvaporite deposits as carnallite 
-

KCl. r.tgC1 2 $ 6H2 0, and sylvite KCl, but usually consti tutes 
. ~ 

less th~n 1% of the cati~n concentration (Yakutchik and 

. LaIlUUers , 1970,' p. 1 02) • 

'The usual range of concentration q( potassium in ground 

water. is 1 - 5 mg/l (0:.025.- 0.1 meq/l). Its range in 

'Montreal is from '1.2 mg/l (0.03 meq/l.) (sample no. 5241+) 

" to 27.0 mgll (0.67 meq/l) (sample no. 5350). This 
. 

shows that potassium :i:s not patticularly abundant, never 

exceeding 1 meq/l, though small quantity variations might 

be significant. 

5.7.5 Chloride 

Chlç>ride is ,the .~ost abundant anion of sea water, but only 

a minor constituent of the earth's ciust. In.ground 

\ 
" 
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water the highest 'concentrations of chloride are usually 
... ' ..' l J 

found in samples taken'from points furthesr along a'4 

flow 1ine, since this would have allowed pr olonged conta.çt. 

ThoUQh it5 avai1ability. to normal1y circuiating ground 

wa ter is > 10"'J in igne~us and metamorphic rock, the solu-

bility of chlorine compounds is high~ Sçlution of 

.sodali te and apa 1::i te, as weIl as the chloride content 
\ 

of liquid inclusions, 'contribute to the final cancen-

tration. More important. sources are associated with 

sedimentary r~cks, patticularly the evaporites, and in 

resistates whiçh may inc1l,lde connate brine trapped after 

marine deposi tion or inc';1.rsion. Al t}1ôugh !\Ion treal was 

afrected by the Champlain Sea episode.the chemistry of 

the ground water of the Island does not reflect this, as 

discussed in.Section 5.7.3. other sources are from 

volcanic emanations from the atmosphere, and from 

org?nic s~urces (~oag, 1975 personal,communication). 

Once in solution chloride tends ta remain there. 

" very pas'sive and daes not par1:icipa te in any react ions' 

causing re-precipitation; nor·is it affected by exchange 

or adsorption~ The only common way for it ta be concen-

trated to the point of precipitation is by evaporation, 

though ~ther ways involving ionic filtration, perhaps 

utilizing'the GOuy Layer, haveobeen suggested as possible 

mechanisms (Hem, 1970, p.175). 

The usual concentration of chlorid~ in ground tvatér is 

l , 
" r~ ,. 

f 
,.. , 



5.7.6 

\ 
i '"--

. " 

( a 

, ' 

less than 30 mgll (0.84 meq/l) but·it·may reach 1000 

mg/l.in arid regions, or. 150,000 mg!l in brines. The 
i 

lowes~ chloride concentration found on the Island is 

1.6 ill9/1 (0.04 meq/l) (sample no. 5338 ~nd others), 

83. 

the highest ~s 651 mg/l (18.4 meg/I) (sample no. 5325). 

Tr~ me~n i@ 50 mg!! (1.4 meq!!) (Fig 5.5 and Table 5.4) . 

. tU] phat," . . 

ulphur ls'not a major constituent of the earth's 

uter crust. Tho~gh it is wid~ly distributed in igneous 

as sulphides, most of the s~lphates found jn 

.r ~édiment~ry rocks ~re leached from the resista te SJdi-

1 ments (Ranko.ma and Sahama, '1950, p. 752)" Howeve:ç/; in . / 
the presence of aerated water, sulphides, suc/as 

marcasi te a:t;d pyrite, Î11 ~any sedimentary rojJ<s, can 

be oxidised te yleld sulphatc ions. Most s/Iphates 
i 

are soluble in water, and the effective sOlilbilit y 

cao be increased by the tendency to ferm complex 

species caIled"ion pairs, Ulem, 1'970, p.167). 

Solubirity can a~so incr~ase with ionic strength; 

for example, the sOlubility of CaSO~.2H20 increases 

with an increase in sodium chloride content trom 

2,016 mg/l at 20°C \.fj th NaCl = 0 to 7 ;300 mg/], for 

NaCl:; Ht.6. 2 g/1. Above this NaC1 concentration the 

so1ubility of gypsum decreases again (Schoeller, 1959, 

p.65). <An increase in the sulphate concentration i5 

usually accompanied by a similar increase in the 

conce~tration of calcium and magnesium. 

, , 
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Sulphate forros s-alts of low ~olubility with only a few 

'metals.' Of the common>s~lts barium sulphate is least 

soluble",.while the sulphates of 'calcium (gypsum and 

85. 

'anhydrite) are the most widespread, and have a solu?ili ty 

of 2,016 mg/l at 20°C. They often 'occur in evaporite 

deposits. Although no such' deposi ts are known on the 
, > 

[ , 

Island,they could have represented a phas~ in the deposi­

tian of the Beekmantown Group :f,rom which the' maximu~ 

concentrat~on of 1359 mg/l (28.1 meq/l) sulphate is 

found (sample no .. 5117). The minimum is 25.3 mg/l 

(0.5 meq/l), (samp;I.e no~ 536L~), though t he mean is 14:2 

mgll (3 meq/l) (Fig, 5.6 and 'Table 5.4). The usual 

concentration oT'-sulphate ,in ~round water is less than 

100 mg/l (2 meq/l). The saturation concentration of 

calcium sulphate is in the order of 1478 mg/l at 10°C. 

5.7.7 Bicarbonate ànd'Çarbonate 

The last of the ions to be found extensively in 'ground 

water are the bicarbonates a~d car,ponates. 0 These are 

especially i~rtant in limestone terrains fuat are d~s­

cussed in the next section, These are the pt-im~ry con­

tribùtors ta the alkalini ty .of water, that i~, th'e 
y , 

capacity of a solution to neut~alise acid. 
~ 

Bicarbonate dissociates ta car~anate above a pH of 8.2. 

Below this pH aIl of the carbonate ions acquire hydrogen 

to become the bicarbonate specie~. S~milarly, below 
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/f 
PH~.5, i further of.~ydrogen causes 

m61ecules of "carbonic acid' té be forme~ 
1 • / 

/ ' 

Usually 

/the pH of ground w er 

it is the ate ·ion which is the mostéommon. 
1 

<r / 

/ 
/ 

./ 
concentra tion of ~a tural' w~-eer generàlly 

.i~/f{~lo. ~7'i hin a'rÎ1oder'a~e' ;::ange: 50- 400 m€J/l (0.83 - ~.6 
, / 

.~~eq/l ~y the effects of carbonate equilibrfa (see below)~· 
f/ / . 

In lonf,real the range of concentra·tions is from 131 mg/l 

.1 meq/l) (sample no. ~325) t6· 653 mg/l (10.7 meq/l) 

(sample no. 5219) (Table 5 •. 4. The mean is 353 mg/1 

( 5 . 8 meq/ 1 ) • 

, . 

. . 
Ï'lon.treal is predominantly a lim~stone area tempered 'by other 

lithologies. Therefore a geI)eral study of li'Plestone terrains 

provides a reference for l\lontre-al. Broadly spéaking the water / 

in limestones ~irculates mainly, if not entirely, through 

fissu~es,sù that the surface area of the rock exposed to 

attack is small in relation to the volume of \\Tater circulating.· 

Further, mos t of the soluble sa-l ts (chlor:L~des and sulphates) 

are locked'in the limestone in highly compact or crystalline 

forros. Lack of primary interconnected porosity inhibits watcr 

reaching these salts at any great'depth. The maximum penetra-

tion is usually less than thirty feet, facil~tated by secondary 

openihgs when the limestone is weathering. Even water from 

more porous limestones is low in sulphates and chlorid~but 
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high in bicarbonat'e. Pure water is neutral, ë;lnd .in the absence 

of carbon dioxidc is capable only of a ve~y limited solution 

of' ca,lcite,a'mer,c 5.4 mg/l (Hem, 197'0, p.f35)', However, oftgn , , 

rainwater has' a pH of 5.6 (Hem, 1970, p.91) and lt cap be more 

acidic i~ industrial areas (Strong,t974). Since carbonate 

rocks. dissolve rapidly in acid water, analyses will" be' hi,gh in 

both calcium and magnesium. There will be little' more solution 

once the 'Nater becomes neutral or allcaline (Brown, 19-67, p,'25). 

Carbonate solution produces the most con,sistentl y abundant 

anion in ground wat?r, and is important in establishing the 

pH. The controlling infl uence i's the partial pres?ure of 

carbon dioxide of the gas phase contiguous' wi th the ground 

vIa ter. 
, 1 
{- H· , 

. In normal atm"asphcric condit:lons (760 mm Hg anQ. 20°C) the 

partial pressure of 'ca~bon dimdde (pCOz )' i5 '10- 3 • 6 atm. This 

would allow a concentration' of 76.8 mg;l 'HCO; solution. Since 

the bicarbonate co,ntent oi gro~md water, usually exC'eeds thi5, 

fig~re, a 5ecpndary source o.f car'bon digxide must be available • . 
Garrels and Christ (1965, p.88) state that the rôle of carbon 

dioxide ::1.11 rain water has be~'n overrai:ed. wl1creas the effect of 

hydrolysis and carbon... dioxide in ~he soil atmosphère have been 
, . 

underrated. 'Respiration in th'e root zon~ of plants causes the 

pCOz 0:( soi1 air to increase ta t.etween 0.015, atm. and 0.5 atm •• , 

which al10ws solution to a maximum 'of 450 mg/l HC;O;. Ground 
, 

·\'>later with exceptionally hlgh values has been found' in s01.1theast 

.<.-1 

" 

-, 
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Virginia by Foster (1951). who explained the production of the 

required high pC02 by the interaction,ot calcium carbonate, 

base exch~lge mineraIs and carbonaceous material. 
<;J 

In carbonate terrains, where the hydrology is unlike that in other 

lithologies, due to the solubility of the rock, p~eclse predictions 0 

degree oî saturation of the ground wa~eI J and h'ence t~~ l> .. ~kelihood of 
!.J 

furthçr solutiJn' oî the rock,are difficul t owing to variat.{ons 

in purity bf the ,rock~ For example the calcium phosphate and, 
." 

shale content would ,change the equilibria at which solution 

occurs. 

The rate of circulation is also important. If it is slow the 
-.,..,.. 

mineraI content of the water is likely to be high" and hencc 

.J less capable 0:[ further solution. . Fast mov ing wa ter ,'"ill° re-

-"main aggressive.. Acc?rding to Freeze (1964, p. 13) the rocks of 

':'i f\10ntreal are not porous enought to allow int 
.---~ 

ground w,ater movement is by fracture flo\,' a t a about 

3 cm/day. yakutchik and Lammers (1970, p,77) say the same of" 

the carbonate rocks in the Big Creek area of Qntario. Grice 
\ 

(1964, p.53) sUJgests that in rocks with these charaèteristics~ 

~olution should be· enhanced due to the hig.' veloci ty of water 

within the fractures. In ~real, despit'e similar fracture 
-..".-;' ,-

development solut ion. i5 not. extensively !'1anifes~. Grice con­

tinues, however, by sugges ing,in contrast,the possibility of 

~recipitation of calciti material i~ ~issures in close connec- _. 

" . 
ticn to the surface. his f~ature has been observed in vertical 



90 •. 

joints in a tunnel te lng driven through Trenton limestone in· 
l • 1 ~ 

~1>tontreal. 'An analogous eff'kct is encrustation of carbonate' , 

round the screen ~f a weIl pumping in ca~ca~eous rocks. This 

i5 due to a re1case of préssure from the aquiferJcausing a 
/ 

lowering of the pCOs,which results in precipitation bf calcite. 

The equilibrium of the carbon dioxide bicarbonate-water system 

is driven to the 1ef~. 

A, 105S 'of 10 mg/lof COB can increase the pH from 7.5 to 8.0 

and r~duce the solubility of calcite from 35 mg/1 to 12 mg/l 
1 

at 25°c. 

The limestone5 of .i-Iontreal have a varyirig proportion of 

magnesium to calciuD~as might be ex~ected,since most limestones 

.. "-
contain a moderate, aroount of roagnesium (Hem, 1970, p.2). In 

'\, the~:west of the Island the magnesiul11 content of the rock is 

sufficiently high, rca::X;:-Ig <:: 2.0, for 'the term dolomite 

(Beel,mantQwn) to be used. FUrther east, however, the magnesiurn 

content bec6mes more subo~dinatc to calci~m (Figs. 5.2 and $.3). 

Water withinfdolomite rock strata which is at,or below, 

saturation/hO.\,ll<;l contain nearly equal concent:r;a.tions' of 

calcium an magnesium in terms of meq/l,bccaus,e in the solu­

tion proJss equal, amounts of <the two ions will be di5solved. 

\'Jater that i5 near or above saturation, however, may have lost 
\ 

sorne calcium by'calcit~ precip~tation, 50 the water att~in5 a 
\ 
\ 

concentration of rnagn~~ium greater than that o~ calcium (Hem, 
, 

1970,p.143). This phenomenon is unusual but can occùr in brines 
" ' 

1 
1 f. 

l' , 
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associated with avaporites, <;>r in water t~<?t has participated 

in I:'eactioQs with magnesium silic'ates: The analyses from 

sample~ '5.352 and 5349 in the west of the Island show this 

inversion. 

ç~ ~ ... r---
Montreal's limestone terrain is ~odified by an igneous regime, 

albei t minor, as~ociatèd w~ th' ~lount Royal and i ts acc'ompanying 
, 

dykes and sills. Flow is through fissures, sa it is the de-
t • , " ~ 

co,. " ,. 

velC?pment of :secondary .,perme~J:>ili ty ~nd ~orosi ty in the rock,s 

'of ~!ont,real that is important. hnereas in limestones the ~:rienta­

tion of fissur~s is likely ta bé reasonabl}' uniform, ','either 

normal ta, or paraI leI to, the beddirig pl'anes, fissure widths 
, " 

are not. In ignï?,ous Tocks b9th 'th e f;issul:'e ,orientations and 
, -' . 

widths 'ar~ likely t~ be mo.r;-e randem, and he!1ce the associated 
. , 

flaN 'pattern a~d flOt,v lines, harder ta predict. However, broadly 

'speaking, in both regj.me's radia;L flow is indicated, by the avai1;­

able data',with the discharge ,areas near ta th~'p~riphery of 

the Island . .. 

The'hydrogèochemistry dep~nds on thé physiéal nature of the 

rock, the physical candi t_~ons of the system, and the 0 ~ emical 
~ 

nature of the roc!<.' Most of the rocks ~n the, Island are car-

bonates~and the bicarbonate ion is found to predominate. 

Since this ion is stab~e in the greund water conditions ' 

present. i t is upi,qui tous ,on the Island' and the ot her a,nions 

achie,!,~ d'0J?inal1ce ïnÎr~quently and 'onl,y v~ry locally... How~' 
, 

ever, a more ,d~ta~l~d discussion .?f the ,distribution of the, 

chf?mical. zoryes, and the pr.inciples, inV'olved, in their. delineation 
, , 

• 0 

') 

,1 
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CHAPTER 6 PRESENTATION ~U INTERPRETATION QF 

GROU\TI WATER A~ALYSE~F 1\10NTREAL ISLA.'lD 

Intx;oducti on , 

The ajm of the interpretation of the ground water analyses 
. ,".,/ 

was to locate the gross hydrogeochemical zones of the Island. 

This has been carrieçl out with the aid of the plots of analyti-' 

cal results in 
-:", 

the form developed by Schoeller (1959) . 

Schoeller's method permitted waters of different chemical 

types to be recognised as characte:ist~c patt?rns. 50 that the 

relative abundance of each type could be assessed rapidly. 

Since the calc;lum-bicarbonj?te type was, found to be s~ dominant, 

ru"rther delineation of faci,!?s, was necessary by compaTing the 
; 

condentrations of individual ions, and by using ionic ratios. , 

EacH, hydrogeochemical facies was then considered in relatl.on 

to the geology and possible ground water flow patterns. 

6.2 Use of SchoelJ,e~ Oiagrams 

The concentrations in equivalents of each ion are plotted on 

lineg para~lel to the logarithmic drdinate, with the lines, 

one- for each ion, spaced equally along the arithmetic.ab~cissa. 

Each analysis is represerrted by the pattern obtained by joiniIlg 

the plotted poihts with straight ~ines.as can be seen op Figure 

6.1a. Nùmerous analyses can be plottèd on the same diagram 

which enables rapid comparison or many samples. It . is also 

possible to determine' the ratios or the concentrations of in­
,,/--

âividual elements in specifie types of wàter rrom the 'inclina-
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FIGURE 6 10 
SCHOELLER PLOTS FOR WATER FROM CLAY °AQUIFERS 
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t i-on, of the connect-ing .iin~s (Schoel1er, 1959., p.69). Further-
, " . 

mor~ this method provides a means of assessing whether or not 

" 
a given water i9 satprated'with respect to CaC03 or CaS04 at 

the time of analysi s, ·t'hereby providing an indication 0:( the' 

former, and most recent environm'~nts occupied by the ground 

wate~, and hence its flow reg~me. However, a ci~re rigorous 
1/ 

~procedure was used for the calculaction, by s,uccessive approximations 

of ionic' strength and' activi ties, 'based on Debye-I-iuckel theor'y, 

and assuming ion pairing (Hoag, 1975). The results are in 

Appendix CO' 

6.2.1 ~ters from Surficial A~uifer5 

The analyses considered here are of water ~rom wells in 

"surficial deposits. Eight wells were in' clay, six in 

till, two in gravel and one each' 'in sand and gravel, and 
. ~. .. 

in sand aquifers. The welis 'are less than 40 feet deep. • 

The number of s.p.mples oi each type of illa ter found ere 

a's' follows:-

13 Ca(HCO';:;)2 

4 NaHCOa 

1 Ca"SO,(i 

,.., 

Although it i5 difficult to geperalise with 50 few 

samples, thé following,comments are made. 

6.2.1.1 Clay AQuife~~ 
. 

The anal yses of samples f;rom the clay environ-.. 

ments are plotted on"Fig 6~1a. There ~s a 

wide variety of both concentrations. and patterns~ 
, ') ,~ . 

which' implies a reasonable ab~dancé and hetep:>;-

n ," 

'~ 
.' 
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geneous.distribution~o~ most ions in the finely 
, q 

comminuted clay material. The' plots .generally 
(A. 

are concave,which i~dicates a calcium bicarbon-

ate char.acter. Sample no. 5211 is slightly 

anoma-ious because its sodium' content is much 

higher relative to'calçium and magnesium thari 

'" . the other samples. It resembles the plot for 

the waters fré~ the sànd, and sand .and grà.vel 

a9uifers ,(Fig. 6.1c) which come fro~ areas where 

there is marine clay, so the h~gh sodium cont~nt 

is possi'bIy due 'to base exchange during the 

passage of'water·containing calcium and 

"magn'esium ions. 

6.2~~.2 Till Aquifers 

, 1 

• 

The ana"lyses of water samples from the till 

sources 'aI:e pJ.otted on 'Fig. 6.1b. The plots 
, ' 

have an overall concave, or v:-shape,wh~c~ shows 
~ " ~ ,~ . , 

not, ~nly the càlciu~ bicarbonat~ character'of 
, " , 

the water,but also thàtOtJ:fre is a low'content 
'i' 

of the mor~ so~ub~e species such ~s sodium and 

chloride. This ~uggèsts tha~ there has not been 

suffiçient time ,for the l~ss 'abundan:t" more 

soluble, salts of the til1 such as sulphates 
, " 

~n~ chlorides, to have been dissolved by any 

perGolating rainwater. The rain itselfUis 

relat~ve~y deficient in the, chlor~de i~n due' 

ta the' distance î:çom the sea. Only in ·one 
• P 
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FIGURE 6 1 b 
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sample does the-sulphat~ conient exceed that 

of the b~carbonate. 

6 .. 2.1.3 Gravel, Sand and Gravel and Sand Aqu~fer§. 

The two analyses of water from wells in gravel 

aquifers are plotted on Fig. ·6.1 c: They show. 

the calcium bicarbonat'e character of the water, 
" 

but that sulphate is becoming relatively more 

important. The total concentrations of these 

samples are comparativdly high, > 10 meg/l, and 
\ . 

", suggést either .a long contact time, or that the 

gravels contain fine grains of easily dissoIved 

mineraIs within the'gcneral gravel composition. 

The single sample from a sand and graveI. aquifer, 

and from a sand ·aquifer~have relatively high 

sodium and chloride contents. Bath pl'?ts have 

patterns very similar to the sample of water 

f~om a 'clay aquifer described above in Section 

l'he main conclusi6n that can be drawn f'rom the 

above observations, is that ground water fro-m 

surîicial aquif'ers tends ta have a variable 

composition. AlthougJ1 calcium' bicarbonate 

water is generally _ found. the cane entrations of 

.the other constituent species is not constant. 
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FIGURE 6 1 c 
SCHOELLER PLOTS FOR WATER FROM 'GRAVa 'SAND & SAND & GRAVEL AdUIFERS 
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This suggests~differ~nt,depositiona~ historie~. 

or changing chem~çal influences such as base 
~~.r, 

exchang,e. Contanlnntlon 1s also possible 0 • 

6.2.2 h1 "'.ter's trorn Bedrock ,Aouifer..§ 

The bedrock of ;-'lontreal consists of PaJaeozo~c sedimen-

tary rocks and Cretac~ous igneous rocks .. The range of 

the depths of bedrock wells samples \'Jas f:rom 8 feet, to 

9! 9 feet. Th ree ",a ter samples were obtained from igneous 

environments,while the remai'ning ,140 were from the·sedi-- , 

mentary rock zones. The nurnber of samples of each.type 

or water was found to be as ,follows: 

89 Ca(HCO;3)2 

25 N'aHCO;:; , 
12 Mg(HCO:;;)2 

6 NaCl 

6 caso~ 

3 Na 2 SO", 

2 M9S04-

c' Threè envelopes sum:rnarising, the Schoel,ler plots are pre­

sented' as Figs. 6. 2a, b, c', These represent the 84 plots 

which are concave, the 53 which are'a mixture of concave and 

convex.and the 6 which are convex. The full listi~g or 
data, printed by computer is included as 'Appendix D. 

The concave patterQ is characteristic of waters with a 
,~ 

low total ~s~olved solid (T.D. S.) c~ntent, generally 

less than 600 mg/l ~ These are uS,ually the calcium bi-
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carbonate type. l The convex pattern is typical ·for waters 

wi th T. D. S. of generally greater than 1000 mgll alc!d 

they are usually .of the sodium ,chloride t)/pe.' The mixed 

pattern is found from},a ters with ;", ~:~9'/ T, D.,S,. of about 

700 mg/l, for' exampl~ sodium bicarbonate \·:aters. 
,1 ~\ ~ 

, 6.3 Su and Cla.:-sification o..:L,..\lontrea'l Ground Water 

It was ded ded to s bdivide the group of 126 samples of bicar-

bonate the group constitued 88~ (Jf, toe total 

number of samples ex The l\'aHC0 3 and ;'1g (HC03 ) 2 waters 

formed sm;lll enough sub-groups, but the 'ca(HC03 )2 group of 89 

was conside~ed still 00 large. In '20 of the ~9 samples 

rCa > r!>lg > rNa and rHCO;-y > rSO<;), > rc;t, 50 aga in further 

subdivision was' deci ed tp be necessary. 
,1 

, 
\ 

6.3.1' ~a~sifiçation of Fa~ies 
" 

, 
1 

/ 

The detailed classification employed is shawn i9 ~able 

6.1.. It ,was "dra\':n up after considering the' f011owing. 
, -.,.. . 

_~~r~~eters: ") . 

1) the.relat1ve abundance in equivalents Qf 
- . - l;a- _. . • 

anions. HC03 , SO~ , Cl 'and 'the three.cations 
'.' 

+ Na to èstahlish the main gro.ups, and 

2) the· ratios such as rCa:r~la' 
, -

rHC03:rSO~ 

rHCO::s:rCl 

·to provide s~bgrouping., 
. , ~ 

\ 

~ , 
t , , 
i 

threej , 
,1 

J\f 1 , / 
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tfJ 

~'.3.2 RatiQs Qf Ion~ ang other Relationst1ips, 

'. ' 

6.3.2.1 

. .. 

,Ç;glciu~: t-1agnesium Ratio l' 

. , 
. Do~omite is present in the Montreal bedrock so 

it was thought that the"magnesium content 'Wo~ld 

be significant. Accoidingly the rCa' ;r:-lg ratio -

was used as a class~fier . 

. . 
T~ough Magnesium saI t~ tend tô be more soluble, 

than ca~cium ones .(see Table 5.3), calcite dis-

. sdlveS more quickly' tl~an dO'es dolomite, 50 one 

.sho~l? expect the rCa:rMg ratio to.be higher 
o , 

;than 1:l in younger waters,from a dolomitel 
, , 

n' 

cal~ite environment. Analyses ,from the dolomitic 

a:reas were examinèd, and in everycase there was 
. ' ~ . 

an rca:rMg ratio between,O.5 and 2.0 (Fig. 6.3). 
~ 

Th~s range was used subsequently to pistinguish 

sample's affected by a dolomi tic environment. 
~ .'" 

Further s'uodivision was made on the basis of 
li< 

, , 
\. .' '. , 

rCa:rMg ra4:J.os l.n'the arbl.trary,range of 2 .. 0-
''''. 

,3..0 and greater than .?~O" 

1 

6.3.2.2 ~se Exchanqe Index r ' 
\ ' 

.. 
;\ ( The base exchange index (b. e.,i. ), r?lr~lrl$\, 

~11\lstrates the rela.ti~e abun~a~c~, oi ~he 
'. ~odium and ohIo ride con,tent,' a!1d c~ 1)e- u,sed to 

, , 

locate-areas of recharge. 
, . , 

If one assumes a norm 
" . 

when the meq/l vaiues of both ions are general~y 

", 

.~ 

<i 
'. 
" 

, i 
,~ , 

1 
l 

. 

1 , 
1 
• 

r 
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similar, for instance, (tJ"aCI in sea wat~r, the 

princip~l source, an imbala~ce can ,indicate 

that base exchange (see sectibh 5.~) has occurred, 
, -

~ither ?epleting or augmenting the sbdium content. 

Most of the analyses con,sidered in this investi-I"v" 

gation have a negative b.eoi., although 14 samples, 

or ~~have a positive b.e.i., ie. rCI > rNa. 

Of these, two are :from clay, one from gravel, 

one fro~ till, while the rest are from bedrock 

~qûifers. A.positive b.e.i. results if there 

is a r~lative ~ac~ of s~dium compared to chloride, 

50 one 'wQuld exp~ct to find the values of the 

other tWQ cations comparativ~ly higher, the de~ 
{ 

gree dependent on the amount of exchange, ta 

maintain a balance wi th the anions present. 

AlI bedrock waters with a positive b.e.i.,' ex-

cept one magnesium~rich sample, have calcium as 

the dominant cation. This conforms to Charron's 

idea (1969) that calcium values tend ta be rela ... 

tive.ly high if a sample has a positive b'.e.i. ' 

Sorne Montreal waters with hiah calcium values . ~, 

do have n~~tiv~ b.e.i., but this 15 due rather 

to a lack of,chloride rather than,a glut of 

'sodium. 

A sodium paucity, with respe'ct to chloride is 
, 

almost certain to rèsult from a basè ex change 
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phenomenon since both sodium and chl.oride are 

extremely soluble, and once these ions are pre-

sent in solution they tend to rema.in there.' 

Thus the removal of one wi thout the ot her is 

unlikely except by base exchange,in which pro-

cess sodium may be added or removed froID $olu-

tion,'\\'hile chloride is unaffect€d. \vhen a 
), 

sodium-rich 
\~ 

~1 ' 
equivalence 

+ water initially with the Na to Cl 

encounters a calcium clay, there is 

exc.hange of sodium for cûlcium with the result-

ing' re.lative altering o:f concentrations of the 
" 

catipns,and impoverishment of'sodium compared ta 

,chlori~ê; hence a yosi ti ve b. e. i. and ènhan'ced 

calcium value. Similarly 'a calcium and magnesium­

rich ~vater in contact wi th a marine sodium clay, 

could undergo exchange of calciu~ and ~gnesiuro 

ion~ to increase the sodium co~tent of the wa.ter, 

and prod~'ce a nega ti ve b, e, i . How'ever the b. e. i . 

is more strongly'negative, in areas of recharge, 

values more negative than ... 1.0 represeht this, 

(Fig, 6.4), not necessari1y because of high 

sod;ium (Fig, 5.4), but due to 10\11 values ,of 

chlor idé J Fig. 5.5), since a's b. e. i.. i5 indica ted 

b th t · rCl - rNa l hl' d h' h sad.; .. .." y e ra 10 :tel, a 0\11 C; or1 e or 19 ... UJ,U 

value causes it to be strongly negative. in 

topographically high recharge areas 'of r.lontrea~, 

rainfall is 'low Ùl chloride and there a-re only 
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low values of cHloride derived frorn local roc~s. 

The distribution of sodi~m valu~s i~ shown on 
. 

Fig 5.~ ahd averagè,about 3.2 meq/l. The dis-

tribut ion of chloride values is shown on Fig 

5.5 and av~rage"about 1.4 meg/l. The chloride 

deficiency. is not surprising sincc limestones 

are poor in available chlorides (S~hoeller, 

1959, p.57), and rain in Montréal will be 
• 1 \ , 

sfmilarly' deficient"due to its distance.from 

the sca. Howevc~,.)the high average con~en.tLa-: 
... , 

tion of sodium (J.'2 'meq/}) sugg"es,t s tha t a sig-

nificant amount of sod'ium has b~en suppl~èd ' 

from igneous rocks, and th:f''ough tcctonic features, 

vicinity of tpe ,Ahuntsic syncline.I~Soil analyses 
\ 

might shed furthcr ~ight· on this subject~ HigH 

chloride was found aIso at the eastern end o~ 

the faul t • 

. Thé b.e~i. results (Fig 6.ld reveal a number 

of'apparently w~l~ defined areas of values 
" 1 

. '1 

more negative thün -1.0. Sorne of' these arèas conelate 
- :\ 

vtith aréas ,or' kr,:101fm perme,able surficial ma terials 'and 

exposed 'rock, ,however, it' 'is nQt ~le~r, if the 

other areas are i~dicative of unrecog~ised 

!echar~e, br other causes. 
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6.3.2.3 Saturation with resoect to Calcium Carbonate 

o 

Another parameter that was 

the water was saturated in respect of calciu 

carbonate. A solution i5 saturated wh en is 

unable t~ dissolve any turther solute.' oag'5 

method (1975, 1976) prov~ded'~alues ~f s 
, . . - ( 
saturation index, that he defined as sample 

pH minus the calculated pH of equilibrium (Table C.1, 

Appendix C). 

1t was found that at least 10, and possibly 

up to 22, 5amples were unsaturated with re-

spect to CaC03~ 

Saturation Index 

~- 0,2 . -0.1 2 to -o' 1 Il >4_ 

3 Ca(HC03)~ 8 Ca{HC~)2 

(-, NaHÇO;'l ),NaHC03 
r 

1 HgS01; 1 NaCl 

1 

Unsaturation means that the water is still 

aggressive towards ~aC03, an uhusual phen'omenon 

in carbonate terrains, so it5 occurrence is 

l1ot: eworthy. 1t is usually ~ndicative of ground 
'1:::, 

water close to rëcharge, or to ground water 'which 

has encountered an area with a high pCOz , the 

, T 

f 
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~ontrolling influen~e of carbonaté, solution (see 

Section 5.7). 

The depths from wh,ich these unsaturat~d samples 

came rangect from 11 feet to 900 feei:. Their 

locations are shown on Fig. 6.3. AlI except 

two samples, from a'clay aquifer, had the 

dolomitic ratio of rCa:ri\lg < 2.0. Even though 

not aIl these samples came from 1<.nO\'ln dolomi tic 

horizonsl)nevertheless the ratio implies that 

'they recently,encountered one. The additional 

magnesium could cause a relative lack of calcium, 

which in turn could 'account for the unsaturation 

of the ,\"ater w:i:th re5p(~c.t.;·to calcium carbonate. 

The areas of magnesium d,ch li thology !:1hovm on 

Figure 6.3 do not show the presence ~f dolomite 

at depth. 

Th,e Tati? -rS0tl :rCI \Vas examined, as i t tpsually 

decreases dQwn the flo\'l line towards discharge 

areas where the chlo.ride becomes propoi:tionally 

more important. The highest value Of, th is ratio 
fi 

is thus found in the probable recharge areas,but 

due to a lol'.' chloride -concentration rath er thal1 

,a high sulphate one. Figure 6.5 shows maximum 

valu'es of the ratio in th e CEfl tral port·ions of 

both the west and north of the ls~and" This 
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confirmed recharge in these areas. Also the 

high values to the west of f\lount Royal suggested 

rGcharge thare too.' Localiy this generalization 
, , 

mày not hold true du~ to insu~fici~qt t~me for 

solution tO,have qccu~red,fully., Chloride values' 

in ~imestone are'naturally Iow (Schoeller, 1959, 

p.57). The highest chloride values are to the 

, north 'and northeas~ of Mount. Royal. wh~,re there 

are ,maximum 1:hicknesses of Champlain clayon 

Utica shrile. Eisewhere it can be infer~ed'that 

the chloride miIlerals associated \~it~ ,any over­

lying marine·clay do no~ entet the .ground water 

to any significant extent. This may be because 

the products, of any solution' or sur.ficial material 
, 

~lich does occur are retained Iocally by the 
q( 

impermeable nature of the surrounding roch., or 

because the 'chloride ion, is physically'large 

compared vli'th many of the other major ions _in. 

water~ In this case it couid he expected ~a_be 

held back in interstitial or pore water in clay 

,and shale while water itself was transmi tted 

(~em, 1970; p.175). 

6.4 Rp.lation_~~~mistry to De~tn 

/ 

The rôle played by the depth from w hich a' samplé deri ves 1 and' 

hence the time avàilable for solution, i's considered by comPé3:r­

ing chemical groups and the average d2pth a t which each was 
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found. Thè average d'i?pth was computed by summing t h~ Iull depth 

OI aIl wells which had the same predominant ion, and dividing -tne 

total by the number of wells. Geographical and stratigraphicaÎ 

~ocations are ignored in this preliminary approach in Table 6.2 

in which aIl lithologie al gro~ps are assumed to be part of a 
{ 

single hydrogeological unit. The locations are considered in 

the discussion below. 

1t can be seen that magnesium and sodium tend ta be more dominant in 

'Jeeper holès than is calcium. This is indicated not only by the 

data in group III but also in sub-groups I 2 and 112 since here, 

sodium is th:::; No .. 2 cation in each case, andj the average, depth 

of' the sample is greater than wh,en ~odium is J\:o.3Q Howèver, 

this 'does Hot mean that one will infallibly obtain sodium-rich . 

water at depth, as is shawn in. the west of th2\\.,rSland \~her~ deep 
" , .. 

wells do not have sodjum content bcca'use it, is not e.\f'ailab;te, 
, " 

ie.' there is a geo+ogieal control (see Section 6.6). 

, 
It can be seen on Figures 3.1 and 5.4 that the 6-10 meq/l 

sodium maxima correspond to the Ahu~ts ie synclirie and the tVh~!e 

Ho~se Rapid~ fault, plu:; the clay a.nd shale along the. x;iver porth 
- . , 

of this fault. In the first case dept.h may be 'p;redominant in 

, 
clay and shale may contribute. 

flo"s. ft "dePth and 

Î / 

the rnari'rie control.while in the s~cond bath 

\ ~ 

The mai'n' mrtgn~sium area in the west of the Island (-Fig., 5~3r 

contains a ~\ximum coneentration'of about 3_m~q7i, the same'as 
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on the east shore to the south oî, the h'hi te Horse Rapids faul t, 

on the northwest shore and along the Villeray antieline,but less 
i ' 

than the crest or' ridge distribution of 7 meq/ l to the west CJf , 

1\1ount Royal. The 'loci of these maximum values cannot be cor're-

lated more preeisely with any other geological feature'S. 

Another factor rela ting té cations is shown wi th the large 

Il.Al. group of 79 wells. There is' a steady diminution of depth, 

froID 103 feet for dolornitic l.IlAl. subgroup,to 70 feet in the 

calcium dominant 3Il.Al. subgroup. This implies that the shallowet 
1 

the wel1 7 0r the higher in th? stratigraphie column from which, 

water is' obtained, the lower wil.l be thé magnesium content. As 
o 

such.onc can deduce that there i~ not a strong vertical movement 

of wàter up\,!ards from the J;3eekmantovm Group to produce high 

magnesium values ip, waters '.' in the overl.ying strata. This 

emphasises the higher horizontal permeabi,lity or the bedrock. 

Examination of the anions is not as enligl1tening, since the vast' 

majorJty are of the Al bicarbonate subgroup, and there, are 1.n­

sufficient an.alyses from any or. the last three anionic sub-groups 

to allow acceptable coverage!. However, the bicarbonate species 
, , 

are found a t shallower levels than the othe?= tw,o anion groups. 

The Az subgroup of nine samples is assoeiated ,~i th greater" depths 

than the· Al subgroup of 101 sample.s, whîch is credible since the 

scarcer, but more solUble, ch~oride has presumably had a chance 

to be dissolved in exccss of the theoretica~lly more carmon, but 

les~ soluble,sulphate ion. The Bl sulphate ~ubgroup of 10 
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samples is found in wells of depth ranging between 50 and 919 

feet, a~eraging 368 t'eet. It may be noted that bicarbonate! has 

at-w.ined a sat~ration level" in 91% of the samples from wells 

wi th an average depth 142 t'eet but the" sulpha te has not. 

To conclude, in Montreal th,e ground water near the surface is 

characterised by the two most abundant ions, calcium a~çl bicqr­

bonate. \Vater fI:om the bedrock aquiîers showed s,aturation in 
, ' 

bicarbonate in 91%' ,of the samples 0 AlI were undersaturat,ed in 

sulphate. 1\lthough th~ more so~uble sulphate an4 chloride' 

mineraIs may be present,their a'Vailability is generally low. 
r;. 

However, ,a continuing dissolution of the less available species 

slowly increases,their concentration until they becorue dominant 

in 9fo of the sam.ples. This i.s <liter a suf.ficient t ime has 

elapsed for' reaction, usually corresponding \vi th depth. 1n­

sufficient data were ava,ilable to àttempt to calculat,e time of 

react:i,on. 

The degree of concentration "of the water is thus 4~termined, not 

only by the duration oî its contact with the rock and the nature 

of the rock, but also by the length o:f trajectory (Schoeller, 19591 , . . 
P. 74) • This is shown by consider:ing three wells 'in this inves-L ' , 

tigation (Fig. 4.4). t>Jel1 no~, 5309 is 60 feet deep 1 and is found 

at a recharge aréa adjac~t to f\l0U!lt Royal. It is located near 

the stari; of a flow iin.e and the water is .of the HCO:.; type. 

W~ll no, 5101 is 200 feet deep ~nd is in the.middle portion of 

l ts water is of the 502 - t 4- ypc. WeIl no. 5145 

1) 
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is 267 feet deep and is near the edgè br 'the Island at a dis-

,charge point~ It is at the end of the flow line <;I.bout 23,000. 

feet long and i ts wa'ter is of th,e Cl ,type. The Schoeller 

. diagrams for these three analys~s are g~ven in ~igure 6.~. , , 

Using Darcy's Law in the form V=KS one can estimate flow time. 
--'" 

From Table ~.1 K is taken to be "10- 2 cm/sec. From 'Figure: 4.4 
dh , . 150 - 40 

S(dl) 1S taken, to be - 23 000 • 
c , 

Thtis V = 4'x 10- 6 cm! sec or about 

3 cmfday. 

This demons,tration of .flow time and, composition ~along a, I?ossible 

pa~h may b~ an ideal~sed case but it is believed to be a likely 
~ 

'general1.'z,3.tion .-

6.;; Ground l.\Ta ter Zonation in Nont rea! 

Tc study the possibility of hyd+o~eoèhemical zonàtion the ,Island 

was divided into thiee s~ctors. These west~rn,'central and' 

n~rthern s~~ors '~ach contain difrerent,geology. Thé c,omputer 

'tetrieval of the data wa~ pr'int ed 0'tt fh' three prM sectoIs 

conforming quite closely to the geologic~l zones· (Figure' 6.7). 

Sin ce zonation is three dimensional the distribution of jons 

was examined ïn both horizontal and vertical pla~e~. Only a 

brier summpry of the chemical zonation is'given here,but the 

detail is given in Appendi" E,' and there' iG ,a êomprehénsive 

discussion in section 7.3. 

-- Î 
) 
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Th'e overall zorlatidn of the grounçl water of ~tontreal is shown 

on Figures 6.8 and 6.9. Figure 6.8 shows the ubiqui,ty of the 

bicarbonate ion. 1t is often associa ted wi th sulpha te but more 

,usuall~ i t is present as the single dominant anion, as in the 

.northern and western sectors. 

- The main bicarbonate and sulphate, A~, zohe is in the .cen tral 

part of the I.sland. It is- found primarily to the southwest of 

r.lount R,?yal but it is a1so represented to the east' of the 

mountain, and a1so near the south shore in the western sector. 

The occurkence to the east of the mounta'in i5 probab1y caused 

by the oxidation of pyrite,while the ot11er occurrences are 

more likely to resu1t from the solution of 5ulphate minerals: 

A high sulphate zone corresponding to the ~~ite Horse Rapids, 

faul t is sho't\'TI on Figûre 5.6. This could resul,t in part from 

pyrite oxida·tion, especially at the eë;tsi;ern end near the Utica 

shale~ but also in part from an upt'lard mig.ration of 5ulpnate­

rith wa ter ~rom depth al~ng the· faul t li~e. The (:mly other", 
• 1 

anion group which is noticeable i5 the 5ulphate, and bicaJ;'bonate, 

c' B~, g·rollP. This is also îound to the east of Naunt Royal., and 

again it is probable that the presence of the sulphide-~ich' . 
o 

tJtïca shale is th e original ~ource .0I th~ ;;u+phate ion. Samples 

containing chloride ta. any,grea~' ~xtent are, la~king, although 
, , 

the few present were f,ound gcnerally adjacent to the \\r:hit,e Horsé 

Rapids îaul t, or to the St.· Lawrence:. River.' In~h~ latter case 

chloride could have' been de.,ri:ved :from the marine cl~s .. 
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Figure 6.9 shows the horizontal zonation of cat ions. . Here the 

distribution is ostensibly less dominated by a single cation. 

However,it should be mentioned that calcium \Vas the most impor-

tant cation. The figure has been presented b illusirate the 

significance of magnesium and attention is drawn to the combin-

ing of the ~Il and II~ groups, and that they are representcd by 

a single symbol. 

In the western scctor magnesium is the most important cation 1 " 

and a sia~ificant zone is found. There is a close correlation , -
bet\\"een its presence and that of dolomitic aquifers. The only 

other important occurrence of magnesium is as a small zone -in 

the central sect or to t,he west of y..lount Royal. This zone 

partial~y corresponds to the bicarbonate and sulphate zone pre-

viously mentioned. 

Culciun forms a zone to the southwest of the- mountain, where 

the maximum conce!1tration of 7 meq/l is :found .(Fig_ 5.2)!, in' 

undifferentiated Trenton limestones. This completes the over-

lap v:'ith the bicarbonate and sulphate zone just referred to . . 

The other zone that calcium forms is in the northwest of the , . 

Island, near the axis of the Villeray anticline. l'her~ ,is, a 

nottc~able.trend ofdac~eusing calcium values to the west of 

t}ù~ Island. 

~ 

Sodium is found most markedly on the ea~tern side of the 

nDrthern and central'sectors, probably due to association 

l, 
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with intrusives, shales and Champlain Sea clays. Also the t'fuite 

Horse Rapids faul t appears to be, a significant control. The 

zone on the northeastern shore corresponds to an ar~a where 

chloxide concentrations were a~ove average. It also forms 

another zone in the northwest 'pi the Islànd, somewhat ta the 

east and north of the calcium zone. , 

TD ~scertain if there~~ere any zonation vertically,a seri~s of 

'profiles \lIere con structed as in Figures ,6 ~ 1 0 and 6.1 i. This 

îacilitated appraisl'll of the chernical groups,both as a function 

of depth· and of lïthology. 'The data werc~ unfortunately, such 

that it was not possible ta deduce di.st\:rete contributory horizons. 

It was deciç1ed in the absence of 1 for eXÇUllple ,. casing d epths, to . , 

a ttribute the, chenical type to, the hori.;!:on rcacl]ed by the bottom 

of the weIl'. 

Tbe full details a~e presented in' App~ndix E but c$sentially 

bicarhonate formed the predomiant anion zone and was only in-

frequently and irxègulaxly interrupted by other groups'. , 

. \ 

'!n the catJons,correlation of ma~nesium wtt~ dolomitic . 

hotizons \vas :round, and alse that sodium téndcd to çome. from· 

deep wells. C'..alcitlm was' the <tominant cat~onf·a.nd occui:'red througli­

?ut th~ sequcnc~,cutt~ng across both the controls ,of d0pth and 

lithology. 

61 
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6.6 Chanaes in Chemistr;u 5lono Flmv Lin~s 

'The calcium bicarbonate zon~ i5 charact~ristic of limestone 

water which is. close to, i t~ source. It sugges·ts that the , , 

recharge of Montreal' takes place locaJly, resulting from 

~precipitation in the form of ra in and snQw. It does not, 
1 • 

ho~\'ever, eliminate the possibili t~ o{ SUbsurf@lOWfrom 

outside the area contributi~g to recharge, 'an idea moot~d 
\ 

by CUlUllling in 1915 ta expla.in the local occurrence· of high, 

sodium 'values. 

Tt is eviderit that the chemical composition 0;[ water in a 
'1 

groun? \Va ter system is not s1;atic but evolves chep1ically. 

Firstly thcre is·an increas0 in the T.D.S. by solution of 

129. 

the .z::.vallable mineraIs •. This solution is greater as trajectory 

" 
and time of contact are longer, as· :rate of flmv is slm'Jer and 

as rock pores are smaller, ie. as a larger surface area is 

" ' 
available for reaction. Generally the ratio of rSO Â ta rCI 

, - . 

dccreases down, the fla;': line: as the spe-ed at which a salt is 

dissolved i5 proportj onate to the ·saturation dGdicit,. chl-orides 

are .dis50lved' faster than alkali earth sulphates. If an aqui;fer 

i5 r.ich in sulphates, but· poor in chlorides,the reverse happens 

urrtil the water becomes saiurated in SO!-,after which the ratio 

,declines, (Schoeller-, 1959~ p.73)' 

Similarly the base .exchange index tends to be' negative in ,re­

Chal':ge·a-r-ea's._s:i.lJç~c~lo.ride concentrations 1:end to be low. The 

ratio becomes less "negative down t'he flow lino as mor? chloride. 

• A 
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is dissolved.' The ratio rMg:rCa tends to diminish ,downstream. 

Thi's is bècause t'he increase of calcium by dissolution of CaCO,'3 de-

clines rapidly, 'because the ,water bécomes saturated in CaC0 3 quickly 

and subsequently CaS04 dissolves less rapidly than MgS0 4 and 

An idea of the flow pattern can in.general be obtained by the 

relative abundance of di1fercnt species' and their relation-

ships ta each othe~but it is necéssary to appreciate that 
1 

different mechanisms can lead to the same re~uIt. For exàmple 

high sodiUIll values in ground watar can result from protraeted 

solution of low conccntrat ions of sodium mineraIs. 'Sodium' 

.. 
min8rals are very soluble and once théy have been dissolved 

, 
sodium ions tend to remain in solution. A relatively long Slow 

linc, of t'en synonymous wi th depth, facili taies thi~ chance for 

protracted solution. ~Iternativcly high conc~ntrations of 

sodium may occur naturally, such as in evaporite deposits or 
, 

associa ted \'li th igneous rocks.. In thesc cases a short flow line 

is su::fficient ta result in high sodium .va,lues, as long as the floW' 

line interce'pts the sodium-rieh environment. Thirdly a base 

exchange mechanism cau oceur when calcium. or maÇlnesium ions are 

lost :from solution and arc replaced in the water by sodium ions 

from, say, a marine clay or ether $odiutn-:x:ich source. 

On the Island or Nontreal aIl th:ree mechanisms are rèpresented. 
1 

Sampl,c no. 5321' is sodium rich 17.7 meq/r' (TapIe 6.3) and cornes 
, 

frOID a weIl with a depth of 325 feet' Ù'ig 5.4) ~ 1t i5 unlikely 

that any flow line ori9inating on the I~land would have had time 

. , 
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TABLE 6.3· 

CHE~!ICAL AXI\LYSES OF S.t\:-'IPLE NOS. 5321, 51d+, 5'207 1;'1; i-lEQlL 

Sample no. Ca 1\19 Na Cl so"" HCO:s 

5321 2,,9 2.1+ 17.7 3.9 5.7 

2.2 2.9 5.0 4.7 

5207 2.4 0.3 1 .3 .4.4 

l 
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t,o 'J:E;.:lch th~ sodium cone'ent'ration prese(1t. The "sa~Ple i5 also 
, ' , 

,ri~h ih,chloride~ anot~er ititlieator.of·~ long flow line, a~d its 
.( 

base ~x~hang,e index is':~;on1y -0.25 i.e. near equ~qit'y between r~a' 

an-i rel. It. is like1y that l"âte;r, at this 0Gpth,' here, has 

come from Quts ide the Island,. ie. i t 'is ~ part of -ehe 

regi onal :flo\\1, possibly ori'ginat;ing' ,in the Laurent ial1s, and 

,', 

moving slowly t,hrough the St. Lawr~l1eè Lowlands. The water has 

been 'metaJ?Qrphà~ed', ,into a' long :flow type water. 

Samp1e no. ,51 ~~, j s an ,ex'ample of 5 imp~e solut ion from a sodium-
\::., , 

.rich sulphate min'éra~, sinc'e 'the sulpha te concentrai ion ,i s qui te 
, 

'similar to that qi sodium, 4.7 meq/l and 5.0, rneq/l rèspectively 

('fable 6. '3). , ' 

Sample no. -5207, probably represents base èxchange augmentation 

of the sodiuTTl eonccn"tL'at iQh of ground water. The base exchange 

inr1ex 1s ,stronQly tlega:tiv~, -5.00" an 

chloriOe. ' Ônlv 1% of the së}.mples axe 
1 • ~ 1 

excess of sod.ium over 

" \ tl '1"' more negat~ve' laD t l~S. , ' 

Sodium is"tne d'Orrl1nant cation yi:;tth '2.8 meq/l, but calcium has // 
<:' ~ l, , 

" 'c 1 
2,.4 meq/l (Table? 3 L",. TI:i~ s~gge,st.$ th~t a eaIci1...U11~richla 'er 

has enco,untex'ed a sodium claYe !\d,50rpi;ibn of the divalent 
, , , 

" calcium ions (preferred to monovalent ones due to the hig el! 
'" ./ .. ~ ..... \ 

_c~arg~) has oc~urie4 on to the clay, re~easing the monovalent 

so<?liu~i6ns'_into,the gr'oun,d wé1ter where ~'!1ey tend, to.re~ain: 

The.' sample was 'tÇ.lI:én from a wel). only 58 feet -jeep which i5 too 
~ .~ ~ .. , ~ 

. ~ " 

s~à.llow for .. a ~odium dom~n,ant watBt ,to ?ocur from prolonged 

sol':ltion, unless thé areà i.s the disc;h'arge zone o~' a dc-ep system: 

.// 
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~imple solution from a hi9,h sodiUl]1 content source is not to 

" be entertained beb~use one would expect a similar meq/l value 

for thé an~on bf the mineraI. 

) 

, 
i 

, '. 
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/ 

" CHl\PTE:R 7 St];\l:.\LA.RY AND CONCLUS I00!S 

.l..!l.:t.r 0 du c bon 
/1 

The inve~tigation has sought ta delineate the khemical facies 

ISl~nd, cÎliefly by the 
( 

and zones of the ground water of l\1ontreal 

study of the chemical analyses 'of t-iell waters. This knowledge 

h-as in -turn permitted sorne understanding. of ttle ground water 

fJow pa.ttern~ 

A simple gr;bund \\'ate;r flow pattex::n has been derived 

froln observations of water levels in wells, altnough 

the cont;r ibutions from, vari. ous aquif~rs could not be 

d::i.stinguished. The pattcn1 consi sts of two mOre or 

less radial flotl.'s towards the boundaries of the Island. 

from ;\lount Royal, the, major' topographic' high, and froIll 

a secondal;'~ areil of high ç~ound in the western part of 

:the Island (Figs. 2.2 and 4.t~). 

7.1 .2 .Eecharoe 

Rechz,.rge 'on the 1 slan& has bQf;?n calculated tp be in' 

the order, of 37 million gallons per day~ by considering , , -

,tho area oi outcr~p and like~y values of' peI:meability 
1 • 

of the dif~erent litho,stratigraphicÇll formations. 

7.1.3 Discharge 

Equilibrium of the system is achieved'py pumpage from 

" 
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wells and by appan,mt disçharge into the St. Lawrence 

River ana ~i6iêre ,des Prairies, which bound the Island. 

There i5 no official monitoring of the abstractions of 

privaté wèlls" sO that no total is available. However, 

i t appe~rs ·tha t th~re has been a considerable decline in 
. , 

the use· of. ground water from the ·seven million gallons per , . 
day.report\?d tiy Cl,lmml.ng in 1915 ~ so tha t i t is expected 

that most of the 37 mgd recharge is lost by subsurface .flow 

irom :the .Isiand. 

General Prùnerties ~of. the \':0115 and t\'ater~ 
( i ... 

~ 7.2.1 Artesiar) and' Sub-Artesian tVell5-
..., 

;Althou9,h Cumming's report of 19'15 was entitled ''l'he 

Artesir;t.Î1.. Ke11s of io!ontreal ~, he found only 12 flowing . 
well\s" It is not clear how many of the wells were sub-

\artesian, with their static le.Jlels control1ed by tJ.y1 po­

tentiaIs intercepted, ~t depth- potential gre~ter than those 
" 

in s~me of the aquifers at higher elevations. In c.ontrast, 

'Pollit:t '!il dD.ta col1ecteçl in 1 C::,5Î,- 53 contained no report of 
, , 

"t'lowing wells. 

The temperatu}:-e of weIl' waters examined by Cumming varied 
.; 

bet,,~een 48, and 52 degre,es Fahr.~nheit ~ Hec deduced tn-?-t as'the 

·mê~(I. temper.~ture "of l\1ontreal i5 41 .~ degrees Fahr~n~ei~ ,that 
, 

the water~ were generally ~rom·depths betweeh ,30Q.and 500 

fèet. Te.mpera,tures of the wa'ters t:r,om Polli tt l 5" study Viere 

not recordeq.. 
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7.2.'3 .Pl! 

The variation of pH in the underground waters a% mëasured in 

the laboratory is from 6.8 to 8.7. The distribution on 

Figure 5.1 is difficult to interpret as while there is a 

trend lrom 8.0 in the central' recharge aréa 01 the,northern 

part of t he Island, to ,7.4 pe~ipheral'-to thi~, centre, a 

possible hypothesis of LI. lowering of pH towards discharge 

areas l results in sorne unexpected directional trends in the 

wester~part of the Island. 

7.3 Hydroocochemistry 

The iotal dissolved solid content of the ground water of Montreal 

Island ranges fro~ 161 mg!l to 2290 mgll wit~ an average, for ~ed. 

rOcl<,aquifers, of 57 6 mçv'l, and for surficial'a.quifers 550 mg/l. 

The waters are dilute sol:utlons wi th a maximum calculated ion;ic 

strcngth of 4.597x 10-~, within the range of validity' of permit-

ting application of the la'lIl of mass action. 

7.3.1 PS'pth and Dissol,v€'d So1.iQ~ 

The sampl,?s in this study were,obtained from wélls less than 

919 feet deep, in which there is only a general relation­

sbip between depth and the total dissolved solids content 

(T.D.S.). The water from the 25'wel1s with depths greater 

than 300 feet were found to have con-tents averaging 718 mgll, 

while the water from the 119 shal'lower wells average'd 553 

'mg/l. FurthermOl';e, the data do not indicate from which ' 
î 

aquifGrs indivi~ual components of a \vell water originatcd. 
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The:! ranges and averages o~ çoncentrations of the common 

ions 

that 

are ,gi ven in Table 5 .. 4 in which i t can be seen 
/ 

~ C~lcium a~/bicarbo'nate ions are dominant'. 

bMmical, 'Zona~ i01] 

The pr'incipaJ ground water facie$ is calcium bicàrbon-

ate,' in 'contrast to a.unming's, fir:tding~9confirm~d' in 

this study-" for a $IÎla.ller area of th e Island, whic:h ~\'as 

characterised by a preponderance of scdiuJ'n ccarbonate 

(Cumming, 1915, p.5). Ther'e is a minor zone in the west 

of the Island, associated wi th the Beekmantown Dolomi t~ 
, 

group, where magnesium is the most si gnificànt cation, . - ' 

while a sodium rich zone is found in, the ~orth east. 

S1.lb~zones have been defined by examination of the 

concentrations of the su~ate and chloridc anlons,and 

the calciu:m, roagnesium, @d sodium cations,against the 

ubiquitous background of bicarbonate. 'Ihe analytical 

results have been plotted on Schoel1er diagrams (1<igs. 6.1 a,b,c 

an~ ,6.2 a, b, c), 'that permit :t'eady compàrison of the 
,/ 

relative abundance 0:[ ind'ividual ions and, the recogni-: 

tion of the variotls racies (l'able 6.1). The areal ' 

distribut.ion of indivldual ions have been pl.otted and 

contoured. The çontouring has·been unavoidably sub­

jective,' inîluen'ced by tentativê correlation~ or facies 

.with geological features. l'he facies or c1~sS'ified 

types or ground water have(Jbeen Plot~_,?çl, weIl by weIl, 
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on sets of profiles that also shrnv the stratig~aphical 

units across the Island.' As al~eady intimated~the value-

of such profiles is pre1iminary where wells intekcept 
, -

sevc::ral aquiiers" and, the nature of the indi,vidual wat'ers 

is concealed by mixing., Nevertheless the ,classificatio~ 

in Table &e1 probably provides a reasonable indication-

of'characteristi.cs of the waters: from shalloW' aquifers, 

while apparent classes of waters fr9}ll deep holes are 

mixtures of unknown proportions. 

".., 
"1.4' -..!..n..te.rr~retation of. Areal Dis:tr ibution ar:d S,Q1;lrcg§ of Ion~ 

thè first part of the in.terpretation ha? .consisted of the 

id'entification and understanding -of the general geochemical 

processes, and of the possible sources from where the various 
, 

ions weTe introduced into the grol,lnçl watEfrs. 

The biçarbona te ion is ubiqui tous with a minimum value equal 

to t, average of the second mos~ a;>mmon apion, sulphate, and 

so the bicarbQ~ate ion concentrations do not 'assist much in 

the delineation of the system. , 5ulphp.te concentrations arc 
. , 

locali$ed and result from eith~x'the solution of sulphate 

minerals or the oxidation of- 5ulphidè to ·sulpha,te. lt is not 

unu$ual for Mg 50<'1 to be found in limestones. - . 
~' 

Sinée both high // 
/' 

magnesium and high - sulphate concentrations ~re f ound in thé 
- , .' (,j 

same are<l :l:.t is pbssibJ.e that they resul t frofu 'solution" oi: 
.... . ., . 

, 
.,eg. t9'thQ west -of" f\lount 'Roy~ljl wheze abo,:,e:",average sulph~te 

.' 

". 
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values are aS,soeiated with higher magnesium values. To the 
-, 

cast of the mountain there is a slightly ragged zone with 

,high~r. s~~phate,that may indicate oxidation of disseminated 

suiphi.dcs. known ta be, present as pyrite in Trenton îormation~:~ 

NÇl deter,mi na tions of iron were available. . . 
Bicarbonate and sulpha te, A'p zones are found near the mountain. 

) 

Theyresult from the Ioealised sulphate eoncentrations.just 

discussed,superimposed on the goneral bicarbonate baekÇiround. 

The distribution of su1phate concentration shawn on Fig .5.6:~ 
< ' , . ' ' 

appears to be influenceq by thG ~nite-Hor5e Rapids îault~ 

\'~hieh could allaw u'pward migration of comparatively sulphate­

rieh water from <;lePi:h.. Other isolated oe~ur:réi,ces - of the bi­

ep..rbonate and suIpha.te, A~".<;Jroup, probably result from local , , , 

solution of sulphate mineraIs. 

So1ution and 'tpe length and time of travel paths are functions 

affeetinQ the chlaride content. The 1imited data' Or the study 

did show i;hat the cbloride dominant water 'was found genex:all.J;\ 
.J" 

in the'decper wells,.'averaging'212 ;[eet in depth •. The highest 

values 'ori'gin.ated adja.cent to t11E2 \~'hite Horse Rapids fault 
, . 

-(Fig • .5.5\; and in a !three mile: wid,?' strip acljace"ni ta the St • . '\. . ~,. -
La\'1reflCe ,Ri ve:t;: ~ _ In 'tl]ese cases, the chloride wa.u1d· have bcen 

.. .. c • 

'. . 
acquir~d ~n.>'ivherè.a1on:) th~ p~th. al1d 50 is dqt specifie' t? par-

ticul~ll; - hO,~.i:2,~ns. '.f-~~w~v~r in the last '<:xamplû, a~jacent, -to tne 

-st.Un\Trence Riv~r,_ èhror~d~ ~puld hâve .b~en derived fre'fi the 
• 4 " • '" 

- -
marine ç'1a>:5 ; .. al though their pre'sent chlqr:i..oc content is not 

- known. 
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The catiDn distribution shows. greater varlet y than the anions", 

and 8000Y ha.V0-- a grea ter diagnostic ~alue, even thoug~ 
. 

èalc:"um" is by :far the most dOluiriant cation. rlaxirtlum calcium 

val~es of 140 mg/l (7 meq/l) were found in undifferentiated 

Trenton limestones Oh the axis of the Villeray anti~line1near 
. 

the nortfiern tip of the Island, and to the south of the hlhite' 

Horse Rapids fault in the centre of the Island,and along the , V 
contact \Vith the Utica shale, (Fig. 5'.2). This propinquity 'of 

the shale contact is perhaps Iortuitous,as" to the north of the 
~ 

Rapids faul t; minimum ç.alcium values wex:e found near the sha'le 
y 

ooundary, a~ weIl as along the axis -of' the Ahunt$ic syncJ-in,e. 

There is also a pronounced decreasing tr"end in calcium values. 

frOID the l'J2..-ximun values 'in the centre, tm ... ards the west tip of 
, 

"I;:he Island in ~he direction mo"ving updip of the Beekmantown 

Dolomi te. To sUI?JTIarise, the higher calcium va,lues were' fOund 

in limestone areas often associatçd with gentle foldlng ~r' 

faulting. 

The higher concentrations of magn~sium (Fig. 5.) appeared to 

:be a~~ociat~d wit~·m~g~esiu~-rich.lithologies, tioth'dolomite 

to the west of the Island,~nd in limê~tones to the west and, the 
. ~ . -

east of Mount Royal t where "there - i5 .;x ma.."i1'1um of -dykes and . 
sills. > l'he high alon'g trve àxil'> of the Villeray a.nti~line~ 

'" ~lso a. high' ~or calc:ium t May i~dicate tf>2. effect of" geology 

at dep~h. 

the sodium occurrence ,( Fig., S./-t)· le: concel:tr::1tf;?d in tl;1'e nort·hern 
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, 
hal:f of the Island on both sides of the tV'hite 'Horse Rapi?s 

fault,which appears to be a significant control. Other con­

centrations were found along the Villeray anticline axis fur-

ther to the north from the faul t, and in the northeastern shore· 

beit where chloride concentrations \Vere also above average 

(Fig .. 5.5). The major source of' ~odium is presumably sodie 

feldspar ?:f the Mo~te~~~ian intrusives; whi~st there mé'\y b~ 

sorne "eontri1?ution ,fr6.rn t~H;: Chàmplain I1lax:in~ ,clays, :for, which no 

local chemiéal analyses t'lere available ~ and perhaps' :from the 

shaies •. 

l'h~~ areal èlassifiçation of cumming (1915,. p. 8- 9) applied ·to' 

w~lls,withi~ ~he'limits of ihe 'City ç~ Monireal at. the time of 
, 0 

his' report, and which we,rc' .deepe~ in aveia'ge thal?- the, wells of 

the early 1950s~ there ~\le're 1;3'1 operating ,wells deeper than, ' 

3'00 feet in 1915,and.25 in 1951. Thereiore it isno1. surpiising, 

that the dorninànt faci~s 'or his ~tudy was' sodi~m ca;rbonate, 
, . " 

1 , 
xather than c.alcium bicarbonate .of the' p:t:esent study; Botp 

studies noted the importance of local li thology, the ca'rbona,te 

sed,imentÇlry rocks and the, ignéot~s intrusions, whilst; with the 

henefit of Cla,:z:k's maPJ?i,ng (1952 à~ld,1972),_abovc average con-
, 

centra~ions 'oi severai ions can be tentatively 'cbrrélate~ with 
" ' 

th,Q possib?-.y higher, tl)~n normal perrge~b.:ili ties of the t.Jhi te 
, . 

, Horse, Rapid~ fault a'nd th~ Vil1eray anticline .. 

705 ,Çban,g§?..§. in G:(ound h'at0.r ..Çhemistx)l ~.l_ono+ EJ,~ 

A. simple example' of the 'mctamorphism of ground \'later (Chebotarev, 

1955) Vias demonstrated by the' sel~ction of anal:xses from three 
Iv.,. 
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we'lls' on, a line trendipg northwest frolU 1"10Ul1t Royal to the 

Riviè,:;:e des Prairies (Fig. 4.4). The wa,ters we.re:f D,und to be 

bi~aibon~t~~ sulphate
l 

and chloride respectively in the direc-
, ' .' 

tion of ilQw. However a fuller exàmination of results shows a 

more cocplex picture particularly when the facies profile dia-

grams were exarnined.: 

The minimum concentrations of. sulphate and chloride ~ons were 

fou,.nd in the sO'!-thetn part of the 'Islartd (Figs'. 5.5 and 5:6), 

wi th the r::k3.ximum" con centra tions c.lose to the eastern part 'of 
• '\ 1 

the \I}hi te' Horse Rapids faul t. This suggested discharge ~p th? 

fauIt zone as weIl as general ground \lJater :flow towards t he .. 
~ ,north. The distribut ion ot: sulpha te/chloride ratios ,{ Fig. 6. 5}, 

1) 

,with maximum values in both the centre portions 'in th,e west 
v 

and porth of ~h~ Island;confirmed recharge in these ~r~as,and 

,the high values in the ccntra;l['Jpart several miles to th~ west , ,.~ 

of !vlount Royal suggested recharge therc too. 

t 

The ba?e exchange index quantifying the ::çclationship between 

sodium and chloride was found to be negative in aIl but a Îew 

isolated localities (Fig. 6.4). Values T:lOl;'C negàtive t1han 

. -1 p O, cons.idered to be especiàlly' i~oicati:ve of ;recharge, were 

widely scattered. possibly s,uggestj,ng. tha'-t;' arèa.s of rècharge 

were more extensive than deduce,d from generali~ed. data on 

surficial depqsi ts du.e te vtlrlatlons 'ln rock 11tholog1eG~ 

The ratio of calcium and magi:lesium equivalents 'in the \'1est 
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,appears to be contro11ed lithologica11.y th~reby ~bscuring indi­

cation of ground water flow directions. Howéver:, in thè north 
" ' 

and cèntre. soma areas of low values, indicative of magnesium 

contact, of, the waters, suggests ùp\vard water 'flbw a1ong· fo Id 
, " 

and faul t zones. The loca tioz:1s of 10 samp1es unsitura ted in Cacos , 

appear to ~orrespond to calcium-rnàgncsh~m equiva1ent ratio~ belaw 2.0, . . ~ ~ 

the limiting criterion selected as for dolomitic sources. 

It was thought that tlië distribution"of 'g:x:aund'water facies' 

plotted on thé sections (Fjg , 6.10)'woùld, demonstrate flow 
, , 

, zones, and possibly th~ metamorph,ï'sm se'quepce of Chepatorev, '1955" 

but thi s has not been t,he case ~enerally, probably duè to the 

non-selective samples in individual wells. Nevextheless, sorne. ' 
. . 

confirmation. bas been noted,. Water .:from ~ells l~ss than ,100, ,1 

feet deep was found usually ta be bïcarbon'ate1 regardless' of' 
\ " ~ 1 ,>' 

geographiçal 'location'. This is indica~ive of local'recharge 
, . \1,., _ • 

and short flow 'paths. :rhe .cl e.ep~st w~lls ~ .tho·se of over. 500 , , 
, . 
~~et depthiprpduced, ,sulpha~e dominant wàters il} the area to 

. . , 

the èast o~' r.1ount Royal, an~ in ,n re;;tr·icted a;r,~a :five miles .1;0 
/ 

the Ilorth of the mountai n. H,?wever s~lpha1;~ \vas :f oUI1d as the 

second anion, in. water t'rom wells of many depths, ~nd at· ~ny, 
. , , 

widespread .loca'ti<:ms. thereby i t5 presence ~ails. to provide clt=arcut 
, , 

evidence fe.,: an evolution 01 f.~cie5. C~loride dominant waters 
'1. (. t 

were encountered in méait}.m d.~pt1) (212 'fe~tj ,~eil~~~eneral1y 
. / 

away· from the principal recharge areas, 'but the occurrence7' .. , . , 
were so 'scattered, and since there was ~h~ possibility 'of th~ , 

marine clay as a source, a' progressive 'evolution was again not: 

proven., 

" 
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The distr~bution of cations on the profiles do show very defini tely 

a general trend f~om ma~nesi~m dominant to sodium dominant waters, 

a trend which re&ult~ froID iitho~ogical control. 

1.6 Conclusions 

The' w'a ter level. ria ta indica ted tha t the g-round wa te·r f10w of the 

Is1é?-lld is radial1y dutwards from i ts two topographicalJ'y high . , -
areas (Fig 4.4). The most important of thesi is in the ,central 

and northern part, assoc ia ted wi th l\1o~nt Royal. 

The ground wa ter of r>lontreal has a variety of chernical compositions, 
, , 

~n1 c~enical trend& emergcd to confirm the flow patterns deduced 
.'-

1. • 

:f.r om hydraulic ·evir.lence, (Sect ion 6.4), v The chemical trends were' . . . 
, - , . 

not:~.as cre~r as they'might havè beén which \'Jas p~'ssibly du~ ta . 
, '. . ' . il'..'. 

t~e li::"~ ted 'ârca oï the study, preventing su~[icient developmen t 

of distinct patterns. Ther~might'also have been a masking of 
~n ,) . fI' , 

- n:in.or chemical ,change~ l)Y· the widesprea'd 'ocèur;rence' of calc'ium 

- -bicarbonate. Tlïis was found iI1: 6,310 01 the sanples. Thj s corre-
_ "l'!!f _ 

la tes w1 th ·the 'Palaeozoic limc?tones found extensi vely on· thé . .. .' . . ' ' 

Islànd 4 • Two dtner m:i:nbr 'hvdt'oçhep1'ièal 'zones are' superimposed 
" , . , 

911 the main, càlcium bicarbonate one., 'Oné iS'ma'ghesium-'rich, in . . 

\' " 

Dolomite. The othel~ i5 .sbdium-rich and occurs ~ast and north 0:[', . 
. . 

. intrusions,.'r?ther 't~an _Qu~t~~na:rv ma:tine cla~:s.·, Bi~arbonat~ . .ts 
, , 

bv ,f.ar t),e 'mos'!; important anion, whilst sulpha te and chloride ' . ", '. ~. ' 

l' " achieve signi;ficant concentrat~0!l5 .lo(~ally. 
, .". 

Essentic:-lly thereforE! ,a ~inglE7 ground ''!;'.ta.ter ,sys·tél1l is present" 
~ .. 

\. 
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within the limestones of the Island. The variations that occur 

are mainly due to secondary modifications of the original com-

position ego b~ base exchapge or tne occasional minor mixing 

wi th other ground water systems ~ such ~a..s;, that associated wi th 

the igneous areas, or from outside the Island. 

7.7 The Future 

More precise interpretation will require sampling from specifie 

hori~ons within w~,lls. This would permit and justify more com­

prehensive chemica 1 a,nalys is, and calcula tian oi' degrees ,of 

saturation of salts in addii:ion ta calcium bicarbonate. ,Onlv ' 
,1 ., • 

then eould the grot;lnd wat,er and hydrogeo~ogical structure of 
, -

Montreal "Island be utilised in optimum fashion. There might 

~e sel~ctjve use of oither the predominant ea~cium'bicarbonate 

water, or the l,ocaliscd sodium and mag~esium sulphate and bicar­

bonate waters for drinking,'processfng and cooling., Also un-

usable aquifers might be satisi'act6ry for the sai'e disposaI of 

unwanted liquids. ' , 

"\ 

" 
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APPE:\DIX A PATA HAXQL'I~G 

.-

Thé d.0ta .used, .in. this invest i"ga 9 on, \\Tere t hose compi.r~d ·lDy 

Pol'l"i tt' in 19.5~·- 3. A'~ previously mentioned, the data co~priged 

of. tW0 types', chemical;and Ü.thological. The c'hemical inîorma-

. tj.on WûS very reliablc judging by the close meq/l, ba] ance ob"" . 

. tained tJy comparing. the con~e:r:tration of the cations \vith fhat 

of .the anions 'b t,:~ere the balance was 'poorer 'than 1 Q~, trH? 

an.alys~s wexe not used. No field water teml"erature Qr pH values' 

'wcre record'ed. The li tholoaical' data, howcver ,: was· icss com-
.. -- . .. ". 

preh0nsive. The t~pe of rock îrom'which the water c~m~'w~s 
, 

giv~n, but in Most cases thi~ wa~ ~imp~y 'limcst~ne',. witHout 

l Fm)" i.fldic<,,\t'ion of which limcstone formation. it w<),s. ?:i,mila!ly 

thc'dp~ih ~rom which each sam~l~.was o~~~i~ed was om~tted. 

Th1s in turn' preyc!1ted ·any· s;.ecifi~ 'lithblogical horizon i'r9m 

b,eing. associated wHh any specific' cHclllical analysis.' -Th,t" 
'1 

total depth of ea~h hole w~~, howev~r, a~~ilâble and ~Mus, in] 

. or'der t6 obtain sorne .correlation of geology witry. chemi~try 
- -

i t was ass\.uncd tha:t" la~ldng' information' about depths of casing, - . . . 
there \'las ground \'là t<>r cont ributj on t'rom the who'le depth of the 

hole. In f,issurcd 1;iocks 'such as limestones', ,:lat.er in a bore-· 
"',\ . " 

. '. 
hole is usual1y' '?-er~vecl tram sevcir.il:1 fissures or îissu,re zo~cso, 

ca'ch of which can' contribute dit'ferent proportions ot' the: total 

Llow ~s the h6ad of water fluctuates. 

It was not f~asiblù to ~ake ~~e~ial chem~cal analyses of the 
~ " ~ 

focal 'rocks, and- no' typxcal ana').yses- ~an be presented. Data 
'. 

~ .~ 

wer.e proccssed 'by mE"at;s <?f' two p~ogrammes UPDATE and PLAN, 

) 
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'0 

" 

" 

A.Z, 

o 

dèveloped ~y\the' DepartIl'!errt:' of. G?-0logical Sd.cnccs and run on .. 
'. ,the N<:;Gi11, 1B:'>-1 360/75 'c:omputer ~ .l\1a.jbr information for each 

weIl was rec'ord'~d 'on a J'laster ',.fo~m' (Table A;1), (Grice, 1971). 

" 
Coding o! ,n0111,ençl.:;. ture c-g.· TRV:: 'l'etréa'uville, was based on . 

. . , 
the' mèthods ou'tlined py Robinson i'n 1966. Chèmicâl 'analyses 

of w~te:: ~~np les' fram' wèi1s were recorded on the t'.later, Quali ty 
, " 

'Foim (Tabl'e A. 2) • Tbi,s is basical~y the sam.e as thë;\t useçl. by .. 
~ • • 0>- , , 

the: Quebec Government,' in an p,ttempt' to ac~ieve sorne' IheasurÇ? 
, ' . . 

standa~~Jisati.on', but i t h<3:s been m.odiî,iéd '51 ighilY ÏIY orcier 
* <f 1.. ,t • 

of' 
...... '. 

t,o dovetail ,vith the existing ',departmenta:;L P'.E'?9~é\mm~ proc9dures. 

" , 

The data ~ere punched ori t~ ~ards and s~or~d orl-~ape, osin9 
. . , 

the UPDATE pr.ogt;amme. 
• ",.;t " 

a sandwich, with cach punched cardo of :-'laster Form data 'for each . . ... "'..' 

h9le follo:v~tl by aIl ,the \\Iater Qual,it;. ç1at~. 'cat'd,~ îor i;hat h~le. 

i~ t.urn· folIO\~ed~ py thë" Nasier l'orm and h1a t,er Qual~ ty." c.a,rq,~ 
1 ' 

, . 

'UPDAl'E stored the data ,in 'a geographical s~quencc,starti'ng . . . . 

at thé 1'Ilë!?t of tohe ISland,and ~~abIed individual c.ard'recoro.s 

" " 
to ,be .;>.d'ded;- r~placed, deleted or 'changed wi thout l)aving' to " 

o 1 ,. • .~ '1:. . ' o· ~ ~ • ., <>. 

rèsub~it cntire.tard decks~ 

rh~, retr;ievaI programme, PL!\N, provides a map of the location' 

of ·wél'1s in 'any 'specified area (Ap,PC'r:d:ix E). Thé PLAN reques,!: 

consi'sts bf -:fivecards (Fi,g. 1\..2')" 
, ' 

Th~:> first two a're uSüd 
~ - .~ 

:for the 1;1 tIe. The third is useo for p:r:ojec:t.' 'Xocation and 

" 

, , 
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scâlc, by stating thè north~.rlY a~~d" so~ttheriy baundi.r;9 Un1 co­

ordinates of"the pi~n a~d the ~orthing ~f th~ centre 1ine of 
• ~ • 1, 1 • '. • . .. 

the PLA~. The fourth spe'cifie s the required physical weIl . . ~. " ~ 

. 
characteristics td be printed out below th~ a~terisk tepres~nt-

ing the weIl site,and inçludese1qva:tion of ground surface, 
. " 

depth of pole, li:th.o~ogical coding,s' and ~·:tevatior.1s,and \va,ter 

table elevation. The fifth card ois' used ta specify the type 
~' 

of chemical da ta . ta be printeâ., in table :fo rm. This card ,alsÇ> . . . 

, . 
inin'chect direct~,y 'onta ·,c.::~rds .. fer us~ .in the RAX systcm~ The 

,~cven 'avai;tabl;·~abJ.,~s 'deai wi"th 'g'ene~al weil ~ata,' primary , 
cQcmical da,ta (cg. concentrations in nig/ 1) and calcula ted ' 

, chcmica) data such as the meq/ l tot'als for the cations ahd 
, . ' 

anions;. the meq/l balance, ITleq/l ratios hetween specifie fons 

-'and the! ~e'rccr:tage oi' each cation or anion of the réspectiv~' 

. ffiCq/ 1 total ~-\ppe!1qix.E). Any cpmbinat'iQh of tables can be 

request~d. 

PLAN v"ras 'uscd most extèn;;ive1y, beeause iv,i th, convenient 

'çlu~yl 'we:l1 sites represent'ing casily'recdgnisablê points. 
, ' 

on both the periphery and wi tl!:in 'the Is.Ian,d, 's·eJ.~ected dê\ta ,pJ 

, 
ego w~ter l.evèls, ionie contents, cou~d be plotted ,quickly , 

and accurately on maps of any dcsired, ~cale. The 'located' 

data VIere thE!D eontoured by hand in order to producl?_ iso-

iqnic maps such ~s Figures ,5.3, 5.4 etc. These were, redrawn 

for incorporation ~n this thesis. 

~ .. 

" 
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RGE OF THE :rSLA0.'D OF f'.10NTREAL 

1 

" 

il.1 

Beçause of ·he lack of hydrometric data for Montreal i tselfA a 

'figuré of 'ive inches is taken for effective rec~a~ge from 

Freeze' s 'ork immediately to the south oi the river (1964. 

P. 8). 

The a ea of the Is'land of :-1ontreal is 192 mi 2 the volume 

of r charge is 

" 

There are .7 .L~81' U. S-. gallons/ft::> .'; volume in U. S. gallons 

per year is 

5 8 ~' 8 1 92 x 2 0 2 
X 1 2 x 7.4- 1 

~ 16,790 million galloos 

The recharge per day i5 thus 

123~6~9Q = 46 mgd 

This is also equivalent to 

o~24 'mgd/ni 2 

and 1~7 9pm/mi 2 

However much of ~1ontteal has been paved thus preventing 

natur,al recharge. If it is c::ssumed t,hat"only,80r0 of the 

surface çan'be recharged then the actual recharge becomes 

only 37 mgd. 



~ ... - ... """"e'i'&_"' ___ -_, ____________ _ 

'B.2 

Recha,roe and permeàbilit-x" 

The most impermeable surfic~al material of Montr~a~ is clay 
\ ~ f ... ~ J 

whase permeability (K) is between 10- G cm/sec and 10- 7 cm/sec. 

It can 'be c'Çl.J,culated ,hOtv mJlch \vàter can, infiltrate through 

the cl,ay pcr year . 

. 
" , 

c ' ", 
For ,a Î cm 'high colur.in of" wate;L' ta: inf.!l tratè i t tq.kes 108 

secs ,if K :::: 1Q-0 çm/s~c. o. 

In a year a column oJ wp:ter. 
/ . 

can infiltrate o ' 

Since 5" = 12,.70 cm it, is P~Y~l,~ possible,for-the 
-' , 

calçulated effective' recharge to infil trat'e. 

, . 
'J 

. ~ . -

~ 

1 «, 
( ,. 
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APPEXOIX C , SATURATIO~ I:\"OICES A~TI OTHER GEOCIIHlICAL' 
1/ 

PARr\NEl'ERS OV: NONTREAL, GROLJND i\!ATERS r 

, r 

\ ' 

. '" ~ , 

Th~ degree of'sa~ura~ion and other g~ochemical parameters for 
.. ~ .,. , ~ 

t-1ontreaIgro\.lfld t'ràter have been ca·l~u~a.-t;ed by i-Ioa~<r ~197~') using 
r\, , . 

fils programme (1975, p. 201-227)~ This progra'mÎne supplied. the , . 

activi t iE~s of the const ituent s fOlJ,:owing Denye- I,m.ck~f theory, 
.. 1 ~ • 1 ~ ~ 

Assuming ion pairin9 and 'employing a method br '~uc~essive 
n " , , 

approxi;lations' to c::alculâ. te ionic st'rength and act'ivft.:ies. 
'> \ 1 • 

As /ielçi temp,erat ure,~~~':e;e not, :r:e~ àrded, a. .t,èpl'(>er~t ure of 1 QOC. " 
-~> " • 

was as SUt'lèd/tile aNerage of the values found by· CUll11l)ing (1 ?15, " 
' . 

. , 

J\ 

,The .resuH:s in this appe,ndix comprise tJle saturation indices ·of 
.1 l ,. .. 

CaC03 a"nd ,CaSO;" and pC02 yaltres whiçh .ire of: maj'or digni.f{canc~ 
... ~ . ~ 

in tnc presen.t' stu:1y., ,as \';e1). as ~LlJer ,p?-ri'tmp'ters' considered in 

Hoag r s orJ.ginal work .. 

. , 
Although onl:,: a saturatio,n .-index of O.OO'iI,1dicates true 

satura tion equ,i librium', Hoag' (1 g76) c'onsiders that val ues of' 0.00 
• (;> •• t. . ., 

~t 0:20 a~e probably indic~tive ~f ~atu~ation ~~uilibrium and. 
...' '. '. <.. ' '>,1. • :'i 

v;'llues:a"s hiçh as ,o. r;0', may n0:t' dem~n,s~,~te Sig~.i:f~:~~t satura"" 

t~on, part'iculfl,rly as ::;,ome 'labprato,ry p{; :value~' May be in the', . ' 

"order'ot' O.::; :g't"~ate~ ~,han. i ièld 'va lues. . ~everth~less" as few 
, ' 

pCOe .values a!)pr6ach thq at,mosphe;-ic 'value' of _1.0':'3,,'5 at'mo,spheres" 
! i , • ~ • 

1f' nificant. 
J • 

'" 

l· 

.. 
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tAOuln'" Uoulfll't!If' '"0\11''(''' 

'0 .. .. 
7 .. 
'" •• •• 
l3 
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.~ 

~ 

100 ." t7 
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•• ." 
30 ., 

.,,, ,. ,. 
ao 

lU 

, 

" . •• .. 
• • 
U 
~I 

n 
<Il 
'S 

&. .. . . 
"1 
S. ... 
•• 
u 

"' 
U 
Il 

'" U .. 
a • 

" ... 
". .. 
•• 
Il. ... 
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( 
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t 
,r,."t -0 t;l'Al. 5\..79"4 
."1'1'" ~O o,al.. ... .J~c,rA 
~''' ... 4. ...., a1AL t)I)6",f' A 

f 

.... P- '0 

-' .. , ...... 
,,' .... " J qn 
•• et';> • ~U 

l 
". ,?'4 ~O 

~ '1i .". 

0161.. 

!)lAl 

~, Al 

011"'. 
:;tAll .. 1.: , ... ", 

\ 

2'5D9".1 
O'iOt !il;) 

4''''Oo''.! 
1 ~Oc~3 

• '10)01.1 
;"\0'"" 
Q"'I01:"3 
") .... 07~ .. 

,t:.O t~1 

! "'".;- . ...."u 7''tO .. o 1 

1 ~O'1J 
,t"tCr'n, 

:~O~U 

J lO-1~' 

i .... , ..... "' .. 
,,~. f.) ... :=0 

... ' L\' .. ~ .0 

.' .. 1'19 "'0 

,,' fI".1, Vo 
• "7'C Q") 

"'~ ... ') ,.. "'0 

.~III'#Jo uO 
.. ,r III .0 

- .. t'J'I 
'a' ,-~I ., '10 

Il' "."J T ~') 

.f '?JO 90 

.1 ... .,,~ 

... "9'" 
,,''90'''' w, 9'" ') , 

.... 90'. 

.'''10'1 ... .,.,). 

.roOl ]';1 

Id •• Jl 
.~··:tJt 

•• <. 
~. .. 
~ . 
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•• 9' •• •• 

.,1))60 00 

\or ... ,.39 oro: Il 
.'''',JA 9Q 
.,"';-,... 00 

,,. ~:.t) CoJO 
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". <Ill O'''L 
f'J'Al 

O'Al, "'.0"" l'''''J 
OtAI .. \t.7", 0007:0' 

"'1\'- oGJ""t" t·;Co~, 
", .. , ,\)'5'" '" .!lt'l,.e 1 

·,.ja 1& 1 lOf":!o'll 

nI ,.. ..." .... t'I.\. 
CI 1\1.. .. .1" .... ... 
01"'- • .J~l,.. .. 
011..1.- ~]2'"J,"A 

Oj.~ "!>.J.~tl. 

0111.\. '5,JeJril 

Ot '" ") 1 ]1"'& 

"lI..... -:>2.71'" 

", &L "'.ô!'tJ,4}'lA 
01',- ..,., •• ' A 

OlMo ~'.I"'. 

?UL "".H" • 
tH Al. ~~ 't,,0 .. 
JI"'" !U3_f. 
<')'AL ~"~ .. ,, 

1 " ~'" 1 tljor·.j 
~ "I)!-l 
O.tO.~) 

\t.07~J 

1 JOfl,"" 
"J01'" 
1 l'O,"",)l 

, '0" .... 
l 'tor!1.l 

Z"'OY3-~ 

O.O"~' 
O"'l .~, 
OlU!.') 

1 "O,~) 

01.L ~.lh\.. .2'6,(,1'\15:: 
CU.\. ,,1404"" Olo6!.1 
I)'4L 0:.3t",,., 100;''';S 

O~..... .,3"O'-A ,J.OOf'\.~ 

ulA.L "13 .... ,.,. 04110'" 

J 

TABLE t4 

GENE~~ SAMPLE DATA 

.. -
PL'> 
OPT,. 

..... 

.. "' .. 

1\l~4 AV 

AH"'L_
t 

"1;'S 
T.teP 

B." 
a.D 
" ., .... 
'." 7.B 
a.lI 
.ol 
G.O 

Do' 
0.0 
D.'> 
... C ... ~ 

6)tI .. 00 

PM',) .. 00 
6"0 .. OC 
_mo .. DO 

"""O .. OD 
Jau .. DO 

:::.10 .. DO 
'bO .. OO 
'110 .. 00 

"00 .. 00 
~.f1 .. PO 
_toO .. OO 

fl.60.00 

3so.00 

,,,,, ... 00 

~~,. 00 

• J,2'.OO 

2(,p'lo.OO 

!~].co 

't"", .. 00 
3:10 .. 00 

l1Q.OO 
lt' •• 1Ç 

.)1:9 •• 00 

Z ,~. 00 

HA.ROt.t;5S 
TQTAt., ,!"P 

.2/118 .. 00 
391.00 
]!lI ... b.; 
~.~ .. 00 

104 .. 00 

C"L.IHtn, 

T.O 
P." 
7.'> 

1\10.00 "'18.00 
~JO .. OO ~4b.ClO •• ,).00 "'Z.OO 
• "10 .. tJO p 1'~'J.CO ë.; •• C.o .... , ..... CO 

".1 
•• ft 

"tC~I.'O )7;:.?O l~",.OO ')7 .. 00 

"' .... 0 .. 0t. ').'5 ... 00 .~ ..... OO "I.fln 

o .. ~ "foO .. OO 
e .. 1 ."'0 .. 00 
" .. ê ""0.00 
GI<>l 240.),.00 

" .. lI ~fO .. OO 

6 ... 1 '00.00 

".4 "~O.OO 
7,,'0. 120 .. 00 

7.0 .'0 .. 00 ,..ft 'ltlU.QO 

., .. ~I.tCI:"'I)O 

.,.. ·ZO .. QQ .. 

7.9 910 .. 00 

" .. 9 ~'O.OO 
., , ... , , "O .. ~GO 

7.9 Z,J~O. 00 
T.3 1'70.()Ô 
1'.6 '';0 .. 00 
,.._ "" .. O.GO 

e.o "~C.tlO 

44.,rb.OO ~"'"\ .. 00 
'VI .00 )~D .. en 
39a ~oo )22 .. 00 

t.~60.00 5,,, .. 00 
.)40.00 !HO.OO 

6 .. -..00 '6]; .. 00 
401'.01) "'~2.00 

4_11.00 .J~B.OO 

40Z.0D 1'0.00 

_19.Cl) .'J.~.o" 

" =02.00 ft62.(HJ 
'392.013 .. n.CQ 
5""\.00 .. 2) .00 
J1'.00 lt)O.OO 
_al.OO )72.00 

:1.0 .. 00 
.:UZ .. OO 
'111 .. 00 
107.00 
'.1)_00 

;.tu .t~ 
• ,~. (10 

26Z.aD 
oI~1 .00 

." ... CO 

39Z.00 

Z64. ca 
"I.7.CiO 

'llq.oo 
129.00 

,.0a.OO Z6b.OO :~('I.oo 

.1',.00 .. o~ .. co .]{jZ.OO ~ 

:3164.00 333 .. 00 100 .. 00 
'$8 ... 00 "o9 .. 00 '1'0.00 
491,00 lll.OO 'J3.CO 
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t;1I1;J "W 

."'11 l' 
.r-tt'l JI 
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.r ~11" 
v" ~_f. 
., -"\~Z8 

.. r.!)p. 
'" ..... ~,. 

.' (00 ,"''') .- ', .. ', 
/, ,.~ ,~ 
~r .. =-2 ... 

,,"""]1.) 

.r "".JO 
_".T'O 
,,~ "")!50 

"', "",. 
_'tiF'O 

." 
"'0 
00 
... 0 

"0 ... o. 
"0 
00 

~1 

o .,. -. .. 
",>;J ~ ,_ QI 

~ ~ "'-l" " '9'" 
...... ,,'t 10 
.<-- .,,, ~c 

.. 1 .... Jn \10 

lQ .... ·nft ~p 

W,1\9,' (0-., 
'1·90": .,0 
.' "'OJ' ~I 90 
.-r.o." .0 
• IQO.H QQ 

>'''0.11 90 
.'913'1 '90 .,Ql" '10. 
.-)''1131 ~O 

_O'AO (Il) 

.'91)9 90 
V1"".19 'IfI;! 

""1.19 "0 
".'O,ltO q,,, 

2581288 

TABLE D.5 

, /PRIMARY CHEMICAL DATA-l 

OO'\.V" "1ot. v Cl'LI! 
kO HI) .. 

OI.lL 
01,1,· 
CIU. 

CH AL 

01"_ 
01 At.. 
C ...... 

''''''l. OI.llL 

0''''­
oa Al.. 
Ot _L 

41,At.. 

Ô,IIt. 

r" 2~ ..... 
"l"n" 
!.)60\.t& 

!'>" .... t A 

$3'·'''_ 
411'·- .... 
!]~"''''~ 
j''' .. ,.. .. 
IJ~.,t'A 

~'-'l'I'" 
~J'!I'\", 

"J~"'''''A 
'",),\1' .. 

!).J""Y~" 

/ç .. ----
CA'IOh~ 

/~ 

rf!)A''', Cf 

".MO\., 
J..r~Q~Z 

OV"Ot.,l 
.lltO#'!) 

15-0~'l 

l')oe''') 

J'!i'j '1l 
1.Q"~) 

'160753 
If o~'!t.i 

":-06" 
.':1101,\11 

Z'aQ7e" 
:'!!>O .... "'tl 
170 ... ,) 

\ 

')1 .. )0 

93.2(1 

.2""0 
JO_IlO 

0_.1('1 
.6')."'10 
10 .. 00 
so ... o 
,..&.~O 

''''. la 
11.10 
J I.Z0 
d&.7'O 
1'50.40 

1 

, oc 

)1'-90 

' .... 60 
JI\. )0 

1 .... 0 

j~.OO 

- ... !So 
l~.OO .... ~ 
2 ! ... 1\ 0 

J-. 1 (1 

il6.~O 

jr.o., 
.:n .. ,"0 , 

'0.10 

...... 

:1::;'\1,­
zo.o~ 

1:2!.10 
) ~ ~u. 

'0.70 
0.1'0 
q.~o 

~ ... o 
6 .. 30 

'7.04 
e.20 
J'.a 0 

11.."'1) 
lO .. !lO 

01 A\. 

01"\" 
OIAL 
DI àt, 

MAL 

~'''a·A. 
""TOA 

""'t;.1'\ & 

",>:J~a"A 

5]4"'""" 

1 ,0r"'lJ 
OQor~l 

lbO~~ 

,71)1"'3 
l.loT~J 

t'8ttD 

13'.00 
f7.60 

77."" 
'.l.1' .. oo 

-, ~;:;: 0.70 
1'1"éO 

T .. flO 
IO .. lO 
~l.tHt 

01 AL .'''t't.'' • 1,J ... ~1 
OI.t.L ~l.J"+ JI, Jeu .. 1')1 

C'AL ':l'' .... A 111r.'t~1 
01 AI. "':~"'- u .. .o .... " .. 
01 AL "'!),.S~'" ... C"~l 

O'AL 51;)(,.. \)O,.,'U 
QI AL '!)))T(IIA 3007'5.] 

01 AL ~; "70A f .ae')~1 
f,)'Al. "'1".~fl" l ,o .... '!). 
0' ilL !I)4'4"''' a 7'0"'" 

OIAL ~).U:l. ':"\O"~3 

OI.llL ~J421U O.O~5.1 

OIAL ",;).2,.'" PlO"~1 

O,A.L ":a):).I.''' o)Do~3 

01 Al. G:!Il~"" 1 'O:l~l 

01 _L 'r)~ IJU 2600,"~ 

QI aL 52 ".I!I A O(tOe.~1 

CIAL, 5)19"" IOOI'J~3 

01A.L., t'lIOO" .. .,OOq~2 
014 eJIO"A o~IOU; 

,.J .,.~O 
6 •• IC 

1t2.-0 
IZ '.00 
1'\ .... 0 

51.7'0 
J~.'9D 

JI~.Of1 

ft2.'!o\') 
10 •• 00. 

ItI~.OO 

1.l6.D~ 

'1.a.OO 
' .... )0 

IGV.CO' 

!:lO .. 'lCl 
IZ6.00 

9.,. • .39 
,.,02.00 

"\O.OC) 

" .. '!)(I 
.. U .... o 
31 .. 60 

.l!i..f.O 

.)J'."o. 

.C.50 
">I .. ;)D 

JO· ... OO 

41 .00 ~ 

2;Z ... fO 

1"."Je 
:90.00 

6 .. 60 

ZI.OO ~O.90 

30.QO 70.00 

''' ... D(, JO .... " 
Z!)."O ;:;t .. ~o 
'1'.0:0 j ro.oo 

.~,.::o '2.10 
:U.'J!O Jn.40 
31.':0 ;u • .;ro 
2!).ZO 43 ... 0 , 
1t4.&0 21:».36-

.19 .. 70 _01' .. 00 
~~.co '!\.ÔC 
.lO.!iQ •• 110 
]1 .. 30 '9.eo 
"".10 9?,.00 

..... 1'3 

... 1:0 
...... .;:> 

.. , . , 
t.1,,, 
: .. oltJ .. "" 
2.10 
1.30 
l.lIO 

) .. JO 

,) .. "0 

1 ... ".0 
1.60 

1.$0 
~7. 00 

, .. 'Oc 

." DO 
'.) .. JO 

~. 30 
.. 1.00 
1.'tO 

2."0 
I .. CZ, 

~9."O 
.... IlQ 
_.20 

• .,) .. 00 
1 .. 20 

". '0 
z •• o 
7.60 

wCOl 

.r: ••• ()O 

" ..... oa 
'10 .. 00 
201.00 

107 .. CD 

~9t.OO 

2.'.00 
'4 .... 00 
21\9.00 

~z'.oo 
.1,) •• 00 

,~".oo 
..:11 •• 00 
ts"J .. OO 

31. •• 00 
!U'5.0C 
lal.OO 
3.0.00 
.; •• ~O 

)!.1.0ti 

.!A'.OO 
}IU.OO 
J 3t,OD 
)04.DO 

2'$1.00 
Z.2' .. oc 
1.'.O~ 
, .. ,.oa 
,J8! .. Otl 

.,o .. ()e 
32lt .. OO 

_""00 
:" .. 90 
rr1l'.~o 

''''1>.00 
, ••• CO 
3", .. 00 
.".,00 
.,o.\)o 

co. 

~. tl) 

0.0 
'l'Of" 
e. f ) 

•• C 
0.0 
0.0 
•• 0 
0.0 

0.0 
0.0 
0.0 
o •• 
•• 0 

0.0 
0.0 
0.0 ... 
'.0 

.... ~,o 
0.0 
0.0 
0.0 
0.0 

0.0 

0.0 
0.0 
o •• 

O.Q 
0.0 
0.0 
0.0 
~.Q 

".0 
0.0 

o." 
0.0 
0.0 

,,\2,,'0 
')() ... O' 
..... :0 
1»' .. -10 .. 

"'9.IlO 
~!J. .. "() 
~ •• ao 
!i~ .. 40 
I!I ... <JO 

4\0 ... 110 

l'!t.60 
l "Z.<o10 
".60 
~ ... tH) 

")..]0 

!l1.VC 

otc .. OO 
60 .. 70 
&,,'! .. 1'1:1 

e9.7f) 

' •• GO 
13 .... Q 

.\3.00 
Z9 ... 0 

"0".00 
2ll .. 0.0 

,-Ji.30 
7.1.00 
'9-.90 

t62.0o. 
2l0 .. 00 

'1141.00 
7]! .. ~Q 

'~O.OO 

1 QO .. olI') 

1" .. Dt) 
43.60 

1.!.l.OO 
~O .. 6() 

D.6 

,]10 •• 0 

17.$0 

2".~O 

5 ... " 

~.60 

~" ... O 
l.eo 
il.CO 
l ... 4!oO 

".00 
1 •• 0 

1 a., 0 
., .7(1 

•. 01' 
".30 

~ .CO 
7 .. !lO 

Z4."O 

11 .. 2"0 
1.~O 

1.60 
-.~s .00 

fI..7Q 

"" .. 1)0 A .. '!.t) 

Il .. cO 
1'.).00 

'1.70 

!:2.IO 
,o.~O 

37 .. 10 
'0.30 
.:to.~O 

'3Ct'!o ... oo 
iO .. GO 

9. .... 0 

0."0 
3Y.IO 



',( 

( 

( 

TABLE D.6 

PRIHARY ClŒMICAL DATA-2 

r
' ... ..,,. C .... e;, ...... 0.,,.----------- -~--- -- ----~ --':;'-

... "' ..... Olt <-Ok" nvt ... ,.s p,. ... 
\.üC'" 1 0"" ~II,J OOS'IIl-o ~.~! nAfI ni ~ HO' pr 
~"'In .. o ""0 .. ft .. O. S ..... f'\.t 

.... r ... ll >#0 O."'.. 5J~". lS"'9~2 0.0 0 •• 0 0.0 
... ~ ... ,~ ,,0 OIAt.. ~lJ~b" OVl,)6~:J 0 .. 0 1 •• 0 0.0 

SlQ% 

It •• O 
Il.!)O 

•• •• ••• 0 ........ ......... ." .. """ GO o.aL ~'~'Ca a"ut.!o3 0.10 0.0 .0."4 • - .~Q 
J" •• 0 .-"," "'Ô 0' olt. !!II}'}.M" 1 50 .. '!'> O~()~ 0.1' D.D 

."Ut" \fO 

........... nI') 

..... IIt!»,,~ '9Q 

... ",~ .. It c;.O 

•• ".,. riO 

t"" .,0 

• ' .,)1.1 '91l 

"·0"'0 ',,0 
_" ,.TI'" .. 0 • .,.,.. ,~q ..,0 

ftr ,.7'< • 1) 

l"'" -. 
~ ..... "1 .,.) 

.," "'1 ~'t .. '" 

..... "7 -rOI .fI . ..J"O I~ 

.f .""8 9.3 
.. .rlt~),t .0 
",~"nl;J 

."~O)7 ~~ 

~"~oH' WC) 

• '.0" 00 
.'.031 .0 
."Un]Q; "'0 
..... 't 90 
• .,. .,31 9'0. 

·1'-'.0 yg 
• ".."J't 90 .. ,..". 9. 
~ ."" 90 
"'91"'1> ~O 

2581290 

01 ~L !5"WA • " 0 e." 31 
OIAL !U~7"a. .t"'Of~3 

01 Al. ~l~P& O"'~l'~:1 

OI,AL ·U",... "''''''1~3 

01 AL !!oJll"" ' .. 0"""',,7 

DI ~\. ,p.OI"A 1'Q~~' 

OtAt.. ~l~J.... , .. 1 .... 1·.1 

0'''1. ~".If''' .1"'"7''' 
01«'" 5"U"" 2!t!l .... ~l 
01 lU.. '\J 44fi.U, 1 JOe').! 

OIAL 5)./10\.0. 
01"1. ~J.7!'3. 

01 "''- :5.1If"Aa 

", 41. ::"3:50~" 
Of"L 4.'.t·~& 

"1 Al. "" •• "u " 
.,1 At.. ~,jJ"q. 

«'lit -313.,.. ... 
01 ~L ~';' ",1--" 

ot AL, "."rA 

CI At... ~JJ'3"'''' 
DIAL S~3'u" 
O,,t,a.. ~, • .,,.A 
01 AL 'l.!I ...... 
QU.\. -3." ... "A 

Ol AL !IIJ-'"'' 
CUAL !,;'ifo.lDA 

61AL. ~121'rA 

01 AL "Jl~~'" 
01 AL ~,~';''' 

Ol!'''- ~)1I1!. 
",,4t,. ~l~.~ • 
OIN.. 'S,.O". 
O, ... ~ !'UZOO" 
Ol.~ bllllAA 

, , 

• JOJOS) 
OD07~3 

, bQ.~Z 

"'07~) 
t '1)1-.' 
• ~", ~ t 
40,,'1~' 

..,0:301' 
O ... OQ-.' 

'e.OI~" 

, lQ')'!.) 

JOO'J!I-' 

'~D~~I 
1 tO,,~t 
• .,01'':)1) 

2.,0)'5) 

CU'08!a.J 

OZo"~2 
O.JQG'.1o~ 

'.JO"~) 

t.09~Z 

~OC4.,5 

100'(5) 
)OO .. ~Z 
Q_IO~1 

-O.Ia 
o •• 
0.10 
0.10 
9. 0 

0.10 

C.O 
0,. 
o •• 

'h'O 
".C 
o •• 
0.0 
o.~ 

o •• 

o.Q ... 
•• 0 
0 ... 0; 
0.0 

O. )0 

0.0 

o •• 
o.a 
•• 0 

•• 0 
•• 0 
0 .. 10 .... 
0.0 

0.80 

0.0 
0.0 
0.0 
0 ... 0 

\ 

... ... 
o ... !Ie 
0 ... 0 
O.;ZO 

0 •• 0 
t.60 

4G.PC. 
J.tO 
a.l'O 

... 
:.40 

Il.00 
'.00 
G •• O 

\ 

... 
0 .. 01 ... 

IOS.60 ........ . 
12,.9(1 •••••••• 

1- .00 
12.1'0 •••••••• 
Zl.OO •••••••• 

'1.&0 ••• "" ..... 
li, .. 10 •••••••• 
tl .. va •••••••• 
10 .. 60 •••••••• 
lil • .JO l'J ••••••• 

0.0 I!~ •• O •••••••• 
0 .. 0' 17. JO •••••••• 
0.0 1~J.'90 •••••••• 

0 .. 0. ',).ZO 
"0.02 1'.1\0 •••••••• 

0.0 15.'0 •••••••• 
0 .. 62' 18.10 
0.0 ,9 • .,0 •••••••• 
•• 0 ., .. 20 •••••••• 
0.0 ,t. 40 •••••••• 

0.0 ~O .. OO .0 •••••• 
0 .. 0" ..,.... US.IO ... 0 ••••• 
0.0 .... 0 ........ . 
0... ..GD •••••••• 
0.0 15 ... 0 •••••••• 

0.0& 11 .. 30 ........ . 
0 ... 04 '4 .. !0 ••••• 6 •• 
Ô.G I!h:O •••••••• 
0.06 JO .. OD •• e. ••••• 
0 .. 04 IJI.::O ••• $ •••• 

0.0 ~1~:l0 •••••••• 

D.O Il .. 500 •••••••• 
0.0 I!!h60 •••••••• 
(hO t •• TG ••••••• 11 
0.0 '0 •• 0 ••• ~ •••• 

D.1 

J 

~, 

" J 
-.-

---

. -
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( 

c 

&L.(.1)\.",ro <f1.c:"'C~c.. 0""" 

L.Jr.'f~ ""ulJ~ 

~~'IO SD .. ut 

.. ' ", II 
\II .. 'I,r 
.f .. ". 
.... 'ln 

"'''lll' 
";'1''';11'' 
\. .. ")2 1' 

.'01' .... 

Ill''''''' " , 
.1 • ,'1,\ 

.. , '1', 
.>j_HtfJO 

\, .. ",.,,, 
-.. car .. O 

.F""3.," 

• rl "'" 
fII'n7'~O 

., .. 'J. 
.N",r" 

~rj'''J' 
.,JI ~ "',,. 
.~ ")0 

".,..,,. 
"'oj )), 
.,~$O" 

"''''''')7 
.'",,0). 

\Rf 'lO)1 

"'VO,I 
.,. .. ,,]01 

"T'H', 
.""'111 

"'9l.D 
IIIr~;JJQI 

""lJ9 
.""' ... .)9 
_"'111110 

2581296 

" 

... 
90 

•• 
01 "'l,. 

'HAL. 
CI AL 

01.&1... 

0' bl 

~t?n .. 
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APPE0:DIX E GROU:'\'D hTNtER ZOXATION 

E,1 ];ntroch.lcij~ 

The purpose of the invest ic;at ion \\·as to ascertain whether 

specific geoloaica1 horizons had control avcr the chemistry 

of the wZl.ter pa ~;s:i ng through them, and as such whether they 

led to ~he production of any zonation. Thus it was neccssary 

to dcducc the gcologicaJ horizon from ·which a ~ample was 

takel1. Unfortul1i11.ely, thJS \Vas not possible in absolute 

terms sincc thcru was no record of the sampling depth of indi-

viduùl 8<:imples, or 01 cas] Hg depths, sa i t was necessary to use 

other guides. Th~sc are discusscd in Appendix G. 

For th'-è st udy or possible hydr ogeochcmic~tl zona ti on, the Island 

VIas d ivj cled ini. () thr<?e sectors. Those wcs tor.n, cent raI p.nd 
,J 

northern sector~ cach contain different 9eo109Y. :/By a COiI1Ci­
V " 

dOllce thQ CflmpuLer retr icvdl 
t, 

of the data WêS printcd-out in 

thrce UTM scctors conforming quite closely 

zones (Fig. E.1). 

since zonation (is thrcc dimension",], the dist;:;j!)tltlon 01 ions 

\".1'5 C~,,;llnined in both lInr i ?011YëÜ ~.nrl ')Qxtical planes. 1\ bricf 

summi"\ry of the chemical sub- groups i5 suppliC'd for cètch sector 

with rcfcrcncc lo bath chcm5cÇ\1 and. spatial c,onsidcrations, 

and a short dC'scription of the important features i5 given. 

1\n intc<]r.1tcd reVJ.cw has becn prescnted in section 6.5. 1\ 

r 

r 
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" correlation of chemical facies ·with the depth of the 

source has geen given in Table 6.2. 

E~2 Horizontal Zonation of Anions 

1::.2. 1 \Veste~ector - 4,6 analyses (F~re B. 2) 

37 HC0 3 36 A~ and 1 A2 
/ 5 HC03 + so!- 5 A~ 

For coding 
1 HC03 + Cl 1 A' 2 

see Table E.1 
2- -S04 + HC03 1 Bl <, 

2 Cl 1 ,Cl. and 1 <;2 ., 
" 

Biçarbonate predomina tes in the western sect or and 

. ,/ , 
e~cept for f~ve A~ and one B1' sample the enti~e area 

owest o~ Point e Cla~re, is of bicarbonate type. The only 
~:.:: l":t' '!-t. 

r \!:i..:,. 2- -B~ ... sample (Sq4 + HC0 3 ) was close to the Black River/ 
" ... ~ '\ 

Chazy contact, and perhaps marks a sulphate" rich layer 
~ , 

{magnesium is' also quite common at this point (Fig. E.2). 
-' 

IIi Roxboro (Fig. 2.1 no. 17) 'there is a chloride waOter 

(sal"1ple no. 5321) and two samples witn ~lnoride secon-
, , 

dary to bicarbonate (sample no. 5316 and 5317t in .n 

o~herwise purely bicarb6nate area. 

E.2.2 Central $ector - 44 analyses (Figure E.2) 

14 HC03 12 Al. and 2 A:a 

2-1 - 2- 20 Ai and 1 K~ HC03 + $°4 , (' 

1 . HCO; + Cl 

" 
1 ~2 

2 $0:- 2 Bl. 

~ 

r\~ 

~ , , 
. , 
-J 

1 

. l 
J 
~ 

1 , 
• 
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C A T ION S 
l" 

~ '" ...... 
II 

J . 
l 
~ !fJ~ -l III G ROU P 

R 

o 
U 

s u h <J r 0 u p I l 
U 
b in meq/l Ca>Mg>Na 
<J n 

Ira Ill. 

Ca> Na>Mg Mg>Ca>Na 

IIa dl 1 IlIa 

MO>N:bCa Na>Ca>r.lg Na,>M<;;l>C! 

P r 

A 

B 

$ 

C 

o m 
u c 
p q 

1 
l 

IICO:s 
Al. >SO. 

>Cl 

1ICO:s 
As >CI 

>SO. 

50. 
Bl. >IICO~ 

>CI 

50. 
Ba >Cl 

>11CO;) 

Cl 
Cl, >50. 

> IICO " 

Cl 
Ca> IICO;). 

, >SO. 

4" Prefix of 1. to cation in subOroup 11 1\1 = rCa:rMg<2.0 
I>r('fix of ::1 to l:;"\tion 1.n ~ubgroup I1A l = rCa : rM~ 2.0-3.0 
I>rcfix of ~ to cation in bu~uroup 1 11\1 = rCa/rMg>3.0 

Suffi" of 1 to anion group means r ratio betw~en th~ tw~ m~in anions 1s<2.0 
SU(flX of " to i\l\lOIl group m\'ùns r ratio betwcen aIl the anions i5<2.0 
Su(fix of 1 f ta cation C)roup mcans r ratio I.ctwccn L\11 the çL\tions 15<1.5 

r donotes valups in mcq/l 
u 

Ex;"\~~ (no. 5214) 211A1 

Ca 
Mg 
Na 
HCO;" 
50. 
Cl 

ml'q/l 
5.5 

, 3.2 
1 • 1 
7.9 
4.5 
0.9 

Cil>Mg>~L\ 

HCO.:s>S04.> Cl 

rCL\ : rMg = 2.67 

rIlCO" :r50,! = 1.75 

TABLE E.1 

COD 1NG Or- CHE1-1 !CAL GROUPING 

Group 1 
SUbg1:DUp 1. 

Group A 

= 1-1 

5ubgroup i = AJ. 

2 prof1x to cation _ 2r 

in subgroup 1J.AJ. - 1. 

'suffjx ta anion group = 
wholc = 2·Il.A~ 

Al 

.-- .. ~ .. '- ....... 1.~_ ... Io'!u.~~~ ... ~ .. .., • '~u ..... \ ... ~."<~A .. ~D~~_;,~ ..... ., .. ,.. .... \,.-~;--''" ... ..r.::'~ .. *21l!i râit~>1l.~ ... ~~ ,,~~~~.t~~J.- '" ~>:'l-... ;;;..~«~ ~~- ~ .. ~.,..~~~ .. 

" 

tr::I . 
VI 

, . 
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For coding 
s SO!- + HC03 ' 

. Cl- + SO~-
see Table E.1 

1 C~ 

J , 
~he bicarbonate radical, by itselr, is secondary to'the 

, - 2-
AJ..', (HC03 + 50 ... ), ty'pe, and ,there i5 not any single 10-

cat~on in this area where bicarbonate alone has a con-

tinuous coverage. Its greatest frequency or occurrence 

i5 to the northwest of the mountain. 

i~ fo~nd abou~ three miles west of ~bunt Royal.thence 

continuing in an arc to the southŒL~ for about four 

miles (Fig. E.21. East of the mountain is the highest 
G 

2- - -
nunber of Br, (S04 + HC03 ) , species found in one area 

\ 

and they stretch for about two miles ~outh sou~hwest 

froI:! the vicinity of Papineau (fig. 2.1, no.18) between 
l' "', > 

Sherbrooke (Fig. 2. 1 .and no. 19) and Not re Dë(me (Fig. 
\ 

2.1 no, 20). The samples do not come from a single 

horizon,but the proxirnity of the 1Jtica Shale is signifi-

cant (Fi~. J,.1). This is because shale has more 5ulphide, 

in the form of pyrite, than does limestone, and o~dation 

of the pyrite, would produce sulphate, thus giving a 

higher sulphate content in this kind of lithology. The 

Upper Trenton has a rnoderate abundance of shale layers 

which could contribute to the' sulphate concentration. 

It is possible that the 5ulphate i5 an intermediate 

sta~e in a flow line originating on the nountain, and 

ending near the periphèr~ of the Island,' sinc'e chloride 

waters appear further along the line. ' This,. however, 

J. 
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E.7 

is unlikely because the dista~ces involved are too small 

for a natural development %y graduaI solution. 

[ 
Sector 53 analv:::es (Figure E.2) E.2.3 !\'orthern -

36 HC0 3 32 Al. and 4 A2 

11 
- > 2- 9 lA' and 2 Ali HC0:3 + SO'!- "' l. 

2- - B'l. B" 2 S04 + HC0 3 and 1 l. 
For coding 

1 SO~- 1 B2 
See Table E. 1 

1 Cl- + SO:- 1 C'; 

2 Cl Cl. and 1 C2 

Bicarbohate is the mo~t abundant ion here and forms 

an extensive zone to the northwest 01 this sector. In 

the middle part of this sector, on the Villeray anti-

- 2-cline (Fig. 3.1), there is an HC0 3 + S04 zone associated 

wi th the Trenton, Ihere is no chloride ho,·.'ever, which 

may indicate that the fol ding was sufficiently gentle 

to preclude fractures from connecting with water at 

depth. The only chloriâe ":hich does occur is on the 

periphery of the. Lsland at various depths. Though the 

distances are again small,they could represent the 

chloride stage 0/ a flow line which .may or may not 

have originated on the Island, 

... 

• j 

~ 
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/ 
E.) Hori7ontal Zonation of Cations 

E.3.1 \','estern S.:octor - h6 anal \,:,;e5 '( Figure E.3} 

33 l 

7 II 

6 III 

'-

j,. , 

1

> ,11" 

,~. 

1 

6 II. 

1 IIz 

!.!. III 

-, 
IIIz ' 

~ 

IIt~ ! 
~ 

For coding 

Mg>ca> ;-.Ja 
see Table E.1' 

1\Ig > :'\a > ca 

~ 

The most noticeable feature hore is that in the , 

Beekmantowl1 outerop area (Fig. 301) aIl samp1.es except 

one have an rCa:r]\lg ratio of'less than 2.0,and no sample 

is sodiun-rich (Fig, E . .3), This shows a convincing " 
i' 

geologj'c;\l control over wa ter, qua li 1:y. - Even the Pointe 

Claire tauit fails ta produce any sodium water on the 
( 

,!6outh side.but fur\her north close to the Black River/ 

Chazy contact two such sanples are fou!l.d. Sodium-i:ich 

,. water occurs in the vicinit:.' of Roxboro, at about 150 

feet depth, and underiies a shallow cal~iun (bic~rbonate) 

zone. It 1S caused either by sol~tion of sodium 

minerals,or by base exchançe ~i the overl~ing calcium 

ions with sodiun ions left after marine inundation,or 

introduced fron depth by virtue of the Ile Bizard fauit. 
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r-rore comprehensive sampI ing \'JIOuId be useful • .. 
E.3.2 Centr2~ctor - uh anaIvse~ (Figure E.3)' 

29 l 4 Il. l 
J 101 1 1 

1 Ca >Hg >Na n 

1 62 l 1 

53 11. 

". 4 12 Ca >Na >Hg' 

.1 
For coding 

f 
6 II 3 111. l Table E. 1 

1I~ J f>la > Ca> )';a see 
-1> 

1 - .' 

" 1 II2} , '1 
J, " " ,\1 Mg >Na> ca 
;1)" 

1 II'' ~i 

~ 
2 

;.;, 

~t 

9 III 6 IIll. Na> Ca> Ng 

3 1112 Na> !>lg> Ca 

The ~otab]e featurc of this sector is that sodium be-

cornes more abundant than in the western sector. This 

'r? is shown by the increase in number of sanples from the 

1 2 and III groups. tvatcr from these groups was obtained 

from the northenst part of this sect or, in the area near 

Mount Royal (Fig. E.3). Although magnesium is not as 

common overall as in the western sector, it is st ill 

prominent in a zone about three miles west southwest 

of Mount Royal (the associated anion group tends to be 

- 2-
BCO;:} + 50'1 , the 1\'1 group). Nith the> decline of magnesium 
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E.II 
." 0 

J.. 
there is aIso an increase in the 

calCifSiS the only main ca ~,ion, , 

number of samples where . 

represented by groups 

I~, 2 l, 3I~ and 12 • Calcium is found throughout this 

sector.but there is a relatively unbroken zone to the 

southwes t of i'>lount Royal. 

" 

E.J.J N'orthern ~ctor ..., 502 analvses (Figure E.J) 

, 

l 33 l ,7 ~IJ. 

/ 
1 11'' 

l 

8 21
1 

r 
Ca >Mg> ~a 

10 or 
l -1 For coding 

7 12 Ca> Na> 1'<1g ,.see Table E.1 

1 II 1 III Mqca> Na 

19 III -77 III~ } ?ca:>M9 
2 rrtl ~ ! 

/ 
10 

, 
I1I 2 Na>Mg> a 

/1 

The trend oî an increasè in 50 ium which t'Jas outlined 

in the prcvious sector, contîntes here. Samples wi th 

sodium as the main cation, aCr~l.mt for 19 of the 53 

sampl<=:s ie. 36% as against J~o and 2c:(o for the western 

and central sectors rcspec ively. They were obtained 
! 

essentially from two area~. The larger of the two 15 , 

on the eastern side of th Island running from the ~orth 

and eas'/: of ;'lount Hoyal POJ,Lnte-aux-Trembles (Fig. E.3).' 

It is characteristic t!:f this sodium area that magnesium 
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E.l2 

exceeds calcium as the no. 2 cation in most cases, ie. 

, the III 2 group. The second zone is in the north of·the 

Island,- due west of Pointe-aux-Trembles. Bere calcium 

is the ,no. 2 cation, the III~ group, though there are 

two samples at the eastern margin of the zone where the 

ratio between calcium.and magnesium is less than 2.0, 

which might sh'ow a transition between the two 20n.es. 

Magnesium is of litt1e importance in this Sector as 
.' 

illustrated by the paucity of samples from the II group 

and ~I~ subgroup, only 17% of the total. This is ex-

plicable if one considers that the Beekmantown is now 

about 1000 feet below ground level,and that other sources 

of magnesium, ego the .Pamelia, arC?.J about 700 feet below 
t 

the surface,so that any water moving upward f"rom depth 

i11.to the Trenton rocks of this sector has a ~hemistry 
, 

reflccti11.g both the upper calcareous horizons and the 

i11.creasi11.gly abundant shale intercalations which con-

tribute to the sodium c0ntent. 

\~ 

E.4 Vertieal ~onation of Anions 

Vertical zonation is possible due to the relatively low rate 

of veFiical movement. Vertical permeability i5 gcneially 

poorer than horizontal permeability. This leads to a low rate 

oi vertical movcment of water through a rock unit,so that dis-

tinct chemical zones, related to the enclosing medium,have a 

chance to form without allochthonous water mixing and causing 
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indefinite or blurred boundaries ta occur. In this study, since 

the exact sample depth was unknown i t W"'-S assumed that con-

tributions to the sampled bore hole could occur ~hroughout its 

length. This automatical1y detracted from exact zoning,bu~ 

neverthclcss enabled an. approach ta be made, see Appendix G. 

1 
E.4.1 W0sj:ern S<èctqr. - ILS analyses 

36 HCOo 35 A.t 

5 HCO~ -1- so~- 5 A' ~ 

1 BCO:;! + Cl 1 ~ 2 

1 SO~- + BCO; 1 g~ 

-2 Cl 1 Cl 

o 
(Figures E.4 a anQ b) 

and 1 A2 

For coding 

see, Table 

and 1 Cz 

Bicarbonate, as the HC03 , Al group, predominates in 

the western part of this soc~o~ but espocially 50 in 

E.1 

the Beekmantown ê:mÙ lowcst 100 [ee .... ,; of 1:ho Chazy, where 

in only t~o samplos out of 21 i~ sulphato at aIl impor~ 

- ..,- N. tant as the HCO:::> + SO'.-i., .t, group. Both of t~lese are 

- associatpcJ wi th magnosium. 

In the Roxboro é:~rea (Fig. 2~1 no. 17) the basic ~:!.broken 

bicarbonate zone is located by rclatively shallow hales 

less thé:l.n, 1 00 feet dçep, tapping "'che 10\';est 150 fect of 

the ~renton, but it overlies a deeper chloride zonp TP-

presentcù by samples no. 5316 (Ah), 5317 (Az) and 5321 

(C2 ), from depths o~ 189 fcet, 138 fcet and 325 feet 

respecti vely., AlI three samples are sodium-rich. The 
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Ile Bizard tault runs just to the south of this area~ 

,/ 50 it lS possihle that s~dium chloride water: from depth 

i5 afforded a passage towards the surface. oSample no. 

5321 i5 the de6pest and has most chloride. Sample no. 

5316 is the next deepest ~ith the second value for 

chloride whi1e ~alUple no. ,5.3,17 is -the shallowest and has 

least chloride, though sU Il significant. Tht, respective 

rHCO;'): rCl values are 0.40, 1.00, ahd 2.54, which shows (> 
the ]es5enin9 effect of upward~cepage from the fault 

towards the surfaGe. 

The contact of the Blacl\. River and Chazy Groups i~ IDarked 

- 'r",_ , 

by thrcc svmples 01 the ECO;.; -1- SO~ , A_, typ::, and O!le of 

presenc0 of a sulphate rich horizon. 

11 HCO;:; 

20 Hea; + SO~-

2 SO~-

1 l ~ C'O:J-
C -1-;:, '" 

10 Al and 1 

19 1{1 and 1 

2 B1. 

5 B'l 

1- \ Cil. 

This shows 'î;h~ 

A;-<: 

Ali 
1 

For coding 

see Table E.1 

T1?e numher of samples in which bicarbonate it;' the 

sin~lle m.:ün anion, l-Icd;, Al group,diminishes towards 

the cast. Instead the sulphatc c,?ntent of the gro1..md 

water increas(>s as shown by the number of sarnples lrol11 

the AI).. and B groups, duc i.o the incrcasinC] influencE-~ 01 
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the sulphide-containing Tre~n and utica Section 

6.5>' 

Fig. E.ltc has 22 samples of whièh only five are of the 

.' HCO;, 'A group. AlI are in the top half of the Trenton, 

~ and four of the five are between 206 feet and 236 feet 

below the top of the Trenton. There are zones rich in 
~ 

sulphate both' above and l?elow,so it might be that this 

horizon has less shale in it. AlI the remaining samples 

of this figure are relatively rich in sulphate,without 

comprising any specifie zone. 

Fig. E.4d shows much the same as above. It only has 

five samples of the HCO;, A, group, but 10 of the HeO; 
,.J 

2- , + S04 , A~, group, and two of the Bl. group, again show-

ing the importance of sul~hate. The Trenton has an Ai 

zone from abo\lt 330 feet to 450 feet below its top. 

There are only three samples from the Chazy.all from 

between 50 feet and 100 feet below its tOPJ and ~ lare 

sulphate-rich. 

There is only one sample of water which has chloride 

,as the dominant ion, no. 5146. This is found about 292 
d 

feet below the top of the Trenton in a hole 270 feet 

deep. 
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E.4.3 Northern 5ector - 53 analyses (Figure E.4e and f) 

36.HCO; 32 Al. and 4 A2 

11 - 2- 9 A and 2 A' HCO" + S04 . J. l. 

1 SO!- 1 B2 
For coding 

2 2- -504 + HCO" 1 B'J. and 1 B'{ see Table 

1 Cl 1 Cil J. 
fi 

2 Cl 1 C1 and 1 C2 

~:~ 

Bicarbonate is as ubiquitous as ever,and it can be seen 

from 

:t 50 

Figure E.4e that there is an Al. zone at 100 f~t 

feet belo~ the top of the Chazy,and also fr~ 600 

feet below the top of the Trenton. Immediately below 

the Al. zone in the Trenton is an ~J. zone. Figure E.4f 

shows .the same zonation as above and extends the Al. 
1 

zone to the 400 foot level of the Trentol1 •. 

f 
( 

E.1 

± 100 

Analyses in which chloride is important are rare,though 

three are present but with no horizontal or vertical 

correlation. However,since they tend 'to be peripheral 

ta the area1 they May represent the distal end of a 

flaw line. 

\ 
; , 
il 
" 

,~ 

~ 
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( E.5 Vertical Zonation of Cations 

( 

E.5.1 Western Sector - 45 analyses (Figures E.5a and b) 

32 l 18 ~ 1]. 

2 ~11T 
]. 

6 21]. 
Ca >Mg>Na 

For coding 

6 31]. see Table E.1 

7 II 6 rI]. Mg>Ca>Na 

1 1Iz Mg>Na>Ca 

0 
6 III 3 rlll. Na>Ca>Mg 

2 

III
2 J Na>Mg>Ca 

1 rlr'~ 

Magnesium is very important in the western part of this 

area, and ,,'li thin the Beekmantown only one sàmple - of the 

ZI]. group - does not have a 'dolomitie' rCa:rNg ratio 

of less than 2.0 ie. aIl samples excep~ one are of the 

1.J.;1. group. Hagnesium-rich layers are apparent,especially 

from 320 feet to 370 feet and from 130 feet to 200 feet 
1 

below the top of the Beey....mantown, but also the rest of 

the somples outside these specifie horizons, ranging from 

86 feet ta 1-1-61 feet below the top of the Beekmantown, 

are aIl magnesium-rieh. \ 

" 

The Chazy in the northern part of the area has the first , 

examples of a sodium-.rich water, from horizons 1 02 fJé~t 
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and 154 feet below its top (samples no'. 5325 and 5321 

respectively, bath associated with chloride), ~lth other 

examples at the contact of the Trenton and Black River 

Groups. These appear to form a sodium zone about 150 

feet bclo"J ground ... '.\'hich underlies a calcium-rich one. 

Chazy to the south of this area is less calcium-

h than one might expect from a limestone,but it may 

affected by magnesium from the Beekmantown below, and the 

Pamelia formation (at the base of the Black River Group) 

above, wi t h ground water movement helped by the Pointe 

Claire fault. Generally, hrnvever, the proportion of 

magni?siun begins to wane in favour of calcium further 

up t~he succe~ ,a trend which continues east'.·:ard. 

) 
/ ~ 

E.5.2 C~ntral .Sector 39 analvses (Figures E.5c and d) 

26 r 3 Il 

9 ~Il. " 

5 2Il. Ca >:'Ig >Na 

5 ~'I l. 

4 12 ca> Na> 1\1g 

For coding 

6 II ~ III } -' 

" 1 II'' l. 

~lg >Ca >Na 
see Table E. 1 

1 112 } 1 II'' 2 

Mg >Na.> Ca 

7 III 4 III~ Na>Ca> ~lg 
C 

3 11I2 Na>l\lg>ca 
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Magnesium is not ~s consistently abundant here as in 

the w~stern sector,but it is still important. The main 

zone 1s west southwest of Mount Royal at depths corres-

ponding to the top 40 Ieet and bottom 60 feet of the 

Rosemount formatJ.on of the Trenton (Rosenount = from 

400 feet ta 675 feet of the Trenton). 

,-~_;Phe.J::~ arc more sodi um-rich samples in thi s sector than 

in the western one,mainly to the north and east of, and 

associated \'lith. :-'!oun t Royal. Horizons \d1Ïch are sodium-

rich are the 230 feet ta 290 fcet belo· .... the top of the 

Trent~n,and the top 80 fcet of the Chazy. 

Calcium i5 found mainly to the south1\est of the mountain 

from 200 feet to 250 fcet, and from 370 feet ta 490 feet 

below the ~cap of the Tren ton. 

E.5.3 ~~!1 S octor - ~J anal v~ (Figures E.5e and f) 

33 l 7 ~Il 

1 lI' 
J.. 

8 !:! Il 
Ca>Mg>Na 

. 

J 10 3'I ,\ 
) J For coding 

7 1 2 Ca,>Na>r.lg 
See Table E.1 

l' II 1 'Ill l\lg> Ca >xa 

19 III 7 III 1. 1 t Na >Ca >1\19 
2 rII'{ J '''" J 

10 IIIB Na>~lg>Ca 

" 

, ' 
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The continuing trend of g0Crcase in the importanc~ of 

magnesium is again seen,and only nine magnesium-rich 

samples (the III and 11 1 groups) are found. They do . 
~ 

however indicate two zones. One is in the top 150 feet 

of the Chazy while the other is about 700 feet below the 

top of the Tren~on. 

Sodium now achieves its greatest importance,and it 

dominant in 19 samples. It forms a minor zone 

southwest of-this sector,at the base of the d1 and 

top of th e Beekmantown. This is located by deep holes 

with water of the III 1 and 12 groups (Fig. E.5e). In 

both these groups magnesium is, the no. 3 cation, 50 i t 

appears that there is little upward ground water move-

ment,or else the magnesium of the Beekmantown would have 

had an influence. There are two other sodium zones the 

major one·is to the east and northeast of the area, the 

other is to the northwest. Both are found in the middle 

an~ lower T~enton, roughly corresponding to the Rosemount. 

The northereastern zone is of the 1112 g~oup, the north­

western one is of the 111 1 group. 

The northwestern sodium zone and northern part of the 

easte'rn zone show up in ·shallow wells, less than 100 

feet ,cdeep,"'\orhile the southern part of the eastern one 

derives from a sourc;.e always deeper than 195 feet and 

on average 490 feet deep. AlI the samp~es involved 
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have a base exchange index more negative than - 1,0, 
" 

which tends to preclude the possibility of either a 

connate or deep brine source,since otherwise the con-

centrations of chloride and sodium would have been 

similar,and hencè the base excha?ge index closer ta a 

balance at zero, The alternatives are base exchange or 

simple solution from a'sodium source. There is not a 

significantly large concentration of any anion, sucn as 

sulphate, which might be expected if specifie solution 

of a sodium mineraI, such as CaS0 4 had occurred. Base 

exchange is the more likely. Lirne~tone is far more 

abundant in the area than dolomitic rocks,so the status 

of calcium as the No. 2 cation is not surprising within 

the northwestern group, despi te the inf.erence that cal-

cium ions must be removed from solution to cause the re-

lease of sodium. In the east the wells are deeper,so 

sodium has had more time ta replace the calcium ions by 

base exchange. The replacement has been such that cal-

cium is reduced tO,the no, 3 ion. D@ubtlesa sorne mag-

nesiurn i5 éxchanged by sodium as weIl, but since ft has 

a larger hydrated'ion the ex change process~ould be 

slO\'ler. This can~ expl?-in the 1112 group of the east aS 

against the 111 1 of the west, 

Calcium is round in the notth\.;est. in Ji zone in the lowest 

100 feet of the Trenton. This is beneath the sodium 

zone \Vith the transition from one ta the ether marked 

.~ 

1 

" 
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\by samples of the 12 group. There is another horizon at 

the 550 feet to 600 feet below the top of the Trenton. 

In the southwest of the area,Cartierville has a calcium­

'rich zone about 100 feet below ground"at the base of the 

Chazy. 

There is a slight interdigitation of the calcium and 

sodium zones, and this is probably due to the variation 

in shale content of the rocks. 

From the foregoing discussions of thè distributions oL 
o 

cations, both vertically and horizontally,one may get the 

impression that calcium is not particularly important 

since little emphasi's or comment is attached to its 

- occurrence. ~his is not so however and it is only be-

cause calcium,is so widespread that attention must be 

paid to secondary trends. It is more enlightening to 

discuss why a sample is not calcium-rich rathe~ than 

'simply to state that it is calcium-rich. 

" An i~tegrated review bas been presented in section 6.5. 

/ 

;:::: 
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Cumming round 12 artesian wells in his investigation in 1915, 

but Polli t-t did not report any in his s'tudy during the 1950' s. 

The 10wer ing of ground '.':aier levels by reduced recharge would 

F .1, 

be rectified by constructing recb.arge bore holes wi th the nece-

ssary pollui.ant traps:, ênd would be worthwhile because ground 
-) 

water, in the long term, is cheaper than.surface water, especially 

wi~h the new water rates. However the initial capi~al expendi-

. turc' to exploit ground water is oiten high, and not: always guaran-

teed to pro~ide the yield required. For current satisfied users 

of ground water the5e restr2.ints are probably welcome, because it 

rneans their supply is not jeopardized. Ho~';ever, if more people 

decid,c to inve's't in ground v.:é1.ter ~ sorne îorrn of check. must be 

introduccd 50 that the quantities oi water removed can be esti-

rnatcd,and if necessary restricted.so that annual recharge can 

make good the abst racti oris. If the water were allowed to be 
, 

mined locally,ground water level could fall to such an exten~ 

that infiltration irom the river might occur and contaminate 

borehole supplies àlready in use. This has happened extensively 

in London, Eng1and, "vhcre saline intrusion from the t idal reaches 

of the Thames hus occurred along both banks o:f the riv~r, and 

the aqui:fer has bcen contaminated as a result. Now no further 
r 

abstractions arc pcrmitted,but the 1egislation was fuuch too late. 

Artif icial rechyge i5 Ci solution to the mining of ground v!ater, 

but problems can arise wi th clogging, ei ther by bacteria or by 

" 

j 
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suspended solids. Also ,the compatibility of the recharge water 

with that already in the aquifer must be considered,s? careful 

plann:l.ng must precede al.jl recharge scheme. 

Ground water in Montreal has an average ternperature of 50°F 

(1 OOC)~ which rcmains con stant throughout the year. Thus i t 

i5 u5eful for "air condi tioners during t~üt summer. and aIso for 

hef\ting systems during the win"ter. 
, 1\ 

It i5 also of a good quality 

for domestic consumption. Full utilization depends upon detailed 
, 

knowledge of the aquifer characteristics and the local hydrologi-

cal budget. The aquifer characteristics can best ~e obtained 

by Ineôns of specjally controlled pumpiryg tests using main ab-

strac"cion boreha] cs é\nd, if necessary, purpose made observation 
p" -

hales. The tests shouJd br:.' 10)' as long as economically possible 

to get a true picture of the aquifers capabilities in terms of 

transr:1issivity and ~toré\tivlty. There can then b(~ treatment 

by 35';; hydrochloric acid and furthcr pumpj n9 tests made. to 

ascert'ain whether ~cidisation improves the yield signiî iCflntly. 

Bcfore any pumping test, a survey of other ground watex: users 

within a mile radius 0:[ the proposed test should be made,so 

that élny resulting ~erogation of theix: supplies cail be remedied • 
. 

During any pumping test the qnali ty of l'lateT should be mèmi tored 

to ascèrtain if th0l"C is any change w{,th t me, which might indi-

cate induced rech~rge from a nea~by river orfuterception of a 

stagnant area, which in either case may make the water unsuitable 

for the purposc originally intended. Similarly, full hydro­

metric data suell as grouncl water level fluctuations, rainfall, 



F.3 

evapotranspiration rate, stream floVl, base îlow and soil 

moisture deficits should be obtained in order to calculate 

the hydrologie budget. Also extensive permeabili ty tes"ts could 

be made to enable more aceurate figures for r~charge,and lateral 

flo\'.' rates t.a be calculate'q, and hence a more precise delineation 

of recharge areas could be made. This is neeessary to determine 

how much water should be allowed to be abstracted without alter-

ing the balance between recharge and discharge. 

In Montreal it is clear that ground water of a quality 

suitùble 'lor all donestic uses is available at depths, of less 

than 100 feet throughout Most oî the Island. This water is of 

a calc:i um bicarbonate type. There are other types of vlater 

such as th05e rich in sodium. These would be more us efuI. to 

industry since they arc softer and would not cause scaling i:f 

used in cooling processcs. Al~hough not as widespread, zones 

il 
of softer water are present àcd are not 50 dcep as to preclude 

exploitation, ego the north eastern sodium zone has an average 

depth of 418 feet. Thus there is ground water satis:factory for 

rnost nceds,but in order to manage jt both quantitatively and 

qualii;atively~more dat;:;.. of the type outlined above are required. 

These could be obtained (rom a network of 5mall diamet0r obser-

vation wells, especially ~mportant in areas without reliable 

covcrage a t presen t, and i"roID stream gauging. i>loreover these 

data should be obtaincd if a valuable resouree is not to be 
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APPENDIX G VERTICAL ZOl\ATION 

Ground watcr ~low in limestones such as th05e ~ound on 

Montreal ~sland is through ~{ssures, 50 any borehole will 
. 

have water contributed by a number o~ discrete horizons. 

The depth of the main contributory fissures is 1ikely to affect 

the chemistry o~ the watcr in any g~ven borehole,bccause of 
,< \ 

the varying 1engths of the f10\'! lines intercepted at different 

depths ~nd changes of mineralogy with depth duc to alteration 

of ~edimcntary procQsses at time of deposition. 

Ho\,}cver the> da'ca aVililable ln "chis study haV2 no reference 

to "'che dcpth fIom which samplcs v~cre ob"lainc:d a There \:as no 

inform~tion as to casing depths, as to the level at which 

tvat(:;!r \'las first struck, or as to the depth of the pump in any 

pumpcd samp1es ~ Consequen tly -'.:he rough guide that VIas used 

t'las that the bot tom of i:he hale l'las "'caken to ~epresent ~che 

contributing horizons. 

It \<Jas dccided to try to ascer'tain whethcr these horizons 

correla"ced with specifie geological formations or groups •. 
" , . , 

To help deducc quickly which gC(I)logical horizon was being , 
tapped, a~ f isoalt 1 map of the Island was drawn using .the 

PLr-'\N programne (sec Appendix A). This sho\-:ed the height of 

the top of each gcological group found on :"1ont real Island 

relative ta mean, sea level (Fig. G.1). Each sampl~ng point 

r' , 
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was plotted on the map and its position 'relative to the top 

of a geologieal group found by a~soeiating it with the 

appropriate isoalt. 

To find ou"!: how far below the top of a group a sample \\·as 
''[ 

taken the topographie elevation and depth of the weIl were 

needed. So 

Gh :::: T - (1 + Dw) where Gh = horizon of group 

T - topographie elevation 

1 :::: isoalt 

D ::: dep'th of weIl 
'Vi 

Consider sampfing point 5101 (Fig. G.2). " 

\ 

It5 isoal t eon"!:our 1s 37L~ feet ie 0 at that point, the top oi 

the Tren~on is thepretieally 374 fcet above sea level. Its 

own topogr~phie height is 135 feet above datum and the depth 

of the weIl is 200 feet thus 

~ :::: 135 - (374+ 200) 

= 135 574 

:::: - 439 

ie. the sample came from 439 below the tOK the' Trenton 

Group. J-.-/ 

If the depth below the top of the group exceeds the thiekness 
ç 

of the grOûp them the exeess is the depth below the top of the 

undcrlying group. 
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This method is not intended tb"be absolute but rather to give 

a general'guide ta the,horizons encountered, anything more 

would be outside the scope of this thesis in terms of the 

structural considerations. 
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